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    Preface   

   We live in a society exquisitely dependent on science and 
technology, in which hardly anyone knows anything about 
science and technology. 

 Carl Sagan   

 Microneurosurgery of the trigeminal nerve is still in its infancy, and we 
 continue to develop more experience and knowledge, as well as technological 
advancements, in managing these complex clinical dilemmas. In fact, trigemi-
nal nerve injury management should be considered a subspecialty of    oral and 
maxillofacial surgery since this area of surgery requires additional training, 
knowledge, clinical skills, and experience in order to properly diagnose and 
care for the patient who sustains an injury to one of the terminal branches of 
the trigeminal nerve. Perhaps some of the earliest publications in the English 
literature regarding the lingual and inferior alveolar nerve for reporting data on 
information other than local anesthesia were those published in the  British 
Dental Journal  by Cowan in 1946 who described pressure on the lingual nerve 
from an impacted third molar and Beauchamp in 1947 who described a case 
of severance of the inferior alveolar nerve during a tooth extraction. Simpson 
in 1958 published an article on “injuries to the inferior dental and mental 
nerves” in the  Journal of Oral Surgery , but the interest in this specialty area 
only began to emerge in the 1960s for    oral and maxillofacial surgeons, with 
sparse publications, including only a few case reports by Ralph Merrill, relat-
ing to decompression for inferior alveolar nerve injury published in the  Journal 
of Oral Surgery . In the 1970s, microsurgery hands-on training courses were 
offered in the USA for those surgeons interested in pursuing advanced spe-
cialty training in the principles, and techniques of microsurgery and courses 
were held in various locations throughout the United States, including the 
University of Washington. Surgeons such as Chuck Alling, Nick Choukas, 
Ralph Merrill, JE Hausamen, Roger Meyer, Lenny Kaban, George Upton, Bob 
Campbell, Joe Van Sickels, Peter Mozsary, Larry Wolford, John Gregg, Arden 
Hegtvedt, Barry Eppley, Bruce Donoff, John Kiesselbach, Jim Hayward, Lee 
Dellon, Sue Mackinnon, Leon Davis, Ray Dionne, Bruce Epker, PP Robinson, 
John Zuniga, and John LaBanc were among the  fi rst to publish in the area of 
trigeminal nerve injuries in the 1970s and 1980s. Throughout the 1990s, there 
were many publications on trigeminal nerve injury; however, most of these 
were case reports and descriptions of speci fi c surgical techniques based upon 
individual surgeon experience with little evidence-based data. 

 Into the new millennium, those surgeons with the most experience in this 
area have begun to report the results of their personal experience over many 
years with a reasonable number of patients, but a well-controlled multicenter 
clinical trial has yet to be performed in this area, although there has been 
interest in such a study among those individuals who are routinely  evaluating 
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and treating the nerve-injured patient. Perhaps the only retrospective multi-
center study we have available to date is that reported by LaBanc and Gregg 
in the 1992  Oral and Maxillofacial Clinics of North America . This Clinics 
of North America publication entitled  Trigeminal Nerve Injury :  Diagnosis 
and Management , edited by John LaBanc and John Zuniga, was the  fi rst 
attempt to bring the subject of trigeminal nerve injuries to the forefront of 
clinical practice for oral and maxillofacial surgeons. This issue was followed 
nearly a decade later by a second  Oral and Maxillofacial Surgery Clinics of 
North America  devoted to  Clinical Trials in Orofacial Neurotrauma , edited 
by John Zuniga and John Gregg. These two clinics were focused efforts to 
heighten awareness and increase access to care for patients who sustain 
trigeminal nerve injuries. In addition, two  Atlases of the Oral and 
Maxillofacial Surgery Clinics of North America  were published in 2001 and 
2011, with illustrated chapters demonstrating speci fi c microneurosurgical 
techniques. The paucity of an organized and comprehensive treatise on 
trigeminal nerve injury has been the impetus for this textbook on  Trigeminal 
Nerve Injuries . The Table of Contents of this textbook is organized to include 
the requisite information about our current understanding regarding the spe-
cialty of microneurosurgery of the trigeminal nerve, authored by the recog-
nized experts in the  fi eld, including an impressive international group of 
surgeons with arguably the most clinical experience and expertise in this 
area. While most of these trigeminal nerve injury experts are well beyond 
their “textbook chapter writing days,” they were uniformly highly motivated 
to participate in this important project.    There was a consensus that a refer-
ence textbook was essential for the practicing clinician, including dentists, 
dental specialists, and oral and maxillofacial surgeons, and other medical 
and dental professionals, to allow appropriate assessment of patients who 
sustain nerve injuries, in order to gain an understanding of the short- and 
long-term treatment options and, also importantly, to determine at what 
point in time to make the appropriate referral for care, and to whom, either a 
microneurosurgeon or neurologist or other medical professional, and to 
make the patient referral. In many cases, it is appropriate to obtain a neurol-
ogy consultation to assist with pharmacologic management; however, it may 
not be as simple to  fi nd an experienced microneurosurgeon of the trigeminal 
nerve. The  American Association of Oral and Maxillofacial Surgeons  pro-
vides assistance to those dentists and surgeons who wish to locate a regional 
microneurosurgical expert, but this information should be made readily 
available to all practitioners. In fact, regional referral centers should be 
established that have the necessary experience to most appropriately manage 
the nerve-injured patient. Since the majority of regional experts in the USA 
are either full-time or part-time academicians, accredited oral and maxillo-
facial surgery training programs may ful fi ll the need of the clinician for ini-
tial patient referral and triage. As more residents in oral and maxillofacial 
surgery are trained in the techniques of assessment and management of 
nerve-injured patients, more microneurosurgeons will be available through-
out the country and throughout the world, to improve access to care for the 
trigeminal nerve-injured patient. 
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 While we have learned a great deal about nerve injuries and repair and we 
have had many reports in the literature over the past few decades and while 
much has changed, at the same time, very little has changed in the diagnosis 
and management of trigeminal nerve injuries. Certainly, we have learned a 
great deal since John C. Warren published his experience in  The Boston 
Medical and Surgical Journal  I: 1; 1, February 19, 1928 entitled “Cases of 
neuralgia, or painful affections of nerves.” Dr. Warren describes cases of 
trigeminal neuralgia that had failed pharmacologic treatment that he man-
aged with surgical transection of the terminal branches of the nerve, with 
immediate recurrence of the painful trigeminal neuralgia symptoms. During 
an abstract presentation at the 73rd AAOMS Annual Meeting and Scienti fi c 
Sessions in Chicago, Illinois, on September 25, 1991 by Roger Meyer, he 
indicated that microneurosurgery delayed for more than 1 year had a 
signi fi cantly negative impact on long-term neurosensory recovery, and, in his 
2012 publication, he has maintained his opinion based upon a retrospective 
review of 167 patients over nearly 20 years. On the other hand, what has 
changed in clinical assessment and management of trigeminal nerve injuries 
includes the use of cone-beam 3D imaging for IAN injury risk assessment for 
third molar surgery, endoscopic-assisted surgery to access dif fi cult sites, the 
use of nerve growth factors and other cytokines, suture laser welding of neu-
ral anastomosis sites, the use of allogeneic cadaveric nerve tissue for nerve 
grafting, and, certainly, surgeon experience continues to improve. It is inter-
esting to note that according to several publications (including Pogrel and 
Robinson, as well as the experience of others), the number of surgical cases 
is less than 10 % of all patient consultations for nerve injury. As a result, the 
microneurosurgeon and residents in training working with these surgeons are 
exposed to a large number of patients that allow the development of diagnos-
tic skills for nerve injury assessment. 

