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SUMMARY

The sensory branches of the trigeminal nerve encode information about facial expressions,
speaking and chewing movements, and stimuli that come into contact with the orofacial tissues.
Whatever the cause, damage to the inferior alveolar nerve negatively affects the quality of facial
sensibility as well as the patient's ability to translate patterns of altered nerve activity into
functionally meaningful motor behaviours. There is no generally accepted, standard method of
estimating sensory disturbances in the distribution of the inferior alveolar nerve following injury.
Assessment of sensory alterations can be conducted using three types of measures: (i) objective
electrophysiological measures of nerve conduction, (ii) sensory testing (stimulus) measures and
(iii) patient report. Each type of measure with advantages and disadvantages for use are reviewed.
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Introduction

The sensory branches of the trigeminal nerve encode information about facial expressions,
speaking and chewing movements, and stimuli that come into contact with the orofacial
tissues. This information is transmitted to those areas of the cerebral cortex that underlie
recognition and discernment of somatosensory stimulation and determine “how the face
feels'. Only the patient experiences whether his/her sensation has changed and can express
whether the alteration causes discomfort or problems in daily life. Much of the research on
altered sensory function following orthognathic surgery has focused on reduced or loss of
sensation, but, in fact, altered sensation can be experienced as an increase in sensibility as
well.

Damage to the inferior alveolar nerve negatively affects the quality of facial sensibility as
well as the patient's ability to translate patterns of altered nerve activity into functionally
meaningful motor behaviours. A complex of cellular and molecular signalling alterations is
immediately initiated following any degree of peripheral nerve injury, and the quality of
functional recovery tightly correlates to the molecular responses that attempt to repair and
restore the nerve to its pre-injury state. After resolution of inflammation and oedema in and
surrounding the nerve, the sensory alteration can be attributed to anatomical or functional
changes within the nerve or to changes induced in the central nervous system by the nerve

© 2010 Blackwell Publishing Ltd

Correspondence: Ceib Phillips, CB# 7450, Department of Orthodontics, University of North Carolina, Chapel Hill, NC 27599, USA.
ceib_phillips@dentistry.unc.edu.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

PHILLIPS and ESSICK Page 2

injury (1,2). In general, three often temporally overlapping phases describe this biological
response: the response of the nerve cell body; the active restoration of any loss in the
continuity of the proximal and distal segments of the axon and/or reconstitution of axonal
diameter and remyelination; and the remodelling of the cortical representation of tissues
innervated by the damaged axons (3).

Virtually all of the biological response data is derived from experimental transectional or
crush injuries in animal models because the injury can easily be reproduced. The current
information on nerve degeneration and regeneration is perhaps most representative of this
type of injury but it's reasonable to assume that injuries of the inferior alveolar nerve (IAN)
during an orthognathic surgery procedure such as bilateral sagittal split osteotomy (BSSO)
activate similar recovery pathways (4). Although transecting nerve injuries during a BSSO
procedure are fortunately rare, axonal damage is often severe (axonotmesis), requiring
reconnection of axonal sprouts to target tissues, reconstitution of axonal diameter, and
remyelination of myelinated afferents (5).

In the normal state, stimulation of the face or lips through facial expression or eating or
other contact with the external environment stimulates the sensory receptors of the skin and
a profile of neural impulses which describes the pattern of stimulation is elicited. These
impulses impact upon the sensory cortex and are associated with the memory of similar
previous sensory experiences. Injury to the trigeminal nerve alters this profile resulting in
plasticity changes in neural substrates at subcortical and cortical levels within the CNS (6,7).
Thus, after a nerve injury, the same stimulation of the face or lips not only elicits a different,
altered profile of neural impulses but the impulses are processed differently which affects
the symptoms reported by patients. Symptoms can range from a complete or partial loss of
sensation; to non-painful tingling sensation; to increased sensitivity to touch or pressure with
or without numbness; to pain. Likely because injury caused during orthognathic surgery is
usually a demyelinating injury or a partial axonal lesion (5), most patients do not develop
neuropathic pain although approximately 20% of BSSO patients use peripheral neuropathic
pain descriptors 6 months after surgery (8) and at least 5% can be classified as experiencing
neuropathic pain 1 year after surgery (5).

