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INTRODUCTION

There is a risk of sensory loss following mandibular third molar 

removal. This has a significant effect on both the patient, and the 

surgeon regarding the clinical aspects, and also the patient's quality of 

living. Two factors which cause concern to oral surgeons regarding 

sensory loss following third molar removal are firstly, the apparent 

difficulty in radiographic prediction of sensory loss, and secondly, the 

lack of objective tests used to monitor a nerve lesion.

Difficulty in radiographic prediction of sensory loss encouraged work by 

Howe and Poyton (1960), and MacGregor (1979), amongst others. 

Radiographic guidelines to aid the prediction of the association of third 

molars to the neural bundle were established.

This work, along with recent studies by Rood (1990), have established 

radiographic diagnostic signs which may indicate proximity of a tooth 

root to the inferior dental canal. However, a clinician relying solely on 

the orthopantomogram is still surprised occasionally by the patient 

who develops sensory loss when the radiographic appearance indicated 

little or no risk.

The incidence of mental dysaesthesia ranges from 1% for MacGregor's 

study to 5.3% in Howe and Poyton's investigation, and 7.6% in Rood's 

1992 study. This demonstrates the broad range of incidences due to 

many variables, one of which may be the relation of the mandibular 

nerve to the tooth. If the radiograph gives a misleading impression 

then the surgeon may be lulled into a false sense of security.
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Once the sensory loss has been established, it behoves the surgeon to 

estimate the extent of the damage to the nerve and to document 

subsequent recovery.

There have been many tests used to determine the nerve function, 

however, they have been subjective in nature, and consequently, have 

lacked the ability to quantify the extent of the lesion. They are all, by 

their nature, subject to error, but because of the vast number of 

different tests available, it is important to know which tests will give 

the most reliable clinical information regarding nerve injury and 

quality of recovery.

Attempts by Rood (1983) and Blackburn (1987) to establish an objective 

test, with research into the likelihood of using external evoked 

potentials in measuring nerve injuries, have shown promising results, 

but are still in the initial stages of development.

Previous work by Guttman (1940) on measuring peripheral nerve 

lesions by monitoring sweat response in areas of sensory loss is 

objective, however, it has only proved accurate for peripheral nerve 

injury in the limbs. His work was adapted to the mandibular branch of 

the trigeminal nerve which has not been previously attempted.

This work was to supplement other attempts to :

18



1. Verify or refute the claim that postoperative sensory impairment 

can be predicted radiographically using the orthopantomogram;

2. Look at the contribution of other variables to the incidence of 

sensory loss;

3. Study the patients with sensory impairment in the mental and 

lingual regions to see which sensory modalities are the most 

useful in assessing the degree of damage, and indicating recovery; 

and

4. Establish an effective test which was quick, and as accurate as 

possible, in demonstrating a nerve lesion, both in extent and 

recovery.
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AIMS

The aims of this study were :

1. To see if the orthopantomogram by itself is an adequate

radiograph to predict the risk of sensory loss;

2. To assess which sensory testing modalities were best to predict

recovery and outcome following nerve injury. Comparison will 

be made between the different tests currently available; and

3. To establish an objective clinical test for sensory testing.

20



ABSTRACT

The prediction of sensory loss following the extraction of third molars 

and the monitoring of sensory return following such injury is a matter 

of concern for oral surgeons.

These factors were assessed in 500 patients, representing 957 lower third 

molar extractions. The preoperative orthopantomogram (OPG) was 

examined and the anatomical proximity of the third molar to the 

inferior alveolar nerve was graded into risk groups.

Other clinical factors thought to contribute to sensory loss were 

assessed, those factors being surgical technique, difficulty of the 

operation and the type of impaction.

For those patients who sustained a nerve injury, the sensory loss was 

monitored using eight different subjective tests. The sweat test was 

assessed as an objective test to monitor sensory loss in the face.

It was found that while there was a trend for increased sensory loss in 

those teeth with a closer proximity, when looked at as high and low 

risk there was no statistical difference between the groups (p=0.33). 

More importantly, cases of sensory loss occurred when they were not 

anticipated.

There was a higher incidence of sensory loss occurring in the more 

difficult cases. Horizontal impactions proved to cause the highest

21



incidence of sensory loss. The lingual split technique produced the 

highest incidence of mental and lingual sensory loss.

The recovery of the sensory modalities showed a trend towards fine 

touch, pin prick, cold sensation and electrical thresholds, all returning 

before tests of warm sensation, sharp/dull, two point discrimination 

and vibration. The objective sweat test for measuring sympathetic fibre 

supply to the face as a measure of sensory loss was of no clinical value.

It was concluded that:

1. Preoperative radiographic prediction of nerve injury from third 

molar surgery is inaccurate;

2. Recovery of nerve injuries was best monitored by fine touch, pin 

prick, cold sensation, and electrical sensory thresholds.
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1.0 SENSATION OF THE FACE AND ORAL STRUCTURES

Humans experience many different types of sensations, where there are 

subjective responses to signals which are generated in free and 

specialized nerve endings in the body.

The signal pattern determined at the receptor level does not reach the 

cortex in its original form as it is modified where it traverses the 

synaptic junctions and is also modified by neuronal activity occurring 

elsewhere in the nervous system.

The final integrative processes in the cortex are also influenced by 

activity going on elsewhere in the nervous system.

1.1 Anatomy

The nervous system of the body is divided into the somatic nervous 

system and the autonomic nervous system.

The somatic nervous system comprises the central nervous system 

made up of the brain and spinal cord, and the peripheral nervous 

system which consists of cranial and spinal nerves that supply sensory 

and motor fibres to the body. Both systems combine to affect the 

reception of sensations both special, i.e. smell, sight, taste, hearing and 

equilibration, and tactile, i.e touch, vibration, temperature and pain.
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The autonomic nervous system is composed of the sympathetic and 

parasympathetic systems, consisting of the central and peripheral parts. 

The central elements are situated in the cerebral cortex, hypothalmus, 

cerebellum, brain stem and spinal cord. The peripheral part consists of 

efferent fibres from the ganglion to the end organ receptors. The 

autonomic nervous system regulates the involuntary functions of the 

body.

1.2 Cranial Nerves

The sensation to the head is relayed by four of the twelve cranial 

nerves, these being:

1. The trigeminal nerve. It is sensory to the face, orbital cavities, 

nasal cavities, paranasal air sinuses and the oral cavity. It also 

has motor pathways to the muscles of mastication, the tensor 

palati and the tensor tympani muscles.

2. The facial nerve. It is mainly a motor nerve to the stapedius

muscles, the platysma, stylohyoid, and posterior belly of the 

digastric muscle and the muscles of expression. It is also special 

sensory for the sense of taste.

3. The glossopharpharyngeal nerve. It is sensory to the back of the

tongue, tonsil, upper pharynx, auditory tube, middle ear, and the 

mastoid air cells. It is also a special sensory for the sense of taste, 

and motor nerve to the stylopharyneal muscle.

2 4



4. The vagus nerve. It is a sensory to the tympanic membrane, 

lower pharynx and larynx, the motor nerve to smooth muscle of 

the respiratory system, alimentary canal as far as the transverse 

colon and to cardiac muscle.

1.2.1 The face

The sensation of the face is supplied by the trigeminal nerve divided 

into three areas by the three divisions of the nerve. These areas meet at 

the angles of the eye and mouth, with the number of cutaneous 

branches supplying each strip being five for the ophthalmic division, 

three for the maxillary division and three for the mandibular division 

(Fig. 1).

They are:

1. Ophthalmic (i) Lacrimal

(ii) Supra-orbital

(iii) Supra-trochlear

(iv) Infra-trochlear

(v) Anterior ethmoidal

2. Maxillary (i) Infra-orbital

(ii) Zygomatico-facial

(iii) Zygomatico-temporal

2 5
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Figure 1. The distribution of the trigeminal nerve
on the face and the parts of the external ear.
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3. Mandibular (i) Mental

(ii) Long buccal

(iii) Auriculo-temporal.

The autonomic nervous system, like the somatic system, is structured 

into a reflex arc, with afferent, efferent and intermediate neurons. In 

the autonomic system the axons of the intermediate neurons pass 

outside the central nervous system to synapse with the efferent neuron 

in a peripheral ganglion. These axons are alternatively known as the 

preganglionic nerve fibres, and constitute the rami communicantes. 

The efferent neurons are known as the postganglionic or grey rami 

communicantes.

The orthosympathetic fibres in the facial region are primarily 

concerned with the diameter control of blood vessels, that is, 

vasomotor activity and sudomotor control to sweat glands. The 

parasympathetic fibres form the secretomotor fibres controlling the 

secretions of glands. The various regions of the oral cavity receive 

their sensory nerve supply as follows.

1.2.2 Vestibule of the mouth

The maxillary gingivae are supplied from the midline as far as the 

second premolar by branches of the infra-orbital nerve which also 

supplies the adjacent mucosa of the upper lip.

2 7



The vestibular gingivae over the upper molars are supplied by one of 

the posterior superior alveolar nerves.

The overlying mucosa of the cheek is supplied from the upper 

reflexion down to the lower sulcus including the vestibular gingivae 

over the lower molars, by the long buccal nerve.

The gingivae over the premolar teeth to the midline and the lower 

sulcus are supplied on both gingivae and lip by branches of the mental 

nerve.

The inferior alveolar nerve, with its accompanying vessels, enters the 

mandibular canal at the mandibular foramen, and travels from medial 

to lateral in the third molar region, passing forward within the canal to 

the mental foramen, to become the mental nerve.

It is important to consider the proximity and relationship of the 

inferior alveolar nerve to the roots of the impacted molar. When the 

nerve is located near the upper or middle third of the roots, the nerve 

will sit buccally to the root. However, when the nerve is close to the 

apex of the tooth, the nerve could lie beneath the root, buccally or 

lingually. Occasionally, the root is indented by the canal and, rarely, the 

root may be penetrated by the neurovascular bundle (Stockdale, 1919; 

Waggener, 1959).

The mylohyoid nerve leaves the inferior alveolar nerve just before 

entering the foramen and continues downwards and forwards in a

2 8



groove in the mandible to reach the mylohyoid muscle. It also supplies 

the anterior belly of the digastric muscle, and portions of the 

triangularis, platysma, submandibular gland and skin below the chin 

(Berkovitz & Moxham, 1988).

1.2.3 The teeth

The maxillary teeth are supplied by the superior dental nerves which 

are branches of the maxillary division of the trigeminal nerve.

aaa The anterior superior dental nerve is given off the infra-orbital 

nerve some distance behind the infra-orbital foramen. Close to the 

level of the nasal aperture the nerve descend towards the apices of the 

incisor teeth. In its course through the bone it gives off the following 

branches:

(1) Posterior branches which communicate with the posterior

superior and middle superior dental nerves (if present) 

and supply the canine and premolar teeth.

(2) Incisive branches to the incisor teeth.

(3) A nasal branch to the nasal mucosa.

(4) Branches to the mucous membranes of the antrum.

The middle superior dental nerve joins the nerve plexus formed by the 

overlapping of the posterior superior dental nerve and the anterior 

superior dental nerve. It supplies the premolar teeth and gives 

branches to the mucous membrane of the antrum.

2 9



The posterior superior dental nerve are given off the maxillary 

division as it crosses the pharyngopalatine fossa. Some branches 

continue on the surface of the bone to supply the gum related to the 

permanent molars and the cheek, while other branches supply the 

permanent molar teeth and the mucous membrane of the antrum.

1.2.4 The lingual region

The lingual nerve is at first deep to the lateral pterygoid muscle 

running parallel with the inferior alveolar nerve, lying anterior and 

medial to it. The chorda tympani joins the lingual nerve at this point 

after which the lingual nerve carries sensory fibres to supply the 

mucous membrane of the anterior two thirds of the tongue, the 

adjacent mouth floor, the lingual gingivae and the sublingual gland. 

The chorda tympani adds special sensory fibres for taste and 

parasympathetic preganglion fibres for the submandibular ganglion.

The lingual nerve then runs between the internal pterygoid muscle 

and the mandible, and passes obliquely over the superior pharyngeal 

constrictor and styloglossus muscles before approaching the side of the 

tongue (Berkovitz & Moxham, 1988). Frequently, the nerve passes 

submucosally in contact with the periosteum covering the lingual or 

medial wall of the third molar socket. It may also run below and 

behind the tooth before swerving superficially across the surface of the 

mylohyoid muscle. It is occasionally possible to palpate the nerve with 

finger pressure in the posterior lingual sulcus.
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The position of the lingual nerve in the mandibular third molar region 

was investigated by Kusselbach and Chamberlain (1984). It was found 

that 18% of dissections showed the lingual nerve at the alveolar crest or 

higher and 62% of specimens showed the lingual nerve in contact with 

the lingual plate of the third molar region.

There is doubt whether the entire anterior two-thirds of the tongue is 

supplied solely by the lingual nerve. Tier et al(1984) investigated the 

sensory supply to this area and observed that the tip of the tongue in 

fact was supplied by another nerve other than the lingual nerve. He 

postulated that the hypoglossal nerve supplied the tip of the tongue 

with sensory fibres and this is also supported by the work of Fitzgerald 

and Law (1958).

The posterior one-third of the tongue, including the vallate papillae, is 

supplied by the glossopharyngeal nerve, which carries sensory fibres, 

taste fibres and also parasympathetic secreto-motor fibres to the glands.

Behind and including the circumvallate papillae, the tongue is 

innervated primarily by the glossopharyngeal nerves. Small areas on 

the posterior part of the tongue around the epiglottis are supplied by 

the superior laryngeal branches of the vagus nerve.

The mucosa on the ventral surface of the tongue and on the floor of 

the mouth is supplied by the lingual branches of the mandibular nerve.
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For taste, the anterior part of the tongue is innervated by the chorda 

tympani branches of the facial nerves, which are distributed through 

the lingual nerves. The posterior part of the tongue including the 

circumvallate papillae, has a similar innervation for taste as that for 

general sensation.

1.2.5 The palate

The sensory supply to the palate is derived mainly from the branches of 

the maxillary nerve via the pterygopalatine ganglion. A small area 

behind the incisor teeth is supplied by the nasopalatine nerve.

The remainder of the hard palate is innervated by the greater palatine 

nerve. The soft palate is supplied by the lesser palatine nerve.

The posterior part of the soft palate and uvula may be supplied by the 

glossopharyngeal nerve (Berkovitz & Moxham, 1988).

1.3 The Anatomical Microstructure of Peripheral Nerves

The gross anatomy described in section 1.2 gives a broad understanding 

of neural pathways to the orofacial structures. However, under

standing the microanatomy in both structure and function is the key to 

understanding the complexities of sensation and its impairment.

Peripheral nerve fibres are not independent structures but are a 

collection of several tissues and structures associated together in
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specific component parts to form the nerve trunk. These component 

parts of the nerve trunk are the:

1. Nerve fibres

2. Fascicles

3. Connective tissues

4. Blood vessels

5. Lymphatics and tissue spaces

6. Nervi nervosum.

Peripheral nerves are myelinated or unmyelinated, the myelin sheath 

being the result of the envelopment by Schwann cells (Bloom & Fawcett, 

1962; Sunderland, 1978). Interruptions in the Schwann cells and the 

myelin along the length of the axons are the nodes of Ranvier, which 

occur at intervals. With the inferior alveolar nerve, these intervals vary 

for different axons from approximately 0.5mm to more than 1.8mm, with 

the largest having the longest span (Rood, 1978). The axon is an extension 

of the cell body and is supplied by blood vessels indirectly via the 

neurilemma or the investing sheath around the nerve. A larger nerve is 

made up of many bundles known as fascicles, each containing many 

axons. These fascicles, also known as funiculi (Sunderland, 1978), are 

separated by connective tissue layers designated as endoneurium, 

perineurium and epineurium (Fig. 2). The endoneruium is a fine 

bilaminar membrane that invests each nerve fibre which is intimately 

associated with the Schwann cells. The perineurium is the sheath of 

connective tissue which encircles each bundle of nerve fibres and has an 

important function of increasing the
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EPINEURIUM

PERINEURIUM

ENDONEURIUM

Figure 2. Cross section of nerve bundle.
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tensile strength of the trunk. The epineurium is the loosely arranged 

areola connective tissue in which the funiculi are loosely embedded, 

where the outer surface is condensed to form a well demarcated outer 

sheath (Sunderland, 1978) (Fig. 3). Within the canal the nerve is 

approximately 4-5 mm in diameter, varying from the third molar to 

the incisors, with the mean number of fascicles being 12 in the mental 

foramen area to 21 in the third molar area (Svane, 1986).

1.3.1 The blood vessels of peripheral nerves

The vasa vasorum is derived from arteries that are intimately related to 

the nerve or in near proximity to it. The arteriae nervosum vary in 

number and size, the number varying greatly, not only from subject to 

subject, but also in different sides of the body. Larger nerves do not

necessarily receive more vessels than the smaller nerves, although the 

largest vessels are usually found, but not consistently (Sunderland, 

1978), in association with the largest nerves.

Nerves may run considerable distances without receiving a nutrient 

vessel, where the circulation is maintained by large descending 

intraneural channels. The arterioles, which may be several, branching 

from the nutrient artery, lie on the surface of the nerve, from which 

are derived the intraneural arterioles, precapillaries and capillaries. 

These vessels repeatedly divide and re-anastomose to outline a 

continuous longitudinal intraneural vascular net extending the length 

of the nerve.
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Figure 3. Funicular plexus formations in a segment 
of a specimen of nerve.
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The superficial, interfunicular arterioles and precapillaries represent 

the largest vessels in the nerve. From them, finer branches pass 

directly into the funiculi, or to the perineurium from which they 

subsequently enter the interior of the nerve bundle.

Capillaries predominate inside the funiculus and precapillaries in the 

perineurium, and, by their repeated branching and anastomosing, they 

create a terminal intrafunicular capillary meshwork.

There are, therefore, four anastomosing systems which contribute to 

the vessel network along the nerve (Sunderland, 1978) (Fig. 4):

1. on the surface

2. in the interfunicular tissues

3. in the perineurium

4. in the funiculi.

The capillaries are fed by arterioles and drain into venules and veins, 

all of which are located under the epineurium. The intraneural 

venous pattern generally corresponds to the arterial arrangement, 

however, the venules and arterioles do not always travel together. The 

number of interfunicular venules appears to exceed the number of 

arterioles. Veins of the cutaneous nerves drain into veins superficial 

and deep, to the deep fascia, while veins of deep nerves drain into 

veins from muscles or venous plexus associated with neighbouring 

arteries (Sunderland, 1978).
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1.3.2 Lymphatics within the nerve trunk

There is a lymphatic network in the epineurium that is drained by 

lymphatic channels which accompany the arteries of the nerve trunk 

and which ultimately pass to regional nodes. There are no true 

lymphatic capillaries inside the funiculi but there are endoneurial 

spaces between the nerve fibres and spaces within the perineurial 

sheath, with the perineurium providing an effective barrier between 

the two (Lundberg, 1975).

1.3.3 The nervi nervosum

Nerve trunks are supplied by sympathetic and sensory fibres which 

originate from fibres in the nerve and the perivascular plexus.

1.4 Mechanisms of Sensation

Generally the cutaneous stimuli can be divided into three basic types of 

sensation:

1. Mechanical

2. Thermal

3. Nociceptive.

The sensation felt cutaneously depends upon:

(i) the type and nature of the stimulus;

(ii) the type and number of receptors stimulated;
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(iii) pathways in the integrity of the type of afferent 

neurones stimulated and their central tracts; and

(iv) the cerebral interpretations of the stimulus.

1.4.1 Type and nature of stimulus

Mechanical stimuli, according to Dellon (1972) and Sunderland (1978) 

have a broad range of sensations depending on the time course of the 

stimulus, where a brief stimulus is interpreted as light touch, a 

sustained stimulus is felt as pressure, while a repetitive brief stimulus 

is felt as vibration. Thermal sensation is interpreted as either heat or 

cold. Pain sensation can be divided into two basic types, a sharp 

stinging type or a dull burning or aching pain.

1.4.2 Receptors

Receptor types are classified into mechanosensitive, thermosensitive 

and nociceptive (Tables 1 & 2).

(a) Mechanosensitive receptors

The mechanosensitive receptors are classified by their receptor fields 

and their adaptive characteristics. Basically, according to Vallbo et al. 

(1979), these can be classified as quickly adapting receptors and slowly 

adapting receptors. From the work of Knibestol (1973) and Johansson 

(1978), four different types of units were identified and collectively they 

are called Low Threshold Mechanoreceptors (Light & Perl, 1984).
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Table 1

Modalities of cutaneous sensation and their 
corresponding receptor systems (Dyck, 1982).

TYPE OF SENSATION RECEPTOR SYSTEM TEST

SUPERFICIAL

Touch and Pressure 
Sensation of Displacement

Ruff ini endings SA 11 
Free nerve Endings 

(Paticularly those in relation to 
hairs)

Merkel cell complex 
SAl

Fine Touch

Vibration 
Velocity of Displacement

Meissners Corpuscles 
(quickly adapting) 

Pacinian Corpuscles

Vibration

Warmth End Organs of Ruffini W arm

Cold Krause End Corpuscles Cold

Pain Free Nerve Endings 
C Polynodal Nociceptor 
Myelinated Nociceptor

Pin Prick

DEEP

Pressure Pacinian Corpuscles Sharp/Dull

Pain Free Nerve Endings 
C Polynodal Nociceptor 
Myelinated Nociceptor

Pin Prick

Constant Touch 
(Slowly adapting)

Merkel Cell 
Neurite

Two Point 
Discrimination 

(Static)

Moving Touch 
((Quickly adapting)

Meissner's Corpuscles Two Point 
Discrimination 

(Moving)
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Table 2

Characteristics of cutaneous sensory units (Dyck, 1978).

ADEQUATE STIMULUS CONDUCTION
VELOCITY

SENSATION
EVOKED

Maintained shear of 
"touch spot"
(mean .^Sg/mm^)

AaP
AaP
(32-82m/sec)

?
Sustained Pressure

Velocity of displacement 
of hair shaft

Aap
(40-80m/sec)

Hair Movement?

Velocity of skin 
displacement 
(Mean, ~4g/mm2)

AaP
(26-91 m/sec)

Tapping

60-600 Hz vibration 
(mean, ~4 g/mm^)

Aap
(34^1 m/sec)

Buzzing, flutter

30-200 Hz vibration Aap
(40-80 m/sec, cat)

?

Innocuous lowering of 
skin temperature

AÔ&C
(2-20 m/sec and 
0.6-1.5 m/sec)

Innocuous cooling

Innocuous raising of skin 
temperature

C
(0.3-1.3 m/sec, 
monkey)

Innocuous warming

Noxious skin
deformation
(11-15 g/mm^,primate)

A5 to Aap 
(5-40 m/sec, 
monkey)

Sharp, stinging pain

Noxious skin 
deformation; noxious 
heat; noxious chemicals 
(6-26 g/mm^, primate) 
(12-44 g/mm2)

C
(mean, 0.7 m/sec)

Dull burning or sharp 
burning pain, aching?

4 2



The low threshold mechanoreceptors fall into three groups:

(1) those that are capable of signaling maintained displacement,

(2) those that are excited most effectively by velocity of 

displacement, and

(3) those that are most responsive to changes in the velocity of 

displacement, such as vibration, aaa.

They have been denoted as quickly adapting corpuscles, pacinian units 

(velocity detectors) and slowly adapting 1 and 2 units (position 

detectors). The quickly adapting receptors, the pacinian corpuscles and 

Meissner's units, are believed to be responsible for the sensation of 

moving touch, whereas constant touch stimulates the slowly adapting 

position detectors, the Ruffini and free nerve endings.

There is a further distinction in the quickly adapting fibres in that there 

are superficial and deep subcutaneous located receptors.

The superficial receptors respond to low vibration frequencies 

approximately 30 cycles per second giving the sensation of a flutter, 

while higher frequencies of the order of 250 cycles per second(cps) 

stimulate the deeper receptors and give a poorly localized sensation of 

vibration.

Using Von Frey hairs, it was found by Vallbo (1979) that the receptive 

fields of the quickly adapting and slowly adapting 1 units were of 

similar size.
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Johansson (1978) in his work on skin mechanoreceptors on the human 

hand, found that there was a maximal sensitivity within each field, 

outside this area the threshold increased rapidly with distance.

The slowly adapting 2 units and the pacinian units have also been 

analysed similarly where it was found by Johansson (1978) that the 

individual field contained just a single patch of maximal sensitivity. 

However, the sensitivity declined very slowly with distance from the 

centre and consequently the units were found to be sensitive to remote 

stimuli.

These findings suggest that the quickly adapting and slowly adapting 1 

units terminate with a number of end organs spread within a small 

area of skin and the pacinian corpuscles and slowly adapting 2 units 

terminate in a single end organ. This can be interpreted that the end 

organs are of four types. These are Meissner corpuscles for the quickly 

adapting units, the paciniform nerve endings for the PC units, MerkeTs 

complexes for the slov»Ty adapting 1 units and the Ruffinis nerve 

endings for the slowly adapting 2 units.

This conclusion is based on functional similarity between the units in 

human skin and the units identified with regard to the type of end 

organ in other species.

The relative frequency of occurrence of the four types of mechano

sensitive units in skin was calculated by Johannsson (1978) and Vallbo 

et al. (1979). From their investigations, the two units with well defined
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receptive fields, that is, the quickly adapting and slowly adapting 1 

units, were most common, accounting for 70%.

Regional differences in density of these different units were found 

where the quickly adapting and slowly adapting 1 units exhibited 

pronounced regional differences, however, the pacinian corpuscle 

units and the slowly adapting 2 units were evenly spread over the 

whole area.

The human face has skin with the majority of the mechanoreceptive 

afferent units being slowly adapting 1 and 2 units, with small and well 

defined receptive fields. It was also found that slowly adapting units 

were found in the oral mucosa and the transitional zone of the lip.

The oral and perioral regions have an outstanding tactile spatial acuity 

owing to the density of the afferent units and the properties of the 

receptor fields.

There were very few quickly adapting units and the pacinian corpuscles 

were absent in the face (Johansson et al 1988).

It could be concluded that quickly adapting and slowly adapting 1 units 

account for spatial activity on the basis of the receptive field properties, 

as well as the relative densities of the units. This could account for the 

increase in two point discrimination with the increase in densities of 

the quickly adapting and slowly adapting 1 units.
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(b) Thermosensitive receptors

According to Light and Perl (1984), there are two classes of 

thermoreceptors.

(1) Cold receptors

The receptive field of cooling or cold thermoreceptors is 

usually a single small spot, about 100pm in diameter, that 

responds to cooling of 0.5°C or less. There may, however, be 

two to eight spots separated over relatively unresponsive 

regions. Cooling thermoreceptors are extremely sensitive to a 

decrease in skin temperature from ambient or neutral levels, 

30°C to 3 5 0 c . They respond, with a higher frequency to a 

sudden lowering of skin temperature than to a more gradual 

change to the same level.

Cooling receptors are poorly responsive to other forms of 

noxious stimuli. Heating the skin to noxious levels, 45®C to 

55®C, will initiate a response from cooling receptors, thereby 

eliciting the paradoxical cold sensation felt when high 

temperatures are felt over small areas.
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(2) Warm receptors

Warm receptors are less common than cold receptors. The 

receptive terminals appear to be fairly deep in the epidermis or 

dermis, making localization difficult.

Warming units usually have one small receptive field, less 

than 1mm in diameter, although up to three have been 

reported for a single fibre. They exhibit ongoing discharge 

between 30®C and 46®C and are excited by temperatures in this 

range.

Some of the slowly adapting mechanoreceptors are also sensitive to 

innocuous cooling of facial skin or oral mucosa and so may have a role 

in our sense of cold. Some of the small diameter A§ and C fibre 

afferents supplies specific thermoreceptors that are very sensitive to 

either cooling or warming stimuli applied to localized regions of the 

face or mouth.

Thermal receptors are most numerous on the hands and face, with the 

eyelids and lips being most sensitive. Within the mouth, thermal 

receptors are more numerous on the anterior parts of the mouth.

On cutaneous surfaces, as well as in the mouth, cold-sensitive spots are 

much more numerous than warm-sensitive spots, and the ratio varies 

according to the location (Zotterman, 1939).
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(c) Nociceptive receptors

Nociceptors are primary afferent units that uniquely signal tissue 

damage or stimuli that may cause tissue damage.

In cutaneous nerves, 10% or more of the myelinated fibres and 50% or 

more of the unmyelinated fibres are nociceptive, varying according to 

the part of the body.

Some nociceptors respond only to intense mechanical stimuli, while 

others respond to mechanical, thermal and chemical stimuli.

With skin receptors, most nociceptor units fall into categories, high 

threshold mechanoreceptors and C fibre innervated polymodal- 

nocciceptors (Lynn, 1983). These nociceptors are associated with some 

of the afferents in the A§ and C fibre spectra. These small fibre afferents 

convey neural information from the nociceptors into the trigeminal 

brain stem sensory nuclear complex (Cooper & Sessle, 1992).

These small fibre afferents constitute three major groups of 

autonomous nociceptive primary afferent fibre pathways, (see below)

Chevy-Croze (1983) reported that, in his view, it was impossible to 

stimulate specific or single type receptors with the currently used 

noxious stimuli.
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1.4.3 Pathways

Farbman and Allgood (1981) stated that each modality is served by its 

own specific fibres, stimulation of which, by any means, results in the 

perception of that modality.

Vallbo et al. (1979) stated that the somatosensory activity of fibre types 

has been well documented by various studies by Burke et al (1974) and 

Hallin and Torebjork (1974) using microelectrodes and electrical 

stimuli in the median nerve of the hand.

In further attempts to correlate activity in different groups of nerve 

fibres with sensation, preferential blocking of fast or slow fibres by 

presence of local anaesthetics has been performed in the radial nerve 

(Hallin & Torebjork, 1974). Both the electrical stimulation and the 

blocking experiments indicate a close correlation between activity in 

fibres of different size and sensation in the normal human. Sensory 

information picked up by peripheral receptors is converted into action 

potentials which are transmitted centrally over sensory fibres. These 

fibres differ in their calibre and conduction properties, where each 

sensory modality is spread over a range of fibre calibres.

The fibre types that evoke the many varied sensations are related to the 

conduction velocities of the nerves involved. The modality of tactile 

sensation, be it touch, static or moving, directional displacement of hair 

on the skin or vibration, are all conducted along Ap fibres with 

velocities between 26 to 91 m/sec. The sensation of cooling is carried
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along Aô fibres and C fibres with a velocity of 0.6 to 20 m/sec. The 

innocuous warming of the skin is carried by fibres of the C type of 

between 0.3 and 1.3 m/sec.

There are three major groups of cutaneous nociceptive primary 

afferent fibres:

1. High threshold mechanoreceptive afferent fibres, primarily A§ 

with velocity of 5 to 50 m/sec, activated by intense mechanical 

stimuli.

2. The Ag mechanothermal nociceptive afferents which are excited 

by intense heat greater than 40®C as well as strong mechanical 

stimuli, 2 to 20 m/sec.

3. C fibres polymodal nociceptive afferents which are responsive to 

intense thermal mechanical and chemical stimuli and signal 

pain of diffuse or aching type which is poorly localized in 

contrast to the well localized sharp pain evoked by (1.) and (2.) 

above. Many free nerve endings respond to noxious orofacial 

stimuli and act as nociceptors. They are associated with other 

afferents in the Ag and C fibre groups.