 At the present time, there is certainly a lack of available data to allow for 
evidence-based treatment decisions with regard to patient evaluation, surgical 
indications, degree of acceptable paresthesia, proper timing for exploration 
and repair, and expected outcomes and following trigeminal nerve repair 
 surgery. When the patient symptomatology includes unpleasant or painful 
sensations, what is the most appropriate pharmacologic regimen to use, 
should medications be applied locally and/or systemically, and what is the 
role of behavioral therapy, vitamin B therapy, low-level laser therapy, psycho-
therapy, as well as microneurosurgical management of neuropathic pain? 
Therefore, and since the majority of existing data is retrospective in nature, a 
multicenter trial is essential in order to most appropriately answer these 
 questions. This should be a well-designed controlled multicenter clinical trial 
with experienced microneurosurgeons using standardized data acquisition 
(e.g., Sunderland grading system) and examination reporting parameters 
(e.g., MRSC grading scale of functional neurosensory recovery). An attempt 
at standardization was performed in 1998 by Zuniga et al., which established 
the validity of the Sunderland grading system for IAN and LN injuries. 
A great deal of credit must be given to those surgeons who have continued to 
evaluate their individual experience and publish in this area of the past 
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20 years, and the majority of those individuals are contributing authors in this 
textbook due to their expertise in this specialty area. Also, since the literature 
has shown that existing surgical treatment modalities have not been shown to 
predictably result in functional neurosensory recovery even in the hands of 
experienced surgeons (with reported success rates of less than 50 %, although 
more recent studies showing a success rate in the 80–90 % range), other man-
agement options must be explored, including nonsurgical options and other 
innovative techniques possibly utilizing neural growth factors and possibly 
vitamin enhancement at the site of injury. Also, improved noninvasive imag-
ing resolution of fascicular disruption patterns in individual patients must be 
developed with the continued technological advancements in radiology. In 
addition, multimodality treatment of painful neuropathies is essential to pre-
vent progression to complex regional pain syndromes, and clinical and exper-
imental research in this area continues today. 

 Finally, when I initially contacted potential authors about the idea of a 
textbook on  trigeminal nerve injuries , the overwhelming response was 
extremely positive and the general sentiment was that this project was essen-
tial and long overdue. In fact, the known “experts” in this area are represented 
in this textbook, and even a chapter on the management of Facial Nerve 
Injuries is also included. This project was completed within a very short time 
frame from conception of the idea between Sverre Klemp with Springer-
Verlag and me at the 93rd Annual AAOMS meeting on September 17, 2011 
in Philadelphia. I want to thank all of the contributing experts for collaborat-
ing to make this textbook a signi fi cant contribution to the literature in the area 
of trigeminal nerve injuries. I must personally thank each of the authors in 
this textbook for their expertise in providing a contribution to this de fi nitive 
textbook on  trigeminal nerve injuries . I am very pleased that we have amassed 
an international authorship so that we could develop a universal consensus on 
patient diagnosis and management and, also, that we could consider organiz-
ing an international multicenter trial for patient diagnosis and management 
and perhaps determine a consensus for new recommendations and guidelines 
for improved care of the patient who sustains a trigeminal nerve injury, since, 
ultimately, this is the goal of this book. 

Chicago, Illinois, USA Michael Miloro          
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 Understanding and treating the effects of human 
neurotrauma was hampered for centuries by 
ancient misunderstandings of the primary loci of 
sensory perception. However, elegant descriptions 
were made of the clinical effects of nerve injuries 
suffered by Civil War survivors, and research fol-
lowing the World Wars explained many of the 
underlying neural mechanisms. In the nineteenth 
century, nerve injuries had been treated unsuccess-
fully by secondary neural ablations, and fortu-
nately, in the twentieth century, this led to therapies 
designed to repair nerves and enhance regenera-
tion, enabled by studies of animal injury models, 
the introduction of the operating microscope, and 
proof that microsurgical techniques used for 
repair of hand nerve injuries could be successfully 
adap ted to epineurial trigeminal nerve repairs. 

 The modern era has demonstrated that direct 
end-to-end trigeminal nerve repairs can result in 
high levels of useful functional sensory recovery 
even following long intervals after partial trigemi-
nal injury. Historically, entubulation repairs of 
larger nerve gaps have been largely unsuccessful 
in the trigeminal system, although interpositional 
nerve grafting has proven useful and has been 
enhanced recently by the development of  processed 

cadaveric allografts and promising research with 
stem cell tissue engineering. Reversal of neuro-
pathic pain through peripheral nerve surgery, 
however, has continued to be disappointing, as 
well as the failure to incorporate knowledge of 
nerve injury and neuropathic pain mechanisms 
into the medical and dental curriculum. 

 Injuries to the nerves of the jaws and face have 
surely been a part of life since the dawn of man-
kind. Yet, it has only been in the last three centuries 
that the devastating effects of peripheral nerve inju-
ries have begun to be appreciated, and a scienti fi c 
basis for effective treatments has emerged. 

 This opening chapter will plot the beginnings of 
published knowledge regarding neurotrauma. It 
will review what has been learned in the last two 
centuries, especially about early descriptions of the 
clinical effects of nerve injuries resulting from the 
American Civil and World Wars. It will summarize 
the main  fi ndings that underlie understanding of 
the effects of neurotrauma and recognize the roles 
that outstanding neuroscientists and clinicians have 
contributed along the way. It will focus especially 
on the foundations of microsurgery that led to 
modern techniques for treating trigeminal nerve 
injuries, noting the progress that has been made in 
the last few decades toward  fi nding more useful 
diagnostic methods and implementing more effec-
tive surgical and nonsurgical treatment modalities. 

 Finally, because a prime purpose of historical 
knowledge is the impact that it may have on 
directing the future, this chapter will end with a 
section on “Un fi nished Business” that will high-
light the current challenges and offer a “wish list” 

    J.  M.   Gregg ,  DDS, MS, PhD   
     Department of Oral and Maxillofacial Surgery , 
 Virginia Commonwealth University, Medical 
College of Virginia ,   Richmond ,  VA ,  USA   

  Virginia Tech Carilion School of Medicine   , 
  Roanoke ,  VA ,  USA    
e-mail:  jgregg@vt.edu   

      Historical Perspectives 
on Trigeminal Nerve Injuries       

     John   M.   Gregg                  
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that could lead to a deeper understanding of nerve 
injury effects, more accurate clinical diagnoses, 
more appropriate treatment regimens, and 
enhanced professional education that will facili-
tate healthcare access and delivery for patients 
who sustain nerve injures. 