Inferior alveolar nerve injury during mandibular osteotomy

Because mandibular osteotomies are performed in close proximity to the neurovascular
bundle in the mandibular canal, there is a high risk of damage to the inferior alveolar nerve.
Electrophysiological signs of injury are observed during all stages of the osteotomy (9). In
one study in which electrical recordings were made from the inferior alveolar nerve during
surgery, 21 of 38 nerves exhibited decreased conduction velocity, indicative of a
demyelinating injury, and 15 exhibited decreased amplitude of the nerve signal, indicative of
axonal damage (5,10). The placement of semi-rigid fixation plates and screws may also
cause nerve damage either directly or via compression of the nerve between bony segments
after screw fixation (Fig. 1). In a study on monkeys comparing bicortical and monocortical
osteosynthesis, signs of Wallerian degeneration, including demyelination, axonal swelling,
and axoplasmic darkening after mandibular setback by BSSO were observed with both types
of fixation (11). In a clinical study, electrical signals from nerves recorded intraoperatively
decreased, indicative of blocked conduction, when the first fixation screw was tightened and
the compression between the fragments increased (12).

Certain anatomical features of the mandible and the intrabony course of the mandibular
canal may also increase the risk of nerve damage. The canal passes through the body of the
mandible in an anteroposterior direction with considerable inter-subject variation in its
vertical and buccolingual position (13). For example, even at 1 year after surgery the
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proportion of patients who reported persistent sensory loss was higher when the IAN was
between the lateral and medial segments of the osteotomy split or had to be freed from the
lateral fragment when compared to patients where the nerve was not encountered or was
embedded in the medial fragment (14). Other anatomical characteristics of the mandible and
mandibular canal that may put the AN at increased risk of damage are a low corpus height,
location of the mandibular canal near the inferior border of the mandible or the lateral cortex
of the ramus, and/or a narrow width of the marrow spaces between the mandibular canal and
the external cortical surface (10,15-20). Understanding the importance of the anatomy of the
mandible with respect to the risk of inferior alveolar nerve damage has been limited by the
reliance on 2D radiographs or 2D measures from CT slices. The introduction of cone-beam
CTs into clinical practice offers significant advantages for the visualisation and
quantification of how the trajectory of the mandibular canal within the mandible and
placement of fixation screws may impact sensory alteration.

Methods of assessment

There is no generally accepted, standard method of estimating sensory disturbances in the
distribution of the inferior alveolar nerve following orthognathic surgery on the mandible.
Efforts are underway by the Neuropathic Pain Research Consortium (21) and the German
Research Network on Neuropathic Pain (22) to establish a protocol that would encompass
nearly all aspects of somatosensation. These protocols when validated with respect to use in
the clinical or research setting, time necessary to perform, reproducibility, and ease of use
may be helpful in assessments following orthognathic surgery as well. Standardisation of
assessment methods would facilitate the identification of diagnostic criteria for different
types of neurosensory impairment, paralleling those that have been established and are
widely used for temporomandibular disorders. Assessment of sensory alterations can be
conducted using three types of measures: (i) objective electrophysiological measures of
nerve conduction, (ii) sensory testing measures and (iii) patient report.

Electrophysiological testing

The nerve conduction tests for the inferior alveolar nerve are similar to those employed by
neurologists to evaluate the integrity of other peripheral nerves. However, the location and
course of the inferior alveolar nerve make the procedures logistically difficult to perform,
and unacceptable to many patients while awake. Nerve conduction assessments during
surgery or post-surgically at even a single time point are relatively rare in the literature
(23,24).

Sensory testing (stimulus measures)

Sensory testing methods derived from the field of psychophysics are used to quantitatively
estimate the patient's sensory capacity to detect stimuli applied to the skin or mucosa.
Although the stimuli are objective, the response is dependent on the subjective report from
the subject. Stimulus measures testing can be categorised as stimulus-detection tasks such as
contact detection, two-point discrimination (2PD), light touch perception, and brush stroke
discrimination; or as stimulus perception tasks such as two point perception and thermal
perception. The stimulus-detection tests are characterised by an unequivocal correct or
incorrect response to each stimulus presentation trial while in the stimulus-perception tests
there is no correct answer, the response is dependent on the patient's cognitive discernment
of the stimulus.