1.4.4 Cerebral interpretation

Sinclair et al (1952) and Weddell et al (1954) proposed an hypothesis to 

simplify the complex problem of explaining sensation. They state that
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sensation is the result of information reaching the central nervous 

system as a result of a complex spatial and temporal summation of 

impulses, which are sorted out and interpreted in the brain.

The relay of somatosensory information including nociceptive 

transmission can be modulated by somatosensory afferent inputs to the 

central nervous system as well as by intrinsic brain pathways. Such 

modulation has been referred to as the gate control theory of pain.

Nerve supplying the tissues of the face and mouth carry their 

information predominantly through the trigeminal ganglion. The 

primary afferents do not synapse here and project directly to the brain 

stem. Here they may ascend or descend in the trigeminal spinal tract 

before entering trigeminal brain stem sensory nuclear complex and 

synapsing there on the second order neurones, and then onto the 

thalamus. Neurones in each part of the trigeminal brain stem complex 

have axons that may project directly to the thalamus implicated as 

critical elements in perceptual as well as cognitive, emotional and 

motivational responses or may relay indirectly to higher levels via 

connections with adjacent brain stem regions, the reticular formation.

The following factors are therefore very important when assessing 

sensation:

(1) Fluctuations in the attention and concentration of the 

individual.
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(2) The state of the memory patterns and the quality of recall of past 

experiences.

It is because of this nature of the sensory response of the same stimulus 

will vary from time to time because of the impossibility of maintaining 

the status quo or of recreating precisely the same conditions which 

makes sensory testing so difficult.
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2.0 CLASSinCATION OF NERVE INJURY

In 1943, Seddon postulated a classification of nerve injury which 

describes three degrees of injury, namely neurapraxia, axontmesis and 

neurotmesis.

1. Neurapraxia is a term to describe functional sensory loss in the 

absence of peripheral degeneration.

2. Axontmesis refers to damage to the nerve fibres leading to 

peripheral degeneration. The internal architecture of the nerve 

is preserved.

3. Neurotmesis describes a nerve in which all essential structures 

have been separated however the epineurial sheath may appear 

to be in continuity.

Seddon's 1943 classification was expanded by Sunderland (1978) to 

become a numerically graded classification which was based on five 

degrees of injury.

Sunderland's classification:

First degree injury

Conduction along the axon is interrupted at the site of injury, 

there being no break in continuity of the structures = 

neuropraxia.
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Second degree injury

The axon fails to survive below the level of the injury, and 

perhaps for a short distance proximal to it = axontmesis.

Third degree injury

In addition to axonal disintegration and Wallerian degeneration, 

the internal structure of the fasciculi is disorganized. 

Endoneural tube continuity is lost and cross-shunting may occur 

= axontmesis.

Fourth degree injury

The entire fasciculus is involved, all bundles being breached and 

disorganized. As the perineurium and endonerium are 

damaged, there may be axon loss and scarring = neurotmesis.

Fifth degree injury

Loss of continuity of the nerve trunk = neurotmesis.

Rood (1983b) proposed an extension of Seddon's classification to

explain the six degreeis of injury he encountered clinically.

Neurapraxia Grade 1 Functional conduction block

(Ischaemia and oedema).

Grade 2 Demyelination (no axon loss).

Axontmesis Grade 1 Axon degeneration (Wallerian

degeneration).
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Grade 2 Axon degeneration and endoneurial 

disruption.

Neurotmesis Grade 1 Perineural disruption (a closed nerve 

injury).

Grade 2 Nerve division (epineurium 

disrupted).

According to Sunderland (1978), there are seven categories of causative 

agents:

1. Mechanical deformation

2. Ischaemia

3. Cooling and freezing

4. Thermal and electrical

5. Ultrasonic radiation

6. Toxic therapeutic agents

7. Ultraviolet and ionizing radiation.

It is important to understand the effect of trauma on a nerve at the 

cellular level as well as having an appreciation of the effect of the 

different types of mechanical deformation.

2.1 Changes to Nerve Following Injury

Investigators such as Bloom and Fawcett (1962), Ducker (1969) and 

Sunderland (1978), have shown that the changes that occur following a
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nerve injury are an integral part of repair and regeneration. These 

changes occur at three levels:

1. the cell body itself;

2. the proximal nerve stump; and

3. the distal part of nerve.

Z1.1 Cell body

The cell body residing in the trigeminal ganglion undergoes

progressive enlargement for 10 - 20 days after axonal injury.

The cell nucleus moves to the periphery of the cell and reservoirs of 

RNA called Nissel bodies break down into a more active form, which 

occurs within 2-5 days of the injury.

The anabolic proteosynthesis which takes place within the cell is 

necessary for neuronal survival, cellular function and the regeneration 

of a new distal axon.

The regenerative process can continue for as long as two years, 

however, the cell body may eventually become overwhelmed by the 

metabolic requirements and may eventually atrophy.

The regenerative powers of the cell body are dependent on phytogeny, 

age, and the nature of the injury, that is whether it is a severance, crush 

or stretch injury (Girard, 1979).
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2.1.2 Proximal stump

It has been shown that an injured nerve will swell to three to four 

times the original cross section within an hour, after which the 

proximal segments reflect the break in continuity of the axons (Ducker, 

1969).

Two to three days after injury, axonal sprouting occurs, the movement 

of which depends on guidance of the existing supporting structures 

called contact guidance. It has been shown that this process is much 

easier when there is preservation of the tubules after injury which 

occurs in axontmesis. In neurotmesis, where all continuity is lost, 

Sunderland (1978) states that there is possibly a chemotactic process 

which guides the proximal stumps of axons into the distal tubules.

It may take nearly eight weeks before the axons cross the site of injury 

and more than six weeks before there is a sizeable number in the distal 

segment (Choukas, 1974).

2.1.3 Distal stump

Essentially, the distal stump has no metabolic centre, that is, no cell 

body to maintain viability. After the initial swelling, within the first 

two hours, the axons undergo Wallerian degeneration and ultimately 

complete necrosis which is usually complete by six weeks. This leaves 

empty distal endoneural tubules for axonal penetration and 

recanalization. New myelin is then laid down, which does not have
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the same qualities as the original and also never as thick, leaving a 

defect in conducting properties. If the tubules are not recanalized 

within two years these tubules slowly disintegrate (Sunderland, 1978; 

Girard, 1979).

The axon will cross the site of injury if there is no impediment. The 

impediment may be movement between the nerve ends which will 

continually cause microtrauma to the budding axon and prevent the 

axon from passing onto a distal tubule. Scar tissue may, by its fibrous 

nature, act as a barrier to the sprouting nerve. There is a better recovery 

rate for damage to the inferior alveolar nerve than the lingual nerve 

because of the lack of movement between the damaged nerve ends and 

the anatomical benefit of a bony canal in guiding the proximal axons 

into the distal tubule (Merrill, 1979; Rood, 1983a).

2.2 Sensory Loss

The cause of sensory loss following third molar removal is essentially 

mechanical deformation and will be discussed in detail.

Mechanical deformation may be classified on the basis of the following 

aetiology:

(i) compression

(ii) stretch or traction

(iii) sectioning.
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2.2.1 Compression

The resulting damage to the nerve depends on the magnitude of the 

deforming force and the time for which it was operating or applied. 

The least damaging injury is one of mild force applied for a short 

period, leading to the mild form of compression ischaemia or 

conduction block. Recovery rapidly follows the restoration of the 

circulation and Sunderland would classify this as a first degree injury 

(neuropraxia). For injuries that cause lasting sensory loss the 

mechanical deformation is of greater significance than ischaemia.

The deforming force to the fibres reduces the calibre. Initially, it would 

affect conduction but not the survival of the neurones, but when the 

insult to the nerve is severe enough axonal disintegration and 

Wallerian degeneration occurs which, by Sunderland's classification, is 

a second degree injury (axontmesis).

Crush injuries could, if severe enough, damage all the tissue and 

internal structures over a considerable distance leading to a fourth 

degree injury, or even severing the nerve, leading to a fifth degree 

injury (neurotmesis).

In severe crush injuries fibroblasts proliferate and promote irreversible 

fibrosis causing constriction of nerve fibres which eventually 

obliterates any remaining vessels. Any regeneration of axons is rarely 

successful because of its length and density.
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Wall and Gutnick (1974) and Devor et al (1979) reported no change in 

the ability of the proximal part of a crushed nerve to produce sprouting 

axons.

Devor et al (1979) and Robinson (1981) state that in severe injuries 

where there is long term sensory loss collateral innervation occurs at 

about twenty days following the injury, but this is later replaced upon 

regeneration of the damaged nerve.

2.2.2 Nerve stretching

As with crushing injuries, according to Sunderland (1978), the 

functional changes in the field of a stretched nerve depend on the 

magnitude of the deforming force.

The initial resiliency and flexibility of a nerve in the first stages of 

stretching are due to the slack course taken by the nerve trunk, as well 

as the elasticity of the epineurium and the nerve fibres inside the 

funiculi. Although the epineurium allows some internal stretching it 

does not give the nerve trunk its strength. The tensile strength of the 

nerve is primarily dependent on the perineurium.

Further, the internal structure of numerous funiculi adds to the 

strength and when the nerve is initially stretched, elongation occurs at 

the expense of the slackness of the nerve and the funiculi.
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The perineurium protects the nerve fibres inside the funiculi. 

However, upon further stretching they are eventually straightened, 

and, if stretching continues, the bundles themselves will elongate, 

reducing the cross sectional area. The decrease in cross sectional area 

results in an elevation of the intrafunicular pressure, followed by 

rupture of the axon and ultimately ending in total rupture of the entire 

nerve trunk.

Sunderland's studies of stress on neurones shows that 20% elongation 

of the nerve can be the elastic limit, and up to 30% elongation can cause 

complete structural failure. It is the rate at which a nerve is stretched 

that determines how much elongation can be tolerated, along with the 

magnitude of the force acting. Nerves can tolerate greater degrees of 

stretch if the rate is slow.

According to Sunderland, all five degrees of nerve injury can occur 

with stretching, ranging from mild conduction block (first degree) to 

loss of continuity (fifth degree).

The initial conduction block is due to the impairment of the 

intraneural microvascular flow, resulting in ischaemia, which is 

reversible upon release of the force.

The internal milieu of the nerve fasicles is controlled by the joint 

action of the endoneurial blood vessels and the perineurium. The 

endoneurial vessels are normally impermeable or of low permeability 

resulting in endoneurial oedema. This oedema may interfere with
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nerve function because of derangement of the metabolism of the nerve 

fibres in the second degree injury.

The perineurium also plays an important role in the regulation of the 

endoneurial environment by acting as a barrier to substances including 

proteins.

With increase in tension, the endoneurium and the axon will rupture, 

resulting in a disorganization within the funiculi, which are still intact 

and taking load from the stretching force. This is therefore a third 

degree injury.

The fourth degree injury occurs with the rupture of the funiculi and 

perineurium, and finally proceeds the loss of continuity of the nerve 

trunk, representing a fifth degree injury.

2.2.3 Nerve section

Following nerve section, the ends of the nerve fibre retract due to the 

elastic endoneurium and, followed by an inflammatory reaction, 

haemorrhage and exudate occurs around the severed ends of the nerve 

as mentioned by Sunderland (1978). Further reactions occur which 

include distal Wallerian degeneration, as well as retrograde 

degeneration which maximize between the fifth and sixth day. This 

retrograde degeneration may occur up to 5 mm proximal to the point of 

section.
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Gregg et al (1979) reported necrosis and disintegration of ganglionic 

neurones within the first week and replacement by glial scar. More 

central changes were observed at 3-4 weeks, however, the 

disintegration was consistently more heavily concentrated in the main 

sensory tract and the rostral portion of the spinal tract of the trigeminal 

system. It was reported that the degree of degeneration was less when 

the nerve was sectioned more peripherally.

Machida and Omori (1979) mentioned that following sectioning of the 

inferior alveolar nerve it can result in hyperaemia in pulps of the 

incisor teeth, irregular arrangement and atrophy of odontoblasts. 

These changes occur around five weeks after sectioning.

D'Rozario (1985) found that there is degeneration of both large and 

small neurones at the same rate following peripheral nerve section of 

the trigeminal nerve in rats. The ganglion lost nerve cells and tended 

to shrink and atrophy.

At the site of injury, there is a bridging of the gap by migration of 

macrophages, endoneural fibroblasts and Schwann cells forming a 

mesh of connective tissue containing capillaries, collagen fibres and 

macrophages (Sunderland, 1978).
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2.3 Types of Sensation Following Injury

There are a number of differing disturbances that can be caused by a 

lesion at any point in the afferent system, from the peripheral receptors 

to the cerebral cortex.

There are various categories of sensory loss types. According to 

Sunderland (1978) sensory disturbances may be classified as:

1. Abnormal sensation or paraesthesia

2. Increased sensitivity or hyperaesthesia

3. Diminished sensitivity or hypoaesthesia

4. Total loss and dissociated sensory loss or anaesthesia

5. Referred sensation and false localization.

2.3.1. Paraesthesia

Paraesthesia are abnormal sensations which occur in, and occasionally 

beyond, the area supplied by the damaged sensory nerve. The 

sensations are generally a reflection of progressive, incomplete or 

recovering nerve lesions, and can be a range of sensations from pain, 

prickling, aching, numbness, pins and needles, and tingling, to 

abnormal reactions to cold or warmth. The abnormal sensations may 

be spontaneous or induced, however, the feeling is the same. Pain may 

be the sensation in which case it is more appropriate to call the 

sensation dysaesthesia.
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The demylinated nerve segments act as a site of ectopic impulse 

generation, that have an abnormal capacity to generate nervous 

impulses. The generation of non evoked, aberrant impulses from 

demylinated fibres is well correlated with the experience of 

paraesthesia. Paraesthesia may also result from abnormal membrane 

physiology. This can arise from a failure of the exposed axon 

membranes to recover appropriately from normal evoked discharges, 

as a result of failure to maintain a refractory period following an action 

potential. Thus the nerve has the ability to be excited by its own 

discharges due to antidromic impulses.

Points of demylination also represent areas in which the nerve has lost 

the protective insulation that prevents it from being influenced by the 

activity of adjacent axons. This results in ephaptic transmissions and 

would be the basis of spreading of abnormal sensations from an ectopic 

generator site (Cooper & Sessle, 1992).

2.3.2 Hyperaesthesia

Hyperaesthesia results in hypersensitivity to sensory stimuli, and is 

seen more commonly in partial nerve lesions and can be an indication 

of sensory recovery.

According to Sunderland (1978), it is more likely due to disturbances of 

conduction in damaged or immature regenerating fibres or to 

abnormal activity at synaptic junctions rendered hypersensitive by
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retrograde neuronal and trans-synaptic changes induced by the nerve 

injury.

Cooper and Sessle (1992) state that when nociceptors increase their 

reactivity to mechanical, chemical or thermal stimuli they are said to be 

sensitized, where those sensitized afferents are the basis for 

hyperalgesia.

Sensitization is initiated by the exposure of nociceptor endings to 

endogenous algesics (pain producing substances). These substances are 

released from a variety of sources including nerve endings, 

neutrophils, mast cells, basophils, macrophages, neutrophils, platelets 

and endothelial cells. Some agents (eg. substance P) may be released by 

other nerves.

2.3.3 Hypoaesthesia

Hypoaesthesia is a type of sensory disturbance where there is a 

quantitative rather than qualitative reduction in sensation. There is a 

reduction in the density of cutaneous innervation so that the affected 

cutaneous area is sparsely innervated, therefore the number of fibres 

activated is less than normal.

It can occur in partial nerve lesions, in areas of sensory overlap where 

one source of sensory supply has been damaged, and during the course 

of sensory recovery.
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2.3.4 Total sensory loss

Total sensory loss or anaesthesia results in total loss of sensation to all 

forms of sensation, however, it is possible that only a particular sensory 

modality can be removed by selective nerve injury.

There is a definite localized pattern which results when a sensory 

nerve is damaged in that it results in an area of sensory loss which has 

two definite qualities.

The area of complete insensitivity to all forms of sensation is usually 

called the autonomous zone supplied exclusively by the injured 

nerves. The second area is generally called the marginal zone which is 

lateral to the autonomous zone and is a zone of sensory overlap, 

innervated by two or more peripheral nerves, one of which is 

damaged. I t ,therefore, leaves an area of altered sensation due to the 

reduction in the number of innervated receptor organs.

2.3.5 False localization

False localization and referred sensation are a well established 

phenomena following nerve injury. The sensation resulting from a 

stimulus is felt in an area different from that where the stimulus 

originated, due to the misinterpretation by the sensory cortex of the 

true site of the stimulus.
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This is due to the misdirection of regenerating processes and resulting 

in the disorganization of the original pattern of cutaneous innervation 

so that regeneration of axons reaches areas some distance from the area 

it originally supplied.

A substantial portion of the neurones that are excited by noxious 

stimuli are large and small diameter A fibres as well as C fibres. The 

nociceptive-specific neurones that respond exclusively to noxious 

stimuli can also be excited by other types of peripheral afferent inputs. 

This may be from tooth pulp, temporomandibular joint and muscle 

afferents and are a reflection of convergence.

Convergence patterns may underly spread and referral of pain in many 

craniofacial and intraoral conditions.

However, it is extremely unlikely that peripheral neuroanatomic 

factors related to extensive branching of individual primary afferents 

could account, to any large extent, for the total incidence of referral. 

Central convergence of afferents and the interpretation of these stimuli 

would be the most likely solution (Cooper & Sessle, 1992).

2.4 Recovery

The recovery of damaged nerves, be it total or with a resultant 

permanent sensory loss, is dependent upon the nature of the nerve 

injury. There may be (1) compression or crush injuries, (2) stretch 

injuries, or (3) nerve section injuries(2.2).
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Each of these injuries may occur singularly or in combination, and they 

all have their unique problems related to the nature of the injury as 

well as pattern of recovery.

Unless the injury to the nerve is directly visible at the time of surgery, 

where the extent of the injury can be appreciated, the only way of 

gauging the damage is by assessing the post-injury recovery, that is 

retrospectively.

Sunderland (1978) and Girard (1979) mentioned certain critical factors 

involved in the recovery of a damaged nerve.

The first was the time interval between injury, repair and the onset of 

regeneration. This factor is considerably variable as it is influenced by 

the time required for the neurones to recover from retrograde changes,

i.e. influenced by the severity of the injury and the level of the injury 

(Girard, 1979).

Secondly, the extent and density of fibrosis must be considered at the 

site of injury which will delay, if not obstruct, the passage of the 

regenerating axons. Fibrosis would thereby influence the number of 

axons reaching the periphery. Once the axons commence their 

regeneration the distance to be covered by these processes and the rate 

of advancement will determine the time taken for the axon to reach 

the afferent receptors, the rate of which is l-3mm per day. Once there, 

further time is taken for these axons to mature (myelinate), if they were 

originally myelinated.
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Consideration must also be given to the changes that may occur to the 

tissues that are denervated, as these tissues, i.e. skin muscles, tendons 

and periarticular structures, deteriorate. Deterioration may prevent the 

restoration of simple neural continuity in the form of nerve-receptor 

relationships.

The final consideration in sensory nerve recovery is the restoration 

and re-establishment of the functional end organs which in turn 

depend on (1) the loss of sensory units and the failure of others to 

mature fully, (2) the erroneous cross-shunting of processes in 

regeneration, and (3) the changes that develop in the skin which 

prejudice the restoration of normal nerve fibre-receptor relationships. 

A minimum of 4-6 weeks is necessary for any kind of functional 

regeneration.

The nature of recovery can give vital information to the clinician and 

Rood (1983) has interpreted clinical signs to the nature of injury.

The nature of the injury can lead to a range of severity and to 

differences in recovery, and, therefore, has differing significance to the 

prognosis.

The conduction block may only last one to two days, leaving the patient 

with full sensation. If due to oedema, rather than ischaemia, it may 

take up to one week for full recovery of sensation. When paraesthesia 

progresses to anaesthesia over the first few postoperative days, it may
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be that demyelination has occurred. In these cases, the time for full 

recovery is usually only 3-4 weeks.

Severe paraesthesia to profound anaesthesia immediately following 

injury, which takes 3-4 months to recover, is an indication of axon 

death with subsequent regeneration. This may be a result of either a 

mild stretch injury or a mild compression crush injury and full 

recovery is expected.

Where the injury takes longer than six months to recover. Rood stated 

that it was due to a more profound injury resulting in endoneural 

damage. It is in these cases that Sunderland's "cross-shunting", and 

thereby poor localization, may result.

Patients suffering sensory loss lasting longer than six months, which 

leaves some permanent loss in quality of sensation, are likely to have 

sustained perineural damage with nerve disorganization, and possible 

scarring within the nerve. In this case, however, the epineurium is in 

continuity and the nerve is intact, but axon regeneration is delayed or 

partially prevented.

Robinson (1983) stated that collateral innervation may play an initial 

role in the re-innervation of tissues after nerve compression or section, 

which leads to an initial reduction in area. This would be followed by a 

return of sensation to the remaining area as the regenerating fibres
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return. This leads to two different patterns of recovery, both of which 

have been observed by Livingston (1947), Ferdousi (1981) and Rood 

(1983b).

The pattern of recovery occurs where the sensory disturbance is of a 

short duration, that is less than three months, and the area of sensory 

loss recovered gradually throughout.

In cases of sensory loss lasting three to six months, the pattern of 

recovery was a gradual lessening of the paraesthesia and a reduction in 

the area of affected skin. The two most common ways for the area of 

sensation to resolve occurs (1) when the margin of normal sensation 

advanced from the angle of the mouth so that the area of altered 

sensation becomes smaller and nearer the midline, and (2) when the 

area of loss becomes smaller and retreats towards the vermillion border 

of the lips and towards the centre of the mental nerve's territory.

Failure for any particular sensory nerve to recover is mainly due to 

nerve section or fifth degree injury. Although this occurs there can 

still be a reduction in area of anaesthesia due to an in-growth of nerves 

from adjacent tissues forming a collateral re-innervation (Devor, 1979; 

Robinson, 1983; Inbal et al, 1987).

Collateral re-innervation could be referred to as a compensatory 

mechanism (Sunderland, 1978). Sunderland mentions two 

mechanisms which improve sensory loss after nerve injury, the first 

being, as previously mentioned, collateral re-innervation which works
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at a peripheral level. There is also a compensatory mechanism 

operating centrally, in which the central cortex is retrained. There is 

some central re-adjustment for proper appreciation of any sensory 

stimuli. The whole process is implemented by training and experience 

and, generally, the older the patient, the more difficult or less successful 

the means of compensation.

The fact that there are a vast number of sensations that are perceived 

following sensory nerve injury, and during recovery, indicates the 

complex nature of recovery.

Z5 Residual Defects

In the case of more severe nerve lesions, that is severe crushing 

resulting in epineural disruption, or stretching which could be as little 

as 6% of the length of the nerve, or severance of the nerve, there is a 

chance of a permanent or long term area of sensory loss. The area of 

sensory loss rarely remains totally anaesthetic but hypoaesthetic owing 

to the decreased number of quality of fibres innervating the area with 

the degeneration of receptor end organs and poor restoration of fibre- 

receptor relationships.

If the patient suffers constant and permanent dysaesthesia which can be 

quite distressing, it may be due to a number of factors.

One factor is partial de-afferentation which could be a modality 

selective de-afferentation making the area specifically sensitive to one
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sensory modality, i.e. temperature or pin prick. A second factor is the 

change in peripheral receptor sensitivity. Thirdly, it could be due to the 

ectopic discharges generated in the injured nerve. Fourthly, it could be 

due to changes in efferent modulation. Finally, there may be changes 

in central signal processing.

It is very likely that one or all of these factors, in addition to collateral 

sprouting into the area of sensory loss, play a role in the generation of 

abnormality.
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3.0 MEASUREMENT OF FACIAL SENSATION

Clinicians need to attempt to measure sensation to determine if there is 

any sensory defect and if so to monitor progress.

The sensory tests were selected for the assessment of different fibre 

populations and receptor systems, where different sensations stimulate 

specific receptor and fibre types (Table 2).

There are many varied types of stimulii which will evoke an impulse 

in the different primary afferent fibres.

1. Mechanosensory

(i) Touch pressure

(ii) Vibration

(iii) Two point discrimination

(iv) Localization

(v) Electrical

(vi) Mapping

(vii) Sensory nerve action potentials (SNAP)

(viii) Sensory evoked potentials (SEP)

2. Thermal

(i) Heat thresholds

(ii) Cold thresholds
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3. Nociceptive

(i) Mechanical

(ii) Thermal

(iii) Electrical

(iv) Chemical energies.

The various sensory modalities are tested separately to obtain 

comparable results which are meaningful and measurable. 

Mechanical, thermal and noxious stimuli are the purest forms of 

sensory modalities.

3.1 Factors Influencing Sensory Measurement

When measuring sensation there are a number of variables to be 

considered.

3.1.1 Effect of symmetry

When studying contralateral variability of patients being treated for 

sensation, Lindblom (1974) and Essing et al (1980) found no significant 

difference between sides. Other investigators found the same when 

testing with thermal sensation (Jamal et al 1985).

3.1.2 Fluctuation of sensory threshold

There are differences in sensory threshold measurements of the same 

subject when measured over a long period. Investigators have shown
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significant long term variations which indicate a learning component 

(Jamal et al, 1985).

3.1.3 The time of day of the measurement

It has been shown by Procacci et al (1974), when measuring pain, that 

there is a threshold variability with the time of day, however, this was 

not substantiated by other investigators (Jamel et al, 1985).

3.1.4 Age differences

In sensory threshold studies, age can present discrepancies in results. It 

has been found that younger subjects tend to have lower thresholds 

(Dyck et al, 1974; Goldberg & Lindblom, 1979; Bruce et al, 1980) and 

older and/or less sensitive people give greater variability in sensory 

thresholds (Dyck et al, 1974).

3.1.5 Site differences

Site difference in regard to sensory thresholds has been studied in 

depth by numerous investigators (Nielsen, 1975; Dyck et al, 1978; 

Goldberg & Lindblom, 1979; Jamal et al, 1985). It has been shown 

conclusively that there is significant difference between various sites of 

the one individual and the same site between different individuals 

owing to the anatomical variability of any particular site i.e. skin 

thickness. Such differences will affect conductivity in thermal stimuli.
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cause varying impedences if using electrical stimuli, and have different 

viscoelastic effects when using mechanical stimuli.

3.1.6 Patient variability

Psychological make up of the patient is the main cause of inter 

individual variations, however it is not possible to control, as many 

authors have found who deal with sensory threshold measurement 

(Neilsen, 1975; Dyck, 1978; Goldberg &Lindblom, 1979).

3.1.7 Ethnic origin

Ethnic origin should also be considered as there is a marked difference 

between races in sensory perceptors especially pain (Dyck, 1978).

3.1.8 The clinician or examiner

The clinician could be a variable if multiple examiners were used, 

however, the problem may be significant in the same examiner where 

there is variability between tests. To reduce this problem automated 

systems, as demonstrated by Dyck et al, (1974) and Fowler et al, (1986) 

are being used.

The impossibility of maintaining the status quo in every respect, and of 

standardizing all aspects of the test situation, explains why the sensory 

response to a given stimulus may fail to be identified in the same way 

at successive examinations.
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Despite these differences every precaution should be taken to ensure, by

using standard procedures, that controllable features of sensory testing

are kept constant at successive examinations.

3.2 Conditions under which Testing should be Performed

According to Sutherland (1978), testing should be performed under the

following conditions :

1. The patient should be attentive and aware of the nature of the 

test;

2. The patient should be comfortable and free from confusing 

interruptions and competing sensations;

3. Preferably the patient should be blindfolded or the part tested 

screened from view;

4. The patient should be in a quiet room at a comfortable 

temperature;

5. Adequate time should be allowed for the tests, however, care 

should be taken not to fatigue the patient and the observer 

which may occur if the session is too time consuming or if the 

test is difficult or tedious;

6. Finally, the temperature of the part under test is of importance 

because sensory tests are difficult to apply and interpret when the 

part is too cold and sensation is greatly facilitated if the part is too 

warm.
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Each testing stimulus must be measured and assessed according to the

following components:

1. The threshold recognition can be defined as a hypothetical 

boundary point in stimulus intensity continuum above which 

sensation occurs and below which it does not occur.

For the clinical situation the best way of measuring this is by the 

method of limits, which implies that there are boundaries or 

limits on a continuum of sensitivity at which a stimulus changes 

from being imperceptible to perceptible and vice versa (Tahli, 

1986).

2. The stimulus identification is an important aspect in that one 

might recognise or be aware of a change of state but not 

particularly identify the type of stimulus, i.e. the patient may 

recognise a change in temperature but may not be able to say if it 

is getting hot or cold.

Therefore, the time lapse between detecting the threshold of a 

stimulus and identifying the stimulus, is important.

3. Localization varies in degree from individual to individual and 

even from area to area in the same individual. The patient, in 

this component, is requested to indicate the site of application of 

the stimulus.
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This aspect is an acquired skill based on previous experience, 

practice and integration of a wide variety of sensory information 

in the sensory cortex.

3.3 Methods for Testing Sensation

3.3.1 Touch

Static fine touch and moving fine touch tests selectively discriminate 

for large myelinated Ap fibres, where the quickly adapting sensory 

units are believed to be responsible for transmitting the sensation of 

moving touch, whereas static fine touch evaluates slowly adapting 

units (Sunderland, 1978).

Blix (1884) introduced horse hairs, followed by Von Frey (1894), who 

introduced calibrated hairs to produce a graduated stimuli. Semmes 

Weinstein (1962) promoted Von Frey's approach by introducing the 

pressure aesthesiometer, which is widely used today.

The advantages of these tests are that they are easily performed, quick, 

simple and very adaptable for clinical testing.

Other methods of measuring touch were used by Benusi (1913) and 

Dallenbach (1923) who used a stimulating stylus which was dropped 

onto a defined point where the magnitude of the force rate and 

duration of the stimulus could be quantitated.
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Falling seeds of various vegetables and the dropping of mercury and 

stainless steel balls of various sizes have also been used, as well as the 

use of graduated sandpaper. In 1978, Dyck introduced a computer 

controlled instrument for testing light touch and pressure, which 

enabled a more accurate assessment.

3.3.2 Sharp / dull

The sharp/dull test was included to assess the patient's appreciation of 

pressure as well as tactile discrimination. Deformation of the skin 

confined to the cutaneous layers of the skin is interpreted as touch, 

whereas pressure is felt when the deforming force involves the deeper 

tissues.

Tactile discrimination, or the ability to distinguish between different 

stimuli, is important to assess as it measures receptor systems to touch 

and pressure. It also determines if fibre pathways are intact 

(Sunderland, 1978) and those which are the large myelinated Ab fibres.

3.3.3 Vibration

The quickly adapting sensory fibres, which represent about 90% of the 

AB group, are believed to be responsible for the transmission of the 

sensation of moving touch. There is further subdivision in that there 

are superficial fibres responding to the low frequency of SOcps and the 

deeply located population of quickly adapting fibres responding to 

frequencies of about SOOcps. The latter is poorly localized and is a deep
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sensation of vibration, whereas the former is a more iocalizable 

sensation of flutter.