    1.1   The Beginnings of Knowledge 

 Ancient understandings of peripheral nerve injury 
effects were hampered for many centuries by 
devotion to the philosophies of Aristotle and 
Hippocrates (460–370 B.C.) that placed functions 
of the “ fi ve senses” and “soul” in the heart, rather 
than the nervous system  [  1  ] . Galen (A.D. 131–
200) however doubted the Aristotelian views. 
Galen’s experiments included the sectioning of 
the recurrent laryngeal nerves of newborn pigs 
and supported his conclusions that the peripheral 
nerves and the brain are the mediators of sensa-
tion  [  82  ] . In support of Galen’s theories, Rene 
Descartes speculated in the year 1664 that sensa-
tions were mediated through “fast moving parti-
cles of  fi re…(that) pass(es) through the nerve 
 fi lament until it reaches the brain”  [  25  ] . He also 
observed that “suffering may follow amputation.” 

 Considering the early confusion regarding the 
functional role of peripheral nerves, there are 
remarkable early reports of injured nerve treat-
ments. In the thirteenth century, William of Salicito 
(Bologna) reportedly rejoined the ulnar nerve of 
an Italian soldier, and a detailed description of 
suture repair was made by Gabriele Ferrara in 
1608  [  6,   38  ] . In 1847, Sir James Paget sutured the 
median nerve of an 11-year-old boy, reportedly 
achieving “complete recovery”  [  144  ] . In an exper-
imental milestone, Augustus Waller  [  137  ]  created 
glossopharyngeal (IX) and vagus (X) nerve inju-
ries in frogs and described gross degeneration dis-
tal to the site of injury, regeneration of axons in 
proximal segments, and greater preservation of 
nerves in younger compared to older frogs  [  137  ] . 

 Better understanding of the anatomic effects 
of nerve injuries, however, depended upon the 
development and use of the light microscope by 
Anton van Leeuwenhoek (1632–1677). 
Additionally, Ramon y Cajal from Spain, the 
father of neuroanatomy and winner of the 1906 

Nobel Prize shared with Camillo Golgi, used sil-
ver staining to demonstrate nerve microstructure, 
degeneration of  fi bers distal to nerve injury sites, 
and Schwann cell guidance of regeneration cones 
 [  118  ] . Cajal’s work also predicted the presence of 
“synapses,” a term coined by Sherrington (1857–
1952) to designate the connections between 
nerves  [  130  ] . 

 The physiologic effects of nerve injury were also 
being revealed by the mid-eighteenth century. 
Galvani (1737–1798) had demonstrated that nerve 
 fi bers respond to electrical stimuli  [  84  ] . Electrical 
“action potentials” were described in peripheral 
nerve  fi bers by von Helholz (1821–1894) and 
Duchenne, who measured conduction velocities in 
human nerves  [  33  ] . This information laid the ground-
work for the 1948 Nobel Prize work by Erlanger and 
Gasser, who demonstrated nerve action potentials in 
teased single nerve  fi bers. This revealed that nerves 
contain a spectrum of  fi bers from  fi ne tactile A- fi bers 
to C- fi ber nociceptors that would later become the 
primary targets for neurophysiologic testing of 
patients with nerve injuries  [  34  ] .  

    1.2   The Clinical Features 
of Nerve Injuries: Lessons 
from the Historic Wars 

 The major wars of the past two centuries were fol-
lowed by spurts of knowledge concerning the clin-
ical effects of nerve injuries. The greatest impetus 
came from the American Civil War with the pio-
neering observations of Silas Weir Mitchell (1864–
1906)  [  101,   102  ] . As Senior Acting Assistant 
Surgeon in the Union Army at the 400-bed Turners 
Street Philadelphia Hospital, he treated hundreds 
of nerve-injured patients, mostly survivors from 
Gettysburg, and, assisted by his son, followed their 
courses for 40 years. Through his remarkable 
observations and publications, he revealed many 
of the prime clinical features of traumatic neuropa-
thies that have been veri fi ed by subsequent clini-
cians and neuroscientists. Some key nerve injury 
features credited to SW Mitchell include:
    1.    Phantom phenomena, referred pain, and daily 

pain cycles 
  I am more sure of (sensing) the leg which ain’t     
 than the one which are   [  101  ] .  
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    2.    Burning pain (causalgia) (an intractable post-
traumatic collision effect of autonomic and 
somatosensory functions linking temperature, 
environmental, and psychiatric factors) 
  A 24-year-old member of the 26th Pennsylvania 
Volunteers was shot at Chancellorsville 
through the leg. He lay in the  fi eld for 28 h 
before wet compresses were put on his leg. At 
that time, he began to complain of severe burn-
ing in his      heel and showed (minimal) sensory 
loss .  

    3.    Touch-evoked pain (as a common effect of 
nerve trauma) 
  Agents usually felt as touch only becoming 
painful is suf fi ciently common after many 
forms of injury .  

    4.    Psychogenic impact of nerve injury (describ-
ing “traumatic neurosis” and anticipating 
WWI descriptions of “battle fi eld fatigue” and 
the modern diagnosis of post-traumatic stress 
disorder (PTSD)) 
  Perhaps few persons who are not physicians 
can realize the in fl uence which long continued 
and unendurable pain can have on the body. 
When terrible pain has lasted a few days or 
weeks, the whole surface becomes hyperes-
thetic, with every vibration, and changes of 
light, brings on new agony. Under such tor-
ments, the temper changes, the most amiable 
grow irritable, the soldier becomes a coward, 
and the strongest man is scarcely less nervous 
than the most hysterical girl .  

    5.    Gender differences in chronic pain 
  Moreover, the greatest number of such cases 
was women, and the hysterical element comes 
largely into view as the disorders progress .  

    6.    Intractability of nerve injury impaired functions 
  Entire restoration of function-sensation after 
nerve injury was extremely rare .  

    7.    Dysesthesias greater with partial than with 
complete nerve injuries 
  The greatest symptoms were due to wounds of 
small  fi laments; few instances of like symp-
toms have followed those of the great trunks .  

    8.    Centralization of traumatic neuropathies and 
neuralgias 
  It is quite rare for a patient with neuralgia to 
arouse from sleep with pain. Those who suffer with 
causalgia  fi nd pain immediately on awakening .  

    9.    Neuroviral lesion exacerbations with nerve 
injuries 
  At some time in the history of a nerve injury, 
it is common to see active forms of eruptions, 
ulcers, or herpetic vesicles or in the shape of 
bullae .  