For evaluation of nerve injury following an osteotomy, evaluation of the results from either
type of test requires a comparison with pre-surgical estimates obtained from the same facial
area, or an unaffected skin site, or control subjects without nerve injury. The extent to which
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bias may be introduced in the interpretation of the longitudinal changes in stimulus measures
by the timing of the baseline pre-orthognathic surgical estimate (for example, pre-
orthodontic treatment versus pre-surgery) or by the type of dento-facial disharmony is
currently unknown, but of concern. For example, in a cross-sectional study, patients in pre-
surgical orthodontic treatment showed some degree of hypersensitivity to pressure and pinch
pain compared to healthy controls suggesting that sensitisation had already begun prior to
the surgery (25). Because of the length of time required for pre and post surgical
orthodontics, there are currently no sufficiently sized longitudinal studies that have
incorporated pre and post-treatment quantitative sensory testing to separate the contribution
of orthodontic from surgical trauma. Even if pre-surgical comparison estimates are used,
multiple other issues may confound or bias the interpretation of the sensory differences over
time: (i) Is the exact same part of the nerve distribution being tested at all time points? (ii)
How much variability in the responses can be attributed to uncontrolled variation in stimulus
delivery that may be introduced by changes in force or pressure of the delivery or the
duration of the stimulus delivery? (iii) How much variability may be introduced by
differences in the environment or patient's behaviour (coffee or food intact, sleepiness) at
different time points? and (iv) If the stimuli feel qualitatively abnormal on the skin, does this
impact the patient's response? For example, light touch (nylon filaments) and brush stroke
stimuli may evoke abnormal unpleasant tactile percepts suggestive of punctate and dynamic
allodynia, respectively (26). If a control site at a different location on the face is used, is the
presumption that sensibility would be the same in the absence of therapy at the control and
test site valid?

Sensory testing measures are intended to provide a quantification and a basis for judgments
regarding changes in the severity, location and spatial extent of sensory alteration over time.
Theoretically, the various measures quantify the extent of persistent injury in different
axonal fibre types. For example, contact (touch) detection (CTD) threshold is thought to
assess the functional integrity of the large diameter AB mechanoreceptors while thermal
perception tests assess the functional integrity of small diameter Ad myelinated
thermoreceptors and unmyelinated C-fibre thermoreceptors (27,28). However, subtle
differences in the testing procedure with the same stimuli can result in substantially different
threshold estimates and in differences in the interpretation of the results. For example, 2PD
threshold assesses the subject's ability to discriminate two from one point of contact based in
part on spatial information, while the two-point perception (2PP) threshold assesses the
subject's subjective interpretation or discernment of the overall pattern of tactile stimulation,
i.e. "were two distinct points of contact felt?' This distinction is often overlooked.

The choice of sensory testing measures for post-surgical follow-up (Fig. 2) then is highly
dependent on the purpose of assessment (nerve fibre injury versus tactile / spatial acuity;
longitudinal observation versus treatment effect). The contact detection and warmth
perception thresholds appear to be the most sensitive and useful stimulus detection and
perception thresholds, respectively, for assessing trigeminal nerve injury (1,29,30).
Estimates of the CD threshold obtained postoperatively have been shown to correlate
significantly with objectively assessed nerve injury intraoperatively (15) and with
objectively assessed persistent nerve injury and patient report of altered sensation for up to 1
year after surgery (24,31).

