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Peripheral Facial Neuropathy
Every year in the US, millions of people suffer from peripheral neuropathy caused by
accidental, compressive, or iatrogenic, e.g. surgically associated, injury to the peripheral
nervous system (PNS). Virtually all of the peripheral nerve injuries to the face occur as a
result of nerve compression, stretching, or inflammation of the trigeminal nerve. Elucidation
of the mechanisms that influence the rate of peripheral nerve repair after injury is of
particular importance for the development of treatments for patients who, after an iatrogenic
or other traumatic injury to a peripheral nerve, experience suboptimal recovery of sensory
function or the development of neuropathic pain (1,2). Sensory peripheral nerve injury can
result in symptoms that range from a complete or partial loss of sensation (anesthesia or
hypoesthesia); to nonpainful tingling sensations (paresthesia); to increased sensitivity to
touch or pressure with or without numbness or pain (hyperesthesia or dysesthesia) and
numbness. (3,4,5). The extent of sensory impairment as indicated by stimulus testing
measures has been shown to be reflected in the word descriptors that patients choose to
describe their symptoms of altered sensation. (6)

Most trigeminal nerve injuries are associated with fracture of the mandible or maxilla. For
example, the incidence of somatosensory deficits following facial injuries has been reported
as 54.5% in nondisplaced fractures, 88.2% in dislocated fractures, and 100% in fractures
with a direct nerve injury. (7) Indeed, following bilateral sagittal split osteotomy, the
incidence of nerve injury (8,9,10) approaches 100%. Using nerve conduction recording
methods, the gold standard for assessing the structural integrity of a nerve, one study of 38
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trigeminal nerves recorded intraoperatively found that 21 nerves experienced demyelinating
injury and 15 axonal damage during the surgery (8). These injuries result in somatosensory
deficit and associated symptoms that most often vary over time and can be unpleasant or
painful(4). Moreover, persistent altered orofacial sensations following a peripheral
trigeminal nerve injury often negatively impact patients’ lives (11,12,13). Those patients
who report dysesthetic altered sensations or pain experience the most interference or
associated burden in their lives (11,15).

Soft tissue injury and inflammation generally resolves in the first post-operative month after
surgery but the sensory sequelae of the nerve injury may persist for at least 2 years after
surgery – the longest duration that most studies have followed patients after treatment
(11,12,13,14,15,16,17). Greater than 60% percent of BSSO patients report persistent altered
sensation six months after surgery and approximately 20% use descriptors suggestive of
unpleasant sensations (dysesthesia) including pain (4,6,11).

Afferent Nerve Recovery and Cortical Remodeling after Nerve Injury
Following any degree of peripheral nerve injury, a complex of cellular and molecular
signaling alterations is immediately initiated, 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 edema, the sensory deficits can be
attributed to anatomical or functional changes within the peripheral nerve or to changes
induced in the central nervous system by the nerve injury (18,19) In general, three often
temporally overlapping phases may be used to describe this biological response: the fate
determination of the 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
myelination; and the remodeling of the cortical representation of tissues innervated by the
damaged axon (20).

Virtually all of the recovery pathway data is derived from transectional or crush injuries in
animal models, in which case axonal regrowth, reconstitution, and remyelination are
essential, but it’s reasonable to assume that non-transecting injuries activate similar
pathways (21). Axonal damage is often severe even without transection, requiring
reconnection of axonal sprouts to target tissues, reconstitution of axonal damage, and
remyelination of myelinated afferents (8) Once the fate of the injured neuron is set, the
surviving cell body actively intensifies its transcriptional machinery for the heightened
synthesis of structural proteins for axonal repair and regeneration, if required, and
restoration of electrical conduction from the tissues. (22,23,24,25,26).