Dellon (1980) found that the quickly adapting fibres, which are 

responsible for vibration, responded quickly to injury and recovered 

quickly.

Various methods have been used for testing vibration. Dellon (1980) 

used tuning forks of various frequencies, mainly 30 cps, to stimulate 

the superficial quickly adapting fibres. Frequencies between 250-300 cps 

were used to stimulate the deeper, quickly adapting fibres.

Dyck (1978) introduced the vibration machine which had a monaural 

gramophone recorder cutting head where the wave form of vibration is 

a sine wave at 250 cps. It is more suitable for testing as it gives a stimuli 

of discrete skin points, rather than bony protuberances, so bone 

conduction is avoided. It is also mounted, therefore it can be applied to 

the skin with a more constant force. The higher frequencies reported 

by Vallbo (1979) are the frequencies that accompany the return of pain 

sensation.

3.3.4 Two point discrimination

Since 1958 the Weber two point discrimination test has become the 

major clinical test of sensibility that is used in evaluating nerve 

regeneration and compression.
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This test is one of constant touch and stimulates the slowly adapting 

Ap fibres and determines the innervation density of the Merkel disc 

receptor system.

The moving two point discrimination test measures the sensation of 

moving touch along quickly adapting AP fibres and measures the 

innervation density of the Meisners corpuscles (Gilberman et al, 1983). 

According to Dyck (1984), ideally the stimulus should be graded and 

with a defined pre-load with precise placement onto the test site. The 

moving two point discrimination is a measure of the quickly adapting 

fibre receptive system (Dellon, 1978).

Both static and moving two point discrimination are innervation 

density tests which require complex overlapping and intermingling of 

different sensory units, as well as a large amount of cortical integration.

Dellon (1978) distinguishes between static and moving two point 

discrimination. He states moving two point discrimination is a more 

useful test as it is a measure of the density of the quickly adapting fibre- 

receptor system, and moving touch sensation recovers sooner than 

constant touch and is, therefore, a better indicator of recovery.

3.3.5 Electrical

Electrical sensitivity thresholds measure the smallest electrical 

stimulus which will produce sensation and thus the ability of the 

nerve to conduct stimuli (Hallin,1973).
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Hallin's work showed, by conduction velocity measurements, that Ap 

fibres, when stimulated, produced a tap, tickle or flutter.

Stimulating the A and C fibres produced a sharp prick and burning 

sensation respectively.

Smith and Mott (1986) developed a sophisticated machine for 

measuring electrical sensory threshold (EST). The instrument 

stimulated Ap fibres selectively at a 10 microsound pulse. These fibres 

respond to the smallest stimulus and, therefore, represent the most 

sensitive indication of nerve regeneration and function. Current flows 

from one electrode through the skin and subcutaneous tissues, 

including the neurovascular bundles, and returns through the other 

electrode to complete the circuit. The current in the segment of nerve 

stimulation induces a voltage in the fibres. When this exceeds that 

required for depolarization, an impulse results.

Maresca and Faccani (1983) stated that the electrical test is measurable, 

controllable, variable, reproducible and reliable, and, therefore, 

objective. The main problem with the test is the inherent variability of 

skin characteristics.

The impedance exhibited by the skin is variable. The cutaneous 

impedance is mainly located in the horny layer, while channels 

provided by sweat glands exhibit low impedance. The sweat glands can 

be affected largely by the emotional state of the individual, thereby 

introducing an uncontrollable variable.
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3.3.6 Mapping

Mapping establishes the area of sensory impairment and is usually 

tested by mapping out the area of sensory loss using fine touch.

Due to the overlap of terminal sensory branches, an area of sensory 

change is usually much more extensive than would be expected. The 

area of sensory deficit can be divided into the autonomous zone and 

the marginal zone. The autonomous zone of sensory loss represents 

the area supplied directly by the damaged nerve where the marginal 

zone includes the area innervated by overlapping sensory axons.

Mapping determines the extent of neuronal damage and, if repeated 

over time, will show the residual sensory deficit (Sunderland, 1978).

3.3.7 Localization

Aberrant sensations may arise when tissues are re-innervated by 

inappropriate nerves. This occurs when the appropriate nerves, while 

regenerating, are unable to fully re-innervate the original target zone, 

and an area may then receive collateral re-innervation from nerves 

that do not usually serve the tissue.

Due to misinterpretation by the sensory cortex of the true site of a 

stimuli, false localization may occur (Hallin et al. 1979,1987).
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Localization can assess any misdirection of regenerating processes. 

Misdirection of regenerating processes results in the disorganization of 

the original pattern of cutaneous innervation, so that axons now reach 

and re-innervate a cutaneous area which may be some distance from 

that where they originally terminated. In such a case, when these 

nerve endings are stimulated, the sensation is recorded as originating 

from the old site. False localization is a good indicator of more 

significant nerve injuries (Robinson, 1988).

3.3.8 Sensory evoked potentials (SEP) / Sensory nerve action 

potentials (SNAP)

Sensory nerve action potentials and sensory evoked potentials have 

been used commonly in the past to establish objective methods for the 

detection and localization of nerve lesions in the limbs (Buchtal & 

Kuhl, 1979; Bennett & Jannetta,1980).

(a) Sensory evoked potentials (SEP)

The degree of damage to the sensory branches of the trigeminal nerve 

prior to the development of evoked potential techniques was entirely 

by subjective means. Although there are good subjective tests 

available, they are liable to patient bias whereas a reliable objective test 

is advantageous in clinical diagnosis and in medico-legal cases. These 

tests are also innocuous and non-invasive.

More recently. Barker et al (1987), Godfrey and Mitchell (1987) and Ghali 

et al (1990) have studied sensory evoked potentials in the trigeminal
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nerve. Bennett et al (1987) has studied lingual somatosensory evoked 

potentials.

These investigators showed that sensory evoked potentials of 

trigeminal nerve stimulation is a practical proposition as a routine 

clinical test. They encountered many problems that require further 

investigation.

Due to small differences in latency because of differences in stimulus 

method, it became obvious that careful control of stimulus parameters 

such as current, pulse width and electrode impedance is of paramount 

importance if variability in sensory evoked potentials component 

latency is to be minimized in clinical investigations.

The application of sensory evoked potentials to trigeminal stimulation 

is not straightforward, as the responses are small in amplitude and can 

be distorted or masked by extraneous electromagnetic artefact. This is 

muscle activity mainly generated by eye movement or contraction of 

muscles inserted on the head. The patient may need to be sedated to 

achieve proper mental and muscle relaxation, and the nerve needs to 

be electrically shielded in a warm environment.

Examination of latency and amplitude characteristics of waveforms 

allow assessment of the pathway stimulated.

Barker et al (1987) found that the waveforms recorded on a series of 

healthy patients showed consistent prominent wave latency sequences. 

Increases in the latencies of the three characteristic peak events were
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the most marked feature of sensory loss (Barker et ai, 1987; Bennett et 

al, 1987). Amplitude measurements and reduction in peak to peak 

amplitudes were less reliable in determining neuronal damage.

Bennett (1987) stated that despite the problems encountered, there were 

instances where trigeminal sensory evoked potentials can be valuable 

in certain clinical conditions, such as in the assessment of patients with 

trigeminal neuralgia. Further, it is useful to assess whether a nerve is 

intact and functioning, particularly post-surgically if a nerve section is 

suspected.

(b) Sensory nerve action potentials (SNAP)

Sensory nerve action potentials are recorded by surface or needle 

electrodes. The needle electrodes are inserted through the skin over 

the nerve trunks. The action potentials are very brief. Their voltage is 

highly susceptible to dispersion by the spikes of the different nerve 

axons. The abnormalities seen with action potentials can be closely 

correlated to the structural abnormalities of the nerve.

Dyck (1984) states that on the basis of histologic and electrophysical 

characteristics, disorders in peripheral nerves may be directed into three 

relatively distinct categories:

1. Wallerian degeneration from focal interruption of axons;

2. Centripetal axonal degeneration (dying back) as a result of

metabolic derangement of the neurone; and

3. Segmented demyelination.
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Of these, Wallerian and axonal degeneration are associated with 

reduction in amplitude of the sensory nerve action potential, whereas 

demyelination is characterized by slowing of nerve conduction or 

prolongation of conduction time.

Retrograde effects and recovery processes in sensory neurons serving 

separate areas over a branching system of fibres not all of which are 

injured, may play a role in the appearance of hyperaesthesia around the 

edge of a dennervated area and also in the early recovery of sensation 

in marginal areas.

3.3.9 Thermal testing

Blix (1884) described cold and warm spots in the skin which are specific, 

that is, the stimulation of a cold spot gives a cold sensation and a warm 

spot gives a warm sensation. These thermal spots are abundant on the 

face, especially the lips, with more cold spots than warm spots (Hensel, 

1973). Cold sensation is transmitted by small myelinated fibres and 

warm by unmyelinated C fibres. Thresholds are influenced by skin 

temperature. Kenshalo et al (1967) states that the baseline skin 

temperature should be in the range of 34-35°C.

The rate of increase in temperature is also important, and cooling 

changes can be more easily distinguished than warm changes.

Dyck (1974) introduced the Minnesota thermal discs which were based 

on the heat transfer characteristics of different materials, namely 

copper, stainless steel, glass, and polyvinyl chloride. Body temperature
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is higher than ambient temperature in the test situation. The degree of 

coldness felt when a material is in contact with the skin is related to the 

rate at which heat is conducted away from the skin. Copper conducts 

most heat and feels coldest, followed by stainless steel, then glass and 

finally polyvinyl chloride. The test is simple, inexpensive and delivers 

a relatively constant graded thermal stimuli.

A more accurate method is the use of a thermo-electrical unit based on 

a peltier effect, that is where an electrical current flows across the 

junction between two different semiconductors, a quantity of heat, 

proportional to the quantity of charge crossing the junction, is evolved 

or absorbed, depending on the direction of the current. This effect is 

due to the existence of an electromotive force at the junction of two 

semiconductors. (The semiconductors are alternate p or n types of 

bismuth telluride alloys.) A precise measurement of the thermal 

threshold can be obtained, where the interface temperature is recorded 

by means of a thermocouple adherent to the surface of the stimulator 

(Fruhstorfer et al, 1976).

Dyck (1978) documented a computer controlled thermal system which 

has since been modified by Fowler et al, (1986). In this system dynamic 

thermal stimuli of varying magnitude are applied to the skin 

instantaneously. Depending on the patient's response, the computer 

regulates the following stimulus until a threshold is found.
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3.3.10 Nocioception Pain

Pain is conducted by small, myelinated A5 fibres mediating pricking 

pain or unmyelinated C fibres elaborating aching pain. Methods of 

measuring pain sensation can be (1) mechanical, (2) thermal, (3) 

electrical or (4) chemical. Ideally, the stimulus should be clearly 

detectable, cause no tissue damage and be measured in physical units.

1. Most common is the pin prick, but this is difficulty to quantify, 

however Sunderland's (1978) method of using a scale Po - P5 

enables some degree of quantification although still open to 

patient interpretation.

2. Pinch test, which is initiated by using forceps. This is not that 

useful as the relationship between the force applied to the skin 

and the stresses created inside the tissue is not simple or linear.

3. Thermal stimuli can be initiated by contact thermodes or radiant 

heat.

Hardy (1940) developed the Dolorimeter which consisted of a lamp as 

the source of heat, however there was a limitation in that when the 

skin developed hyperalgesia, it could not repeat the stimuli at brief 

intervals.

Maresca and Faccani (1983) reported that the use of electrical 

stimulation to induce pain works on the principle of stimulating the A 

fibres and hence causing a pricking sensation. This test has the same
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problem as the test for electrical sensory thresholds, that is, there are 

irregularities due to skin impedance, and it is also unpleasant for the 

patient. Other methods not useful on the face are chemical or the 

induction of ischaemia.

3.4 Monitoring Sweat Response

3.4.1 Colorimetric tests

When assessing sensory loss the majority of the tests are designed to 

assess the integrity of the various sympathetic sudomotor axon 

pathways. However, early researchers investigated sensory loss in 

peripheral nerves by associating sensory loss in the limbs with altered 

sweat response (Guttmann & List, 1940; Evans, 1957).

The anatomical explanation for this phenomenon is that the 

sympathetic fibres innervating the skin are incorporated in peripheral 

nerve trunks, and are distributed to cutaneous tissues as sudomotor 

fibres which finally pass to the sweat glands. Hence, following a nerve 

injury, the areas of altered sweating and sensation should correspond.

The colorimetric and skin resistance tests evolved because of this useful 

correlation. These were valuable tests for detecting nerve injury, for 

outlining the limits of altered cutaneous sensibility, and for following 

the course of recovery as regeneration proceeds. These tests were 

objective and therefore avoided or minimized patient bias.
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Many methods for detecting sweat on the skin have been used, 

(Sunderland, 1978) among them Minor's method (1928), using iodine 

and starch reaction, Guttmann's method (1937), using quinizarin 

powder, and Oden and Hofsten's (1954) ninhydrinamino acid reaction. 

All are relatively common in clinical application. In 1964, Sakurai and 

Montagna reported a simple method of printing sweat droplets on 

paper which was treated with bromophenol blue (BPB) dye.

The advantages of the colorimetric method are that the colour change 

is dramatic and is easily detected. It can also be photographed as a 

record. The disadvantages, however, are that the tests can be time- 

consuming, messy, sometimes difficult to get a sweat response, and the 

older methods, i.e. the chinizarin test, cannot be used near open 

wounds. The chemicals may also be carcinogenic with long term use. 

Finally, these tests are not very successful on bearded or hairy areas and, 

therefore, create problems in some males if used on the face.

3.4.2 The electrical skin resistance test

The electrical skin resistance test is based on the resistance of the skin to 

the passage of an electric current and this resistence is determined by 

the moisture content. Hence, it is noted that the resistance is lowered 

markedly on sweating, and increased in dry skin, that is, skin that has 

depressed sympathetic activity (cold) or after the skin has lost 

sympathetic innervation. Swain et al (1985) and Wilson (1985) used the 

skin resistance meter in measuring skin resistance of the skin on 

hands. Sunderland (1978) mentions the dermeter which is the same 

instrument used by Swain et al in 1985.
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Smith and Mott (1986) developed a similar machine but different, in 

that it measured the conductance, rather than resistance. In their tests, 

it was found that the values obtained varied markedly if the test was 

repeated, due to the complex electrical properties of skin. The values 

found were not considered as absolute values, but merely as relative 

values obtained under a given set of conditions, which change with 

time. If the conditions can be made as constant as possible, reproducible 

readings can be obtained.

3.5 Monitoring Sensation Following Third Molar Surgery

Measurement of facial sensation following third molar removal has 

become more an integral part of post operative assessment in recent 

times. Merrill in 1979 reported the need to monitor sensory recovery in 

order to clarify prognosis and guide the clinician in their management 

of the injury.

He mentioned that tests such as percussion of teeth which will 

sometimes produce paraesthesia in the lip to parallel the advance of 

regenerating axons, two point discrimination and fine touch were all 

useful in monitoring recovery.

The tests of touch, pin prick, thermal testing, two point discrimination 

and electrical were used to assess sensory loss following trigeminal 

nerve trauma by Ferdousi and McGregor in 1985.
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Robinson (1988) discussed the use of light touch, pin prick, temperature 

sensation, localization, two point discrimination, sharp / blunt 

differentiation and tooth pulp sensation.

Pogrel (1990) advocated the use of various tests to assess all sensory 

components and give the clinician an idea of the extent of nerve 

damage, and to give an idea of what fibres are more likely to be 

involved. He advocated pin prick to elicit pain to test the AS and C 

fibres, heat and cool sensations to test AS and C fibres, light touch to test 

Ap fibres, and two point discrimination testing for quantity of the larger 

myelinated axons.

Robinson (1992) stated that sensory testing following trigeminal nerve 

injuries can be done by using Von Frey hairs for testing light touch, a 

needle for pain (pin prick) sensation, sharp/dull perception using an 

algesimeter, and finally two point discrimination using pairs of blunt 

probes with differing separators mounted around a disc.

Blackburn (1990), in assessing lingual sensation, advocated the use of 

fine touch and moving two point discrimination. These tests were 

simple, quick and reproducible.

Each sensory test described is aimed at testing only one modality of 

sensation and, therefore, is more likely to stimulate only one particular 

type of nerve fibre. The quality of sensation gradually improves as 

receptors are gradually re-innervated by the regenerated axons in 

greater numbers.
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The threshold to stimulation, localization, and the quality of sensation 

gradually improves until the pattern of innervation has been re

established in every detail, and sensation is returned to normal. Dellon 

et al (1972) and Sunderland (1978) agree in the pattern of sensory 

recovery, that is, light touch and pin prick return early, followed by 

thermal appreciation, and finally two point discrimination.

Ferdousi and MacGregor (1985) said that in their experience, light touch 

returned first after sensory nerve damage, followed by pain (pin prick), 

and lastly two point discrimination.

Robinson (1988) stated that the tests most likely to detect a sensory 

recovery were localization, pin prick and two point discrimination.

These findings are confirmed by Pogrel (1970) who stated that pin prick, 

localization and two point discrimination are the tests most likely to 

reveal nerve damage, as these features are lost first. Thermal sensation 

appears to be the last to be lost with nerve damage and the first to 

recover.
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4.0 SENSORY LOSS FOLLOWING THIRD MOLAR REMOVAL

One of the most common causes of sensory loss is mechanical trauma. 

Trauma mainly arises as the result of surgical intervention and the 

problem has been recognised since last century. Curmine (1872) 

enlightened surgeons of the possible danger when he reported on the 

rupture of the inferior alveolar nerve and artery following the removal 

of a lower third molar. Sewill (1881) reported to the Odontological 

Society of London in 1881 that the phenomenon of grooving and 

perforation of lower third molars by the neurovascular bundles 

resulted in loss of sensation of the lower lip.

Since these early reports, the problem has been regularly documented 

in literature. Authors have commented on the cause, nature and 

prognosis of the injury, while others advocate procedural and technical 

ways of decreasing the incidence and extent of the problem (De Bats & 

Phillip, 1944).

Warwick James (1939) mentioned in his paper on the third molar 

operation, that "numbness involving the lingual, inferior dental and 

long buccal nerve occurs, but does not persist". The association with 

the removal of the lower third molar was also understood (Bowdler, 

Henry, 1935). Although sensory loss following third molar removal 

was recognised, the extent of the problem had not been fully 

appreciated and research into the problem was in its early stages.

La Cronique (1922) was the first to predict nerve damage from 

radiographic appearance, where the association of the lower third
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molar to the inferior dental bundle was considered an important factor 

in sensory loss. This was followed by many radiographic studies on the 

relationship between the third molar and the mandibular canal.

Cogswell (1942), reported that the frequency of postoperative 

paraesthesia indicates the need of a more thorough understanding of 

anatomy and radiographic diagnostic factors, which would lead to a 

decrease in incidences.

4.1 Radiographic Assessment

Main (1938) demonstrated considerable insight into the problem with 

his communication that reported impingement of roots on the canal 

could be determined radiographically. The appearance of a relative 

radiolucent area on the root structure at the area of impingement 

indicated contact between the nerve and tooth, whereas radiographic 

density of the root remained uniform if impingement was not present. 

Initially, periapical radiographs were used to determine the position of 

the mandibular canal as it related to the roots of the third molar, as 

reported by Richards (1952), Stockdale (1959) and Waggener (1959).

Uotila and Kilpinen (1968) attempted to determine the position of 

mandibular canal as it related to the roots of the third molar using 

stereoroentgenography, and compare results with controls consisting of 

intraoral radiographs taken by the Frank's method (1966). Although 

the authors claim this method is helpful in diagnosing the position of 

the mandibular canal and the third molar, it was not clear exactly how 

they interpreted the radiographs, or what criteria they used to classify
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whether the roots were buccal or lingual to the canal. Miles and West 

(1954) described the relationship of the roots to the mandibular canal 

and the phenomena of grooving and perforation of lower third molars 

by the inferior dental bundle. Miles and West further described the 

radiographic method using the principle of parallax for assessing the 

association of the canal to the apices of the lower third molars.

Howe and Poyton in 1958 and 1960 developed a significant study of the 

assessment of the association of lower third molars to the inferior 

dental canal using radiographs. They related preoperative radiographic 

findings to clinical observations.

The term ''true relationship" was used to describe a situation where the 

canal and apices of the lower third molars appeared in close 

relationship radiographically. This was confirmed clinically at the time 

of removal by the observation of the neurovascular bundle in the 

extraction socket.

An "apparent relationship" denotes a similar radiographic appearance 

but without clinical observation of the bundle. Of the 1,355 mandibular 

third molars included in this survey, 62% showed an "apparent 

relationship" to the inferior dental canal. However, at operation it was 

shown that only 12% of these teeth were, in fact, in "true relationship". 

These findings were then correlated to the incidence of postoperative 

labial impairment of sensation (5.2% or 70 cases). Of these cases of 

sensory loss, 36% were, in fact, in "true relationship" which indicated a 

thirteen times greater chance of developing sensory loss if the tooth 

looked in true relationship to the canal.
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Howe and Poyton included the importance of the criteria of grooving. 

The authors stated that forecasting and avoiding labial anaesthesia 

could be achieved only by interpretation of intraoral radiographs 

regarding roots that are grooved, notched or perforated by the inferior 

dental canal.

Azaz et al (1976) looked at the correlation between preoperative 

radiographic and anatomical findings, and found 60% of the third 

molars were in apparent relationship and 19% were in a true 

relationship radiographically.

He found that a comparison of clinical postoperative diagnosis with the 

radiographic preoperative diagnosis showed an error of only 0.8%.

The key issue, when using radiographs to predict sensory loss, is to 

know which signs will indicate a close relationship with the tooth to 

the canal, and ,therefore, a greater probability of sensory impairment.

Howe and Poyton looked at three signs:

1. The presence of a band of radiolucency across a tooth root;

2. Narrowing of the canal; and

3. Deflection of the roots by the canal.

Of these, they decided the radiolucent band across the root was the most 

reliable sign of a true relationship. Many other signs have been 

examined by investigators. Rood et al (1990) postulated a total of seven 

most common signs which indicate a close relationship.
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The seven signs were:

1. Darkening of the root

2. Deflected roots

3. Narrowing of the root

4. Dark and bifid root

5. Interruption of the white lines

6. Diversion of the inferior alveolar canal

7. Narrowing of the inferior alveolar canal.

Rood et al's (1990) study indicated that the most significant signs related 

to nerve injury were:

1. Diversion of the inferior alveolar canal

2. Darkening of the root

3. Interruption of the white line.

4.2 Clinical Aspects of Sensory Loss Following Third Molar 

Surgery

4.2.1 Radiographic

When assessing the approximation of the lower third molar to the 

inferior dental nerve, it follows that the closer the tooth is to the 

bundle the more likely it is that the operation will be more difficult. 

Howe and Poyton's results in their 1960 study revealed that the more 

difficult the extraction the more likelihood there was of the tooth being
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in true relationship to the inferior dental canal. It was further found 

that the more difficult the extraction the higher the incidence of 

postoperative labial sensory impairment.

Rowse (1971) noted that, in comparing intraoral periapical radiographs 

with the orthopantomograph, the angulation, root morphology and 

depth can be assessed by the orthopantomograph. Further, the 

relationship with the inferior alveolar canal can be assessed on the 

orthopantomograph where the upward path of the x-ray beam will tend 

to superimpose the shadows of the lingually placed canal on the root of 

the third molar. The buccally placed canal would have to be at a much 

more superficial level to become superimposed on the tooth.

MacGregor (1979) took radiographic assessment further by attempting to 

predict grooving by the orthopantomograph and it was found that the 

orthopan tomograph was an inferior view to the intraoral view used by 

Howe and Poyton (1960). If there was any doubt of the association of 

apices to canal, it was mentioned that it may be wise to take both the 

intraoral view as well as the orthopantomograph. MacGregor (1979) 

investigated the usefulness of the orthopantomograph by examining 

potentially significant factors. They arrived at six factors, simple to 

measure, and not inter-related, which were placed in an order which 

led to the acronym WHARFE. W referred to Winter's classification, H 

to the height of the mandible, A to the angle of the second molar in 

relation to the third, R referred to the root shapes and development, F 

to the presence and development of the follicle, and finally E referred to 

the path of exit.
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Prediction of sensory loss could be attempted, but it was not possible to 

formulate a system that was entirely predictable. Howe and Poyton and 

MacGregor, have established useful procedures that enable clinicians to 

assess the relationship of the roots of lower third molars to the canal, or 

the presence of grooving of these lower teeth, but cannot predict with 

certainty the possibility of neural damage. There are situations in 

which neural damage is certain or highly probable, but in other 

situations the clinicians, more often than not, are surprised at the 

outcome, considering their initial assessment.

4.3 Mental Incidence of Sensory Loss

4.3.1 Incidence

The reported incidence of inferior alveolar nerve damage following 

wisdom teeth removal varies between 1.3%, (Robinson, 1940) to 5.2% 

(Howe & Poyton,1960), and 7.6% (Rood, 1992) with many reports with 

incidences between these ranges.

4.3.2 Variables

The clinical variables looked at by the previous investigators are:

(a) Age

(b) Sex

(c) Angulation (if observable) of the third molar to the occlusal 

plane

(d) Surgical technique.
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(a) Age

Howe and Poyton (1960), Hinds and Frey (1980) and Bruce et al 

(1980), have concluded that the older the patient having their 

third molars removed, the higher the risk of damage to nerves, 

with a lower recovery rate following injury.

(b) Sex

Howe and Poyton (1960), Kipp (1980) and Ferdousi and 

MacGregor (1985) concluded that the sex ratio of males to females 

is such that females seek lower third molar removal more than 

males.

(c) Angulation

The angulation of the lower third molars Howe and Poyton 

(1960), Kramer (1970), and Morris (1971) found mesioangular 

impactions to be the most common of the types of impactions, 

with distoangular tending to be the next most common. Howe 

and Poyton (1960) related the angulation to incidence of sensory 

loss, and found that it was the horizontal impactions, in 

particular, the ones in lingual obliquity, followed by mesial 

impactions, that resulted in the highest impairment of labial 

sensation. It was stated that the high percentage of incidence of 

sensory loss for the mesioangular impactions may be related to 

the high incidence of true relationship in these teeth. However, 

with regard to the horizontal impactions in lingual obliquity, the
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high incidence of sensory loss was probably caused by 

instrumentation during these difficult extractions.

Azaz (1976), however, found the highest incidence of third 

molars in true relationship to the inferior alveolar canal in the 

vertically impacted third molars, although he did not mention 

the individual incidences regarding sensory loss.

(d) Surgical technique

Ward (1956) in conjunction with Fry, developed the split bone 

technique for the removal of impacted mandibular third molars. 

The technique was basically the removal of the distolingual bone 

to the impacted tooth with chisels, and the subsequent delivery of 

the tooth in that direction.

Three factors made this technique possible:

(1) the direction of the grain in the bone in this region;

(2) the lingual prominence of the alveolar process; and

(3) the thinness of the lingual plate of bone compared to the

stronger buccal bone.

The method proved to be very useful for removal of deep 

horizontal and angular impactions, both of which tend to be 

difficult to deal with by the buccal approach. Rud (1970) 

evaluated the split bone technique using chisels and found the 

method to be quicker than the buccal approach using burs. He 

also found impairment of labial sensation postoperatively in 16
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of 718 patients or 2.2%; this related to deep horizontal or 

distoverted teeth. Of 162 mandibular third molars, which were 

not deep horizontal or angular, and where the lingual bone was 

undisturbed, an incidence of only 1.2% of labial sensory loss 

resulted.

Wofford (1987), Pogrel (1990) and Rood (1992), concluded that 

there was a higher incidence of inferior alveolar nerve damage 

during third molar removal if burs were used to accomplish the 

removal.

Rood (1992) stated that temporary nerve damage can occur 

whichever method of bone removal was used. Permanent loss of 

sensation which implies a more severe injury, are more likely to 

be inflicted by direct instrumentation or the use of a bur in a 

surgical drill.

Middlehurst et al (1988) compared the use of the drill to the 

lingual split technique and found greater morbidity in regard to 

pain, swelling and sensory loss when a bur was used.

4.4 Lingual Incidence of Sensory Loss

4.4.1 Incidence

The largest study of lingual sensory loss is that by Rood, who found an 

incidence of 6.6% in the 1983 study and 12.8% in the 1992 study, using 

the lingual splint technique, with an incidence of 5.1% using the bur
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alone. Mason (1988) had an overall incidence of 11.5% and Blackburn

(1990) had an incidence of 11%. Both these studies using varied surgical

techniques.

4.4.2 Variables

Blackburn (1989) stated five factors associated with lingual nerve 

damage, as follows:

(a) Type of anaesthetic

(b) State of eruption of the third molar

(c) Lingual flap retraction

(d) Bone removal/surgical technique

(e) Operator identity.

Of these factors, the most signifcant reasons for lingual nerve damage 

were due to the elevation of a lingual flap and the removal of distal 

bone with a bur. Pogrel (1990) stated that elevation of a lingual flap 

should be avoided due to the higher incidence of lingual nerve 

damage.

(a) Anaesthetic

Lingual nerve damage was found to be more likely if the third 

molars were removed under general anaesthesia (Blackburn, 

1990) with 6% occurring under local anaesthesia compared to 

22% under general anaesthetic.
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(b) State of eruption

The eruption of the teeth proved to be a significant factor with a 

21% incidence of lingual nerve damage occurring with 

unerupted third molars compared to 11% if they were partially 

erupted. This, however, was only found to be significant if the 

teeth were removed under general anaesthesia (Blackburn, 1990).

Mason (1988) stated that the incidence of lingual sensory loss 

increases if distal bone is removed and that distoangular, 

horizontal and mesioangular impactions have the highest 

incidence of lingual sensory loss.

(c) Lingual flap retraction

Blackburn (1990) and Mason (1988) stated that lingual nerve 

damage was most likely to occur if the lingual flap is retracted by 

an instrument such as a Howarth's periosteal elevator, and even 

more likely if this was done under a general anaesthetic. When 

considering bone removal, Blackburn (1990) and Rood (1992) 

found that lingual nerve damage was most likely to occur, 

particularly if bone was removed with a chisel.

(d) Surgical technique

Although insertion of the Howarth elevator is thought to be 

associated with nerve injury. Mason (1990) stated that this was 

unlikely to cause permanent sensory loss, whereas more serious
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injury and permanent injuries are more likely associated with 

the use of the drill. A Howarth periosteal elevator, even if 

carefully positioned, cannot protect the lingual nerve along the 

full length of the surgical field.

The incidence of lingual impairment was found to be only 1% 

with disruption of the lingual plate but where the tooth was 

removed from the buccal side only (ie. using the bur), there were 

no symptoms from the lingual nerve at all (Rud, 1970).

Lewis (1980) produced no cases of lingual anaesthesia or 

paraesthesia in 342 wisdom teeth removals with his modified 

lingual split technique in which he did not use a retractor to 

protect the lingual nerve. Hochward et al. (1983), however, in 

their study using the modified procedure, obtained an incidence 

of 2.5% of mental sensory loss and 4.3% of the total extractions 

developed lingual sensory loss. Rood (1983a) found that the 

lingual split technique produced a 6.6% incidence in the lingual 

nerve distribution. He confirmed this finding in 1992 where he 

had a 12.8% incidence of lingual sensory loss which was 

temporary, by using the lingual split technique, compared to 3.2% 

of temporary sensory loss with the use of the bur. Significantly, 

he found no permanent sensory loss with the lingual split 

technique, but there was a 2% incidence of permanent sensory 

loss using the bur.