    10.    Trigeminal injury features 
     John Schultz, a 23-year-old German who 
joined the Wisconsin Volunteers was injured 
on July 3, 1863, while marching in an assault 
line at Gettysburg. The injury, which was 
deduced to be from a picket sniper above the 
victim, resulted from a Minie ball which 
avulsed his ear lobe, entered his right cheek 
beneath the malar bone, passed through the 
ascending ramus of the mandible and exited 
through the submandibular space, reentered 
and fractured the clavicle, and came to rest 
in the trapezius muscle. The Minie ball, much 
deformed, was removed two weeks after the 
injury by Dr. Keen. Patient displayed initial 
anesthesia over the mental nerve distribu-
tion, accompanied by eventual “tingling 
pain” from moving the lip .     

 Considered a primary founder of the spe-
cialty of neurology, SW Mitchell is also viewed 
among the most versatile Americans since 
Benjamin Franklin. The  fi rst half of his life was 
devoted to scienti fi c achievements, and the sec-
ond half to a literary career. He wrote 19 novels 
including one published when he was 84, seven 
books on poetry, a historical book on Washington, 
and a story of “Kris Kringle” which sometimes 
gets credit for initiating the idea of Santa 
Claus. 

 Early investigators from this era including SW 
Mitchell, Henry Head, and James Sherren hero-
ically experimented with self-imposed nerve inju-
ries. Mitchell froze his own ulnar nerve to study 
the effects on hand sensation, describing the over-
lap of cutaneous nerves adjacent to injured nerves. 
Henry Head damaged his own radial nerve and 
described the phenomena of  fi rst (A-delta  fi ber) 
pain and second (C- fi ber) pain that he labeled 
“protopathic and epicritic”  [  58  ] . Mitchell also 
championed the use of animal experimentation in 
medical research in an era when the use of dogs 
for scienti fi c purposes was vigorously opposed 
(as it is presently) (“Vivisection: A Statement in 
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Behalf of Science, 1888”). He argued that only 
scientists should decide whether, when, and in 
what way animals should be used, “(o)therwise in 
a matter involving the interest of the community, 
those who know would be directed by those who 
do not know.”  

    1.3   Treating Nerve Injuries 
in the Early Twentieth Century: 
Neural Ablation 

 In the aftermath of the Civil War, early twentieth-
century treatments for patients with painful 
trigeminal nerve injuries centered on destructive 
peripheral nerve lesioning techniques. Harvey 
Cushing used extirpation of the entire Gasserian 
ganglion frequently  [  20  ] . Peripheral neurectomy 
of the trigeminal nerve branches, particularly 
infraorbital and mental branches, were widely 
used in the early decades by neurosurgeons and 
some oral and maxillofacial surgeons, often 
applied after local anesthetic blockade had dem-
onstrated acute pain relief. Although useful for 
patients with short life expectancies and classic 
trigeminal neuralgia, neurectomy proved unsuit-
able for long-term symptom resolution, instead 
producing cases of “anesthesia dolorosa” in the 
deafferentated nerve distributions  [  49,   68  ] . 

 It had also been observed that surgical resec-
tions of traumatic neuromas, even cauterizing or 
capping the resected nerve ends with epineurial 
sutures, failed to prevent reformation of painful 
neuromata  [  141  ] . This experience led White to 
speculate that “(t)he surest way to prevent recur-
rence of traumatic neuroma-in-continuity is to 
resect the scarred area and do end-to-end anasto-
mosis of healthy ends of the nerve.” 

 Nevertheless by the mid-twentieth century, 
other forms of neuro-destructive lesions were 
in widespread use and also included varying 
 concentrations of alcohol injections, phenols 
(glycerol), formalin, and even hot boiling water 
 [  21,   142  ] . Unfortunately, these procedures often 
led to secondary in fl ammatory neuritis, exacer-
bated neurosensory functional impairments 
and dysesthesias, and largely fell out of routine 
clinical use. 

 There are surviving legacies of these early 
neuroablative procedures extending into the mod-
ern era, however, which employ more selective 
treatments of damaged and painful injured 
trigeminal nerves. Partial and reversible neuroly-
sis using radiofrequency thermal neurolysis at 
65–75 °C have been shown to depress pain from 
C- fi ber and A-delta  fi ber pain hyperfunctioning 
while retaining the potential for eventual recov-
ery of tactile functions  [  52  ] . More recently, radio-
surgical (“gamma knife”) lesioning of trigeminal 
sensory roots has shown promise for mitigating 
traumatic trigeminal neuralgias while preserving 
some touch and proprioceptive functions  [  72  ] .  

    1.4   The Emergence of Balanced 
and Multidisciplinary Nerve 
Treatments 

 Dr. John Bonica, Professor of Anesthesiology at 
the University of Washington, had studied patient 
responses to injuries on the WW II beaches of 
Anzio, Italy, and returned to establish a  fi rst-of
-its-kind multidisciplinary clinic in Seattle for 
treating patients with chronic post-traumatic pain 
 [  12  ] . Bonica argued that future scienti fi c and 
patient care progress would bene fi t from multidis-
ciplinary collaborations of clinicians and research-
ers. Bonica’s vision led to the establishment of the 
International Association for the Study of Pain 
(IASP) and the current journal known as  Pain . 

 Bonica’s multidisciplinary approach also rec-
ognized the need for balanced surgical and non-
surgical therapies and less-destructive approaches 
for the treatment of painful nerve injuries. Two 
promising nonsurgical approaches that came to 
the forefront during the last century are neural 
blockade and neural stimulation. 

    1.4.1   Neural Blockade 

 The early twentieth century witnessed a “Golden 
Age of Regional Neural Blockade” for the treat-
ment of injured and painful nerve distribu-
tions  [  13  ] . Local anesthetics were shown to 
provide remissions that far outlasted the expected 
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drug effects and often lead to overall improve-
ments in both clinical symptoms and neural func-
tions. Even in the modern era, neural blockade 
remains an important modality for managing 
chronic dysesthesias using serial nerve trunk 
blockade with long-acting anesthetic agents, often 
combined with adrenocorticosteroids  [  119  ] . 

 Recent extensions of the neural blockade con-
cept have led to the development of low-risk topi-
cal multimodal compounds containing agents 
such as ketamine, tricyclic antidepressants, alpha-
antagonists, pre-gabalins, and lidocaine that can 
be applied peripherally to injured trigeminal 
nerve distributions  [  39,   59,   73,   107  ] . And, in a 
return to the early twentieth-century experience 
with neural blockade, there have been recent 
promising reports of the use of botulinum toxin 
A for the management of intractable trigeminal 
neuralgias, although its mechanism of action is 
not presently fully understood  [  81,   148  ] .  