Finally, injury-associated alterations in the peripheral nerve induce changes in neural
substrates at subcortical and cortical levels within the CNS (27,28). The underlying
mechanisms of this central plasticity are largely unknown but a heightened excitability is
often observed in cortical regions that remodel in response to nerve injury (20). In a sense
neuroplasticity reflects the competition between afferent inputs for connections in the
sensory cortex. Microelectrodes implanted in the cortex and subcortical relay stations on the
sensory path between the face and the cortex in rats showed new responses to other facial
areas within minutes of the deactivation of their usual sensory input (29)

This cortical reorganization is reflected in the altered symptoms that are experienced by
individuals after sensory nerve injuries. In the normal state, stimulation of the face or lips by
contact with the external environment stimulates the sensory receptors and a profile of
neural impulses is elicited. These impulses impact upon the sensory cortex and are
associated with previous memory of experiences. After a nerve injury, the same contact (the
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same stimulus) with the external world elicits a different, altered profile of neural impulses
(30)

Sensory Re-training Background
Sensory re-training (also referred to as sensory re-education) is a cognitive behavioral
therapy technique that helps the patient with a nerve injury to meaningfully interpret the
altered profile or neural impulses reaching his conscious level after the altered sensation area
has been stimulated (30). Moreover, the repetitive neural input from sensory re-training
exercises can produce plastic changes in the somatosensory cortex via the same mechanisms
underlying those evoked by altered input from the nerve damage. This reorganization
through re-training can compensate, in part, for some of the impairments associated with
nerve injury (31,32,33,34,35,36,37).

Animal studies have shown that behavioral sensory training alters the central neural
representation of the involved skin sites, alters the response of individual somatosensory
cortical cells to tactile stimulation, and increases synapse to neuron ratios and improves
behavioral function after induced brain damage more than simple repetitive exercise
(38,39,40,41,42,43,44). Neuroimaging studies indicate that similar changes occur in human
subjects following sensory denervation and sensory training (45). Sensory experience or
retraining results in somatosensory cortical maps that exhibit higher sensory resolution and
greater topographical organization which facilitate better interpretation of sensory inputs. In
contrast to the central neural changes, sensory re-training does not alter the course of nerve
regeneration or the absolute thresholds to touch (39,46,47,48) but does improve both the
patient’s cognitive and adaptive response to stimulation of the affected skin region.
(12,30,49,50,51).

Although improvement has been reported when re-training isn’t initiated soon after the
injury, reorganization of the cortex after changes in peripheral input happens quite quickly.
Persistent chronic altered sensation may result in irreversible cortical changes. One of the
goals of re-training is to avoid, minimize or modulate the central functional re-organization
(52)

The process of sensory re-training can be likened to the brain learning a new language in
progressive phases of difficulty. Initially, use of the words is slow, challenging and error
prone. With time and practice, verbal fluency may be acquired. Unfortunately, no research
has been conducted to determine the optimal number of phases or the exercises required to
obtain the maximum benefit to patients with orofacial nerve injuries.

Historically, in the early phase of sensory retraining (Table 1), the intent is to re-educate
constant vs moving touch perceptions. That is, a patient must re-learn what constant touch
feels like compared to moving touch and where on the skin the touch is actually occurring.
In the early phase, a greater stimulus intensity may be necessary for the patient to
differentiate constant from moving touch but the intensity should never be so great as to
evoke pain. If hyperesthesia or dysesthesia occurs, desensitization with gentle stroking using
different textures or gentle tapping is recommended(53,54,55,56). In the late phase of
retraining (Table 1), the intent is to re-educate the directionality of movement perceptions of
the patient. For example, is the movement of an external object across the skin from left to
right or right to left?

For orofacial sensory retraining, an important component of the retraining exercises is the
visual feedback provided by performing the exercises in front of a mirror. This elicits two
different sensory events, the sensation of the brush on the facial skin and the sight of the
brush on the face. Recent experimental studies have shown that viewing a body surface can
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directly enhance tactile perception and detection (57,58) even when the “touch” is not
physical but a mirrored reflection.(59,60). The frequency with which the exercises are
performed each day is much more important than the length of time spent at any given time.
It may be that encouraging patients to perform orofacial sensory retraining exercises with a
small handheld mirror for a short period of time, perhaps 1–2 minutes, 4 to 6 times per day
would be as or more effective than a longer less frequent protocol.