Middlehurst (1988), however, found lingual sensory impairment 

occurred more frequently when burs were used. He stated that
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this could reflect the greater duration of lingual traction with the 

use of the bur, and that there was increased tissue tension 

following suturing against an intact lingual plate.

This wide range of incidences was credited to the close 

association of the inferior alveolar neurovascular canal and the 

lingual nerve to the third molar roots.

(e) Operator identity

Blackburn (1990) stated that the lowest incidence of lingual nerve 

damage occurred with the least experienced operators. The least 

experienced operators most frequently operated under local 

analgesia and the more difficult teeth were removed by the more 

experienced surgeons. It was found, however, that there was a 

variable incidence between individual operators of the same 

grade and with similar experience.
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5.0 MATERIALS AND METHODS

This study was divided into three sections where the following aspects 

of sensory loss following third molar surgery were investigated.

(1) To test the proposal that the closer the lower third molar is to the 

inferior dental canal, the more likely it is that sensory loss will 

occur in the mental region. If this proposal is proved true then it 

could be said that sensory loss can be predicted by the appearance of 

the lower third molars on the OPG.

The ability of the surgeons to predict the likelihood of sensory loss 

based on their clinical judgement and using the OPG as a guide was 

also assessed.

Both of the above results were then compared in the light of the 

clinical findings, based on visualization of the ID bundle and the 

presence of grooving of the root apices.

(2) Other factors which may influence mental and lingual sensory loss 

were looked at. These being:

- difficulty of the operation

- angulation of the lower third molars

- surgical techniques
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(3) Various sensory tests were assessed to find which tests were best 

used clinically in determining the types of injury incurred and the 

quality and rate of recovery.

The patient population consisted of 500 patients who presented 

themselves to the Eastman Dental Clinic for the surgical removal of 

their third molars under general anaesthesia.

The population was a random selection of patients from a surgical 

waiting list.

Each patient had had a recent orthopantomograph taken which was 

then assessed by the operator to give the information required to place 

the lower third molars into the following groups.

5.1. Radiographic Prediction Study

The mandibular third molars were classified into categories according 

to their risk of developing sensory loss. Groups I, II and III were 

considered low risk and Groups IV and V high risk (Fig. 5).

Group I The closest point of the tooth to the bundle (in the

majority of cases this referred to the apex) was equal to or 

greater than 2 mm.

Group II The tooth was less than 2 mm from the canal at the closest

point, but not touching.
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Figure 5. Classification of mandibular third molars 
according to their risk of developing 
sensory loss.
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Group III The tooth was apparently touching the canal but there was 

no overlap.

Group IV The tooth was overlapping the canal but did not show any 

radiographic evidence of contact.

Group V The tooth was overlapping the canal and did appear to 

have radiographic evidence of contact.

Contact (Group V) or "close relationship" was considered to be present 

when there was radiographic evidence of:

1. loss of the lamina dura where the canal crosses the root of the 

tooth;

2. decrease in the radiodensity of the root where the nerve crossed;

3. narrowing of the canal shadow as it crossed the tooth; and

4. deviation of the canal associated with the root or apices of the 

tooth.

5.2 Oinical Variables

5.2.1 Degree of difficulty

The degree of difficulty was assessed by the operator from the 

radiograph and compared with clinical findings, based on the time to 

remove the tooth.
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The criteria for the degree of difficulty is provided below:

1. Simple the tooth was removed by elevation only, with or

without the necessity of raising a soft tissue flap;

2. Average refers to elevation of the tooth following the

uncomplicated removal of bone taking no more 

than five minutes;

3. Difficult refers to the removal of a tooth following extensive

removal of bone taking 5 - 1 0  minutes per tooth; 

and

4. Very difficult as above but the operating time per tooth being

more than ten minutes.

5.2.2 Assessment of operation

A proforma (see Appendix A) was completed by each surgeon at the 

time of the operation, requiring the following information;

1. Distance of the apices of the third molars from the inferior dental

canal;

2. Difficulty of the operation;

3. Morphology of the roots, if any grooving was present, buccally,

lingually or centrally;

4. Visualization of the bundle;
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5. Angulation of the teeth;

6. Technique used to remove the teeth, what instruments were 

used, either chisel or drill, and if lingual retraction was used.

When analysing the association of sensory loss to the many variables, 

the Chi-square analysis was used to test for significant association 

between groups.

5.2.3 Initial bedside testing

On the following day, the patients were examined for signs and 

symptoms of sensory loss on their lower lip and tongue by the principal 

investigator, using fine touch, pin prick, two point discrimination and 

localization and sharp/dull testing.

These tests were chosen for initial bedside testing as they were quick, 

simply performed, involved instruments that were easily transported 

and sterilized. The decision to use these tests was supported by 

Robinson (1992) who advocated using the above tests for routine 

sensory testing following trigeminal nerve injuries.

The initial bedside testing was performed in the treatment room of the 

ward which was quiet and at a constant temperature. The tests were 

not rushed and each test was repeated if there was doubt in the patient's 

mind about the procedure.
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5.3 Sensory Testing Study

All patients with sensory loss were again reviewed by the principle 

investigator after seven days, at which time sensory testing was 

undertaken. The patients were reappointed for further assessment at 

one month, three months and six months intervals, or until they had 

full sensory recovery.

The patients were seen at varying times of the day due to varying 

commitments of the individual patients and the investigator. Each 

patient was aware of the reason for their visit, namely for sensory 

testing. The nature of the tests and their reasons were explained in 

detail to each patient.

The tests performed at seven days post-operatively were all performed 

in the same room, which was isolated and at a constant temperature in 

the range of 18-22°C. Each patient was left seated in the waiting room 

for at least 10-15 minutes before being examined to allow thmm to 

acclimatize to the ambient room temperature.

Due to the small number of cases of sensory loss, 23 mental and 2 

mylohyoid from the initial group of 500 patients, nine additional cases 

of sensory loss, three of which were bilateral, were included in this 

group.
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The nine additional cases were also cases of sensory loss following third 

molar removal and hence had similar mode of injury to the original 

group.

As the sensory testing was a separate study it was not essential that all 

the cases of sensory loss monitored came from the initial group of 500 

patients. The extra cases of sensory loss were included to give greater 

statistical significance to the study in that the larger the study the more 

meaningful would be the results.

Of the 23 cases of sensory loss found from the initial group of 500 

patients only 20 people agreed to return for sensory testing, hence there 

were 29 patients with mental sensory loss and 2 patients with 

mylohyoid sensory loss monitored, giving a total of 35 sides of sensory 

loss to be monitored.

Owing to the large number of tests involved and the time taken for 

each test, it was not possible to perform all tests on every patient with 

sensory loss.

It was decided therefore to test all the sensory loss patients with the 

bedside tests, namely fine touch, pin prick, sharp/dull,and two point 

discrimination and localization. The more time consuming tests, 

namely vibration tests and electrical tests were tested on a smaller 

subgroup, each of these tests being compared to the above bedside tests. 

The thermal tests were tested for all patients except the initial Day 1 

ward tests.
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Because of these reasons, only ten cases were tested comparing 

vibration to the other bedside tests and 13 cases using electrical sensory 

testing compared to the other tests.

The monitoring of sweat tests was again seen as an objective test in 

their own right, and were not compared to the other tests as the object 

of monitoring sweat response was to assess if damage to the sensory 

fibres of the trigeminal nerve corresponded to sudomotor nerve injury. 

No attempt was made to compare these tests to the other tests 

monitored.

With the sweat tests only seven patients were monitored using the 

colormetric monitoring tests.

The patients who were tested for the test of vibration, electrical sensory 

testing and sweat testing were chosen at random.

There were 26 cases of lingual sensory loss monitored, three bilateral, 

giving 29 sides to be monitored. All cases were patients who were 

assessed from the initial group of 500m patients.

5.3.1 Method for testing fine touch sensation

The object of the fine touch sensation test was to stimulate only 

cutaneous receptors without deforming the deeper tissues thereby 

stimulating the pressure receptors.
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Von Frey hairs were mounted into an acrylic block (Fig 6) which was 

hand-held (Fig. 7). Each thread varied in thickness and length 

according to the particular force required to bend the nylon thread. The 

deforming forces were given as 0.5 gm/mm 2 to 11 gm/mm^.

The patient, with their eyes closed, was tested first with the Von Frey 

hair with the lest bending force, that is the thinnest hair.

The hand held acrylic block with the hair touched the skin at random, 

first on the normal side of their face and then within the area of 

sensory loss on the opposite side.

The patients were asked to respond when they felt a sensation by 

raising their hand and pointing to the area where they felt the stimulus 

with a needle they were holding.

The patients were tested ten times each side for static touch and ten 

times each side for moving touch, which entailed twenty separate 

stimuli on each side.

When testing the tongue the patients were asked to hold their tongue 

out and the same procedure was performed as with the mental sensory 

testing. That is the tongue was tested ten times each side for both static 

and moving touch. They were asked to indicate by raising their hand 

when they felt a sensation and point to the area where they felt the 

stimulus.
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Figure 6 Fine Touch.

Photograph showing the Von Frey Hairs for testing fine 
touch.
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Figure 7 Fine Touch.

Clinical photograph of testing fine touch in lower right 
mental region.
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A patient's response was gauged correct if they detected a sensation 

eight out of ten times or better.

If there was no response for the thinnest fibre then the next grade of 

filament was used until a response was elicited or until the largest fibre 

was used with no response.

5.3.2 Method for testing two point discrimination

Two point discrimination was performed using a hand-held pair of 

Ivory Aescalup dividers with blunt ends (Fig. 8). The patients were 

seated comfortably and asked to close their eyes. The test was explained 

to them and a demonstration was given with the calipers set at an 

average distance apart. When the calipers touched the skin of the face 

or tongue on the dorsum, it was done in such a way as no deformation 

was made (Fig. 9).

The normal side was tested for two point discrimination on the same 

area, to within a square centimetre, on all patients . For the face, it was a 

centimetre below the angle of the mouth and, for the tongue, it was 2 

cm distal from the tip of the tongue and 1 cm medially. This was on 

the side of normal sensation, however if there was bilateral sensory 

loss, then the upper lip was used 1 cm superior to the angle of the 

mouth.
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Figure 8 Two Point Discrimination.

Photograph showing the two types of instruments which 
can be used for testing two point discrimination, the 
calipers and the cylinder.
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Figure 9 Two Point Discrimination.

Clinical photograph showing placement of calipers for two 
point discrimination in the lower left mental region. 
Pressure is exaggerated for demonstration.
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Following the initial demonstration, the calipers were set at 5 mm and 

the normal area was touched with either one point or two points of the 

calipers, in a random fashion, a total of ten times.

If a patient could correctly detect if they were being touched by one or 

two points eight times or better out of ten, then that was considered 

adequate two point discrimination for that distance. The calipers were 

then set closer, at 4 mm and the procedure repeated. If a patient could 

not correctly detect better than eight out of ten, then the previous 

distance was considered the threshold.

When the initial distance of 5 mm was used and a patient could not 

meet the 80% correct requirement, the calipers were reset further apart 

and the procedure repeated until such time as the requirement was 

met. This was then considered the threshold.

The same procedure was repeated on the abnormal side throughout the 

area of sensory loss, and the area with the worst result was taken as the 

area to use to monitor recovery as when this area returned to normal 

then the whole area would fall within the normal range.

Moving two point discrimination was tested in the same manner apart 

from the fact when the stimulus was applied to skin the calipers were 

moved over the surface by one centimeter.

Lingual testing was as for mental testing with both static and moving 

two point discrimination being tested.
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Figure 8 shows the calipers used in the study as well as a circular acrylic 

disc with metal points set at regular distances apart, also used by 

clinicians to measure two point discrimination.

5.3.3 Methods for testing vibration

(a) Description of vibration system

The disc recording cutting head has a highly sophisticated design 

and construction and was adapted for use as a variable powered 

vibration source, for use in sensory testing on skin. This present 

study required a source of vibration of 50 cps as defined by Dellon 

(1980). This was achieved with the Grampian type cutter head.

The head was driven electrically by a specially constructed 

circuitry consisting of a power supply which in turn drives a 

frequency generators. Although this was a variable frequency 

device, it was present at a 50 cps square wave pulse. An amplifier 

was used to control the power level of the square wave that was 

used to drive the vibrator unit that had been modified to vibrate 

a probe of 1 mm diameter stainless steel. The amplifier power 

levels were adjusted by using a 10 turn potentiometer which 

raised the potential and the current, and in turn increased the 

amplitude of the probe.
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Therefore, the higher level of potentiometer reading the higher 

relative amplitude of a 50 cps vibration mode was produced at 

the probe-skin interface during monitoring.

(b) Description of Grampian type cutter head

The ortofon mono disc recording cutter head was originally 

designed to convert electrical frequency into a mechanical 

vibration for the purpose of recording audio signals physically 

onto a record disc. In this study it was used as a source of 

variable vibration to stimulate nerve fibres.

The cutter head armature is clamped at either end between two 

U-shaped steel yokes within which lie two ticonel magnets. 

Clamping supports the active portion of the armature in the gap 

between the pole pieces of the magnets. The main coil winding 

has a resistance of 8 ohms and there is also a secondary coil 

which lies in slits in the magnet pole pieces. This is the 

"'feedback coil" and can be used to control and monitor the probe 

damping effect. The probe used was a hollow stainless steel 

tubing approximately 1 mm in diameter with a cross piece 

braized to its end.

The controller frequency could be varied between 20cps and 

20,000cps by adjusting a preset resistor, set to give SOcps square 

wave pulses. The amplitude of the pulses was adjusted to give 

various levels of vibration at the set frequency. This was
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achieved using a variable resistor in a potential divider circuit to 

adjust the voltage applied to the cutterhead winding, thus 

varying the vibration amplitude of the probe. The resistor was 

adjustable from 0-1000 units which corresponded to 0 - 20 volts 

applied to the cutter head.

(c) Procedure

Each patient was asked to lie on a couch, and the cutting head 

with its probe extended was mounted on a stand. The position of 

the probe was adjustable on the stand and it was brought into 

contact with the area to be tested, the contact on the skin or 

tongue being such that there was no indentation of the point 

being tested, i.e. minimal pressure (Fig. 10).

There were six points tested, either for the mental region or the 

tongue.

When testing the mental region there were three points on 

either side, being spaced a centimetre apart in a line, coming 

from laterally to medially, approximately a centimetre below the 

Vermillion border of the lower lip. Each patient was instructed 

to indicate immediately where the sense of vibration was felt, 

where the amplitude was increased slowly until a response was 

elicited or until the potentiometer is turned to the maximum.
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Figure 10 Vibration.

Clinical photograph of vibration test to the lower lip.

131



For the tongue, each patient was instructed to put out the tongue, 

with the probe just touching the area to be tested, and the 

procedure undertaken as per the mental region.

There were again, three points chosen on either side of the 

tongue, a centimetre apart, going from the tip of the tongue 

backward distally on the dorsum of the tongue, just a centimetre 

laterally from the midline.

5.3.4 Electrical sensory testing

The sensory threshold machine (STI pulse stimulator) has an isolated 

(5 kv) output with a current range of 0-200 milliamperes and voltage 

range of 0-200 volts. The machine has a digital display with a hold 

facility which displays the peak voltage and current. (Fig. 11) The STI 

produces pulses of variable width and amplitude which excite the 

patient's nerve fibres via the two skin electrodes.

An applicator containing these electrodes moistened with saline is held 

in contact with the skin. (Fig. 12) As the amplitude is increased, the 

current flows into the skin and a voltage is induced in the nerve fibres. 

When this exceeds the required level for depolarization, an impulse is 

propagated with the perception of sensation. The digital display shows 

the current and voltage levels at which depolarization took place. The 

stimulating current expressed in milliamperes is recorded as the 

electrical sensory threshold for that particular area (see Appendix A).
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Figure 11 Diagram of the Electrical Sensory 
Threshold Stimulator (STI) used for testing electrical 
sensory threshold.
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Figure 12 Electrical Sensory Threshold.

Clinical photograph showing the testing for electrical 
sensory threshold in the lower right mental region.
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5.3.5 Therm al m easurem ent

Two different thermal stimulators were used in this project, one was 

used for measurement of thermal thresholds on the face and a second 

was used to measure the thermal thresholds of the dorsum of the 

tongue. The stimulator used for the measurement of thermal 

threshold on the face was a portable microcomputer-controlled thermal 

system.

The second thermal thermometer stimulator was used for monitoring 

threshold to warm sensation on the dorsum of the tongue, as opposed 

to both warm and cool sensations using the computerized thermal 

system. The reason foç using a separate system for the tongue was the 

fact that the microcomputer thermal system could not be adapted for 

use intra-orally.

The system used intra-orally was only developed for measuring warm 

sensation, and was based on the Peltier effect. It consisted of a solid 

state cooling device which is a Peltier heat pump module composed of 

junction of copper and bismuth P and N telurite. The amount and 

direction of current flowing through the junctions determines the 

amount and direction of the resultant temperature change, occurring at 

the junction. The pump module is mounted in the head of the probe 

and the probe has two ranges, from 0° to 30°C and from 30°C to 50°C, 

with a manual switch from cooling to heating and vice versa.
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The temperature of the probe is detected, controlled and monitored by a 

thermistor device mounted in the probe head. On the probe head is 

fitted an aluminium disc of 10 mm in diameter, where a thermocouple 

is fitted just below the surface of the applicator to record the 

temperature at the thermal-skin interface, which in turn is displayed 

on a digital thermometer.

(a) Testing warm sensation of tongue

The probe was connected to the thermal unit and also mounted 

on a vertical stand so that the directions that the probe could be 

moved were both vertical and horizontal as well as being tilted. 

Each patient was asked to lie on a couch with the head supported 

on a pillow. Each patient was asked to extend their tongue as 

fully as comfortably possible and the probe was brought into 

contact with the dorsum of the tongue on either the left or right 

side. The force with which the probe was brought into contact 

with the tongue was arbitrarily set by the examiner in all cases.

The probe was placed with enough force for positive contact 

between probe interface and tongue and not too forceful as to 

displace the tissue any more than is required for contact. The 

patients were instructed to indicate by raising their hand when 

they perceived the probe head was getting warm. It was 

explained to the patients that this meant a detection of a change 

in temperature was required rather than the loss of the initial 

probe temperature.
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Once the probe head was in position the temperature control 

potentiometer was adjusted to increase the temperature. When 

there was a response from a patient the operator reversed a 

switch to change the current direction, and the temperature 

indicated on the digital display was recorded. The probe head 

was left for a period until the temperature returned to room 

temperature. The procedure was repeated three times on each 

side of the tongue.

(b) Testing thermal sensation to cold and warm on the face 

(Fig. 13).

The microcomputer-controlled thermal testing system consists of 

three portable components, the computer, the thermode control 

unit and the thermode.

(1) The computer

The computer used is the Epson HZ-20 which is battery-operated, and 

has an integral four line screen, a microcassette drive and dot matrix 

printer. The computer is connected to the thermode control unit 

through a peripheral attachment.

(2) The thermode control unit

The thermode control unit consists of three components:

1. a power supply through the main;
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Figure 13 Thermal Testing.

Photograph of clinical testing for cool and warm responses 
using computer controlled thermal tester.
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2. a board on which there is a temperature measuring circuit; 

and

3. a front panel board with meters, lights and a connection for the 

testing thermode.

(3) The thermode

The thermode is a thermoelectric module which effects a temperature 

change according to the Peltier principle.

The thermode used in this system is a flat peltier module which is 

between cooling finns and a 1.6 mm thick copper plate. The contact 

area used for the face is 4 cm^. There is a thermocouple embedded 

between the peltier device and the copper plate, and connects to 

temperature measuring circuits in the control unit. Test stimuli were 

discrete dynamic ramps of temperature change, the rate of change is 

l°C/sec so that the stimulus is determined by the time for which the 

power is applied to the peltier device.

Testing using this system was performed by the same operator, in the 

same room. The room temperature was measured and was in the 

range of 18-23°C. The patients were seen after a waiting period which 

enabled them to acclimatize to the ambient temperature of the waiting 

room after coming from the outside environment.

The machine used can measure either heat or cool thresholds 

depending on the polarity of the current, and each is measured
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separately. The operator follows a series of stages which appear on the 

computer screen, and at a certain sequence in the programme a 

warning tone is emitted by the computer followed immediately by 

dynamic thermal changes at the thermode, skin junction.

The first ramp given to each patient is an approximate temperature 

change that in normal circumstances would be detected. A patient's 

response of yes or no will determine whether the patient should 

subsequently be given further stimuli at a higher range or given 

stimuli from a range appropriate for ordinary sensitivity. Following 

temperature change, there is a time interval when there is re

equilibration of the thermal skin junction, and this time interval 

depends on the magnitude of the preceding temperature change.

Once a patient's sensitivity is established from the initial stimulus the 

more accurate measure of a patient's threshold is then deduced. The 

second stimulus is well above the level determined as the estimated 

threshold and if the patient can detect this level, the next stimulus 

intensity is reduced, until there is a negative response. A no response 

will lead the machine to increase the next ramp intensity, and if, by 

chance, a patient gives a further negative response the subsequent 

stimulus will again increase. This procedure of increasing and 

decreasing ramp intensity about a temperature that evokes a negative 

response continues until there are four no's. To test a patient's 

reliability at random intervals there are zero intensity ramps or "catch 

trails" given to each patient.
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The threshold is taken as midpoint between the mean of values for 

which a patient has detected a stimulus, and the point at which the 

temperature change was not detected. The patients who do not respond 

to the first four thermal ramps are given three maximal thermal ramp 

intensities. If these are not felt then it is stated that a patient is 

insensitive to temperature changes equal to or greater than the 

maximal thermal intensities given.

5.3.6 Methods for nociception

The method for testing nociceptors involved a standard sharp pin. The 

patients were sitting comfortably and the test was explained in full. 

With each patient's eyes closed, the pin was applied to each patient in 

an area of normal sensation on the face to elicit a painful stimulus.

The same force was applied to the opposite side where there was an 

area of sensory loss and the response was compared to that of the 

normal side. The grading of the response was based on that adopted by 

Sunderland (1978) from Po to PS:

PO an anaesthetic cutaneous field;

Pi an awareness of a change of state where the

sensation may or may not be localized;

P2 the patient can feel a dullish prick or unpleasant

sensation; it may have considerable radiation and false 

reference;
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P3 a sharp, tingling or stinging sensation with the ability 

to localize;

P4 a sensation of sharpness with no radiation and 

good localization;

P5 normal sensation of sharp pain which is accurately 

localized.

5.3.7 Sharp / dull evaluation

When measuring the sensation of sharpness for this study a spring 

algesimeter was used, calibrated over the 2-10 gram range, with a needle 

point. The comparison between sharpness and pain was a measure of 

the skin deformation in that sharpness became pain with increasing 

skin deformation usually when greater than 10 g/mm^.

The measurement of each patient's ability to appreciate sharpness was 

elicited by placing the algesimeter needle point on the skin or tongue 

and applying 2 g/mm^or less (Fig. 14 & 15). With normal sensation 

this would be enough to establish a sharp response (Sunderland, 1978). 

If there was sensory loss, a patient would state that either a sensation 

could not be felt or it felt dull. When a patient could feel the needle as 

sharp, when the algesimeter was applied less than 2 g/mm^/ the 

response was taken as normal.

Each patient was tested on the normal side taken and then on the side 

with sensory loss. Patients were asked to close their eyes and on a
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Figure 14 Sharp /  Dull.

Clinical photograph showing testing for sharp./ dull 
response in the lower right mental region.
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Figure 15 Sharp /  Dull.

Clinical photograph showing testing of sharp /  dull 
response on the tongue.
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signal asked if it felt sharp or dull. Ten different points were chosen on 

each side of the face in the mental region and on both sides of the 

dorsum of the tongue. \

5.3.8 Localization

To test localization, patients were asked to close their eyes and upon 

testing a sensory stimulus to point with a pointer to the area on the face 

or tongue where they felt the stimulus was applied. A record was kept 

for accuracy and if they were within a centimeter radius of the correct 

position it was accepted as correct localization. A score of eight out of 

ten or more was considered accurate and the patient deemed to have 

normal localization.

5.3.9 Mapping

This was recorded by sketching on a diagram, which was standard for 

every case, the approximate area of sensory loss. The outline of the area 

was delineated using a Von Frey hair and asking each patient to state 

when the sensation changed from normal to abnormal. At each visit 

the area of sensory loss was delineated and compared to the previous 

diagram to assess if there had been any improvement.
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5.3.10 Monitoring sudomotor nerve supply to the face in areas of 

normal sensation and sensory loss

The two methods used for determining the distribution of any 

impairment of sympathetic function were:

1. Colorimetric sweating; and

2. Electrical skin conductance test

Both methods are objective tests and, owing to the nature of the tests, 

were only used for monitoring sensory loss in the mental region.

(a) Colorimetric tests

The method used for monitoring sweat gland activity was based 

on the work by Sakurai (1986) using the bromophenol blue 

printing method. Bromophenol blue solution was made up 

using 2% acetone and pieces of graph paper cut into strips 10 cm x 

4 cm placed into the solution, and then immediately removed 

and dried using a hair dryer.

The paper was then ready for use, stored in a dry envelope until 

used, and only handled on the small area of the paper not 

impregnated by the bromophenol blue to avoid contamination. 

The impregnated paper when dry was coloured orange/yellow, 

but at the first contact with the slightest amount of moisture the 

paper turned dark blue.
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The patients were asked to sit comfortably in a room heated by 

convection heaters to 32°C measured by thermometer, for a 

minimum of 15 minutes. The strip of impregnated paper was 

placed on the skin of the face in the area to be tested. The paper 

was held gently on the face without pressure for a period of 90- 

120 seconds and removed, leaving a pattern of sweat gland 

activity on the side of the paper that was in contact with the skin.

Therefore, a direct observation of sweating in any particular area 

of the facial skin was all that was required.

(b) Electrical skin conductance

In accordance with Smith and Mott (1986), the electrical skin 

conductance as a measurement of sympathetic activity was also 

noted. The machine used for measuring the skin conductance 

was the CMl conductance monitor. (Fig. 16) The machine is 

hand-held, battery-operated giving a 1 volt excitation. It has the 

ability to measure up to 2,000 nano-seimans with two ranges, 

which show on the digital display. The patients were asked to sit 

comfortably in a room that had a comfortable temperature of 18- 

22°C. As with all the tests, the reason for the test was explained 

to the patients and demonstrated to them. No special skin 

preparations were required for testing. The measurements were 

taken at varying times of the day owing to varying appointment 

times.
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Figure 16 Skin Conductance.

Photograph of skin conductance monitor used for testing.
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The conductance was measured directly in nano-siemens by 

placing the probe against the skin with light even pressure. The 

same pressure was applied at every measurement. Six areas were 

measured on either side of the face. The sites were as seen in the 

diagram (Appendix A) where on either side there were two 

points on the upper lip, A and B, two points just below the 

Vermillion border of the lower lip, C and D, and 1 cm below C 

and D there were points E and F.
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6.0 RESULTS

In this prospective study were 500 patients undergoing the removal of 

957 third molars. There were 294 females (mean age of 23.7 years) and 

206 males (mean age of 26.8 years). There were 13 females and 9 males 

with mental sensory loss and 23 females and 17 males with lingual 

sensory loss.

The incidence of sensory loss was as follows:

(a) Mental

Twenty two cases with mental sensory loss represented 23 sites 

(one case was bilateral) giving an incidence of 2.4%.

(b) Mylohyoid

Two cases of mylohyoid nerve damage also occurred.

(c) Lingual

There were 40 cases of lingual loss of which three cases were 

bilateral representing an incidence of 4.5%.

There were no cases found in which both mental and lingual 

sensory loss occurred together.
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6.1. Radiographie Prediction Study (Table 3)

6.1.1 Incidence (Table 4 & 5)

There were five radiographic groups which were sub-divided into low 

risk (Group I, II, III) and high risk (Group IV & V). The incidences of 

sensory loss in the low risk group was 2% compared to 3% for the high 

risk group with an overall incidence of 2.4%. Chi-square analysis 

revealed no statistically significant association at the 5% probability 

level between risk groups and sensory loss (%̂  = 0.97, 1 degree of 

freedom).

In Group I, there were 75 third molars removed with no sensory loss 

(0%). In Group II, there was 124 third molars removed with two 

resulting in sensory loss, which is less than 1% and in Group III there 

were 312 third molars removed, eight of which resulted in sensory loss, 

giving a percentage of less than 3%.

Group IV had 385 teeth removed with seven of these resulting in 

sensory loss, giving a percentage of less than 2%, and six cases of 

sensory loss resulted from the 59 third molars removed in Group V, or 

10%.

When looking at the individual risk groups, there is a significant 

association of an intimate approximation of the third molar and 

sensory loss, i.e. 10.2% incidence of sensory loss in Group V (%̂  = 17.91, 

4 degrees of freedom, p < 0.01).
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Table 3

Radiographie groups versus sensory loss

LOW RISK HIGH RISK TOTAL

Mental sensory 
loss

10 13 23

Total 513 444 957

Incidence (%) 1.95 2.95 2.41

y } -  0.97 (1 degree of freedom) p = 0.05
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Table 4

Mental sensory loss

GROUP No. of 
Extractions

Sensory loss of 
tongue

%
Incidence

Groove
Apex

ID Bundle 
Visible

I 75 0 0 - -

n 124 2 1.6 3 -

m 312 8 2.5 15 8

IV 385 7 1.8 15 12

V 59 6 10.2 9 7

TOTAL 957 23 2.4 42 27

y } = 17.91 (4 degrees of freedom) p < 0.01
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6.1.2 Correlation of risk groups to clinical findings

There were no cases found of grooving or where the canal was 

visualized surgically in Group I. In Group II there were three teeth 

which were stated as having a grooved apex,which would indicate that 

the grooving was an anatomical variation, as the apices were not 

touching the inferior dental bundle.

In Group III, there were 18 teeth in close relationship to the nerve, with 

ten having grooved roots (eight centrally and two buccally), five having 

grooved roots with the canal visible (four buccally and one lingually), 

and three with only the neurovascular bundle visible but no grooving 

of the tooth. Three of the eight cases of sensory loss were in the group 

of teeth which had clinical evidence of a close relationship.

In Group IV, there were 21 teeth in close relationship with nine having 

grooved roots alone (six buccally, one lingually and two centrally), six 

teeth had grooving of the root as well as the bundle being visible (three 

buccally, one lingually and one centrally) and there were six cases 

where the nerve bundle was visualized only.

Of the seven cases of sensory loss in risk Group IV, there were two cases 

that showed clinical close relationships, however, the overall incidence 

of sensory loss in the groups showing a superficial relationship of the 

canal to the tooth was 1.8%.
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Group V had nine teeth showing a close relationship with the nerve, of 

these two had grooving only (both buccally) with no neurovascular 

bundle visible and the remaining all had grooving with the 

neurovascular bundle visible (three buccally, two lingually and two 

centrally), of these nine teeth, there was one case of sensory loss. The 

overall incidence of sensory loss in those teeth showing intimate 

relationship of the canal and the third molar was 10.2%.