    1.4.2   Neural Stimulation 

 The approach to treating neuropathic conditions 
through physiologic counter-stimulations is as old 
as recorded history  [  71  ] . Egyptian tombs from the 
year 2750 B.C. contained pictures of electric Nile 
cat fi sh being used to treat human af fl ictions. 
Aristotle and Galen both advocated attaching elec-
tric torpedo ray  fi sh to the face and head for treat-
ing headaches. The Chinese, of course, are known 
to have treated painful injuries using electrical and 
thermal acupuncture stimulation applied at key 
peripheral neuroanatomic “meridians” for over 
4,000 years. And, although classical acupuncture 
remains very popular internationally for a wide 
range of painful conditions, acupuncture in any 
form has not been proven superior to placebo for 
neurotraumatic dysesthesias in reviews of con-
trolled studies  [  35  ] . Even in the nineteenth century, 
“electrogalvanism” was brie fl y considered as a 
surgical analgesic for the extraction of teeth  [  41  ] . 
More recently, electrotherapy has proven useful 
for the management of nerve injury pain  [  79  ] . 

 Interestingly, the electrophysical characteristics 
of the torpedo  fi sh, with voltage ranges of 40–50 V, 
are similar to energy ranges used in a variety of 

arti fi cial electrotherapy analgesia techniques 
developed in recent decades to treat nerve injury 
pain: notably transcutaneous electrical nerve stim-
ulation (TENS), implanted stimulation electrodes, 
and intracerebral brain stimulation therapies  [  69  ] . 

 TENS, as a form of low-level electrical stimu-
lation analgesia, came into widespread use in the 
1970s, triggered by Melzack and Wall’s 1965 
“Gate Control Theory of Pain”  [  86  ] . This theory 
predicted that stimulation of intact large  fi bers in 
peripheral nerves could inhibit the pain- producing 
small C- fi bers known to be found in excess fol-
lowing peripheral injury  [  11  ] . Unfortunately, 
TENS therapy has not had a wide application for 
trigeminal nerve injuries despite its early clinical 
promise  [  77  ] . 

 More aggressive electrical impulse therapies 
delivered through implanted paraneural electrodes 
have been effective for spinal nerve injury pain 
management and show promise for treatment of 
trigeminal traumatic neuralgias  [  64,   129  ] . 

 Intracerebral stimulation therapies (ICS), 
developed in the 1970s for control of Parkinsonian 
tremors, known as deep-brain stimulation (DBS) 
have also proven useful for relief of neuropathic 
pain  [  53  ] . More recently, motor cortex  stimulation 
(MCS) systems have proven of bene fi t to patients 
with intractable nerve injury pain, including 
those with extreme deafferentation dysesthesias 
 [  105,   117  ] . 

 A recently introduced benign form of stimula-
tion therapy that appears to support recovery after 
nerve injury is laser therapy. “Low-level laser” 
(LLL) or “cold laser” or “soft laser” photoirradia-
tion stimulations applied to nerve distributions 
using the 650–850 nm portion of the visual spec-
trum have shown promise in published case 
series, although its ef fi cacy beyond placebo has 
been questioned  [  4,   92,   98  ] .   

    1.5   Legacies of WW II and Beyond: 
Understanding Mitchell’s 
Observations 

 Much like the Civil War, World War II was 
 followed by expanding knowledge regarding 
nerve injuries. Sir Henry Seddon is credited with 
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providing the scienti fi c foundations for periph-
eral nerve surgeries, including suggestions that 
nerve grafts might be used for this purpose. He 
also posed a nerve injury classi fi cation system 
based upon progressive anatomic derangements, 
coining the terms “neurapraxia, axonotmesis, and 
neurotmesis”  [  127  ] . Sunderlund later further sub-
divided the scope of nerve injuries into  fi ve types 
(grades I–V) and then further modi fi ed by 
Mackinon and Dellon to include a sixth type of 
mixed nerve injury (grade VI)  [  80,   132  ] . 

 A sensory functional classi fi cation of nerve 
injury recovery also emerged from British WWII 
experiences. The Highet classi fi cation has a start-
ing point of no sensory detection (anesthesia) and 
progresses through the attainment of noxious and 
crude touch detections, and  fi nally  fi ne touch 
abilities, with or without hyperesthesia. This sys-
tem has subsequently led to a consideration that 
intermediate crude touch levels can be consid-
ered “useful sensory recovery” by the British 
Medical Research Council Scale (MRCS)  [  10  ] . 

 In the decades following WW II , many of the 
neural mechanisms underlying Mitchell’s semi-
nal clinical observations regarding nerve injuries 
have been clari fi ed, including the following:
    1.    Burning pain 

  He lay in the  fi eld for 28 h before wet (cold) 
compresses were put on his leg. At that time he 
began to complain of severe burning in his  
    heel and showed sensory loss . 

 It was theorized in 1944 that “cross innerva-
tions” may form between damaged somatosen-
sory nerve  fi bers and adjacent sympathetic nerve 
 fi bers  [  31,   46  ] . Subsequent researchers veri fi ed 
that upregulated sympathetic postganglionic 
nerve “baskets” may form around damaged sen-
sory ganglia and also sprout to form hyperactive 
couplings with sensory  fi bers, termed “ephapses” 
within traumatic neuromas  [  26,   42,   85,   126  ] . 
Trauma may also induce chemically mediated 
non-synaptic excitation in sensory ganglia after 
peripheral nerve injury  [  3  ] . 

 The experience of many trauma patients 
complaining of burning pain aggravated by cold 
temperatures or stimuli (cold hyperalgesia) has 
been further attributed to ectopic impulses gen-
erated by C- fi ber nociceptors  [  120  ]  as well as 

coupling with autonomic  fi bers  [  43  ] . For patients 
with this form of “sympathetic-mediated pain” 
mechanism, stellate ganglion anesthetic blocks 
are often effective for chronic pain management 
 [  13,   115  ] . 

 In 1959, Noordenbos, using nerve  fi ber 
spectrum analysis, showed that early regener-
ated nerves have a paucity of myelinated large 
A-beta  fi bers and an excess of regenerated 
smaller nerve  fi bers  [  104  ] ; clinical neurosen-
sory studies have veri fi ed that A- fi ber  fi ne tac-
tile mechanoreceptive functions are the last to 
recover after nerve injury (“ fi rst to be lost and 
last to recover”). Patient complaints of chronic 
constant paresthesias (“numbness”) and pain-
ful dysesthesias (“aching, burning”) after nerve 
injury have been shown to be due to involve-
ment of hyperactive small C- fi bers  [  19  ] .  

    2.    Tingling paresthesias and pain 
  Patient displayed initial anesthesia over the 
mental nerve distribution, accompanied by 
eventual “tingling pain” from moving the lip . 

 Scienti fi c explanations of clinical “trigger-
ing” of painful and non-painful paresthesias 
began to emerge with the work of Hoffman and 
Tinel in 1915  [  16  ] . They described the clinical 
phenomenon of tingling and shock-like sensa-
tions that are elicited by digital tapping over 
distal portions of regenerating nerves. These 
clinical signs were felt to represent “the pres-
ence of young axons in the process of grow-
ing.” Subsequent experiences, however, have 
shown that the “Tinel’s sign” may be easily 
misinterpreted, and, rather than a positive sign 
of spontaneous neural regeneration, it may also 
represent a poor sign of chronic peripheral neu-
ropathy with neuroma formation. 