However, contact detection alone would not necessarily be sufficient for the differentiation
of a treatment effect that was primarily focused on cognitive changes rather than nerve
repair. For example, at 2 years after surgery, patients who used sensory retraining exercises
following orthognathic surgery responded that they were able to “feel' two distinct points of
skin contact at shorter separations, on average, than patients who used only opening
exercises, even though the exercises were discontinued at 6 months postsurgery (32,33).
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However, the two groups did not differ in average contact detection or 2PD thresholds.
These results suggest that nerve recovery was similar for the two groups but the patients
who had participated in the sensory retraining exercises had cognitively accommodated to
the sensory alteration, resulting in an apparent improved sensory function as indicated by
testing of 2PP. Although two point perception is similar to the 2PD threshold, it is a biased
estimator dependent on the subject's ability to discriminate two from one point of contact,
which is heavily influenced by cognitive factors as well as subjects’ discriminative capacities
(34). This cognitive treatment effect over a 2-year period after surgery was corroborated by
the sensory retraining patients' reports of the presence of less altered sensation and less
burden associated with the alteration than was reported by those patients who had not
received the sensory retraining (35-37).

Patient self-report

The debate over which type of assessment (sensory testing or patient report) should be
considered the “gold standard' of nerve injury and recovery is unwarranted. To the clinician
considering microsurgery for nerve repair the objective, electrophysiological measure of
nerve integrity or stimulus detection measures may be most valuable; but if the
consideration is the patient's accommodation to the altered sensitivity (32,33,35-37) or the
effect of medication (38), then stimulus perception measures or patient self-report may be
the preferred measure. And to the patient, the changes in sensitivity and sensation and the
extent to which the change causes discomfort or problems with daily life is paramount
regardless of sensory testing estimates of residual nerve injury. The reports in the literature
of the prevalence and qualitative nature of altered sensation following orthognathic surgery
as assessed by patient report have been highly variable. This variability reflects differences
in study design,; the length of time after surgery when the patient is queried; and most
importantly, the disparity in the intent and response options of the patient queries (39-47).
For example, studies that focus on loss of sensitivity (39,40) or even exclude patients who
report a sensation other than reduced sensitivity (41) ignore the paresthesias / dysesthesias
that patients commonly report either alone or in combination with loss of sensitivity (Table
1,Fig. 3) (8,25,42).

There are at least six dimensions that may be addressed in a patient self-report:
1. Does the patient perceive any change in sensation?
2. Where?
3. When? Spontaneously, evoked or both?
4

How does the patient describe the change? Decreased or increased sensitivity,
abnormal sensation, or pain?

5. What does the patient perceive as the functional or behavioural sequelae in daily
life?

6. How much of a burden or problem do these sequelae cause?

Each of these dimensions provides a unique perspective about the alteration. "Does' allows
for the possibility that the clinician's examination might not assess those aspects of impaired
nerve function sensed by the patient or that the patient has accommodated sufficiently that
the impairment is not noticeable. "Where' provides insight into the nerve distribution
affected. "When' provides information relevant to the severity of the sensory alteration. For
example, a patient who experiences burning pain on the chin only when exposed to cold
temperatures exhibits cold allodynia but if the burning pain occurs spontaneously, the
patient is diagnosed with neuropathic pain (26,48). Verbal descriptors target the range of
altered sensations experienced by patients following injury in the trigeminal region (Fig. 3)
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(8,49). Patient self-report has been shown to be quite reliable: given the same instructions by
multiple examiners, patients provided identical responses when requested to describe
alterations that occur spontaneously or were elicited by touch (50). Indeed, similarly
constructed verbal descriptor scales have been shown to be useful in identifying and
classifying neuropathic pain disorder (51-53). The perceived effect on daily life provides an
indication of the patient's level of accommodation to the altered sensation. At 6 months after
BSSO, almost three-fourths of patients report at least mild difficulty in their everyday life
related to numbness; slightly less report difficulty caused by the lips being less sensitive, or
difficulty related to unusual sensations; and about 20% report problems related to facial pain
(54). The altered sensation is reflected in patient reports of the functional or behavioural
sequelae such as difficulty in eating, and kissing, food particles remaining on their face,
drooling, and the inability to feel their face during smiling and speaking (47,54-56). The
total area over the face affected by the alteration also affects patients' perceptions. Patients
who report altered sensation on both the upper lip and lower face report more problems
related to their social interactions and the recovery of self-confidence than patients who
report alteration on only one jaw or no alteration at all (57).