At no time was there any observation of direct trauma to the 

neurovascular bundle.

In predicting the intimate relationship of the teeth to the inferior 

alveolar bundle, the clinical findings did not correlate with the pre

operative clinical assessment. There were 51 teeth where there was 

close association of the roots to the nerve. This was either by having a 

grooved apex or by directly visualizing the nerve bundle in the socket. 

Of these, only 15% had been placed in Group 5, indicating 42 cases had a 

much closer relationship clinically than was predicted radiographically.

Of the 51 cases which indicated a close clinical relationship of the tooth 

to the nerve, there were six cases of sensory loss recorded, or 12%.

When analysing the intuitive prediction of sensory loss by the 

individual operators, it was found that of the 957 individual teeth 

removed, the operators stated that 894 cases should have no or 

minimal likelihood of mental sensory loss, where in fact 18 cases of 

sensory loss occurred.
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There were 657 third molars that the operators stated preoperatively 

would not result in sensory loss, and eight cases resulted.

The operators placed only 63 teeth in the probable or definite categories, 

and of these teeth, only five cases of sensory loss occurred. This 

indicated that only 22% of all cases of sensory loss which occurred, were 

predicted (Table 5).

6.2 Clinical Variables

6.2.1 Mental sensory loss

(a) Difficulty of the operation (Table 6)

There were 957 teeth removed of which 328 were reported to be simple 

extractions and 434 were of average difficulty. Of these sensory loss 

occurred in two simple cases and eight average cases. The 162 difficult 

cases and 33 very difficult cases produced 13 cases of sensory loss.

This is a significant association (%2 = 21.18, 3 degrees of freedom, p < 

0.01), showing that the most difficult cases did produce more cases of 

sensory loss.

(b) Surgical technique (Table 7)

There were 17 cases with mental sensory loss removed by the lingual 

split technique and a further two cases where both lingual split and the
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Table 5

Surgeons preoperative assessment of likelihood 
of mental sensory loss

RADIOGRAPHIC GROUPS
Likelihood of 
Sensory Loss 1 2 3 4 5 TOTAL

Sensory
Loss

N il 80 91 261 195 30 657 8

Slight 15 42 72 94 14 237 10

Probable 2 7 16 24 10 59 4

Definite 0 1 0 1 2 4 1

Total 97 141 349 314 56 957

Sensory Loss 0 2 8 7 6 23

y }  -  12.56 (1 degree of freedom) p < 0.01
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Table 6

Comparison between degree of difficulty in removal 
with incidence of mental sensory loss

SIMPLE AVERAGE DIFHCULT V.DIFHCULT TOTAL

No. of Teeth 
Removed

328 434 162 33 957

Mental Sensory 
Loss

2 8 10 3 23

% Incidence 1 2 7 10 2.4%

= 21.18 (3 degrees of freedom) p < 0.01
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Table 7

Sensory loss versus surgical technique

MENTAL SENSORY 
LOSS

No. LOW HIGH  
RISK RISK

LINGUAL SENSORY 
LOSS

No.

TOTAL

Lingual Split 17 8 9 33 514

Elevation 3 2 1 - 279

Drill & 2 - 2 8 80
Lingual Split

Drill Only 1 - 1 2 84

Mental
y }  = 4.42 (3 degrees of freedom) p = 0.05 

Lingual
y } = 24.10 (3 degrees of freedom) p < 0.01
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drill were used. Three cases were found in the elevation cases with 

only one case of sensory loss where the drill alone was used.

Of the 17 cases with sensory loss removed by the lingual split 

technique, only 53% were in the high risk radiographic groups and 47% 

in the low risk groups. The two cases that had both the lingual split 

and the drill used were in the high risk groups.

It was shown that there was no signifcant association at the 5% level for 

mental sensory loss and the surgical technique used = 4.42, 3 degrees 

f freedom, p < 0.05).

(c) Angulation (Table 8)

The horizontal impaction recorded the greatest incidence of sensory 

loss that of 9.2%, representing eight cases. The mesioangular cases 

which represented 512 teeth had 12 cases of sensory loss for an 

incidence of 2.3%. This proved to be significant = 21.19, p < 0.01).

The vertical impaction representing 145 teeth had two cases of sensory 

loss, an incidence of 1.4%, and in the distoangular group there was one 

case equating to 0.5%. There were 16 buccolingual impactors which did 

not result in any cases of sensory loss.
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Table 8

Incidence of mental sensory loss compared 
to tooth angulation

TYPE OF 
IMPACTION

No. OF 
TEETH REMOVED

MENTAL 
SENSORY LOSS

%
INCIDENCE

Horizontal 87 8 9.2

Mesioangular 512 12 2.3

Vertical 145 2 1.4

Distoangular 197 1 0.5

Buccolingual 16 0 0

TOTAL 957 23 2.4

y }  -  21.18 (4 degrees of freedom) p < 0.001
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6.2.2 Lingual sensory loss

There was a total of 43 cases of lingual sensory loss, at an incidence of 

4.5%. (Table 9)

The individual groups indicated that there were two cases of sensory 

loss in Group I, six cases in Group II and 13 episodes of sensory loss in 

Group III. There were 15 episodes in Group IV and seven in Group V.

When analysing these results to test whether there was any significant 

association between lingual sensory loss and risk groups, it was shown 

not to be sigificant at the 5% level = 8.5, 4 degrees of freedom).

(a) Difficulty of the operation (Table 10)

It was found that seven cases of lingual sensory loss occured during the 

simple operations, that is when the lower third molars were elevated, 

and 27 cases occured in the average group where bone was removed but 

the operation took no longer than 5 minutes. In the difficult group 

(marked bone removal and 5 to 10 minutes to complete) there were 9 

cases of lingual sensory loss recorded, and in the very difficult group 

there were no cases of lingual nerve damage found.

Hence the findings showed that 79% of the cases with lingual nerve 

damage occured in the simple and averagegroups.
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Table 9

Lingual sensory loss

GROUP No. of 
Extractions

Sensory Loss 
of tongue

%
Incidence

Lingual
Split

Groove
Apex

ID Bundle 
Visible

I 75 2 2.6 2 - -

n 124 6 4.8 5 - -

m 312 13 4.1 8 - -

IV 385 15 3.9 12 1 -

V 59 7 11.8 6 2 -

TOTAL 957 43 4.5 33 3 -

y }  = 8.50 (4 degrees of freedom) p = 0.05
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Table 10

Comparison between degree of difficulty in removal 
with incidence of lingual sensory loss

SIMPLE AVERAGE DIFnCULT V.DIFHCULT TOTAL

No. of Teeth 
Removed

328 434 162 33 957

Lingual Sensoiy 
Loss

7 27 9 0 43

% Incidence 2 6 5 - 4.5%

y }  -  9.25 (3 degrees of freedom) p < 0.05
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Analysis of the data showed a significant association between the 

degree of difficulty and sensory loss at the 5% level (%2 = 9 .2 8 , 3 degrees 

of freedom, p<0.05).

Of the 40 cases of lingual sensory loss sustained only 26 were monitored 

until recovery or until six months whichever came first.

The rate of recovery of lingual sensory loss was faster than mental 

sensory loss in that the average time for sensory return in the tongue 

was only 6.5 weeks whereas it was 9 weeks for return of sensation to the 

mental region.

(b) Surgical technique (Table 7)

Thirty three cases of lingual sensory loss were found in the 514 cases 

which had the lingual split technique. A further 80 cases had the 

lingual split technique as well as the drill, producing eight cases of 

lingual sensory loss.

No cases of sensory loss were found if elevation alone was used and 

only two cases of sensory loss if the drill alone was used.

Using the lingual split technique, 76.8% of the cases of lingual sensory 

loss occurred, 18.6% where the lingual split and drill was used together, 

and only 4.6% where the drill was used alone. This proved to be 

significant = 24.10, p < 0.01).
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6.3 M onitoring Sensory Recovery

Of the 22 cases with mental sensory loss, 20 were monitored until 

recovery occurred or a maximum of six months whichever occurred 

first. Two cases of mylohyoid sensory loss were also included in 

monitoring of sensory loss.

6.3.1. Mental sensory recovery

When considering the sensory tests used to monitor sensation (i.e. fine 

touch, pin prick, cold and warm, sharp/dull, two point discrimination, 

vibration and electrical sensory thresholds) it was found that fine 

touch, both static and moving, pin prick, cold and electrical thresholds 

consistently returned to normal before the other tests. The tests of 

warm sensation, sharp /b lunt differentation and two point 

discrimination were always last to return to normal, where it was 

found in the case of mental sensory loss, 17 of the 35 sides still had 

abnormal warm, sharp /b lun t discrimination, or two point 

discrimination at six months.

(a) Fine Touch

Moving fine touch had 11 cases (30%) which had normal sensation on 

the first day following surgery, with 46% returning to normal within 7 

days. After four weeks there were 63% of cases where moving fine 

touch had returned to normal. This improved to 77% of normal 

responses by six months, representing 27 sides (Graph 1).
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Graph 1

Recovery of Fine Touch - Mental Nerve (n=35)
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The results for static fine touch were similar with 28% recovery, 43% 

and 60%, for one day post operative, 7 days and one month 

respectively. After this the results for moving were the same for static.

(b) Pin Prick

For pin prick testing there were five cases which returned to normal 

after 24 hours postoperatively and 11 cases had returned to normal by 

one week, representing 15% and 32% respectively. At one month there 

were 19 cases that had returned to normal, or 52%. By three months 

postoperatively there were 63% of normal responses to pin prick and by 

six months there was a 72% response to normal pin prick (Graph 2), 

representing 25 sides.

(c) Thermal - cold

As the equipment required for testing this was not available for bedside 

testing, the cold sensory test was not tested on day one postoperatively. 

At one week postoperatively 14 cases or 40% were normal and at one 

month 69% reached normal responses. Within the next five months 

there was only a 17% improvement in responses, with 86% normal 

responses at six months (Graph 3).

(d) Thermal - warm

As the equipment required for testing this was not available for bedside 

testing, it was not tested on day one post operatively, but testing on day
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Graph 2

Recovery of Pin Prick - Mental Nerve (n=35)
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seven showed there were seven cases that had returned to normal or a 

20% incidence. At one month there were 14 normal responses or 40%, 

and by three months there were 21 cases of return of warm sensation to 

normal or 60%. At six months 23 cases or 66% had returned to normal.

(e) Two point discrimination

For the moving test, two sides tested with two point discrimination 

returned to normal on the first day of testing, representing 5%. At one 

week there were only five cases (14%) with normal responses. At one 

month there were ten cases of normal response for moving two point 

discrimination, or 29% (Graph 4). For static two point discrimination 

there was 5% at day one, with four cases or 11% at seven days, and with 

nine cases or 26% at one month.

Sensation tests at three months showed only 14 cases of moving two 

point discrimination and 13 cases of static (37%), improving to 18 cases 

(54%) for both moving and static at six months. There was, therefore, 

no differences recorded between the static and the moving two point 

discrimination test at six months.

(f) Sharp /  dull

Normal sharp/dull responses at day one were nil and by one week 

there were only three cases with normal responses or 8.5%. By one 

month there were seven cases (20%) and at three months 51% or 18

1 7 0



Graph 4

Recovery Of 2 Point Discrimination - Mental
Nerve (n=35)
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cases were normal. By six months postoperatively there was no further 

improvement, that is only 51% had returned to normal at this time 

(Graph 5).

(g) Electrical sensory testing

With the electrical sensory testing (EST) no cases had returned to 

normal by the end of one week and four or 40% by the end of one 

month. With 62% normal responses at three months with 23% 

improvement over the next three months where there were eleven 

out of thirteen cases that elicited normal thresholds (Graph 6).

(h) Vibration

With the vibration test, with only ten cases tested, only one case 

returned to normal sensation after one week (10%) and there was no 

further improvement until three months, by which time five cases had 

returned to normal vibration sensation. There was no further 

improvement in the last five cases by six months (Graph 7).

6.3.2 Lingual sensory recovery

(a) Fine touch

Moving fine touch had 12 cases or 34% recovery on day one, with 14 

cases or 48% at one week. This improved to 20 cases at one month 

(69%) and 24 cases at three months (83%), with only a further three

17 2



Graph 5

Recovery of Sharp/Dull - Mental Nerve (n=35)
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Graph 7

Recovery of Vibration - Mental Nerve (n=10)
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cases improved to normal (93%) at six months. For static fine touch, 

there were 13 cases at day one or 37%,15 cases at one week (45%) and 

66% at one month or 19 normal sides. By three months 4 more cases 

had returned to normal (79%), with the six month result the same as 

for moving fine touch (93%) (Graph 8).

(b) Pinprick

Pin prick had 41% (12 cases) recovered at the first day postoperatively 

and 48% (14 cases) at one week, increasing to 69% or 20 cases at one 

month. This progressed to 93% (27 cases) recovery at three months 

with no further improvement in the next three months, recording 

93%, also at six months (Graph 9).

(c) Thermal - warm

Perceived sensation to warmth had a 47% recovery at one week (14 

cases) with 63% (19 cases) recovered by one month. At three months 

79% (23 cases) of patients had returned to normal. Over the next three 

months there were 26 cases returning to normal, resulting in a 

recovery rate of 92% at six months (Graph 10).

(d) Two point discrimination

Two point discrimination, both static and moving, showed the same 

recovery at the day one postoperatively. There were ten cases with 

normal responses at day one (35%). At one week there were 14 cases
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Graph 8

Recovery of Fine Touch - Lingual Nerve (n=29)
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Graph 10

Recovery of Warm - Lingual Nerve (n=29)
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(48%) which had recovered for static and moving two point 

discrimination. At one month moving two point discrimination had 

19 cases recovered (66%) and for static there was a 62% recovery (18 

cases). By three months 23 cases for both moving and static two point 

discrimination had returned to normal (79%). There was no further 

improvement in both moving and static two point discrimination over 

the remaining three months of the test period (Graph 11).

(e) Sharp /  dull

The sharp/dull sensory test had 11 cases (36%) recovery at one week, 15 

cases (50%) at one month, and 24 cases (80%) at three months. This had 

only progressed to 83% (24 cases) at the end of six months (Graph 12).

(f) Vibration

With the vibration test there were only nine cases tested, with no cases 

recovering to normal response until one month, when there were two 

cases or a 20% recovery. This progressed to six cases (60%) at three 

months and by six months there were seven patients who had 

recovered (70%) (Graph 13).

6.3.3 Localization

(a) Mental

Results of localization showed that the results for testing with static or 

moving fine touch were similar, although there was a trend towards
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Graph 11

Recovery of 2 Point Discrimination - Lingual 
Nerve (n=29)

80 T
70

50
% Normal 40  I

30  I 
20

90 Days 180 Days30 Days1 Day 7 Days

*  Static  

O Moving

Time

Graph 12

Recovery of Sharp/Dull - Lingual Nerve (n=29)

% Normal

90  

80  

70  

60  

50  

40  

30  

20  

10

0
1 Day 7 Days 30 Days 

Time
90 Days 180 Days

179



Graph 13

Recovery of Vibration - Lingual Nerve (n=9 )
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moving fine touch giving better ability to localize in the early stages of 

recovery.

At day one five cases of both static and moving were correct, 

representing 14%. This increased to ten cases for static (29%) at one 

week and 13 sides (37%) correct for moving fine touch.

At one month there was a definitely superior result using moving fine 

touch with 51% or 18 cases with correct responses compared to 34% for 

static touch or 12 cases. At three months the comparison was 20 cases 

(57%) for static, which were normal, to 22 cases (63%). Finally, at six 

months for static fine touch there were 24 cases (69%) with correct 

responses compared to 25 sides (72%) for moving. The remaining ten 

sides with poor localization at six months showed signs of false 

localization, indicating a more serious injury (Graph 14).

(b) Lingual

Localization for lingual sensory loss showed ten sides correct at day one 

for moving compared to 11 sides for static. At one week there were 13 

cases correct for moving fine touch and 14 sides for static representing 

45% and 48% respectively. By one month the results showed 19 sides 

with correct responses for moving and 20 sides for static fine touch 

(66% and 69%). Three months showed an improvement in 

localization using moving fine touch to 83% or 24 sides and 22 sides 

using static fine touch. At the six months test, there were 90% correct 

responses for both static and moving fine touch (Graph 15).
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6.3.4 Sweat tests

(a) Skin conductance

Skin conductance tests, also an indication of sweat gland activity, 

showed that in the ten sides tested, there was marked variation in the 

results in both the area of sensory loss and the normal area of 

sensation. The results provided such wide variations that there was no 

conclusive trend that could be interpreted from the figures obtained 

(Table 11 & 12).

(b) Colormetric monitoring

Colormetric monitoring of sweat glands using bromophenol blue 

showed that in all seven cases tested, patients with sensory loss on the 

skin of the face showed significant persistence in sweat gland activity in 

a sensory denervated area (Fig. 17), which was comparable to the side 

with normal sensation. In the cases where there was bilateral mental 

sensory loss, there was evidence of sweating in both areas of sensory 

loss.
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Table 11

Skin Conductance (nanoseimens)

SIDE 1 - Sensory loss on left 
1 Day 1 Week 1 Month 3 Months 6 Months

R R
2
12
4
5 
3 
3

2
2
3
4
5 
7

SIDE 2 & 3 • Bilateral sensory loss
IDay 1 Week 1 Month 3 Months 6 Months

R L R L R L
4 3 1 1 28 37
5 4 2 2 8 13
3 4 1 27 6 39
5 3 2 6 13 19
4 3 10 3 37 19
2 2 10 2 2 9

SIDE 4 - Sensory loss on right
IDay 1 Week 1 Month 3 Months 6 Months

R L R L R L
3 3 3 1 6 3
1 4 2 2 13 37
1 6 3 117 7 10
1 2 2 3 25 11
2 2 1 3 5 10
2 1 2 14 3 8

SIDE 5 - Sensory loss on right 
IDay 1 Week 1 Month 3 Months 6 Months

R L
4 15
17 3
45 25
6 25

23 12
63 10
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Table 12

Skin Conductance (nanoseimens)

SIDE 6 & 7 • Bilateral sensory loss
IDay 1 Week 1 Month 3 Months 6 Months

R R
1

21
1

28
1
1

SIDE 8 &c 9 - Bilateral sensory loss
1 Day 1 Week 1 Month 3 Months 6 Months

R L R L R L R L
25 140 1 3 2 1 39 2
40 15 2 5 1 2 2 1
260 15 2 1 1 1 3 2
73 23 8 3 1 1 1 4
180 6 1 7 3 3 2 8
22 71 3 4 1 2 5 2

SIDE 10 - 
IDay 1 Week 1 Month

r“
13
1

75
6
35
5

6
1

45
59
105
9

3 Months 
R”
25
14

110
20
7

45

20
5
5
80
105
40

6 Months
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Side of Sensory Loss

1. Right

2. Right

3. Bilateral

4. Right

5. Right

6. Right

7. Bilateral

Figure 17 Sweat Test.

Bromophenol Blue impregnated paper showing the sweat 
response of sensory loss of the seven patients tested.
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6.4 Patterns of Recovery (Figures 18,19,20)

6.4.1 Mental nerve

There were three main patterns of recovery:

1. The whole area of sensory loss recovered gradually throughout 

and suddenly disappeared (7 of 25 or 25%). All had totally 

recovered by one month.

2. The area of sensory loss decreased in size towards the vermillion 

of the lip (13 of 25 or 55%).

3. The area of sensory loss decreased until there was only a small

strip of sensory loss of the angle of the mouth (5 of 25 or 20%).

Both patterns 2 and 3 above were the more significant nerve injuries.

6.4.2 Lingual nerve

For the tongue there was found to be three patterns of recovery of the

29 sides monitored. (Fig. 21,22,23)

1. Four cases resolved gradually throughout without retreating of

the borders (4 of 29). All had totally recovered by one week.
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L ,J 
I!

1 Mental area - sensory loss 
of entire area

II

2 Strip of sensory loss

II

3 Sensory loss along 
verm illion border

Figure 18 Patterns of sensory loss and recovery.
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i. . J i- .J
N or m a l

Recovery is gradual throughout area

Figure 19 Pattern (1) showing recovery of sensory loss 
of entire mental area.
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c  J
\ (

Strip of sensory loss - narrows towards small area

)(
( . . j

1 !

Sensory loss - recovers towards vermillion

Figure 20 Patterns of recovery of strip of sensory loss (2) 
and recovery of sensory loss towards the 
vermillion of the lip (3).

190



r -  n

Area of sensory loss

Area of sensory loss - same but not as intense

Area same but sensation all but returned to normal

Figure 21 Pattern of recovery of sensory loss in the
tongue, area remains the same, intensity of 
sensory loss decreases.
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r -  n

Area of sensory loss

Decreasing area of sensory loss - retreating towards the tip

Only small area of sensory loss at the tip

Figure 22 Pattern of recovery of sensory loss in the
tongue, area of sensory loss decreases towards 
the tongue tip.

1 92



n

Area of sensory loss

Area of sensory loss getting sm aller and retreating 
towards border

(T  n

Area of sensory loss getting smaller

Figure 23 Pattern of recovery of sensory loss in the
tongue, area of sensory loss decreases towards 
the border of the tongue.
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2. Ten cases resolved as the areas of sensory loss retreated towards 

the tip of the tongue (10 of 29), 55% of which had recovered 

within the first week.

3. There were 15 cases where the area of sensory loss decreased 

towards the lateral border (15 of 29). It was amongst this group 

that the more significant nerve injuries were found.
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7.0 DISCUSSION

The prediction of sensory loss to the mental nerve distribution 

following the removal of lower third molars is very difficult. This is 

usually done following a clinical examination and the evaluation of 

radiographs. The ability to assess the likelihood of sensory loss from 

the orthopantomograph (OPG) has not been proven owing to the fact 

that there are often cases of mental sensory loss that occur 

unexpectedly, despite close evaluation of the OPG.

Once the sensory loss has occurred there are many tests that can be used 

to provide clinical information regarding the injury.

7.1 Radiographic Assessment

This study looked at the association of proximity of the lower third 

molar to the ID bundle, to the incidence of mental sensory loss, that is 

did the incidence increase, the closer and more intimate the two 

structures became?

This ability to assess sensory loss solely by the position of the teeth to 

the ID canal was compared to the operators intuitive assessment which 

was biased by many other variables, not least being the operators past 

experience and skill.

The lower third molars were then divided into low and high risk, 

following Howe and Poyton's conclusions that sensory loss is far more
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likely in those groups where there is close approximation of the apex to 

the canal.

When considering the incidence of mental sensory loss according to 

the position of the lower third molars, it was found that there was 

indeed an increase in sensory loss when there was an intimate 

association of the tooth to the nerve, with 10 cases occurring in the low

risk group and 13 cases in the high risk group.

There is merit in the fact that the closer the two, the more likely it is to 

occur and possibly the more difficult the operation.

The point that needs to be made however is not that there is an 

increased incidence in Groups IV and V, but the fact that there is a

significant incidence in the Groups I, II and III.

The consequence of this finding is that radiographic appearance of the 

lower third molar in no way gives a reliable indication of the 

likelihood of the loss occuring.

When looking at the surgeon's intuitive assessment and ability to 

predict sensory loss, the results were interesting in that accuracy of 

prediction was also proved to be poor.

The intuitive assessment of third molars from the orthopantomograph 

and the prediction of sensory loss resulted in widely variable results. 

The surgeons varied from postgraduate students to consultants. They
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were asked to study the OPG and state the likelihood of sensory loss; 

nil, slight, probable and definite.

In the low risk groups, the surgeons placed 95% of the teeth into the nil 

or slight category. However, in the high risk group 90% of the third 

molars were also placed into the nil or slight categories.

Although the surgeons felt 10% of the high risk cases (37 of 370) would 

be likely to result in sensory loss, it was found post operatively that 

only five cases actually occurred. In fact 78%, or 18, numb lips occurred, 

where in fact the surgeons felt there was a slight or nil chance of such 

an event occurring.

It is important to note that of the total number of cases of sensory loss 

where the surgeons predicted there would be no likelihood of injury 

occurring, eight cases occurred.

When looking at the first method of assessment and prediction, which 

is less likely to be influenced by variables, it was found that there was 

no statistical difference between the low and high risk groups, however 

a larger study would be required to confirm this finding (Table 3).

The importance of this observation is that by looking at the position of 

the third molar on the OPG, one should not feel complacent by the fact 

that there is not a close association between the third molar and the ID 

bundle, as the sensory loss also occurs in these situations.
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7.2 Value of Radiographie Signs

The actual approximation of the lower third molar to the ID bundle 

found clinically by direct observation, often did not correlate to what 

was anticipated from radiographic signs.

When looking at grooving, it was found there were grooved apices in 

Groups II-IV. The three cases where the apices were found to be 

grooved in Group II, could not be due to the approximation of the ID 

bundle and would be explained by the fact that it was due to root 

morphology resembling grooving.

Again one must consider that there will be a percentage of these teeth 

that the grooving was not due to the influence of the ID bundle, ie. 

morphology. There were however 8 cases in Group III which were 

confirmed by visualisation of the bundle in the socket, and 12 cases in 

Group IV where the grooving in the root was found to be associated 

with the ID bundle being visible, called by Howe and Poyton as the true 

relationship.

Therefore there were many cases where there was a more intimate 

relationship between the ID bundle and the lower third molar than was 

predicted from the OPG preoperatively.

Conversely, of the Group V cases, the close association of the nerve to 

the bundle was confirmed in only 15% of cases with either a grooved
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root or visualisation of the inferior dental bundle in the socket, 

confirming the close relationship.

These findings tend to disagree with Rowse (1971) and agree with 

MacGregor (1979) in that the orthopantomogram is a poor radiograph 

when used to demonstrate the association of the root apex to the 

inferior dental canal.

7.3 Clinical Variables

7.3.1 Difficulty of the operation

The clinicians use the radiograph to assess the difficulty of the 

procedure far more often than to predict sensory loss. The Winter's 

assessment based mainly on the position of the third molar in the jaw 

uses certain radiographic landmarks to act as a guide to the clinician.

MacGregor (1979) included this in his study of the prediction of 

difficulty of removing lower third molars where he proposed a scoring 

system using six factors which he felt were the most important in this 

assessment.

In the present study, once the operators made their preoperative 

assessment of difficulty, they were then asked to re-assess their 

prediction with the operative outcome, where the degree of difficulty 

was then evaluated according to the criteria on pagell6.

199



It was found from the third molars removed that only 69.4% of 

predictions were correct with 13.2% of the operations proving more 

difficult than predicted and 17.4% less difficult.

When considering the difficulty of the operation there is a correlation, 

as one would expect, between the difficulty of the operation and the 

incidence of sensory loss. This is reflected in that 0.6% incidence of 

sensory loss in the simple assessment, and 1.8% in the average 

classification. In the difficult and very difficult categories the 

incidences were 6.7% and 12.1% respectively.

The results reflect that the more difficult a tooth is to remove, the more 

likely the patient will have sensory loss. However, it is important to 

note that ten cases of sensory loss occurred in the cases taking less than 

five minutes to remove, that is the simple to average cases. This shows 

that although these numbers are small considering the number of teeth 

removed, there is a definite and significant incidence of sensory loss in 

cases that radiographically appear to be of no risk, or are relatively 

straightforward in their removal.

This fact, in conjunction with the inability of the surgeon to assess 

accurately the difficulty of the operation or accurately predict sensory 

loss, highlights the dangers of making clinical assessments using the 

OPG.

Rood et al (1990) found in their study of radiological prediction of 

inferior nerve injury following third molar surgery that five patients
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experienced labial sensory impairment where there was no radiological 

indication. He, therefore, stated that the absence of preoperative 

radiographic signs does not ensure that injury will not occur during 

surgery.

Regarding lingual sensory loss, of those with close association with the 

inferior alveolar nerve (Group V) there was an incidence of sensory 

loss of 11.8% compared to 3.9% in Group IV. This increased incidence 

would reflect the increased likelihood of lingual nerve damage if the 

tooth to be removed was a more difficult operation.

This would be related to technique in that a large lingual split would be 

performed, as well as more lingual retraction. The operation would be 

longer and resulting in prolonged retraction and stretching of the 

lingual nerve. Both chisel and the drill could be used, all increasing 

the chance of damage to the lingual nerve.

This is confirmed when looking at the difficulty of the operations; 30% 

higher incidence of lingual sensory loss occurred in the difficult cases 

(Table 10).

The study found an anomaly in that there were no cases of lingual 

sensory loss in the very difficult cases. This result may be due to the 

small number of cases involved ie, only 33 cases, and with larger 

numbers the result may reflect that found when looking at lingual 

sensory loss in relation to position of the lower third molar. The 

classification of difficulty was based on the time taken to remove the
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tooth and although in general it would follow that the more difficult it 

is to remove the tooth, the longer it would take, there are many other 

factors that will influence this finding, ie, technique used to remove 

the teeth and the experience of the operator.

7.3.2 Angulation

When considering the likelihood of sensory loss, the angulation is an 

important feature. Mesioangular and horizontal teeth were, according 

to Howe and Poyton (1960), associated with a higher incidence of 

sensory loss. In this study, this was confirmed as the incidence of 

sensory loss was highest for horizontally impacted lower third molars 

with 10.3%, and the mesioangular with 2.3%. Although the greatest 

percentage of sensory loss was from the horizontal and mesioangular 

inclined teeth, when considering difficulty of the operation, the greatest 

number of teeth removed that were considered difficult or very 

difficult were horizontal 41.7%, and distoangular 31.0%. This result 

reflects that the more difficult to remove horizontal teeth do incur a 

higher incidence of sensory loss, but although the distoangular tooth is 

considered more difficult than the mesioangular tooth, there is a 

higher incidence of sensory loss in the mesioangular impacted teeth. 

As the horizontally impacted tooth is a difficult tooth to remove, it is 

often in such a position ie when more deeply placed the inferior dental 

canal is at greater risk of damage on removal. Distoangular teeth, 

although difficult to remove, are not often as intimately involved with 

the inferior dental canal. However, because of its unfavourable path of 

removal, distoangular teeth will often be sectioned.

2 0 2



The techniques used to remove the roots is such that the path of 

removal is away from the inferior dental canal. The mesioangular 

teeth, however, although they are not considered as difficult, do result 

in a higher incidence of sensory loss than the distoangular teeth. This 

is due to more teeth being removed by elevation once the bone is 

removed, and also that the apex of the mesioangularly impacted tooth 

will crush the bundle readily when mesial application of force is 

applied.

It could be summarized from this that tooth division decreases the risk 

of damage of the canal contents as long as the drill placement is seen at 

all times. From the previous results, it can be seen that angulation and 

its resulting effects on technique, should be considered as an important 

factor when considering difficulty and risk of nerve injury.

7.3.3 Surgical technique

(a) Mental sensory loss

The techniques used for removal of the lower third molars are 

mainly one of four, those being (1) elevation alone (2) lingual 

split, (3) drill and lingual split, or (4) drilling only.

The surgeons had varying incidences of sensory loss with 

different techniques. Howe and Poyton reported that damage 

occurred in 5% of cases being removed by the buccal approach.
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whereas Rud (1970) gave a 2% incidence, MacGregor (1976) a 1% 

occurrence and Rood (1983b) a 5.5% occurrence.