 Foerster had demonstrated painful responses 
to percussion over previously damaged nerve 
trunks with or without Tinel’s sign, and he 
coined the term “hyperpathia”  [  40  ] . Modern 
studies have veri fi ed that hyperpathic clinical 
signs can represent sites of sensitized neuroma-
in-continuity, as well as chronically sensitized 
amputation-type neuromas. Considerable vari-
ability in traumatic trigeminal neuromas has 
been seen under operating microscopes, and 
mechanisms of peripheral sensitization within 
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neuromas have been clari fi ed  [  50,   51  ] . Painful 
neuromas have been shown to contain chronic 
in fl ammatory cells, as well as cannabinoid and 
heat-sensitive vanilloid 1 (proin fl ammatory) 
receptors  [  5,   9  ] .  

    3.    Partial vs. complete nerve injuries 
  The greatest symptoms were due to wounds of 
the small  fi laments; few instances of the symp-
toms have followed those of the great trunks . 

 Research with both nerve-lesioned animals 
and patients with known types of nerve injuries 
has led to the conclusion that neuropathic pain 
is often inversely related to the degree of nerve 
damage  [  62,   149  ] . Quantitative neurosensory 
testing of patients with trigeminal nerve inju-
ries has veri fi ed that higher retention of A-beta 
 fi bers is correlated with early triggered forms 
of pain, whereas delayed and disturbing par-
esthesia, often accompanied by dull aching 
and burning pain, is correlated with excess 
regeneration of C- fi bers in more completely 
damaged nerve distributions  [  19,   63  ] .  

    4.    Pain elicited by touch 
  Agents usually felt as touch only become painful is 
suf fi ciently common after many forms of injury . 

 Mitchell had observed that some nerve-
injured patients displayed a paradoxical 
syndrome that combines loss of sensation 
(“numbness”) with an explosive hyperphenom-
ena, manifesting as triggered paresthesias and 
pain. Over the years, accumulating literature 
has attributed touch-evoked pain (allodynia) 
and heightened responses to painful stimuli 
(hyperalgesia) to both peripheral and central 
neural “sensitization”  [  136,   145  ] . Research 
has shown that uninjured large myelinated 
A-beta  fi bers contained within the trunks of 
traumatized nerves become upregulated with 
in fl ammatory vanilloid receptors and display 
ectopic and low-threshold activities that par-
tially explain the resultant allodynia  [  15  ] . 
These mechanisms also explain how immedi-
ate-onset pain and allodynia may occur within 
1–3 days after partial nerve injury. In contrast, 
delayed-onset pain and hyperalgesia develop-
ing 3–4 weeks after nerve injury are attributed 
to the regeneration of excessive C- fi bers as 
well as central sensitization  [  27,   45  ] .  

    5.    Centralization after peripheral nerve injury 
  It is quite rare for a patient with neuralgia to 
arouse from sleep with pain . 

 Mid-1970s research with vital staining of sen-
sory root and spinal subnuclei after experimental 
trigeminal (V) nerve transections con fi rmed that 
peripheral injuries can induce “plastic” cen-
tral degeneration  [  47,   48  ] . These studies estab-
lished an important link explaining clinical nerve 
injuries and central nerve derangements  [  66  ] . 
Histochemical studies have now shown that the 
deafferentated neurons of the central trigeminal 
complex become chronically “sensitized” by 
glial cells that stimulate NMDA (N-methyl-D-
aspartate) receptor excitotoxicity  [  124,   125,   147  ] . 
Similar neuroexcitation may also occur at higher 
ascending levels and combine with loss of 
descending inhibition to further magnify “central 
sensitization,” contributing to clinical hyperalge-
sia and allodynia  [  32,   108,   145  ] . 

 The realization that the CNS undergoes “plas-
tic” responses to peripheral nerve injury has also 
led to modern rehabilitation therapies that seek to 
induce central nervous “recovery.” Dellon has 
advocated “sensory reeducation” exercise tech-
niques that can induce “reverse plasticity” effects 
in thalamic and cortical perceptual regions fol-
lowing injured and repaired peripheral nerves 
 [  23  ] . Recent studies have veri fi ed that sensory 
reeducation techniques can be effectively applied 
to trigeminal nerve injury conditions generated by 
mandibular sagittal split osteotomies  [  90,   109  ] .  

    6.    Phantom paresthesia sensations 
  I am more sure of sensing the leg which ain’t 
than the one which are . 

 Patients with chronic trigeminal injuries often 
complain of impaired oral-facial functions and 
disturbing paresthesias that include perceived 
movement “phantoms” and tingling “afterim-
ages”  [  54  ] . Livingstone theorized that phantom 
phenomena could be due to hyperactivity in 
traumatic neuromas, a concept that has been 
supported by modern demonstration of ectopic 
spiking activity in experimental and human neu-
romas  [  76,   120  ] . Phantom paresthesias have also 
been attributed to anatomic and physiologic 
responses at many other levels of the CNS result-
ing from sensory deafferentation  [  78  ] . 
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 A central nervous basis of phantom phe-
nomena was revealed in a landmark 1984 
experiment in which selected digits in monkeys 
were amputated, resulting in major anatomic 
derangements in their somatosensory cortical 
maps  [  88  ] . More recent f-MRI (functional 
MRI) imaging has exposed central demyelina-
tion lesions in human thalamic and cortical 
regions in response to repetitive injury and 
chronic neuropathy  [  83,   134  ] .  

    7.    Intractability of impaired functions 
  Entire restoration of function-sensation after 
nerve injury was extremely rare . 

 Mitchell’s frustration in 1860 with the 
intractability of nerve injury functional impair-
ments unfortunately would still have persisted 
100 years later, awaiting new biologic and 
technical means of restoring neural function.      

    1.6   The Push Toward Nerve 
Repairs 

 By the mid-twentieth century, two particular 
events were to profoundly in fl uence the science 
and treatment of neurotrauma: the development 
of experimental nerve injury animal models and 
the introduction of the operating microscope. 

 Experimental animal nerve injury models were 
developed in the mid-twentieth century that became 
important for both research into mechanisms of 
traumatic neuropathies and for use in training cli-
nicians in microneurosurgical repair. The chronic 
constriction injury (CCI) model of sciatic nerve 
injury developed by Bennett and Xie has become 
a universally accepted model for investigating 
neurotrauma mechanisms and pain therapies  [  8  ] . 
The CCI reliably and rapidly induces behavioral 
changes in the lesioned animals that appear to 
mimic the human injury condition of measurable 
sensory loss and touch-evoked pain. Comparable 
CCI animal models have also been developed for 
studying trigeminal nerve injuries using infraor-
bital nerve constriction preparations  [  135  ] . 

 A standardized rodent sciatic nerve injury 
 devel oped at mid-century and popularized by 
Daniel and Terzis also became the primary 
model for laboratory training of surgeons in 

microsurgical techniques and currently is 
employed by many surgical specialties employ-
ing microsurgery practice  [  22  ] . 