Both the potential for acquiring the “second language” of sensory retraining and its
effectiveness decreases with age (49,50,61), varies with the verbal learning capacity and
visuo-spatial cognitive skills of the patient, and depends on motivation and positive
reinforcement (45).

Sensory re-training as a rehabilitative approach has been used extensively over the past
several decades for patients who had nerve injuries affecting the hand. The emphasis of the
sensory re-training exercises for hand injury and stroke patients has been to teach the patient
to interpret the percepts of objects manipulated by the fingers in a meaningful and functional
way (30,53,62,63,64). Hand injury patients learn to recognize and to discriminate the shapes
of small objects (various buttons, coins and keys). Patients gain the ability to button their
own shirt and to identify shapes without visual cues (ex. a key versus a coin). Although the
touch percepts produced by the objects remain abnormal after re-training, patients become
more comfortable with, and accepting of, the situation since the percepts are no longer
functionally disabling.

The same therapeutic approach, incorporating meaningful and graded stimuli, active
participation, and accurate feedback, has successfully been used to improve tactile and
proprioceptive discrimination following a stroke (65,66) and recovery of function in people
with brain damage (67). An adaptation of sensory re-education, mirror box therapy, has
successfully been used with patients with phantom limb pain (68), hemiparesis after stroke
(69), and complex regional pain syndrome type I (70). Patients have regained functionality
and mobility with reduced pain and evidence of cortical reorganization of the primary
somatosensory cortex that paralleled their clinical improvement (71).

Sensory Retraining for Altered Orofacial Sensation
The question of whether sensory retraining exercises could be used effectively with patients
with altered orofacial sensation was first raised in the literature by Gregg in 1992(72) In
2001, Meyer and Rath presented a retrospective review of 372 patients who had had a
microsurgical repair for a nerve injury after 1981 and for whom at least an 18 month
postsurgical followup was available. A non-random sample of patients had been given facial
sensory exercise instructions that incorporated some of the early stage components of
sensory re-training with the expectation that sensory retraining would help patients with
altered oral-facial sensation following nerve injury by i) improving patients’ ability to
interpret lip/chin sensations and movements, ii) improving perioral motor function
subjectively and objectively, and iii) lessening the objectionable impression of numb/
paresthetic sensations in the lip and chin by decreasing the subjective differences between
affected and unaffected skin areas.(53) The percentage of patients who achieved a useful
sensory recovery on the Medical Research Council Scale, a clinical assessment, did not
differ for those who did and did not receive instructions regarding facial sensory exercises.
However, those patients who received instructions reached their final level of sensory
recovery much sooner, on average 3 months earlier (53).

In order to assess the efficacy of sensory re-training for facial altered sensation, a multi-
center double blind parallel two-arm stratified block randomized clinical trial (RCT) was
conducted at an academic center and a community-based center with enrollment of 191
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subjects. The intent was to assess whether the magnitude and duration of patient-reported
burden from altered sensation was lessened when facial sensory retraining exercises were
performed in conjunction with standard opening exercises than when the opening exercises
were performed alone. The subjects were patients with a developmental disharmony who
were scheduled for a bilateral sagittal split osteotomy with or without a maxillary
osteotomy. Just as third molar extraction is an excellent model for analgesic pain studies,
candidates for orthognathic surgery constitute an ideal subject group for the investigation of
novel putative therapies for nerve injury associated altered sensation. Baseline data can be
obtained before altered sensation develops, i.e. presurgically, and these baseline responses
can be compared subsequently to those obtained immediately after nervy injury and during
the recovery process. Because the surgery is elective, patients are typically healthy young
adults without pre-existing conditions or complications that can make interpretation of
therapeutic effect more difficult.