In this study, there was a 2.4% incidence of mental sensory loss, 

and of the lower third molars removed, 53.7% were removed by 

the lingual split technique. Sensory loss using the lingual split 

technique occurred in 17 cases, which represented 68% of the 

total of labial sensory loss found in this study. Although this 

appears high it must be realized that more than half of the teeth 

were removed by this technique. Examining the techniques 

individually, the lingual split technique incurred a 3.5% sensory 

loss, straight elevation resulted in 1.0% sensory loss, the drill and 

lingual split combination had a 3.8% incidence and, finally, 

using the drill alone resulted in 1.2% sensory loss.

When considering the surgical technique, it is clear that the 

lingual split was by far the most popular technique used by 

participants in this study. This is a reflection of the popularity of 

this technique in the United Kingdom. However, this technique 

is not as popular in the United States of America or Australia. 

The USA has an overactive legal profession and Australia has an 

increasing tendency towards litigation, where there is a greater 

chance of lingual sensory loss when using the lingual split 

technique.

The technique was developed by Fry and Ward and was 

described by Ward in 1956, 17 years after Warwick James
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presented a paper to the Odontological Section of the Royal 

Society of Medicine in 1935 describing the mandibular third 

molar operation. It is interesting to note that in Warwick James' 

paper he states that "numbness involving the lingual, inferior 

dental and long buccal nerve occurs, but does not persist".

Since this paper was presented, many investigations have 

examined sensory loss following this operation both for labial 

sensory loss and lingual sensory loss.

The fact that there was a decrease in incidence for the different 

techniques is that the drill was generally used for the more 

difficult teeth. The decreased incidence using the drill would 

reflect the fact that a more experienced surgeon was removing 

the more difficult teeth, or the surgeon taking more care using 

the drill, as well as the fact that more teeth would be sectioned 

using the drill, therefore, there was less chance of neurovascular 

compression on elevation (Table 7).

The results that occurred with the elevation technique were 

interesting in that three cases occurred, of which there were 

three different angulations, one being vertical, one mesial and 

one distal, each of which had different relationships to the 

inferior dental bundle.

The vertical impacted tooth that resulted in sensory loss was 

within 2 mm of the bundle but not touching it, however, the
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root fractured on elevation. It could be explained that the 

sensory loss was due to the instrumentation of elevators within 

the socket causing direct trauma to the canal. It should therefore 

be recommended that under no circumstances should any apical 

root fragment be blindly elevated within a lower third molar 

socket as not only could the bundle be damaged directly, due to 

misdirected manipulation of the instrument, but the bundle 

could also be crushed by displacing the root fragment towards it.

The mesially impacted lower third molar was just touching the 

bundle in a Group III radiographic group and the sensory loss 

could be explained by the fact that the act of elevation could 

easily rotate the apex in such a direction to crush the bundle as 

the tooth straightened.

With regard to the distally impacted tooth, the angulation of 

withdrawal may have caused direct trauma to the neurovascular 

bundle.

(b) Lingual sensory loss

The loss of sensation of the tongue following the removal of 

lower third molars is also a problem that has become more 

prevalent particularly since the advent of the lingual split 

technique. Rud (1970) found that there were no cases of lingual 

nerve damage when he removed the lower third molars from 

the buccal aspect, however, when the lingual split technique was
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used there was a sensory loss of the tongue in 1% of the cases. 

The intimate relationship of the lingual nerve to the lower third 

molar on the lingual aspect of the ramus is the explanation of 

this increased incidence of lingual sensory loss.

Hunt (1976) pointed out the many different situations where the 

lingual nerve is placed in jeopardy, and where the lingual split 

technique was a major contributor to such an occurrence. Moore 

and Gillbe (1968) stressed the importance of protecting the 

lingual nerve during the procedure. Lewis (1980) advocated a 

modified technique where no lingual periosteum was removed 

and the bone fragment was retained. His study showed no cases 

with lingual sensory loss using this technique. Rood's (1983a) 

survey of the lingual split technique showed an incidence of 

6.6% damage to the lingual nerve.

The vulnerability to the lingual nerve as it passes medially to the 

lower third molar was conclusively shown by Kiesselbach and 

Chamberlain (1984). Their work showed the variability of the 

position of the lingual nerve in this region, and they concluded 

that the surgeon could not rely on the lingual plate to protect the 

nerve during the removal of a mandibular third molar, as the 

nerve may lie above the bone in this area. The average 

horizontal distance of the lingual nerve from the lingual plate is 

0.58 mm, hence any attempt to place a lingual retractor will 

undoubtedly put the nerve at risk.
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In the study, it was found that the incidence of lingual sensory 

loss was 4.5%, however, when assessing the incidence of sensory 

loss with regard to surgical technique, it was clear that the rate 

increased markedly when lingual retraction was placed. There 

were 33 cases of lingual sensory loss where the lingual split 

technique was used exclusively, and a further 8 cases of sensory 

loss where this technique was combined with the use of the drill. 

There was no lingual sensory loss in the cases elevated and 2 

cases where buccal approach was used with no lingual retraction. 

In these cases the method of injury to the lingual nerve could be 

due to crushing by the lingual retractor. This could reflect the 

greater duration of lingual traction with this technique or be the 

result of increased tissue tension.

If the bur was used, the flap was sutured against a largely intact 

lingual plate with no allowance for surgical oedema.

Schwartz (1973) reported a survey on lingual sensory loss and 

quoted 18 possible causes for its occurrence. This shows the 

vulnerability of the nerve which may, in rare cases, leave a 

patient with bilateral sensory loss. This is described by Fielding 

and Reck (1986), where in the study three such cases occurred 

from a total of 40.

Unlike mental sensory loss, there is no way of predicting or 

assessing the possibility of lingual sensory loss either clinically or 

radiographically. Therefore, it must be appreciated how it occurs
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and the ways of preventing it, mainly by modifying the surgical 

technique and using more care, in both operating and assisting. 

The nerve can be injured by direct trauma from the operation, or 

indirect trauma by retracting the lingual flap thereby stretching 

the nerve.

(c) Mylohyoid sensory loss

A problem which is less well appreciated but was described by 

Roberts and Harris (1973), is that of neurapraxia of the 

mylohyoid nerve with resulting sub-mental sensory loss. This 

problem is related to lingual sensory loss because of the close 

relationship of the mylohyoid nerve to the lingual aspect of the 

lower third molar roots. The sensory loss occurs in those cases 

where there is lingual retraction to protect the lingual nerve and 

in doing so causes damage to the mylohyoid nerve.

In the study undertaken, there were two cases of submental 

sensory loss from the total number of 957 lower third molars 

removed, or 0.34% of cases in which the lingual nerve retraction 

occurred. Both cases involved lingual split techniques, where 

both were assessed as very difficult; one case being removed by 

the lingual split and the other by the lingual split and drill 

combination.
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8.0 RECOVERY

Important aspects of any sensory loss to the patient are ''will this get 

better?", and "how long will it take?"

The answers are difficult to provide as in most cases the nature of the 

nerve lesion is not known, and even the most vigilant operator would 

find it difficult to judge whether an injury had taken place at the time 

of surgery, unless the nerve was clinically divided. Robinson (1988) 

postulated that to assess the degree of a nerve injury it would be useful 

to do this by deducing it from the post-injury progress.

In the study undertaken, there were 29 cases of mental sensory loss 

monitored for recovery, and 2 cases of mylohyoid sensory loss, 

representing 35 sides, of which 20% had recovered to normal within 

four weeks and 60% had recovered by the end of six months, where 

total recovery was accepted as normal responses in all tests.

There were 43 cases of sensory loss of the tongue, of which 26 cases 

were monitored for recovery from the radiographic study, representing 

29 sides. The recovery of lingual sensory loss was more rapid than the 

mental sensory recovery in that 39% had returned to normal after one 

week, 59% after four weeks, and 93% within six months.

When considering mental sensory loss, there is an average of 8.1 weeks 

before recovery, indicating that the majority of injuries are axontmesis
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type injuries, where the cases taking longer than six months to recover 

are neurotomesis lesions, or axontmesis grade 2 lesions (Graph 16).

The majority of cases returned to normal in two to four months. The 

time taken for re-innervation is dependent upon the site of the nerve 

injury and the distance over which regeneration of the axons need to 

travel. Seddon (1972) stated that the rate of nerve regeneration is 

approximately 1 mm per day and thereby the regeneration from the 

third molar site to the lip is, therefore, calculated to take two months or 

about 60 mm in distance.

With regard to the lingual nerve the average recovery time was six 

weeks, however, a large proportion of cases (40%) had recovered by the 

end of the first week (Graph 16).

The vast majority of lingual nerve injuries are stretch injuries 

resulting in a functional conduction block caused by ischaemia and/or 

oedema with no anatomical change to the nerve structure. The fact 

that 60% of cases returned to normal within four weeks could be due to 

the compression of the nerve by stretching causing demyelination and 

this could take several weeks before recovery. Girard (1979) stated that 

a minimum of four to six weeks was required for functional 

regeneration to occur. It was shown that by two months, diameters of 

endoneural tubes unoccupied by axoplasm are approximately half the 

normal size, and by twelve months they maintain only 15% of their 

normal diameters. This was confirmed by Kraft in 1972.
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Graph 16
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From these facts, the longer it takes for recovery to occur, be it due to 

delay in cell body recovery, prevention of axonal regeneration by scar 

tissue, or by the large distance the regenerating axons are required to 

travel to the end organs, the less likely it will be to achieve full 

recovery.

8.1 Sensory Testing

In the study undertaken, there were 29 cases of mental sensory loss, two 

cases of mylohyoid sensory loss and 26 cases of lingual sensory loss 

monitored over a period of six months or until complete recovery had 

taken place, which in many cases was less than six months. In 

monitoring sensation, this study endeavoured to compare the different 

sensory testing modalities.

Sensory pathways are very complex but Wilgis (1982) stated that it was 

best to consider them simplistically and divide the sensory pathways 

into four components; (1) the receptor field, (2) the conducting axons, 

(3) the spinal cord, and (4) the cerebral cortex.

This study concentrated on assessing components (1) and (2), where the 

receptor field and the integrity of the pathways were monitored. The 

large Group A fibres carry tactile sensibility whereas the sensations of 

pressure pain, cold and warmth are carried by the small myelinated 

axons of the delta fibres and the smaller unmyelinated axons of the C 

fibres.
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There were many different tests which were used for comparison to 

determine which test was the best at monitoring recovery. The tests 

were compared for ease of performance, reproducibility, acceptability to 

the patient, duration and finally, the provision of information 

regarding the recovery of the nerve. The study endeavoured to 

establish whether a simple clinical objective test could be used; that of 

monitoring the sweat response on the face in areas of sensory loss.

Due to the number of tests used, it was not possible to compare every 

one at any one time. There were also differences in the testing of the 

mental region and the intraoral lingual areas. The study highlighted 

the technical problems related to evaluation of human sensations and 

showed the variability of testing, and the difficulty of interpretation of 

the results.

A factor influencing the interpretation of the results, was that there 

were comparatively few patients available for testing. Of the patients 

who did return for follow-up, all tended to be reliable, not only in 

keeping their follow-up appointments but also in their response to 

testing.

In documenting the monitoring of sensory loss, individual tests are 

discussed initially and a comparison is made of their results and 

values.

The tests used are as described in the section on materials and methods. 

All, apart from the tests for sweat response in areas of sensory loss, are
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subjective tests. These tests are (1) mechanical tactile testing using fine 

touch, vibration, sharp sensation and two point discrimination, then 

(2) thermal testing using heat and cool sensations, and further (3) 

electrical sensory testing which also tested pathways carrying tactile 

sensation and pain. The final type of test used was that of (4) pain 

sensation using the pin prick test.

8.1.1 Mechanical Stimuli

(a) Fine touch

Testing was done using von Frey hairs, which is a recognized method 

to evaluate tactile sensation therefore it was included because every 

effort was made to make the test as reproducible as possible. This was 

done by having only one clinical operator who did all the testing, and 

thereby standardizing any bias. There was no intention to obtain 

precise clinical measurements. The intention was to compare 

techniques.

It was thought this would give an excellent idea of which tests can be 

used in a clinical situation by an untrained operator, and also give the 

most reliable, repeatable measurements which would enable 

longitudinal comparisons.

In 35 monitored sides with mental and mylohyoid sensory loss, it was 

consistently found that the modality of fine touch returned early. 

When testing for moving fine touch, there were 11 sides with normal
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fine touch sensation within 24 hours of the operation, 16 cases that had 

returned to normal within a week, and 22 cases with normal results at 

one month. Static fine touch was similar in that there were 21 cases 

giving normal results at one month.

It was clear, therefore, that fine touch sensation returned to normal 

even though patients still noticed a change in their sensation. From 

the results, there were 23 patients who were still complaining of 

sensory loss and had demonstrable sensory loss using other tests, but 

who had a normal result to fine touch sensory testing. From these 

patients, 19 had normal fine touch sensation within one month, of 

which all except two patients had complete subjective recovery within 

six months. It can be deduced from these results that fine touch is a 

good test with which to monitor sensory loss, and when a patient 

shows early return to normal for fine touch, there is an excellent 

chance that the patient will make a full recovery.

When measuring fine touch recovery, both static and moving fine 

touch were measured (Dellon, 1972). Moving fine touch returned to 

normal before static in the first three months, and in no cases did the 

reverse occur.

When analysing the results of lingual sensory loss, there was a similar 

situation in that fine touch recovered early and, in many cases, before 

subjective recovery. When the patients were asked if the sensory loss
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had resolved, three patients achieved normality after 24 hours, eight 

achieved normality within a week and 12 stated that their numb 

tongues had resolved at one month.

When looking at the results of fine touch, however, ten cases had 

normal results at the end of 24 hours postoperatively for moving fine 

touch and 11 cases for static fine touch, after claiming their tongues felt 

numb upon waking from the anaesthetic. At one week, 14 patients had 

normal response to moving fine touch and 13 to static touch, with 20 

cases having normal moving touch response at one month and 19 to 

static touch.

Again, the patients with early fine touch recovery all proceeded to 

make a complete recovery, ten of which had done so after one month. 

This concurs with the results of mental nerve recovery, that is, 

consistent early recovery of the fine touch modality which indicates an 

excellent prognosis for complete recovery.

The reasons that this study did not find any marked differences 

between static and moving fine touch would be due to (1) the rapid 

recovery of the majority of cases, making it impossible to differentiate 

between the two tests, owing to the time lapse between tests. This 

especially applies to the results for lingual testing, and (2) the lack of 

quickly adapting fibres and pacinian corpuscles in the face, which 

would contribute to the poor response of the moving two point 

discrimination test.
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(b) Vibration

As previously discussed in materials and methods, a Grampian disc 

recording cutter head with a 50 cps square wave pulse was used. The 

results, using this machine, did not seem to concur with those for fine 

touch. With all patients tested for mental or lingual sensory loss, the 

vibration sense was consistently the last to return to normal of all the 

different sensory tests compared.

Vibratory stimuli are transmitted through the quickly adapting fibre- 

receptor system and, therefore, are mediated by the same systems that 

mediate perception of moving touch stimuli. It would be expected that 

vibration sense should have a similar recovery pattern to that of fine 

touch. This was not found to be so in this study.

It could be said that there were very few patients monitored with the 

vibration machine, as only ten patients were monitored for mental 

sensory recovery and only nine for lingual nerve recovery. Of these 

patients there were a large proportion that had significant nerve 

injuries and not only did the vibration sensation not return within six 

months but all tests showed poor recovery. There were five cases of 

mental sensory loss and five cases of lingual sensory loss where the 

vibration sense had still not returned to normal after six months.

Of the five cases who had poor vibration sense at six months, only one 

had subjective recovery. Of the five cases who did recover the 

vibratory sense, all admitted to subjective recovery. When considering
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lingual recovery, of the two cases tested for vibratory sensation which 

did not recover by six months, they did in fact admit to subjective 

recovery. Of the seven cases who had normal vibratory sense, all had 

subjective recovery. In no cases did the vibratory sense return prior to 

the patient's subjective sense.

The vibration stimulus to the skin was transmitted by a small metal 

pointer at right angles with a diameter less than a millimetre. This was 

placed on the skin at three varying spots on the left and three spots on 

the right, giving results from only six different point sources. The 

receptors for vibration, as discussed earlier, are the quickly adapting 

(RA) units and the Pacinian corpuscles (PC) units. The receptive field 

characteristics of these units varies. The quickly adapting units have 

small receptive fields with well defined borders and several small 

patches on the skin surface where sensitivity is maximal. Outside the 

border enclosing these patches, the mechanical threshold increases 

rapidly with distance. The reason for the poor result may be the small 

number of pacinian corpuscles on the face and the small number of 

quickly adapting fibres (Johansson, 1988).

As the vibration frequency of the machine was 50 cps, the machine was 

geared to stimulate the Meissner corpuscles which have maximum 

sensitivity at this frequency, whereas the Pacinian corpuscles 

maximum stimulus is at a much higher frequency (250 cps).

As the Meissner corpuscles have such a specific distribution and the 

machine was geared to stimulating these units in preference to the
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pacinian corpuscle units, it was possible that the points chosen to test 

would fall outside the well defined borders of maximum sensitivity 

and hence give the impression of poor recovery. The fault would 

firstly lie in the design of the machine in that only point sources were 

being stimulated, and secondly in measurement technique in that only 

three points were measured.

It was not possible to test any more points as the study demanded the 

comparison of so many different sensory tests, and there was every 

endeavour to keep the duration of the sensory testing sessions to a 

minimum, in order to minimize patient and operator fatigue. 

Application pressure of the vibratory probe to the test area must also be 

considered. The vibratory probe was mounted on a vertical stand 

which reduced variability from extraneous movement when applying 

the probe, however, variation could occur when applying the probe to 

the skin.

This fact, plus the viscous elastic effect and tissue damping, differ from 

one site to another in the same individual and will also affect the 

result. The final complicating factor that will affect the results is that of 

spontaneous skin movement with pulsation and respiration which is 

impossible to eliminate.

From this experience, I would suggest that if vibration testing is being 

used to monitor sensory recovery, there should be adequate time
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allotted with the number of tests used kept to a minimum. 

Alternatively, it should be discarded as a clinical test for sensory loss on 

the face.

(c) Two point discrimination

Two point discrimination tests, both static and moving, are 

innervation density tests which require complex overlapping and 

intermingling of different sensory units, as well as a great deal of 

cortical integration. Hence, it is generally accepted that these tests are 

the last to return to normal and in fact that is exactly what was found in 

this study. In all cases of both mental and lingual sensory loss the two 

point discrimination tests were last to return to normal, if in fact they 

did return.

It was found that 12 cases of mental sensory loss, one of mylohoid 

sensory loss and six cases of lingual sensory loss did not have normal 

two point discrimination sense at six months post-injury. In six cases 

of mental sensory loss some were monitored for a further six months, 

and at 12 months there still was no significant improvement.

It was not certain whether they had a nerve section injury or a nerve 

compression injury. If the results were considered in the light of the 

work by Robinson (1988), a severe nerve compression injury with 

subsequent intraneural fibrosis could be suspected, or a nerve section 

injury if there were no significant return to normal by six months.
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Although Dellon (1978) stated in his research that moving two point 

discrimination always returned before static two point discrimination, 

it was not always shown to be so in this study. There was a trend for 

moving two point discrimination to return before static two point 

discrimination, although the numbers were very small.

Of the 35 areas of mental and mylohoid sensory loss and 29 cases of 

lingual sensory loss monitored for at least six months post-injury, it 

was found that there were eleven cases (five mental, five lingual and 

one mylohoid) which had moving two point discrimination return 

before static and only seven cases (five lingual and two mental) in 

which the reverse occurred. In the other cases that did return to 

normal it appeared that both static and moving returned at 

approximately the same time. This may not have been the case, as the 

patients were only seen at specific intervals, and there may well have 

been return of one before the other which was not measured between 

visits.

Two point discrimination tests have indicated a large variability in the 

results, which was also observed by Tahli (1986). Cases measured to 

establish a norm in the mental region found that there was a range of 3 

mm to 10 mm, and when measuring the skin further down over the 

chin there was an even wider variability, in that the range varied from 

6 mm to 16 mm. For the tongue a wide variation was also found, 

ranging from 1 mm to 8 mm in the normal patient. Not only was
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there a wide range of variability between patients, but there was also 

found to be a wide variability in the measurements of the same patient 

in the same spot carried out at different visits.

As with the case of moving fine touch, moving two point 

discrimination may not be a superior test on the face because of the 

small number of quickly adapting fibre receptors. Johansson (1988) 

stated that his results were mainly a reflection of the slowly adapting 

fibres.

Due to the nature of the tests and the fact that they are usually one of 

the last tests to return to normal, they would not be good tests to detect 

early recovery. The tests may be used, however, to establish complete 

recovery as they are always the last neurological test to return to 

normal. The best way to do this would be to compare results to the 

contralateral normal side as well as the longitudinal results of the same 

area, and rather than compare absolute measurements, normality 

should be gauged to the percentage of correct responses, with the test 

being repeated ten times, varying between one and two points. When 

the site of sensory loss has been recovered to the extent that the two 

point discrimination tests fall within normal limits, there has been 

complete recovery.

At no stage did the two point discrimination tests, moving or static, 

return to normal before the patient appreciated subjective sensory 

return. However, the reverse did occur as there were 12 cases (seven 

mental, one mylohoid, four lingual) where there was subjective return
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of sensation before two point discrimination was normal. In these 12 

cases, all recovered after approximately three months, indicating 

significant nerve lesion.

It could be said, therefore, that the return of two point discrimination 

confirms complete recovery, however, failure to return, even if other 

tests return to normal, may indicate a neural lesion where there has 

been significant internal derangement of the nerve and axonal 

regeneration down inappropriate pathways, thereby eliciting poor 

responses with false localization.

(d) Sharp /  dull

Testing for the patient's ability to distinguish between sharp and dull 

sensation gave a poor indication of recovery. Not only did this ability 

return late in the recovery, sometimes even after the patient stated that 

the sensation was normal, but they still were unable to appreciate the 

difference between sharp and dull.

I feel that the results using the sharp test are a reflection of the 

instrument used for the test itself, as the way the stimulus is applied 

will influence the nature of the sensory response. If the initial 

stimulus is applied slowly the sensation of sharpness is replaced by 

pressure, however, if applied quickly, sharpness may be felt, or again 

the deeper receptors may be simultaneously involved and hence the 

patient will feel pressure. The patient may misinterpret this as a dull 

sensation pressure or even pain.
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I found, therefore, that the algesimeter should not be used to interpret 

receptor systems as there may be some confusion if inappropriately 

applied, but it will indicate whether nerve pathways are intact.

If the test is to be used, a pin with a round opposite end would be a 

better way to interpret receptor systems.

In this study, the results reflect that tactile discrimination was 

measured in that there was late recovery to normal, indicating that the 

receptor systems took longer to re-innervate. This, as with two point 

discrimination, would be expected, however, in this case, I feel that the 

algesimeter may have prejudiced the results to give a worse recovery 

rate than was actually the case.

From these results, the sharp/dull test could be used to monitor 

receptor recovery if a pin was used with dull and sharp ends. However, 

I feel that the two point discrimination tests are more appropriate.

(e) Electrical sensory threshold

The method of using electrical stimulation was also compared with 

other standard methods, where the aim of the electrical sensory 

threshold was to give an indication of Ajj fibre regeneration and 

function. In this study, it was again a problem to gain a broad and 

comprehensive comparison as only ten patients were monitored, with 

three cases having bilateral sensory loss.
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A point worth noting for these patients is that of the ten patients 

monitored, only four sides had recovered in less than three months, 

which is an indication of severity of the nerve injuries in the patients 

monitored.

Due to the small numbers, the results must be interpreted with 

reservation. However, electrical sensory threshold (EST) was a good 

test to monitor recovery as the results of electrical threshold return to 

normal before, or at the same time, as subjective sensation. In fact in 

seven sides which returned to normal over the monitoring period, the 

electrical sensory threshold returned to normal many months before 

other subjective sensations. One case, which was improving but with 

residual sensory loss at the end of the monitoring period, showed signs 

of early improvement of the EST. The remaining three cases, where 

the EST was abnormal or showed no sign of returning to normality 

with other sensory tests, had substantial sensory loss after the end of 

the monitoring period, indicating a severe nerve lesion.

The Graph 6 highlights that EST does return to normal in the largest 

number of cases monitored, however, this tends to be within three 

months. The graph shows that cases which returned to normal 

sensation all had early recovery of the EST, i.e. within 12 weeks. As 

stated earlier, the problem of impedance of the skin, especially of the 

horny layer, and the further complication of decreased impedance 

caused by sweat, makes the readings widely variable. Notwithstanding 

this, there is a trend which shows that the EST tends towards normality 

at an early stage.
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The pulse width of 10 microseconds selectively stimulates the Ap fibres 

which, according to Smith and Mott (1986), is ideal, because these fibres 

respond to the smallest stimulus of all the different types of fibres. 

Therefore, it represents the most sensitive indication of nerve 

regeneration and function.

In cases with more extensive injuries it was noted that as the voltage 

was increased with no sensory response, it was found that muscle 

twitching resulted. This was due to muscle fibres being stimulated 

rather than nerve fibres.

This corresponds with the fine touch test which is also a measure of Ap 

function, and also showed early return. This would tend to infer that, 

although these fibres may be the first to be affected in nerve damage, 

they tend to recover quickly, if the injury is not severe.

Using the electrical sensory threshold test produced a means of 

assessing Ap fibres which was quick and reliable and gives a result that 

is measurable and controllable. Although repeated measurements 

over longitudinal basis gave variable results owing to the nature of the 

test, the results were meaningful as early positive threshold responses 

do correlate with superior sensory results and thus have a predictive 

value.
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(f) Thermal testing

Different machines were used to test the thermal response of the face 

and the tongue in this study.

(1) The face

The stimulation on the face was achieved using automated equipment 

incorporating the two alternative forced choice method of 

measurement. This is acclaimed as the most accurate method of 

psychophysical measurement (Tahli, 1986). The approach is reported to 

be more sensitive in detecting subclinical changes in peripheral 

neurophathy than conventional electrophysiological measurement 

(Dyck et al, 1978; Jamal, 1985; Fowler, 1985). Further, because the results 

are measurable, longitudinal clinical studies are more meaningful.

In the study, it was consistently found that cold sensation returned 

before warm sensation, which indicated that the myelinated Ap fibres 

recovered before the unmyelinated C fibres. This seems to contradict 

Heasman and Bey non's (1987) view that the larger nerve fibres take 

longer to recover.

The results also showed that the return of cold sensation tended to 

parallel that of pin prick. This agrees with the suggestion that both 

modalities are carried on the A fibres as well as C fibre (Light & Perl 

1984). Using a machine of such sensitivity enables the recovery of both 

heat and cold modalities to be measured accurately.
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In severe nerve injury, it took at least two to three months to recover 

with the cold nerve fibres recovereing significantly earlier than the 

warm fibres. This recovery was well before the patient had subjective 

sensory recovery. Two variables that would contribute to variability in 

the results include the skin temperature and the application pressure of 

the thermal probe.

The rate of temperature change and the size of the probe, both of which 

are important considerations, were standardized in that the rate of 

temperature change was controlled by the computer. This was, 

therefore, very accurate. The size of the probe (4 sq cm) was large 

enough to include the cold spots, but not too large to include normal 

surrounding areas when testing an area of sensory loss.

The skin temperature was constant for each test but may have varied 

slightly between tests. Each patient was asked to sit in a temperature 

controlled waiting room for at least fifteen minutes before being tested. 

During this time the influence of the outside environment would be 

overcome by the constant room temperature. The application pressure 

of the probe against the skin would have varied slightly, but each 

patient was asked to rest the probe on the skin without applying any 

active force.

Using the computerized thermal stimulator gave a sensitive, accurate 

threshold to both cool and warm sensation, which was little influenced 

by patient or operator bias.
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(2) Lingual thermal testing

Although the computerized thermal stimulator could not be adapted 

intraorally and a different machine was used, a similar result was 

found. Warm sensation returned late in sensory recovery, however, 

cool sensation was not measured on the tongue as the thermal probe 

was not capable of measuring this mode.

The lingual thermal testing machine did not produce rapid 

temperature change, and because the rise in temperature was gradual, I 

feel that it was more difficult for the patients to distinguish a definite 

threshold temperature. This resulted in variable results for the same 

visit and also for subsequent visits. To overcome this, at least three 

readings were taken and the average recorded.

The other problem with measuring the thermal threshold on the 

tongue was the logistical problem of keeping the tongue still long 

enough to take a measurement. Although the thermal probe was on a 

stand and the patients were lying down with their tongue protruding 

so the probe just rested on the surface, it was difficult for the patients to 

keep the tongue in constant contact with the probe. This I feel was also 

a major difficulty and did affect the heterogenicity of the results.

Another problem with this machine used to measure the warm 

sensation of the tongue is that the surface of the probe is only 4 mm in 

diameter. This may not be large enough to elicit an accurate response
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from the warm receptors present. In spite of these problems the results 

showed warm sensations returned later than fine touch and pin prick.

With regard to measuring warmth, it must be appreciated that there are 

far more cold sensitive spots than warm sensitive spots on the 

cutaneous surface of the face, as well as in the mouth (Farbman & 

Allgood, 1981). Further, one must consider the phenomenon of 

sensory receptors adaptation where, if the temperature stimulus is 

increased slowly and left on for any length of time, the receptors will 

adapt to that temperature so a patient may not perceive a change in 

temperature.

Although the larger fibres are more susceptible to damage (Heasman & 

Beynon, 1987), it is the myelin sheath that gives the protection in 

compression injuries, hence nerves not protected by this myelin 

sheath, the C fibres, will have a more significant injury. As a result 

these nerves will have a more significant injury and therefore take 

longer to recover.

(g) Pinprick

Pin prick is the most common method of evoking pain clinically and 

was, therefore, used in this study. The results showed that the pain 

response is one of the first to return to normal when monitoring 

sensory recovery. This was consistent for both mental and lingual 

sensory loss.
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When measuring mental sensory recovery using pin prick, there were 

14 cases in which pin prick response returned to normal before the 

patient's subjective sensory response, and in no cases did the patient 

feel they had returned to normal with a residual poor pin prick 

response. Of these 14 cases, there were 11 cases that had a normal pin 

prick response before the end of the month, of which all had made a 

complete recovery by the end of three months.

When considering the lingual sensory recovery, there were 16 cases 

that had pin prick sensory recovery before full subjective recovery. 

From these 16 cases, 12 cases had pin prick sensation which was normal 

at one week post-injury and 15 patients made a complete recovery 

within one month. It could be stated from these results that pin prick 

recovers early and in those patients which do recover early, an early 

clinical recovery can be expected.

When analysing the reason for the early recovery of both fine touch 

and pain sensations, it seems a contradiction as fine touch is carried by 

Ap large diameter nerve fibres whereas pain is carried by small 

unmyelinated fibres.