 In the early World War II years, surgeons had 
already been attempting to repair gap nerve inju-
ries and experimenting with autogenous tubes and 
sutureless repairs  [  14,   111,   139  ] . It was the devel-
opment and mass production of the modern oper-
ating microscope by Carl Zeiss in 1953, however, 
that gave new momentum to repairing damaged 
peripheral nerves rather than attempting to control 
symptoms through nerve ablation procedures. 
   Hanno Millesi, a Viennese plastic and reconstruc-
tive surgeon, developed the early techniques for 
repair of hand nerve injuries  [  93  ] . He emphasized 
the importance of “fascicular” repair by suturing 
at the perineurial tissue level in order to match up 
“correct endoneurial tubes” (coaptation)  [  94  ] . His 
techniques were subsequently adopted in Europe, 
Japan, and North America and were instrumental 
in setting the standards for successful nerve repairs 
during the 1970s and 1980s  [  22,   80  ] . 

 The direct application of Millesi’s techniques 
to the repair of damaged trigeminal nerves was 
somewhat limited, however, because of dif fi culties 
with surgical access and the fact that trigeminal 
nerves are predominantly polyfascicular, with 
smaller fascicles lacking thickened perineurium 
layers as compared to spinal nerves  [  114  ] . For 
these main reasons, modern trigeminal end-
to-end microrepairs have come to be accom-
plished primarily through epineurial, rather than 
perineurial, suture techniques. 

 Nevertheless, plastic and reconstructive sur-
geons and oral and maxillofacial surgeons from 
Germany, guided by Millesi’s teachings, were 
among the  fi rst to demonstrate that successful 
microrepairs of trigeminal nerves are possible 
 [  55,   56  ] . A major turning point in application of 
microsurgical repair of trigeminal injuries in the 
United States occurred in 1979. Drs. Hausamen 
and Reuter were sponsored by Dr. Phillip 
Worthington at the University of Washington in 
Seattle, Washington, to conduct a 1-week course 
in microsurgery and lead group discussions on 
trigeminal nerve applications  [  146  ] . American oral 
and maxillofacial surgeons invited to attend this 
course included early contributor Ralph Merrill 
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and a number of individuals who were to become 
leaders in advancing the  fi eld of trigeminal micro-
surgery over the succeeding decades  [  87  ] . This 
also led to many spin-off symposia and courses 
held at teaching centers and led by in fl uential cli-
nician researchers including Drs. CC Alling 
(Alabama), RB Donoff and Kaban LB (Harvard), 
A Pogrel (San Francisco), L Davis (Nebraska), 
BN Epker and LM Wolford (Texas), LA Assael 
(Oregon), RA Meyer (Atlanta), JM Gregg and JR 
Zuniga (North Carolina), VB Ziccardi (New 
Jersey), and PP Robinson (Shef fi eld, UK). 

 Finally, in the last decades of the twentieth 
century, a  fl urry of clinical publications on 
trigeminal injuries appeared in the oral and max-
illofacial surgery literature, building a base for 
the upcoming new millennium  [  2,   30,   50,   51,   57, 
  60,   65,   74,   95,   103,   113,   123,   131,   151  ] .  

    1.7   Twenty-First-Century 
Consensus: “The Triumphant 
Trigeminal” 

 The  fi rst decade of the twenty- fi rst century has 
been characterized by a number of tentative 
“state-of-the-art and science” conclusions regard-
ing traumatic trigeminal neuropathies: 

    1.7.1   Lingual Nerve Injuries 

 Although occurring less frequently than inferior alve-
olar nerve (IAN) injuries, lingual nerve (LN) damage 
results in more signi fi cant patient disability compared 
to the remarkable spontaneous functional recovery 
seen following IAN injuries  [  57  ] . Fortunately, the 
damaged LN has proven to be responsive to surgical 
repairs at encouragingly high levels (60–90 %) of 
functional improvement  [  7,   121  ] .  

    1.7.2   Surgical Repair 

 Nerve repairs using direct microsurgical interven-
tions have proven effective in improving “useful 
sensory functions” even for severely damaged trigem-
inal nerves  [  133  ] . The management of traumatic 

 neuropathic pain through surgical repairs, however, 
has been less encouraging clinically, and signi fi cant 
pain outcomes data are still not yet available.  

    1.7.3   Timing of Nerve Repairs 

 Although repairs of mechanical trigeminal injuries 
have generally been shown to be more successful 
when done within weeks to a few months after ini-
tial mechanical injury, parallel experimental and 
clinical evidence has shown that selected cases of 
partial nerve injuries may be successfully man-
aged months to years after injury  [  89,   121,   150  ] .  

    1.7.4   Microsurgical Nerve Repair 

 Direct end-to-end anastomoses (neurorrhaphy) of 
traumatized trigeminal nerves have proven to be 
the most effective procedure for improving sen-
sory functions after major mechanical nerve inju-
ries  [  91,   112,   131  ] . Nerve gaps that cannot be 
bridged directly by direct neurorrhaphy can be 
managed through graft-assisted indirect neuror-
rhaphy techniques. The “gold standard” donor 
source for nerve grafts for large trigeminal gaps 
has historically been the autologous sural nerve 
and less frequently the greater auricular and ante-
brachial cutaneous nerves. All donor nerve options 
have shown undesirable donor site complications, 
anatomic incompatibilities, and lessened sensory 
recovery outcomes compared to direct repairs 
 [  29  ]  although it seems as if the sural nerve donor 
site de fi cit is better tolerated in long-term follow-
up  [  99  ] . A promising, yet unproven, alternative 
has been the recently introduced allogeneic 
homologous (cadaver) grafts that are processed 
with enzymatic denaturation, gamma irradiation, 
and lyophilization (freeze-drying)  [  128,   143  ] .  

    1.7.5   Entubulation 

 There has been continuing interest dating back to 
the early 1900s in identifying nerve repair tech-
niques that utilize tubular conduits to enhance 
neural regeneration  [  111,   140  ] . More recently, it 
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has been shown that tubes made of bioabsorbable 
polyglycolic acid and collagen can be effective for 
bridging trigeminal nerve gaps of less than 10 mm 
 [  17,   18,   37  ] . Attempts at using cylinders of veins, 
arteries, muscles, and a variety of alloplastic mate-
rials including expanded polytetra fl uorethylene 
(GORE-TEX), however, have not proven effective 
for larger gap repairs  [  96,   110,   116  ] . Entubulation, 
however, has shown considerable utility when 
used as “wrap protectors” on nerves that have been 
decompressed or suture-repaired. Currently, the 
most widely used wraps are either bovine collagen 
or porcine-based products, as well as the recently 
introduced extracellular matrix nerve protector and 
connector (AxoGuard, Axogen ® , Alachua, FL). 
Recent experimental research has also demon-
strated the exciting possibility of enhancing neural 
regeneration by combining entubulation with tis-
sue engineering using stem cells  [  28,   138  ] .  