The emphasis in the RCT on patient-report was motivated by two factors: 1) the assumption
that sensory retraining would not affect nerve recovery and therefore basic sensory testing
measures of nerve function and 2) the recognition of the different functions of the sensory
innervations to the facial versus digital skin. The terminal distribution of the inferior
alveolar nerve, i.e., the mental nerve, innervates skin functionally more like the back of the
hand (radial nerve) than the palm side of the hand (median and ulnar nerves).(73) Thus, the
skin of the hairy lower lip/chin of the face deform in response to movements during
function, and as such, the evoked neural discharge serves a proprioceptive role including a
conscious awareness of facial expressions(74,75).

The sensory re-training protocol in the RCT had three, time-dependent levels of instructions
that were given to patients at 1 week, 1 month (4 to 6 weeks), and 3 months after surgery.
The time points were selected based on their use in clinical studies of the impact of sensory
reeducation in patients with an injured median or ulnar nerve (64) and in clinical studies of
sensory impairment in patients following orthognathic surgery. (76,77,78,79) The three
levels of sensory retraining were designed to increasingly challenge patients congruent with
the early and late phases of sensory education used for the hand: constant vs moving touch;
orientation of moving touch; and direction of moving touch (Figure 1 and Table 2). (Three
videos demonstrating each exercise at each level are available online within this article at:
www.oralmaxsurgeryatlas.theclinics.com, March 2011 issue. The videos were produced by
Video Services of the Center for Instructional Technology at the University of North
Carolina. Written instructions provided to subjects and copies of the instructional tapes are
available from the corresponding author upon request.)

Consistent with the anecdotal reports, the patients in this clinical trial who received the
sensory retraining exercise instruction were less likely to report a problem related to unusual
feelings on the face, loss of lip sensitivity, or numbness at 3 and 6 months after surgery than
subjects who received standard opening exercises only (12,80). At 6 months, subjects in the
opening-only exercise group were almost twice as likely as those in the sensory retraining
group to report a problem with altered sensation. (12,80). In addition to patient-reported
outcomes, two-point perception, two – point discrimination, and contact detection thresholds
were measured as secondary outcomes. The sensory re-training patients were more adept at
perceiving touch (Figure 2), indicating accommodation, even though there was no
improvement in the ability to discriminate two distinct points of contact from one (nerve
recovery) (46).

The positive effect of the sensory retraining persisted even after the exercise protocol was
completed. Although the likelihood that a subject would report altered sensation steadily
decreased in both groups over a two-year follow-up, the difference between the groups was
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relatively consistent. Even at two years after surgery, patients who received only the opening
exercises were about 2 times more likely to report an altered sensation than patients who
used the sensory retraining exercises after surgery(Figure 3).(49) And patients in the sensory
retraining group were less likely to report interference in daily life activities from numbness
or loss of lip sensitivity (Figure 4a,b) (50) This difference between the two exercise groups
appears to be related to the difference in how the “retrained” individual experienced or
interpreted tactile stimuli rather than any difference in nerve recovery or repair (46,47).

The primary efficacy results at 6 months and the longer term recovery analyses at 24 months
indicate that for patients who experience an acute nerve injury, as is highly likely during a
mandibular osteotomy, the simple, non-invasive sensory retraining facial exercises, which
require only an inexpensive cosmetic brush and a mirror, are an effective cognitive
behavioral therapy to promote accommodation to a sensory deficit on the face. Perhaps the
desired outcome for “re-trained” patients was best stated by Callahan, “If sensory re-
education results in a person’s increased ability to better enjoy the tactile sensations of
everyday living, then reeducation has been meaningful and successful.”(54)

Conclusions
1. Sensory retraining teaches the patient to ignore or blot out post-injury unpleasant

orofacial sensations to optimally tune into and decipher the weakened and damaged
signals from the tissues.