Possible explanations for the apparent similarity of return of sensation 

for these two sensory modalities are threefold. Firstly, the number of 

cases monitored, in that 11 cases of mental sensory loss and 14 cases of 

lingual sensory loss made early recovery, that is, returned to normal 

sensation within seven days. In these cases, there is a functional 

conduction block caused by ischaemia and /o r oedema with no
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anatomical changes within the nerve (Rood, 1983b). Therefore, one 

would expect, once the oedema settles, both the fine touch and pain 

sensations would return at the same time.

The second proposal relates to a situation where there has been a 

neuropraxia grade 2 or axontmesis grade 1. In these situations, 

recovery takes a number of weeks, and up to three months in some 

circumstances. Again, it was found that fine touch returned as quickly 

as pin prick, due to the much greater number of Ap fibres than C fibres 

in the mandibular nerve. Trauma would indicate that there is a greater 

number of Ap fibres per ratio that are regenerating, all of which would 

have variable degrees of injury. The fine touch receptors may be 

innervated by more than one Ap fibre. If one recovers more rapidly 

than the other, clinically this would give the impression of rapid or 

early return of fine touch.

The mandibular nerve, being a large nerve, is made up of many 

fascicles, each fascicle made up of numerous axons (Sunderland, 1978; 

Svane et al, 1986). These fascicles or funiculi do not run through the 

nerve trunk as discrete entities, but form a complex plexus by 

repeatedly diverging and fusing. It is this arrangement that is 

important in relation to the injury as at any point along the trunk; the 

size and the number of funiculi are inversely related. Thus, the 

amount of epineural tissue is more abundant where the bundles are 

small and numerous. Owing to this arrangement of varying funicular 

patterns, an injury to the superior portion of the inferior dental nerve, 

that is, a partial nerve injury at one point will not produce the same
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injury at a different point. In some cases more damage will occur to the 

smaller pain fibres than the larger fine touch fibres, giving the 

impression that the two recover in a similar fashion. The pain fibres, 

being fewer and more severely damaged, will take the same time or 

longer recover as the less severely damaged larger myelinated fibres.

The sharp pricking pain elicited by pin prick is carried by myelinated A§ 

fibres, while the dull burning pain is carried by the unmyelinated C 

fibres. Therefore, the proposal that the myelin sheath offers protection 

to injury would apply to both Ap and A§ fibres, and as a corrollary to 

this, when injured, both will take similar times to recover.

The final possibility is, in the situation where there is a severe injury, 

i.e. an axontmesis grade 2 or a neurotmesis injury, that the smaller 

pain fibres do indeed recover before the larger fibres when recovery 

does take place, as it would take longer for the larger fibres to regenerate 

and remyelinate. However, this was not found conclusively in this 

study.

8.1.2 Localization

Of 35 cases with sensory loss when testing with static fine touch at six 

months, there were 24 sides where the localization test returned to 

normal and 11 cases where the patient still had difficulty in localizing 

the stimulus, even after the patient could detect and recognise the 

stimulus. For the moving fine touch test, the ability to localize the 

stimulus was slightly improved, there were 27 sides where the patient

2 3 4



could localize the stimulus accurately after six months. Overall, the 

results showed that localization improved if moving touch was used 

compared to static touch.

Thus, in nerve injuries that recover early for fine touch and 

localization, recovery is similar. In more serious injuries, localization 

takes longer to return to normal and some cases may not recover.

There were eight cases monitored over six months representing nine 

sides, where localization had still failed to return to normal using 

moving fine touch. Each of these cases had severe nerve injuries. 

False localization was found in two cases where there was misdirected 

regenerating axons along endoneurial pathways. This was due to 

severe disruption of the internal structure with rupturing of the 

endoneural sheaths. These two cases had severe injuries and had poor 

results to all tests performed.

As Robinson (1988) stated, localization is an excellent test to detect a 

sensory abnormality in that it will indicate the presence of a severe 

injury if false localization persists, whereas rapid return to normal 

localization and two point discrimination indicated a nerve 

compression rather than a nerve section injury. This was found to be 

the case in this study.
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8.1.3 Sudomotor fibre function

Two methods were used clinically to determine the integrity of 

sympathetic sudomotor function, both are based on the presence or 

absence of moisture, or sweat, on the skin surface. The tests used were 

the colorimetric sweat test using bromophenol blue (Sakurai, 1986), and 

the electrical skin conductance test, which is variant of the skin 

resistance test (Smith & Mott, 1986).

The aim of this section was to assess the possibility of identifying 

sensory loss by testing the integrity of sympathetic sudomotor fibres. 

This would only be possible if both the sensory fibres and sympathetic 

fibres travel together in the trigeminal nerve, more particularly, the 

mandibular branch of the nerve.

Although Guttmann (1940) stated that the trigeminal nerve contains 

secretory fibres in its extracranial branches, and showed disturbance of 

sweat secretion lesions of the supraorbital nerve, he did not extend this 

work to the maxillary or mandibular branches. The anatomy books are 

vague when describing the pathway of sympathetic nerves to the face, 

although it is well documented that the pathway of the sympathetic 

chain to the head originates from the stellate ganglion, and damage to 

these pathways manifests itself in the Horner's syndrome. The signs 

are ptosis, miosis, enophthalmos and anhydrosis. One of these, 

anhydrosis, is lack of sweating and flushing of the skin, indicating 

sudomotor and vasoconstruction denervation.

2 3 6



Damage to branches of the mandibular nerve which fail to produce 

these signs indicates that the pathways of sensory and sudomotor fibres 

are different The study demonstrated this conclusively in that both 

the bromophenol colorimetric test and the electric conductance test 

showed no disturbance to the sweating response in any area of sensory 

loss supplied by damage to branches of the mandibular nerves.

Seven cases were tested using the bromophenol blue test and all 

showed that there was still active sweat gland activity in areas of 

sensory loss. This was shown in the sweat gland pattern produced on 

the bromophenol blue impregnated paper, which was the same on the 

side of sensory loss and the normal contralateral side.

The electrical skin conductance test also showed similar results in that 

the conductance of the skin, although erratic in that some areas showed 

vast increases in moisture activity than others, was similar on the 

sensory denervated side and the normal side. Ten patients were tested 

using the conductance monitor and it was found in all cases that the 

sweat response in areas of sensory loss was the same as the unaffected 

area. This response was extremely variable within a small area in 

normal and denervated cases.

Although monitoring sweat response can give an indication of sensory 

loss in the limbs, it is not valid in respect to the mental region.
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8.1.4 Mapping

The monitoring of the area of the sensory loss in this study was 

undertaken to gauge a pattern of recovery aand not to measure the area 

of sensory loss precisely.

(a) Mental recovery

The pattern of initial injury dictates the way recovery takes place. In 

the mental region, the minor nerve injuries, i.e. neuropraxia, that 

resolve quickly, i.e. within one to two weeks, tend to resolve by the 

sensation recovering gradually through the area. If there is an initial 

presentation of a strip of sensory loss at the angle of the mouth, 

recovery occurs by the strip of sensory loss gradually narrowing towards 

the angle of the mouth and usually indicates a more extensive injury,

i.e. axontemsesis or neurotmesis. The remainder of recovery occurs as 

the area of sensory loss gradually decreases by shrinking towards the 

Vermillion border and the midline of the lower lip, and these cases 

were generally those that recovered in the average time, that is, before 

three months.

In this study, these three patterns of recovery were observed, where the 

more severe nerve injuries showed the area of sensory loss retreating 

towards the angle of the mouth. In these long term paraesthesias, up to 

65% of the reduction in areas of sensory loss may be due to collateral 

innervation, and not entirely due to recovery of the injured nerve 

(Inbal, 1987; Robinson, 1988).
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(b) Lingual recovery

The pattern of recovery for the cases that recovered quickly was for the 

area of sensation to either resolve throughout the area without 

retreating of borders or the sensory loss to be at the tip or retreat to the 

tip of the tongue.

This would reflect the anatomy of the nerve fibres within the nerve 

and also the type of injury. In the case of a functional block injury, the 

sensation will recover quickly and to the patient it may feel like the 

sensation has returned to the whole area at the same time.

As the tip of the tongue is commonly affected in less severe injuries to 

the lingual nerve, it would reflect that the nerve fibres to this area are 

more prone to injury and may be superficial within the nerve bundle.

Blackburn (1990) found consistently that a small area at the tip of the 

tongue in fact remained intact due to a different nerve supply as 

referred to by Tier (1984). To explain the results of the study, it may be 

that this variant in nerve supply may be prone to injury, i.e. the 

hypoglossal nerve by compression or stretching.
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8.2 Recovery

8.2.1 Recovery in Relation to Injury

The nature of the nerve lesion is not known at the time of injury 

unless the nerve is directly observed. Robinson (1988) stated that the 

post-injury progress could be helpful in retrospectively deducing the 

nature of the injury in that each type of injury has a certain pattern of 

recovery. There may be an overlap of prognostic indicators in that the 

pattern of injury and recovery may be the same for different types of 

injuries.

For the minor nerve injuries the pattern of recovery was not an issue 

in that recovery was so rapid, i.e. within a week. Monitoring recovery 

with various sensory modalities will not give prognostic information 

as recovery has taken place. When monitoring more significant nerve 

injuries, the pattern and duration of sensory recovery can be extremely 

informative regarding the likelihood of complete recovery (Campbell 

et al. 1982).

There were differences in responses to repeated testing in those patients 

with minor injuries compared to those cases with more significant 

injuries.

Cases which were totally anaesthetic or which had markedly abnormal 

responses to the tests early, generally had more significant injuries.
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If a patient still has poor sensory testing results at three months there is 

little further improvement over the next three months. This again 

confirms that the more serious injuries can be identified by at least 

three months. This is important in that with the increase in experience 

for surgical repair, it is advantageous to identify cases of nerve injury 

that would benefit from surgical intervention.

8.2.2 Differential Recovery (Graphs 17-21)

The tests that were found to be most useful to indicate sensory loss and 

recovery are fine touch, pin prick, cool stimulation and electrical 

sensory thresholds.

The fibre types represented are the Ap for fine touch and EST, A§ for 

cool stimulation and A§ or C fibres for pin prick, where it seems that 

the thicker myelinated fibres tend to be injured before the smaller 

unmyelinated fibres. This agrees with the findings of Dellon (1972) and 

Sunderland (1978).

On the lower lip and tongue there is a large proportion of Ap fibres 

which contributes to the extreme sensitivity of these regions. 

Therefore, although these large fibres may be more susceptible to 

damage because of their large numbers, the myelin sheath may offer a 

degree of protection and there are far more to contribute to the sensory 

recovery. The rapid recovery of pin prick sensation may be related to 

the fact that pain is conducted by smaller fibres with less myelin which 

are, therefore, less susceptible to damage and quicker repair.
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Graph 17

Mental Nerve - Sensory Loss Recovery From 5 
Different Tests (n=35)
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Graph 18

Lingual Nerve - Sensory Loss Recovery From 5 
Different Tests (n=29)
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Graph 19

Mental Nerve - Comparison of Vibration 
Recovery From 5 Tests (n=10)
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Graph 20

Mental Nerve - Comparison of Electrical 
Sensory Threshold With F/T, PP, Cold & Warm
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Graph 21

Lingual Nerve - Comparison of Vibration Recovery 
(n=9) with 4 Tests
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As in this study, the lingual nerve injuries seemed to recover at similar 

rates for most of the tests. With the mental nerve injuries, however, 

there was a more obvious differential recovery between tests. This may 

reflect the different types of injury to the lingual nerve and inferior 

alveolar nerve where the inferior alveolar nerves would tend to have 

the more significant injuries and take longer to recover.

As only 35 mental sensory paraesthesias and 29 lingual sensory 

paraesthesias were monitered, and they were only seen at one week, 

one month, three months and six months, they could give results that 

might be misleading. To get an accurate appraisal of sensory recovery, 

it would need to be monitored on a more regular basis than in this 

trial. However, it is extremely difficult to keep the patient motivated to 

return on such a regular basis, and extremely tiring and time 

consuming for both patient and clinician.

Although it would be advantageous to get larger number of patients 

and monitor them regularly, it would require a much larger study 

involving many oral surgery units which was beyond the scope of this 

study.

The pattern of recovery was similar in the mental and the lingual 

areas. However, as the results indicated, the lingual sensory loss 

recovered earlier than the mental sensory loss reflecting the differing 

type of injury and the increased distance the areas must regenerate 

following inferior dental nerve injuries.
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It seems unproductive to measure sweat gland activity in the hope that 

it will reflect the state of sensory nerve activity. This confirms that the 

sensory nerve pathway and sudomotor nerve pathways differ and may 

only coincide in the terminal branches. This implies that damage to 

the inferior alveolar will not affect the function of the sympathetic 

fibres to the sweat glands of the face.

8.3 Value of Sensory Monitoring

The value of sensory monitoring has two purposes. Firstly it shows 

concern, and secondly it predicts outcome of any nerve injury.

The prognosis of a specific injury has vital implications on its 

management. Usually the nature of the nerve lesion is not known 

from direct observation at the time of surgery, thus it is helpful if it can 

be deduced from the post-injury recovery. Both are important in a 

medico-legal context, (see Medico-legal aspects of sensory testing).

Problems with third molar surgery occur as sensory loss in a large 

percentage of cases. Sensory loss is unexpected, and direct injury to the 

inferior alveolar or lingual nerves, in most cases, is not observable. 

This study showed that of the 23 cases of mental sensory loss, there 

were ten which were unexpected. The nature of injuries early 

postoperatively was difficult to assess as a nerve section injury could 

not be distinguished from a compression injury and only continual 

monitoring will distinguish between the two.
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In the study, the 35 sides of sensory loss in the mental and mylohyoid 

region were monitored for up to six months. It was clear that the 

majority of sensory recovery takes place within the first three months 

as 25 out of 35 recovered in this time. A further two recovered over the 

next three months, with eight sides eliciting persistent sensory loss 

beyond six months.

Of the 43 cases of lingual sensory loss following third molar surgery, 29 

were monitored for at least six months. The recovery for the lingual 

area was more rapid than for the mental region as 20 had recovered by 

one month and 24 by three months. One further case had resolved by 

six months and four persisted beyond this time.

Many surgeons feel that if sensory loss persists then the area should be 

surgically explored. This concept is correct, however it is still a matter 

of contention regarding the timing of this exploration. Kline (1982) 

recommended that any nerve lesion should be explored within 8-10 

weeks and Merrill (1979) recommended exploration after 4-6 weeks 

based on his expectations of sensory return with the knowledge of rate 

of nerve repair, i.e. 1 mm per day. He stated that exploration, in 

addition to being diagnostic, also served to decompress any injured 

nerve by removing impinging scars, bone and/or foreign material. 

Blackburn (1990) also stated that it was worth waiting three months for 

recovery after which, if sensory testing indicated abnormal responses, 

there would be a case for surgical exploration.
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By monitoring regularly with the tests recommended, i.e. electrical 

sensory testing, moving fine touch, pin prick and cool tests, early 

diagnosis of recovery can be established. The final decision whether to 

explore the lesion surgically will not only be based upon the above 

information from sensory tests but also will depend upon the surgical 

skill of the operator, the accessibility of the lesion and the wishes of the 

patient, many of whom will wish no further intervention surgically. 

Further, it has been known for recovery to continue for two years post

injury.

From the results in this study, I would recommend that surgical 

intervention should definitely be postponed for at least three months 

and possibly as long as six months, after which little further recovery is 

expected, and at which time sensory testing will indicate which nerves 

will have the more serious injuries that would benefit from surgical 

exploration and repair.

8.4 Medico-legal Aspects of Sensory Loss

In 1985, the Medical Defence Union Secretariat, stated that "not only 

must the operator be reasonably careful and skilful in his technique, he 

must also exercise such qualities in his pre-operative assessment of the 

case, in his counselling of the patient and in relation to the warnings 

which he gives to the patient of possible complications" (Gwynne, 1985; 

Haskell, 1986).
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From this study, it was clear that prediction of sensory loss from 

orthopatomographs is not possible. The study also showed that the 

incidence of sensory loss increased with the degree of difficulty, 

whereby the type of impaction was a significant factor. It was found 

that horizontal and mesioangular impactions produced the greatest 

incidence of sensory loss.

The type of technique used for removal also showed interesting trends 

in that lingual split technique, by itself or in conjunction with the drill, 

produced a large number of lingual sensory loss. This is a reflection of 

the technique and the close proximity of the lingual nerve to the site of 

operation.

Roberts and Harris (1973) concluded that the mylohyoid sensory loss 

was due to crushing of the nerve during retraction, again by an 

instrument placed lingually. From these results, if the incidence of 

lingual, mylohyoid and mental sensory loss is to be reduced, then the 

following rules should be observed (Davis, 1983; Swanson, 1989; Pogrel, 

1990):

1. If possible when the lingual plate is split, it should be left as a 

pedicle graft and the attachment to periosteum should not be 

disturbed;

2. A lingual retractor should not be placed;
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3. If there is close association of the roots to the inferior alveolar 

bundle the tooth should be removed carefully sectioning it with 

a bur;

4. If a piece of root fractures off a sound tooth in proximity to the 

inferior alveolar bundle, it is best left in situ and the patients 

informed; and

5. Care should be taken at all times when placing instruments and 

when retracting soft tissues.

Preoperative assessment and choice of surgical technique is, therefore, 

extremely important but, as it is not possible to predict sensory loss 

from the position of the tooth, it is recommended that all patients 

should be warned of the possibility of sensory loss, and, according to 

guidelines, this warning should be recorded clearly in the clinical notes 

(Collins, 1988).

However, Swanson (1989) mentioned that it is now not sufficient to 

make a note in the casenotes that a patient has been warned of 

probability of sensory loss. He states that the standard for today, as far 

as the legal community is concerned, is firstly written informed 

consent and secondly, maintaining accurate descriptive records.

Further, it is recommended that, although sensory loss usually 

resolves, it is important that all patients with a sensory nerve lesion 

caused through surgery, be referred to specialists as early as possible so
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that thorough assessment of nerve damage can be carried out by 

monitoring. This monitoring not only establishes the existence of a 

nerve lesion but it is important to establish the degree of damage and 

its prognosis.

To any litigation conscious patient, the regular monitoring shows 

concern and will often allay fears of permanent damage.

251



8.5 Recommendations

The recommendations arising from this study are :

1. Every effort should be made to ensure that the patient

understands the message that is being conveyed, even if an 

interpreter is required.

2. All patients should be warned preoperatively of the possibility of 

sensory loss to the tongue. The patients who have lower third 

molars that are in the high risk group radiographically should 

definitely be warned of the possibility of mental sensory loss. 

Although the possibility of sensory loss is not as great in the low 

risk groups, these patients should be informed that the 

possibility exists, albeit slight.

3. The warning should be entered into the clinical notes and

accurate notes kept.

4. Surgeons should always endeavour to make a thorough

preoperative assessment and modify their surgical technique if 

and when necessary. One should be vigilant as to anatomical 

and surgical hazards.

5. When sensory loss occurs, patients should always be monitored 

as it shows concern and can predict outcome.
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8.6 Conclusions

1. Using the OPG to predict sensory loss is not possible or 

recommended because it has a low prediction rate.

2. An easily applied objective test is not yet available to monitor 

sensory loss, however of the subjective tests used, moving 

fine touch, electrical, pin prick and cool tests are the best at 

indicating early recovery. Localization and two point 

discrimination are useful tests that will indicate recovery, or 

the presence of a severe nerve injury if recovery is slow.

3. Measuring sweat gland activity to monitor sensory loss is not 

possible on the face, due to the different pathways of 

innervation, for sensation and sweat glands.
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SURGERY:

NAME OF OPERATOR:

SURGEONS PRE-OPERATIVE 
ASSESSMENT OF DIFFICULTY

Very Difficult 
Difficult 
Average 
Simple

LIKELIHOOD OF SENSORY IMPAIRMENT

N il 1
Slight 2
Probable 3
Definite 4

SURGICAL TECHNIQUE

Drill 1
Lingual Split 2
Drill + Lingual Split 3 
Elevation only 4

ASSESSMENT OF TOOTH

Apex Grooved NO 1

YES 2

ID Bundle Visible
YES 1 

NO 2

SURGEONS POST OPERATIVE 
ASSESSMENT OF DIFFICULY

Very Difficult 
Difficult 
Average 
Simple

(a) buccal
(b) lingual
(c) central

LeftRight
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\

\
Diagram showing areas on the right side tested for 

Electrical Skin Conductance

Diagram showing areas tested for Electrical Sensory Thresholds
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APPENDIX B

DATA SHEETS

2 7 9



P.N. MALE 31 years AREA: MYLOHYOID

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 5 MOMTHS 6 MONTHS 9 MONTHS

R L CHIN L CHIN L CHIN L CHIN L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 6 0.5 3.5 0.5 0.5 0.5

MOVING(%) 100 100 100 100 90 100 70 100 100 100
STATIC(%) 100 100 90 100 80 100 60 100 100 100

PIN PRICK PS P5 P4 P5 P4 P5 P4 P5 P5 P5

THERMAL (oC)
COOL

WARM 1.3 0.2 0.5 0.2
3.1 0.8 3.3 0.3 0.8 0.3

TWO POINT
DISCRIMINATION

(mm) STATIC 6 8 8 8 6 6 10 1 2
MOVING 6 8 8 8 8 6 10 10

SHARP/DULL S S D S D S D S S S
(gm) <2 <2 <2 <2 4 <2 4 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



R.S. MALE 32years AREA; MYLOHYOID

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 2 WEEKS 9 WEEKS 6 MONTHS 9 MONTHS

R L R CHIN R CHIN R CHIN R CHIN R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 40 100 50 100 60 100 100
STATIC(%) 100 100 100 40 100 40 100 40 100 80

PIN PRICK P5 P5 P5 PO P5 PO P5 P2 P5 P5

THERMAL (oC)
COOL 0.2 1.7 0.3 1.9 0.4 0.9

WARM 0.2 >6 0.5 >3 0.6 1.1

TWO POINT
DISCRIMINATION

(mm) STATIC 5 6 9 8 5 8 1 8
MOVING 5 5 8 7 5 5

SHARP/DULL S S S D S D S D S S
(gm) <2 10 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A 9.6 48.3 10.2 39.2
SENSORY B 42.2 36.3
THRESHOLD C 39.6 32.4



N.B. MALE 33years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MONTHS 6 MON THS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 3.5 0.5 3.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 20 100 30 100 100 100 100 100 100 100
STATIC(%) 100 100 20 100 70 100 80 100 80 100 70 100

PIN PRICK PS P5 P4 P5 P5 P5 P5 P5 P5 P5 P5 P5

THERMAL (oC)
COOL 0.6 0.5 0.7 0.6 0.2 0.3 0.4 0.2

WARM 0.4 0.3 0.3 0.2 0.6 0.2 1.5 0.4

TWO POINT
DISCRIMINATION

(mm) STATIC 7 6 8 12 6 10 6 8 7
MOVING 6 6 7 8 5 8 6 10 1 4 7

SHARP/DULL S S D S D S D S D S D S
(gm) <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



P.B. MALE 24years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 MONTH 2 MONTHS 3 MONTHS 6 MONTHS 12 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 3.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 0 100 0 100 0 1 00 40 100 100 100 100 100
STATIC(%) 100 100 0 100 0 100 0 100 30 100 100 100 80 100

PIN PRICK P5 P5 PO P5 PO P5 PO P5 PI P5 P2 P5 P5 P5

THERMAL (oC)
COOL >7 0.2 7.2 0.6 2.1 0.6 0.9 0.2

WARM >6 0.4 >6 0.8 >7 0.7 >6 0.2

TWO POINT
DISCRIMINATION

(mm) STATIC 5 6 - 5 - 5 - 5 - 5 - 6 8 6
MOVING 5 4 - 4 - 5 - 6 - 7 - 6 1 0 6

SHARP/DULL S S D S D S D S D S D S S S
(gm) <2 <2 <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A 32 20 38 40 5.8 19.5 12.4 15.4 18.8 16.4
SENSORY B 51 28 48 32 60.9 34.6 39.6 22.3 21.8 9.9
THRESHOLD C 53 34 78 44 43.8 22.3 33.2 21.9 31.2 24.8



D.C. MALE SOyears AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 5 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 60 100 80 100 100 100 100 100 100 100
STATIC(%) 90 100 50 100 70 100 70 100 90 100 100 100

PIN PRICK P5 P5 P4 P5 P4 P5 P5 P5 P5 P5 P5 P5

THERMAL (oC)
COOL 0.9 0.6 0.5 0.3 0.5 0.3

WARM 0.2 0.4 0.3 0.2 0.4 0.6

TWO POINT
DISCRIMINATION

(mm) STATIC 6 7 8 4 1 2 7 12 7 8 10
MOVING 5 6 5 8 1 2 8 10 7 10 10

SHARP/DULL S S D S D S D S D S
(gm) <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



E.C. MALE 31 years AREA: MENTAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 2 MONTH 3 MOMTHS 6 MOMTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 1 1 0.5 1 1 0.5 1 1 0.5 0.5

MOVING(%)
STATIC(%)

100
100

100
100

100
100

0
0

100
100

0
0

100
100

20
0

100
100

40
50

PIN PRICK P5 P5 P5 PI P5 PI P 5 P 4 P 5 P5

THERMAL (oC)
WARM
COOL

0.7
0.6

0.7
0.4

>4
>5

0.8
0.6

>4
>3

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

7
5

6
6

6
5

5
4

5
5

6
4

10

SHARP/DULL
(gm)

S S S
<2

D
10

S
<2

D
<2

S
<2

D
<2

VIBRATION (cps) 50
90
90

60
40
50

190
200
110

70
100

60

190

150

ELECTRICAL A 
SENSORY B 
THRESHOLD C



C.D. FEMALE 23years AREA: MENTAL L 

POST OPERATIVE
MODALITY PRE OP. ID AY . 1 MONTH 3 MOINTHS 4 MOhTHS 7 MOINTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 1 1 0.5 1 1 0.5 1 1 0.5 1 1 0.5 0.5

MOVING(%) 100 100 100 100 100 80 100 100 60 100 100 70 100 80
STATIC(%) 100 100 100 50 100 80 100 50 80 100 100 80 80 80

PIN PRICK P5 P5 P5 P3 P5 P3 P5 PO P5 P4 P5 P5 P5 P5

THERMAL (oC)
COOL 0.4 2.5 0.2 0.6 0.6 4 0.3 1.1

WARM 0.8 >5 1.1 2.3 0.7 >7 0.8 1.6

TWO POINT
DISCRIMINATION

(mm) STATIC 8 10 9 10 13 10 14 12 1 5
MOVING 8 6 7 1 0 13 6 10 8

SHARP/DULL S S S D S D S D S D S D
(gm) <2 <2 <2 <2 <2 >10 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



LD. FEMALE 23years AREA: BILATERAL MENTAL

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 2 MONTHS 3 MONITHS 6 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm)

MQVING(%)
STATIC{%)

0
0

0
0

0
0

0
0

0
0

0
0

PIN PRICK PO PO PO PO P2 PO

THERMAL (oC)
COOL

WARM
>7
>6

>6
>7

>8
>7

>8
>6

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

SHARP/DULL
(gm)

D D D D D D

VIBRATION (cps)

ELECTRICAL A 
SENSORY B 
THRESHOLD C

23
40
42

26
37
49

13.8
26.1
30.3

7
28.9
18.5

17.5
45.3
45.9

16.6
33.1
41.2



P.O. MALE 21 years AREA; MENTAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 5 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 50 100 60 100 80 100 100
STATIC(%) 100 100 100 30 100 30 100 60 80 90

PIN PRICK P5 P5 P5 P4 P5 P4 P5 P4 P5 P5

THERMAL (oC)
COOL 0.6 1.6 0.8 1.3 0.4 0.2

WARM 0.5 0.7 >5 0.9 0.7

TWO POINT
DISCRIMINATION

(mm) STATIC 7 7 7 8 8 16 7 8
MOVING 6 6 6 6 6 1 7 10 9

SHARP/DULL S D S D S S
(gm) <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



G.F MALE 28years AREA; MENTAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MOh THS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 6 0.5 6 0.5 0.5 0.5 0.5 0.5 0.5

MGV!NG(%)
STATIC(%)

100
100

100
100

100
100

70
60

100
100

90
80

100
100

100
100

100
100

100
100

100
100

100
100

PIN PRICK P5 P5 P5 P4 P5 P4 P5 P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM
0.4
0.2

0.4
>3

0.1
0.3

0.9
>3

0.2
0.2

0.6
>3

0.3
0.3

0.5
0.9

TWO POINT 
DISCRIMINATION 

STATIC 
MOVING

5
6

7
9

10 
1 0

10
8

8
8

4
5

10 
1 0

5
6

1 0 
12

SHARP/DULL
(gm)

S
<2

S
<2

S
<2

D
<2

S
<2

D
<2

S
<2

D
<2

8
<2

S
<2

S
<2

S
<2

VIBRATION (cps)

ELECTRICAL A 
SENSORY B 
THRESHOLD C



J.F. FEMALE 22years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 100 100 100 100 100
STATIC(%) 100 100 100 100 100 100 100 100

PIN PRICK P5 P5 P 5 P 5 P5 P5 P5 P5

THERMAL (oC)
COOL 0.3 0.2 0.5 0.2

WARM 0.4 0.3 0.6 0.3

TWO POINT
DISCRIMINATION

(mm) STATIC 7 5 5 6 8 6
MOVING 8 7 5 4 8 6

SHARP/DULL S S D S S S S S
(gm) <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY 8
THRESHOLD C



G.H. MALE 45years AREA: MENTAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 M0^ THS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 1 1 0.5 1 1 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 0 100 0 100 60 100 40 100 40 100 80
STATIC(%) 100 100 100 0 100 0 100 30 100 20 100 50 100 100

PIN PRICK P5 P5 P5 PO P5 P2 P5 P3 P5 P3 P5 P5 P5 P5

THERMAL (oC)
COOL 0.3 >7 0.9 1.2 0.3 1.1 1.4 0.9 0.9 0.7

WARM 1 >7 1 >7 1.7 >7 1 >7 0.8 >3.6

TWO POINT
DISCRIMINATION

(mm) STATIC 8 9 10 7 6 6 6 10 5 1 0
MOVING 7 6 10 9 6 6 6 12 6 9

SHARP/DULL S S S D S D S D S D S D S D
(gm) <2 10 <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps) 200 90 400 80 280 100 250 90 300
200 100 55 400 90 400 70
150 180 140 150 400 180

ELECTRICAL A 9 1 8 31 1 7 17.3 7 35 28
SENSORY B 15 23 32 1 9 25.6 30.9 40 20
THRESHOLD C 10 51 1 2 47 24.8 33.7 25 52



A.L FEMALE 25years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%)
STATIC(%)

100
100

100
100

50
40

100
100

100
100

100
100

100
100

160
100

100
100

100
100

PIN PRICK P5 P5 P3 P5 P5 P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM
>5
>7

0.2
0.8

1.7
>7

0.2
0.5

0.2
0.5

0.4
0.7

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

5
4

6
5

9
7 10

8
7

7
8

5
7

5
8

SHARP/DULL
(gm)

S S D S D
<2

S
<2

D
<2

S
<2

S
<2

S
<2

VIBRATION (cps) 80
120
300

60
60

120

60
60
50

100
180

90

80
100

70

ELECTRICAL A 
SENSORY B 
THRESHOLD C



J.L  FEMALE 28years AREA: MENTAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%)
STATIC(%)