The experience of persistent altered sensation following a nerve injury is complex, and like
acute (1 h to 1 week) post-operative pain, is likely influenced by demographic,
environmental, and psychosocial characteristics as well as genetic factors. Age and
psychological well-being have also been shown to impact symptoms of altered sensation
following orthognathic surgery (14,33,36,37,58). Older patients and those with elevated
psychological distress prior to surgery are more likely to report or exhibit persistent altered
sensation 2 years after BSSO (35); more interference with daily life activities (36); greater
impairment in 2PD (33), and more post-surgical oral health problems (59). To what extent
the effect of age is a result of cognitive versus physiological changes is not known. The
indication that psychological distress affects a patient's sensitivity to altered sensation and
difficulty accommodating to that alteration is supported by the conclusion from a recent
evidence-based literature review (60) on clinical recovery: “preoperative consideration of
attitudinal (expectations, optimism) and mood (anxiety, depression) factors will assist the
surgeon in estimating both the speed and extent of recovery.' Results from diverse types of
surgery indicate that patients who are psychologically distressed prior to surgery tend to
report more discomfort or difficulty with symptoms, general health, and overall recovery in
the first few months after surgery than those who are not distressed (61-67).

Conclusion

The personal and societal cost of altered sensation can be considerable: lost productivity,
increased utilisation of health care services, decreased quality of life, and potential negative
impacts on the emotional and psychological well-being of the individual. Persistent,
postoperative altered sensation, whether pain or numbness, is an important health issue and
yet prevention, treatment, and management are poorly understood. Strategies for
individualising patient management and new therapies for enhancing afferent nerve repair
and reducing persistent altered sensation require an improved understanding of the pattern of
neurosensory recovery and the factors that influence that pattern.
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Fig. 1.

3D renderings for a subject who reported substantial sensory loss 1 yr after surgery on the
left side of the chin but not the right. (a) On the right side the screws were a minimum of 1.9
mm above the canal, while (b) and (c) show that on the left side, one of the fixation screws
was placed through the canal.
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Fig. 2.

Percentage of 186 patients whose two-point perception, two-point discrimination, and
contact detection thresholds obtained on the chin after a mandibular osteotomy
approximated the presurgical value (between % and 2 times the presurgical threshold
indicated in yellow); exceeded the presurgical threshold value (more than 2 times higher
indicated in green); or were below the presurgical threshold (at least % the presurgical
threshold indicated in blue). Note that the time course of recovery differed for the three
measures of somatosensory function, with less recovery observed for contact detection than
either two-point perception or discrimination.
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Fig. 3.

Percent of 186 patients who choose words associated with hypoesthesia, paresthesia, and/or
dysesthesia to describe their altered sensation at 4 visits during the first two years after
orthognathic surgery. Note that at all time points after surgery the percent of patients
exceeds 100% indicating that patients frequently chose words associated with more than one
category of altered sensation.
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Examples of variation in design and intent of patient self-report assessment with respect to post-surgical

altered sensation

Table 1

Study Design Assessment
Al-Bishri (42) Retrospective Any altered sensation (verbal descriptors)
Al-Bishri (43) Retrospective Any altered sensation (yes/no)

Baad-Hanson (25)
Cunningham (41)
Essick (44)
Lemke (47)
Nesari (40)
Phillips (35)
Phillips (8)
Teerijoki-Oksa (24)
Thuer (45)
Westermark (39)
Ylikontiola (14)
Ylikontiola (46)

Cross-sectional
Prospective
Prospective
Prospective
Retrospective
Prospective
Prospective
Prospective
Prospective
Prospective
Prospective

Prospective

Any altered sensation (yes/no)

Loss of sensation (normal to completely numb)
Any altered sensation (yes/no)

Loss of sensation (normal vs. any reduction)
Loss of sensation (normal vs. any reduction)
Any altered sensation (yes/no)

Any altered sensation (verbal descriptors)

Any altered sensation (yes/no)

Any altered sensation (verbal descriptors)

Loss of sensation (normal to completely numb)
Loss of sensation (normal to completely numb)

Loss of sensation (normal to completely numb)
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