2. Sensory retraining is a simple, inexpensive, noninvasive exercise program, which
initiated shortly after injury, can lessen the objectionable impression of orofacial
altered sensations.

3. Sensory retraining exercises are most effective on decreasing the perceived burden
associated with hypoesthetic orofacial altered sensations.
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Figure 1.
Screen shot of sensory retraining exercise instruction: simple touch and stroke with cosmetic
brush (motion training) and mirror. Three videos demonstrating each exercise at each level
are available online within this article at: www.oralmaxsurgeryatlas.theclinics.com, March
2011 issue. (The screen shot and videos are © Video Services of the Center for Instructional
Technology at the University of North Carolina, Chapel Hill, NC).
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Figure 2.
Estimates of the adjusted mean impairment ratio in two point perception for subjects who
did and did not receive sensory retraining exercises. The lower 2-point perception
impairment ratio, on average, for the sensory retraining(SR) group indicates that this group
was able to report two distinct points at shorter separations than the opening only group. The
Y-axis is scaled logarithmically. A value of 1 indicates a return to pre-surgical value.
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Figure 3.
Estimated and observed likelihood of the presence of altered sensations for subjects who did
and did not receive sensory retraining exercises after controlling for psychological distress
and age. (From Phillips C, Kim S, Essick G, Tucker M, Turvey TA. Sensory retraining
following orthognathic surgery: Effect on Patient Report of the Presence of Altered
Sensation. Am J Ortho Dentofac Orthop, 136:788–794, 2009.)
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Figure 4.
Estimated likelihood of a subject reporting at least some problem or interference in daily life
after controlling for psychological distress and age for subjects who did and did not receive
sensory re-training exercises A) Problem associated with Numbness. B) Problem associated
with loss of lip sensitivity.
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Table 1

General Concepts of Sensory Re-training

Two Phases:

 Early Phase: Constant vs Moving Touch

 Late Phase: Directionality

Frequency: 3 or 4 times a day for a couple of minutes

General Strategies:

 Quiet surroundings. Concentration is important.

 Use stimulus (cloth, cosmetic brush, cotton swab) not finger. Using a finger would create two sets of sensory information for the patient
which would confuse the all ready distorted sensory picture.

Components of Re-training

1 Observation of touch/movement. For the face, it’s critical to use visual feedback via a mirror.

2 Concentration on perception of touch/movement with eyes closed in order to combine the mental with the visual picture.

3 Repeat observation for visual confirmation of touch/movement

4 Verbalize the touch/movement being performed and what it feels like

5 Incorporate unaffected areas using the same procedure so that the sensation on the two sides may be compared.
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Table 2

Synopsis of instructions given to the opening-only exercise group and the sensory-retraining group at each of
the 3 training sessions. Subjects in the sensory-retraining group also were instructed and ask to perform the
opening exercises.

Visit Opening Exercises (3x/day) Sensory Retraining Exercises (2x/day)

1 Week • Simple open/close and side/side using jaw muscles
only

• Movement until discomfort only not till pain

• “Hold and Relax”

• Alternate simple touch and stroke with cosmetic
brush (Motion training).

• Feedback from mirror.

• Visualization with eyes closed.

1 Month • “Hold and Relax”

• “Finger Stretch” for simple open/close

• Movement until discomfort only not till pain

• Alternate up/down and side/side strokes
(Orientation training).

• Feedback from mirror.

• Visualization with eyes closed.

3 Months • If Opening ≥35mm

Occasionally repeat exercises.

• If Opening < 35mm

Increase frequency of exercises,

• Alternate up→down and down→up strokes
(Directionality training).

• Feedback from mirror.

• Visualization with eyes closed.

From Phillips C, Essick G, Preisser JS, Turvey TA, Tucker M, Lin D. Sensory Retraining following orthognathic surgery: effect on patient
perception of altered sensation. J Oral Maxillofac Surg 65:1162–73, 2007.
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