100
90

70
90

100
100

90
80

100
100

80
80

PIN PRICK PS P4 P5 P4 P5 P5

THERMAL (oC)
COOL

WARM
0.1
0.7

0.6
1.5

0.2
0.8

0.4
0.9

0.6
0.6

0.2
0.7

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

7
10

10
12

6
9

1 2 8
7

8
9

SHARP/DULL
(gm)

S
<2

D
<2

S
<2

D
>2

S
<2

S
<2

VIBRATION (cps) 110
100

80

100
400
350

80
150
100

300

300

80
190
100

100
100
180

ELECTRICAL A 
SENSORY B 
THRESHOLD C



P.L MALE 24years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MON THS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 1 1 1 1 0.5 0.5 0.5 0.5

MOVING(%)
STATIC(%)

100
100

100
100

0
0

100
100

0
0

100
100

80
80

 ̂ 100 
100

100
100

100
100

PIN PRICK PS P5 PO P5 PO P5 P3 P5 P5 P5

THERMAL (oC)
COOL

WARM
>6
>6

0.5 
1.4

1.7
>6

1.5
0.5

1.2
3.6

0.9
0.6

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

6
5

6
6

9
7

7
5

6
8

6
7

SHARP/DULL
(gm)

S S D 
1 0

S
<2

D 
1 0

S
<2

D
<2

S
<2

VIBRATION (cps) 380 80
140
300

300 100
120
280

400

480

90
160
210

ELECTRICAL A 
SENSORY B 
THRESHOLD C

14.6 
46.3
53.6

19.6
22.5
21.8

8.6
36.6
36.9

18.3
19.2
20.9

18.2
29.6
32.4

20.2
24.8
23.2



M.M. MALE 34years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 100 100 100
STATIC(%) 100 100 100 100

PIN PRICK P5 P5 P5 P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM

TWO POINT
DISCRIMINATION

(mm) STATIC 8 7 7 7 8 7 7 8
MOVING 7 7 7 6 5 8 6 8

SHARP/DULL S S S S S S S S
(gm)

VIBRATION (cps)

ELECTRICAL A 21 35 24 1 8
SENSORY B 43 37 38 32
THRESHOLD C 54 36 40 42



P.N. MALE 24years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 1.5 0.5 1.5 0.5

MOVING(%) 100 100 80 100 100 100 90 100 100 100
STAT!G(%) 100 100 90 100 100 100 80 100 100 100

PIN PRICK PS P5 P4 P5 P4 P5 P5 P5 P5 P5

THERMAL (oC)
COOL 2.4 0.9 1.5 1.3 0.6 0.8

WARM 0.6 2.2 0.7 1.1 1

TWO POINT
DISCRIMINATION

(mm) STATIC 7 8 1 2 12 10 12 8
MOVING 6 7 10 8 1 4 10 12 10

SHARP/DULL S S D S D S D S S S
(gm) <10 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



K.P. FEMALE 20years AREA: MENTAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%)
STATIC(%)

100
100

100
100

100
100

100
100

100
100

100
100

100
100

100
100

100
100

100
100

PIN PRICK P5 P5 P5 P4 P5 P4 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM
0.3
0.7

0.5
1

0.4
0.2

0.6
0.6

0.2
0.6

0.6
0.6

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

5
5

6
6

5
5

1 0 
9

6
5

1 0 
8

5
5

8
7

8
7

7
6

SHARP/DULL
(gm)

S S S
<2

S
<2

S
<2

S
<2

S
<2

S
<2

VIBRATION (cps) 80
100
190

160
330

90
100
150

280
400

90

100
40

100

100
110
100

ELECTRICAL A 
SENSORY B 
THRESHOLD C



C.Mc. MALE 29years AREA: BILATERAL MENTAL

POST OPERATIVE
MODALITY PRE OP. 1 WEEK 1 MONTH 3 MONTHS 4 MONl"HS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 

MOVING(%) 
STATIC(%)

1 1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
0
0

100
100

80
100

100
100

100
100

100
100

100
100

100
100

100
100

100
100

PIN PRICK PO P5 PO P5 P4 P5 P5 P5 P5 P4

THERMAL (oC)
COOL

WARM
7

>8
0.5

1
2.2
>7

0.8
0.8

1
6

0.7
0.8

0.6
0.9

0.2
0.8

0.5
0.8

0.4
0.3

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

10
7

1 2 
9

12 
1 0

7
5

10 
1 0

1 4 
10

SHARP/DULL
(gm)

D
<2

S
<2

D
<2

S
<2

S
<2

S
<2

S
<2

S
<2

S
<2

S
<2

VIBRATION (cps)

390

120
130
200

300

250

100
150
120

300

200

90
150
100

150
450
100

140
90

100

200
380
120

90
100
160

ELECTRICAL A 
SENSORY B 
THRESHOLD C



POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 2 MONTHS 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 90 100 100 100 100
STATIC(o/o) 100 100 100 100 100 100 100 100

PIN PRICK P5 P5 P5 P4 P5 P5 P5 P5

THERMAL (oC)
COOL 0.4 0.3 0.2 0.2

WARM 0.5 0.5 0.5 0.6

TWO POINT
DISCRIMINATION

(mm) STATIC 7 8 8 10 6 8 8 6
MOVING 6 6 8 5 8 6 6

SHARP/DULL S S S D S D S S
(gm) <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



C.R. MALE 37years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 4 MON THS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5

MOVING(%)
STATIC(%)

100
80

100
100

100 
1 00

100
100

PIN PRICK PS P5 P5 P5

THERMAL (oC)
COOL

WARM
0.7
1.8

0.2
0.6

0.6
0.8

0.4
0.7

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

5
5

1 1 
1 3

9
8

SHARP/DULL
(gm)

D
<2

S
<2

S
<2

S
<2

VIBRATION (cps) 140
400
380

160
90
70

1 5 
200 
200

90
100
200

ELECTRICAL A 
SENSORY B 
THRESHOLD C

10.5
39.4
35.1

13.1
17.2 
14.9

17.7 
33.5
36.7

19.3
21.4 
23.2



C.R. FEMALE 27years AREA: BILATERAL MENTAL

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 12 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 70 100 100 100 90 80 60 40 100 50 100 100
STATIC(%) 100 100 70 80 60 80 80 80 70 60 70 80 100 100

PIN PRICK P5 P5 P3 P4 P3 P4 P3 P3 P4 P4 P4 P4 P5 P5

THERMAL (oC)
COOL 1.7 4 1.3 1.1 1.4 0.7 0.6 1.3 1.1 1.9

WARM >5 >5 >7 >7 >4 >4.1 >6 >7 6.2 6

TWO POINT
DISCRIMINATION

(mm) STATIC 6 5 1 1 1 4 15 16 1 3 1 5 1 2 10 1 3
MOVING 7 5 1 2 13 12 16 1 2 1 2 10 12 9

SHARP/DULL S S D D D D D D D D D D S D
(gm) <2 <2 <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A 28 19 24 30 25 22 14.7 6.9 15 19.5
SENSORY B 7 56 50 47 32 28 13.2 17.8 24.5 25.4
THRESHOLD C 42 34 37 38 23 30 1 6 13.4 30.9 24.8



O.S. FEMALE 19years AREA: BILATERAL MENTAL

POST OPERATIVE
MODALITY PRE OP. 1 MONTH 3 MO^ITHS 6 MOI^ THS 7 MON THS 9 MONTHS 12 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.5 0.5

MOVING(%)
STATIC(%)

30
30

0
0

30
20

0
0

60
50

30
20

20
60

40
40

80
70

50
40

90
80

70
50

PIN PRICK P1 PO PO PO P2 P2 P 2 P 2 P4 P3 P4 P4

THERMAL (oC)
COOL

WARM
0.5
3.8

0.6
>6

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

1 2 
13 1 5

14 
1 1

SHARP/DULL
(gm)

D D D D D D D D S D

VIBRATION (cps)

ELECTRICAL A 
SENSORY B 
THRESHOLD C

36
72
22

27
78
23

21
53
33

25
34
41

6 
1 5 
23

1 0 
26  
21

9
33
35

8
23
26

18.7
23.8 
22.5

28.2
35.9
28.9

22.3
21.4  
25.6

17.2
29.2 
21.8



E.S. MALE 49years AREA: MENTAL R

PO ST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 3.5 0.5 3.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 60 100 70 90 80 100 80 100 100 100 100 100
STATIC(%) 100 100 70 100 60 100 80 100 100 100 100 100 100 100

PIN PRICK P5 P5 P4 P5 P4 P5 P4 P5 P4 P5 P5 P5 P5 P5

THERMAL (oC)
COOL 1 0.2 0.6 0.3 0.9 0.5 0.8 0.5 0.7 0.4

WARM >5 0.7 >8 1 >8 1.1 >7 1.4 0.7 0.5

TWO POINT
DISCRIMINATION

(mm) STATIC 6 9 1 0 16 10 18 8 10 6 8 5 14 8
MOVING 8 8 8 10 8 7 6 7 5 9 1 0

SHARP/DULL S S D S D S D S S S S S S S
(gm) <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps) 170 20 400 90 200 90
120 130 110 400 100
150 90 280 120 100

ELECTRICAL A
SENSORY B
THRESHOLD C



J.S. FEMALE 21 years AREA: MENTAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 2 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 OS

MOVING(%) 100 100 100 80 100 100
STATIC(%) 100 100 100 SO 100 100

PIN PRICK P5 PS PS P4 PS PS

THERMAL (oC)
COOL 0.8 O.S

WARM 0.6 0.8

TWO POINT
DISCRIMINATION

(mm) STATIC 6 4 8 8 6
MOVING 5 4 6 12 S 7

SHARP/DULL S S S D S S
(gm) <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



K.S. FEMALE 18years AREA: MENTAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 6.5 0.5 0.5

MOVING(%)
STATIC(o/o)

100
100

100
100

100
100

90
80

100
100

100
100

PIN PRICK P5 P5 P5 P4 P5 P5

THERMAL (oC)
COOL

WARM
0.4
0.5

0.3
0.9

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

6
6

8
7

6
6

10
10

7
6

8
8

SHARP/DULL
(gm)

S
<2

S
<2

S
<2

S
<2

S
<2

S
<2

VIBRATION (cps)

ELECTRICAL A 
SENSORY B 
THRESHOLD C



M.S. MALE 40years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 6 MONTHS 9 MONTHS 12 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm)

MOVING(%) 100 100 90 100 80 100 100 100
STATIC(%) 100 100 80 100 70 100 100 100

PIN PRICK P5 P5 P4 P5 P5 P5 P5 P5

THERMAL (oC)
COOL 0.9 0.5 0.3 0.3

WARM 2.5 0.4 0.3 0.4

TWO POINT
DISCRIMINATION

(mm) STATIC 5 9 1 8 6 12 7 6 6
MOVING 5 4 17 8 15 6 8 6

SHARP/DULL S S D S D S S S
(gm) <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



P.S. FEMALE 27years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 90 100 40 100 80 100 100 100
STATIC(%) 100 100 80 100 50 100 70 100 100 100

PIN PRICK P5 P5 P4 P5 P4 P5 P5 P5 P5 P5

THERMAL (oC)
COOL 0.9 0.7 0.4 0.7 0.3 0.4

WARM 0.6 0.4 0.2 0.3 0.3 0.2

TWO POINT
DISCRIMINATION

(mm) STATIC 8 5 9 5 1 2 6 1 2 8 8 6
MOVING 7 5 1 3 5 1 2 8 8 6 6 6

SHARP/DULL S S S S D S D S S S
(gm) <2 <2 <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



M.U. MALE 33years AREA: MENTAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 6 MONTHS 7 MONTHS 9 MONTHS 12 MONTHS MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 1 1 1 1 1 1 0.5 0.5 0.5

MOVING(%)
STATIC(%)

100
100

100
100

0
0

100
100

100
100

100
100

60
60

100
100

70
50

100
100

80
60

100
100

PIN PRICK P5 P5 PO P5 PO P5 PI P5 PI P5 PO P5

THERMAL (oC)
COOL

WARM
1.3 
>6

0.4
0.6

0.6
>6

0.2
0.8

0.6
>6

0.2
0.5

0.6
>7

0.5
0.6

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

6
5

5
4

7
6

5
6

8
7

7
6

5
5

SHARP/DULL
(gm)

S S D S D
<2

S
<2

D
<2

S
<2

D
<2

S
<2

S
<2

S
<2

VIBRATION (cps) 80
130
350

300
450
250

100
100
150

290 80
120

90

400 90 
120 
1 10

ELECTRICAL A 
SENSORY B 
THRESHOLD C

38
42

36.3

27
25

23.8

8.4
26.4

37

1 0 
19.3 

20

10.4
38.4 
40.2

15.2
17.3 
2 4 .2



S.U. MALE 32years AREA: MENTAL R LIP

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MON THS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5

MOVING(%)
STAT1C(%)

0
2 0

100
100

100
80

100
100

PIN PRICK P2 P5 P5 P5

THERMAL (oC)
COOL

WARM
>6
>7

0.2
0.5

0.3
0.4

0.2
0.2

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

6
5

1 0 
1 0

8
7

SHARP/DULL
(gm)

D
<2

S
<2

S
<2

S
<2

VIBRATION (cps)

ELECTRICAL A 
SENSORY B 
THRESHOLD C



K.W. FEMALE 25years AREA: MENTAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 10 WEEKS 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5

MOVING(%) 100 100 100 80 100 90 100 100
STATIC(%) 100 100 100 70 100 80 100 100

PIN PRICK PS P5 P5 P5 P5 P4 P5 P5

THERMAL (oC)
COOL 0.5 0.8 0.4 0.3

WARM 0.5 2.4 0.2 0.1

TWO POINT
DISCRIMINATION

(mm) STATIC 5 5 8 8 8 8 8 6
MOVING 4 3 5 5 5 6 6 6

SHARP/DULL S S S S S D S S
(gm) <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



G.B. FEMALE 18years AREA: LINGUAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MON THS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 1.5 0.5 3.5 0.5 3..5 0.5 0.5 0.5

MOVING(%) 100 100 90 100 20 100 80 100 70 100
STATIC(%) 100 100 90 100 100 60 100 80 100

PIN PRICK P5 P 5 P4 P 5 PO P5 P3 P5 P5 P5

THERMAL (oC)
WARM 30.1 40.2 32.6 40.2 31.8

32.4 41.8 34.8 36.2 30.2
31.6 31 38.5 33

TWO POINT
DISCRIMINATION

(mm) STATIC 3 3 4 4 1 0 4
MOVING 4 3 5 15 4 5

SHARP/DULL S S D S D S D S S D
(gm) <2 <2 <2 <2 1 0 <2 1 0 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



M.B. MALE 24years AREA: LINGUAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 10 WEEK 14 WEEKS 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5

MOVING(%)
STATIC(%)

100
100

100
100

100
100

100
100

100
100

100
100

PIN PRICK P5 P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM
N/A
32.4

N/A
34.5

N/A
30.6

N/A
32

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

7
6

5
5

5
5

5
5

6
6

6
6

SHARP/DULL
(gm)

S
<2

D
<2

S
<2

S
<2

VIBRATION (cps) 80
90
90 240

90
100

90

160
220
100

ELECTRICAL A 
SENSORY B 
THRESHOLD C



J.C. MALE 25years AREA; LINGUAL BILATERAL

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 100 100 100
STATIC(%) 100 100 100 100 100 100

PIN PRICK P5 P5 P5 P5 P5 P5

THERMAL (oC)
WARM 38.2 36.2

37 39.1
40.1 37.5

TWO POINT
DISCRIMINATION

(mm) STATIC 4 4 4 4 4 4
MOVING 4 4 4 4 4 4

SHARP/DULL S S S S S S
(gm) 2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



M.C. FEMALh 31 years AREA: LINGUAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 80 100 90 100
STATIC(%) 100 100 80 100 100 100

PIN PRICK P5 P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM

TWO POINT
DISCRIMINATION

STATIC 3 3 1 3 3 5 3
MOVING 2 2 8 3 3 3

SHARP/DULL S S D S S S
(gm) <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



S.D. FEMALE 23years AREA: UNGUAL (TIP TONGUE)

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 1 00 100 100 100
STATIC(%) 100 100 100 100 100 100

PIN PRICK P5 P5 P5 P5 P5 P5

THERMAL (oC)
WARM 32.2 31

34 32
31.6 3 0 .6

TWO POINT
DISCRIMINATION

(mm) STATIC 2 2 3 3 6 8
MOVING 2 2 2 2 6 6

SHARP/DULL S S S S S S
(gm) <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



M.F. FEMALE 23years AREA: LINGUAL TIP

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 100 100 100
STATIC(%) 100 100 100 100 100 100

PIN PRICK P5 P5 P5 P5 P5 P5

THERMAL (oC)
WARM 31 30.9

28.4 31.2
30 27.6

TWO POINT
DISCRIMINATION

(mm) STATIC 5 4 4 4 4 4
MOVING 4 4 4 6 4 4

SHARP/DULL S S S S S S
(gm) <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



p.p. FEMALE 23years AREA: LINGUAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 4 MON THS 6 MON THS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 1 1 0.5 0.5 0.5 0.5 0.5 2.5 0.5 0.5

MOVING(%) 100 100 100 0 100 70 100 80 100 70 100 90
STATIC(%) 100 100 100 0 100 50 100 90 100 80 100 80

PIN PRICK P5 P5 P5 PI P5 P4 P5 P4 P5 P5 P5 P5

THERMAL (oC)
WARM 31.7 39.2 33.2 36.8 36.2 37.6 38.3 36.3

30.8 31.5 35.5 31.4 34.2 34.1 35.2
30.5 41.3 31 39 32.3 34.8 31 35.9

TWO POINT
DISCRIMINATION

(mm) STATIC 4 3 3 6 3 1 5 6 7 4 8 4 7
MOVING 2 3 3 4 3 6 14 6 1 2 4 6

SHARP/DULL S S S D S D S D S S S S
(gm) <2 <2 <2 1 0 <2 1 0 >2 10 >2 >2 >2 >2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



S.G. FEMALE 25years AREA: LINGUAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 100 100 100
STATIC(%) 100 100 100 100 100 100

PIN PRICK PS P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM

TWO POINT
DISCRIMINATION

(mm) STATIC 2 2 2 2 3 3
MOVING 1 1 1 1 1 2

SHARP/DULL S S S S S S
(gm) <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



E.H. MALE 26years AREA: LINGUAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 2 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 1 1 0.5 1 1 0.5 0.5

MOVING(%)
STATIC(%)

100
100

0
0

100
100

0
0

100
100

30
40

100
100

50
40

PIN PRICK P5 P2 P5 P2 P5 P2 P5 P4

THERMAL (oC)
COOL

WARM
N/A
31.8

N/A N/A
33.5

N/A
39.3

N/A
32.6

N/A
38.5

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

5
5

5
5

5
5

5
5

SHARP/DULL
( g m)

S
<2

D
>10

S
<2

D
>10

S
<2

D
<2

VIBRATION (cps) 50
55
35

60
90
45

80
100

55 290

ELECTRICAL A 
SENSORY B 
THRESHOLD C



M.L. FEMALE 21 years AREA; LINGUAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 100 100 100 100 100
STATIC(%) 100 100 100 100 100 100 100 100

PIN PRICK P5 P5 P5 P5 P5 P5 P5 P5

THERMAL (oC)
WARM 38.4 39.2 34.2 38.8

36.2 38.6 38.1 34.1
34.6 40.1 33.6 39

TWO POINT
DISCRIMINATION

(mm) STATIC 4 4 2 2 4 4 4 4
MOVING 2 2 4 1 4 3 3 4

SHARP/DULL S S S S S S S S
(gm) <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C

..



C.M. FEMALE 22years AREA; LINGUAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING % 100 100 70 100 100 100
STATIC % 100 100 80 100 100 100

PIN PRICK P5 P5 P5 P5 P5 P5

THERMAL (oC) 28.6 32
COOL 31.5 30

WARM 30.2 26

TWO POINT
DISCRIMINATION

(mm) STATIC 4 4 8 1 0 8
MOVING 4 4 7 8 8

SHARP/DULL S S D S S S
(gm) <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



I.M. FEMALE 21 years AREA: LINGUAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3  MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 40 100 40 0.5 1 1 0.5 0.5 0.5

MOVING{%)
STATIG(%)

20 100 30 100
100

100
100

100
100

80
70

100
100

PIN PRICK PO P5 PO P5 P4 P5 P5 P5

THERMAL (oC)
COOL

WARM 42.2 37.1 31.3 30.5 32.4

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

5
5

9
8

5
5

8
9

4
4

7
5

5
5

SHARP/DULL
(gm)

S
>10

D
>1

D
2

S
>1

S
>1

S
>1

VIBRATION (cps)

ELECTRICAL A 
SENSORY B 
THRESHOLD C



E.N. FEMALE 23years AREA: LINGUAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 2 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 1 1 0.5 1 1 0.5 1 1

MOVING(%)
STATIC(%)

100
100

0
0

100
100

0
0

100
100

0
0

100
100

0
0

PIN PRICK P5 PO P5 PO P5 PO P5 PO

THERMAL (oC)
COOL

WARM
N/A

43.8
N/A N/A

37.6
N/A N/A N/A

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

4
3

4
4

5
4

5
5

SHARP/DULL
(gm)

S
<2

D S
<2

D 
1 0

S
<2

D
10

VIBRATION (cps) 100
80
70

60
80
60 400

60
80
70

ELECTRICAL A 
SENSORY B 
THRESHOLD C



O.P. MALE 26years AREA: LINGUAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 3.5 0.5 0.5 0.5

MOVING (%) 
STATIC (%)

0
0

100
100

30
20

100
100

80
100

100
100

100
100

100
100

PIN PRICK P4 P5 P4 P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM
N/A

44.1
N/A

33.4
N/A

37.5
N/A

30
N/A
32.3

N/A
30.8

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

4
4

14
14

4
4

4
4

4
4

5
5

5
4

SHARP/DULL
(gm)

D
<2

S
<2

S
<2

S
<2

S
<2

S
<2

VIBRATION (cps) 270
270
290

50
50

110

100
60
65

30
35
40

50
60
50

40
45
40

ELECTRICAL A 
SENSORY B 
THRESHOLD C



J.P. FEMALE 23years AREA: LINGUAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MO^ THS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 10 0.5 10 0.5 10 0.5 0.5

MOVING(%) 100 100 100 100 100 20 100 70
STATIC(%) 100 100 100 100 100 30 100 60

PIN PRICK PS P5 P5 PO P5 P2 P5 P3 P 5 P 5

THERMAL (oC)
WARM 29.6 30.6 28.9 42.1

32.1 28.4 27.2 38.4
33 32.4 46.2 31.4 36.2

TWO POINT
DISCRIMINATION

(mm) STATIC 4 3 4 1 0 6 14 3 1 2 3 10
MOVING 5 4 4 10 4 1 2 4 10 4 8

SHARP/DULL S S S D S D S D S S
(gm) <2 <2 <2 10 <2 <2 <2 10 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



A.R. FEMALE 22 years AREA: LINGUAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 1 1 0.5 6 0.5 0.5 0.5

MOVING(%)
STATIC(%)

0
0

100
80

80
60

100
100

90
80

100
100

90
100

100
100

PIN PRICK P2 P5 P4 P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM
N/A N/A

28.4
N/A N/A

32.1
N/A N/A

34.3
N/A

33.1
N/A
31.3

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

1 7 
17

5
4 12

5
4 10

5
4

7
6

4
4

SHARP/DULL
(gm)

D
10

S
<2

D
<2

S
<2

D
<2

S
<2

S
<2

S
<2

VIBRATION (cps) 38
45
65

200 40
35
30

170
145
150

30
30
35

60
50
60

40
45
40

ELECTRICAL A 
SENSORY B 
THRESHOLD C



J.R. FEMALE 24years AREA; UNGUAL L ANT. 1/3

POST OPERATIVE
MODALITY PRE OP. 1DAY 2 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 100 100 100
STATIC(%) 100 100 100 100 100 100

PIN PRICK P5 P5 P5 P5 P5 P5

THERMAL (oC)
WARM 29.6 30.6

30.2 31.2
28.2 32

TWO POINT
DISCRIMINATION

(mm) STATIC 3 3 4 4 3 4
MOVING 2 3 4 4 3 3

SHARP/DULL S S S S S S
(gm) <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



A.S. FEMALE 18years AREA: LINGUAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 2 MONTH 3 MON THS 6 MON THS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%)
STATIC(%)

50
40

100
100

60
60

100
100

80
60

100
90

80
90

70
90

PIN PRICK P4 P5 P5 P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM
N/A

45.8
N/A

37.3
N/A

37.9
N/A

35.7
N/A

36.3
N/A

34.8

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

4
5

15
8

4
4

6
4

4
4

5
5

5
5

SHARP/DULL
(gm)

D
<2

S
,2

S
<2

S
<2

S
,2

S
<2

VIBRATION (cps) 310
360
290

65
70
80

70
60
80

50
55
45

60
50
45

60
40
35

ELECTRICAL A 
SENSORY B 
THRESHOLD C



D.R. MALE 21 years AREA: LINGUAL TIP

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 100 100 100
STATIC(%) 100 100 100 100 100 100

PIN PRICK PS P5 P5 P5 P5 P5

THERMAL (oC)
WARM 29.2 28.1

27.4 29.1
26.2 30.2

TWO POINT
DISCRIMINATION

(mm) STATIC 3 4 4 4 4 4
MOVING 3 2 3 4 3 3

SHARP/DULL S S S S S S
(gm) <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



J.S. MALE 20years AREA: UNGUAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 2 WEEKS 5 WEEKS 9 WEEKS 3 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 10 0.5 10 0.5 0.5 0.5 0.5 0.5

MOVING(%)
STATIC(%)

0
0

100
100

0
0

100
100

20
30

100
100

70
60

100
100

100
100

100
100

PIN PRICK P5 P5 P2 P5 P4 P5 P4 P5 P5 P5

THERMAL (oC)
WARM 29.1

29.6
29.4

40.6

41.9

26.2
30.6
31.4

35
38.6
31.4

26.9
24

30.1
TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

4
5

1 2 
14

4
3

10 4
4

1 2 4
3

8
10

5
4

SHARP/DULL
(gm)

D
<2

S
<2

D
10

S
<2

D
<2

S
<2

S
<2

S
<2

VIBRATION (cps) 35
28
26

50
45
28

100

240

40
70
50

90
110
130

50
60
40

ELECTRICAL A 
SENSORY B 
THRESHOLD C



NAME: J.S. AREA: LINGUAL (LATERAL BORDER)

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 1 1 0.5 6 0.5 0.5 0.5

MOV!NG(%)
STATIC(%)

30
30

100
100

20
30

80
100

100
100

100
100

100
100

100
100

PIN PRICK P5 P5 P5 P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM
N/A N/A

29.5
N/A
31.6

N/A
26.4

N/A
27.5

N/A
28.1

TWO POINT 
DISCRIMINATION 

(mm) STATIC 
MOVING

4
4

1 0 
8

4
4

4
6

4
4

4
4

4
4

SHARP/DULL
(gm)

D
10

S
<2

D
<2

S
<2

S
<2

S
<2

VIBRATION (cps) 35
28
26

210
150
120

25
25
30

80
60
70

40
35
40

ELECTRICAL A 
SENSORY B 
THRESHOLD C



T.S. MALE 27years AREA: LINGUAL R

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
0.5 0.5 6 0.5 6 0.5 0.5 0.5

MOVING(%) 100 100 70 100 80 100 100 100
STATIC{%) 100 100 20 100 80 100 100 100

PIN PRICK P5 P5 P2 P5 P4 P5 P5 P5

THERMAL (oC)
COOL 38.2 34.2 36.2 32.1

WARM 37.8 35.4 35.2 32
36.2 33.2 35.8 36

TWO POINT
DISCRIMINATION

(mm) STATIC 4 4 8 4 4 4 4 3
MOVING 3 4 6 2 4 2 4 3

SHARP/DULL S S D S S S S S
(gm) <2 <2 10 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



E.T. MALE 23years AREA: BILATERAL UNGUAL

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 7 WEEKS 3 MOMTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 1 1 1 1 0.5 3.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 70 90 60 100 50 100 100
STATIC(%) 100 100 60 100 50 100 40 100 100

PIN PRICK P5 P5 P3 PO P4 PO P5 P3 P5 P5

THERMAL (oC)
WARM 30.2 42.5 27.2 40.3

37.9 44.8 28.3 41.6
37.5 31.2 41.6

TWO POINT
DISCRIMINATION

(mm) STATIC 4 4 8 9 4 8 4 8
MOVING 3 4 8 10 4 12 6 6

SHARP/DULL S S D D D D S D S S
(gm) <2 <2 10 10 <2 10 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C



M.T. MALE ISyears AREA: LINGUAL L

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WE EK 6 WEEKS 3 MON THS 7 MON THS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 1 1 0.5 1 1 0.5 0.5 0.5 0.5 0.5 0.5

MOVING{%) 100 100 100 0 100 100 100 90 100 100 100 100
STATIC(%) 100 100 100 0 100 100 100 100 100 100 100 100

PIN PRICK P5 P5 P5 P2 P5 P4 P5 P5 P5 P5 P5 P5

THERMAL (oC)
WARM 34.6 40.1 32.4 30.5 27.6 31.1 22.8 27.1

33.2 36 32.7 37.9 28.7 31.7 24.6 27.2
34.5 35.9 33.2 33.9 29.8 31.7 24 26.5

TWO POINT
DISCRIMINATION

(mm) STATIC 5 4 6 4 10 4 7 4 4 5 5
MOVING 4 4 4 4 4 4 4 4 5 5

SHARP/DULL S S S D S D S S S D S S
(gm) <2 <2 1 0 <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps) 60 120 50 120 30 50 30 20
45 40 85 40 50 40 30
50 200 45 95 45 45 30 30

ELECTRICAL A
SENSORY B
THRESHOLD C



T.W. FEMALE 22years AREA: LINGUAL L

PO ST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 0.5 0.5

MOVING(%) 100 100 100 100 100 100
STATIC(%) 100 100 100 100 100 100

PIN PRICK P5 P5 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM

TWO POINT
DISCRIMINATION

(mm) STATIC 6 2 2 5 2 3
MOVING 4 2 3 2 2 3

SHARP/DULL S S S S S S
(gm) <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY 8
THRESHOLD C



D.W. FEMALE 22years AREA: LINGUAL BILATERAL

POST OPERATIVE
MODALITY PRE OP. 1DAY 1 WEEK 1 MONTH 3 MONTHS 6 MONTHS 9 MONTHS

R L R L R L R L R L R L R L
FINE TOUCH (gm) 0.5 0.5 0.5 0.5 3.5 3.5 0.5 0.5

MOVING(%) 100 100 70 70 50 40 100 100
STATIC(%) 100 100 60 70 80 80 100 100

PIN PRICK P5 P5 P4 P4 P5 P5 P5 P5

THERMAL (oC)
COOL

WARM

TWO POINT
DISCRIMINATION

(mm) STATIC 4 3 14 4 4 5 5
MOVING 4 4 1 4 4 4 4 3

SHARP/DULL S S D D D D S S
(gm) <2 <2 <2 <2 <2 <2 <2 <2

VIBRATION (cps)

ELECTRICAL A
SENSORY B
THRESHOLD C