    1.7.6   Diagnostic Assessment 

 In the last few decades, clinical protocols for the 
objective clinical assessment of trigeminal nerve 
injury status have progressed from historic rapid 
“bedside screening” to the use of detailed serial 
quantitative sensory testing (QST) modalities 
 [  36,   63,   122,   152  ] . Although QST has led to 
improvements in treatment planning for patients 
with traumatized trigeminal nerves, no speci fi c 
QST protocol has been nationally or internation-
ally adopted by any sanctioning organization. 

 Improvements in diagnostic imaging have led 
to more accurate MRI-assisted LN localization 
and intrabony localization of the IAN  [  75,   97  ] . 
Less progress has been made, however, toward 
developing imaging techniques that reveal 
detailed internal structural features of the injured 
nerve itself  [  24  ] .  

    1.7.7   Trigeminal Injury Epidemiology 

 Increased frequency of iatrogenic trigeminal inju-
ries of two types has been noted in the past decade; 
these include dental implant-related injuries and 
local anesthetic injuries. The dramatic increase in 

placement of posterior mandibular endosseous 
implants, especially in North America, has led to a 
corresponding increase in IAN injuries  [  67,   100  ] . 

 There also appears to have been an increase in 
trigeminal sensory neuropathies following local 
anesthetic nerve blocks using nerve blocks with 
higher concentration anesthetic agents (articaine 
4 %) introduced in the USA in 2000  [  44,   70  ] . 
These neuropathies appear most likely due to 
chemoneurotoxic effects rather than mechanical 
injection  damages  [  61  ] . The prognosis for reco-
very of both types of injuries is guarded, with a 
tendency to develop neuropathic pain  [  114  ] .   

    1.8   Un fi nished Business 

 Signi fi cant challenges remain in the twenty- fi rst 
century regarding understanding trigeminal nerve 
injuries and delivering more evidence-based suc-
cessful patient care. There are six particular pre-
requisites, or “wish lists initiatives” for addressing 
these challenges, including the following: 

    1.8.1   Epidemiology 

 Accurate statistics that re fl ect the incidence, cau-
sation, clinical features, and natural recovery 
courses following trigeminal nerve injuries are 
lacking; yet these data are essential for effective 
patient counseling, useful actuarial analyses, 
allocation of research resources, and planning 
appropriate treatment strategies. 

  Prerequisites : An effective national and/or 
internationally based trigeminal  nerve injury reg-
istry  with built-in reporting incentive mandates is 
needed. Support for such a registry could poten-
tially be coordinated through agencies such as 
AAOMS and IAOMS using the current electronic 
medical record (EMR) systems for data acquisi-
tion and retrieval for useful bioinformatics.  

    1.8.2   Clinical Diagnostic Methods 

 There are two particular diagnostic needs regard-
ing trigeminal nerve injuries: soft tissue imaging 
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and improved armamentarium for quantitative 
sensory testing (QST). 

  Prerequisites : Develop  soft tissue imaging  tech-
niques that display the microanatomy of damaged 
nerves, including the presence and type of traumatic 
neuroma and the    Sunderland degree of injury prior 
to surgical repair. Also, make available a standard-
ized and clinically practical armamentarium for 
 quantitative sensory testing  ( QST ), a system that 
measures the full spectrum of nerve  fi ber function 
loss and also quanti fi es neuropathic hyperphenomena 
(allodynia and hyperalgesia). Affordable technol-
ogy is needed that measures noxious thermal stimulus 
response thresholds and sensory nerve conduction 
velocities, detects ectopic action potentials, and 
localizes the exact sites of previous nerve injury.  

    1.8.3   Traumatic Trigeminal Neuralgia 

 Despite over 50 years of concentrated research, 
there are no universally effective surgical or non-
surgical treatments for managing traumatic neu-
ropathic pain, currently considered by some to be 
an incurable disease  [  106  ] . 

  Prerequisites : Develop and evaluate  nonsurgi-
cal therapies  for patients with traumatic neural-
gias that both palliate neuropathic pain and also 
enhance recovery from injuries. These therapies 
could include topical multimodal compounds that 
bypass systemic side effects. Other promising 
therapies need to be evaluated speci fi cally among 
trigeminal nerve-injured patients. These include 
advanced behavioral sensory rejuvenation tech-
niques, electrostimulation analgesia, botulinum 
toxin A neurolysis, graded radiosurgery (gamma 
knife), and low-level laser (LLL) treatments.  

    1.8.4   New Surgical Options 

 Currently available surgical procedures for 
improving function and ameliorating symptoms 
among nerve-injured patients are dif fi cult to per-
form technically even for the well-prepared oral 
and maxillofacial surgeon due to problems with 
nerve access as well as the complexity of current 
microsurgical techniques. 

  Prerequisites : Improve techniques for treating 
in-of fi ce or operating room observed  acute nerve 
injuries . These could include the development of 
sutureless “glues,” stapling techniques, or laser 
welding of nerve ends and, at the same time, improv-
ing cost containment and availability of these mate-
rials as well as nerve wrap protective barriers. In 
addition, laboratory protocols and operating room 
techniques must be developed that enhance nerve 
regeneration by combining stem cell tissue engineer-
ing with trigeminal entubulation delivery systems.  

    1.8.5   Professional Education 

 Little consistent education is currently included at 
any level of medical or dental education regarding the 
incidence, nature, prevention, and treatment of trige-
minal nerve injuries, and few, if any, microsurgical 
training programs exist for interested surgeons. 

  Prerequisites : Introduce  curriculum changes  and 
opportunities for case-based clinical exposure to 
patients with traumatic neuropathies at undergradu-
ate dental, medical, nursing, dental hygiene, and 
pharmacy education levels. Encourage integration 
of didactic, training laboratory, and clinical experi-
ences in graduate specialty training, especially in 
oral and maxillofacial surgery residency training 
programs. Also, consideration should be given 
toward the establishment of trigeminal nerve injury 
management fellowship programs. This may require 
a coordinated, multi-institutional program to assure 
adequate numbers of patient contacts and appropri-
ate exposure to alternative management strategies. 
Additionally, there must be increased case-based 
 Continuing Medical / Dental Education  ( CME / CDE ) 
 programs  and symposia related to trigeminal nerve 
injuries for practicing clinicians and academic fac-
ulty members in order to appropriately train oral 
and maxillofacial surgery residents (Miloro M, 
Diagnosis and Management of Trigeminal Nerve 
Disorders, AAOMS Annual Meeting).  

    1.8.6   Healthcare Delivery 

 Current health care for patients who have sustained 
trigeminal nerve injuries is largely delivered by 
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 individual practitioners of medicine and dentistry 
acting in isolation or using serial referral systems. 
Third-party insurance or disability reimburse-
ments continue to primarily reward time-limited 
and procedure-based interventions which may not 
 fi t the chronic needs of many nerve-injured 
patients, especially those with neuropathic pain. 

  Prerequisites :  Multidisciplinary team  treat-
ments utilizing a spectrum of healthcare profes-
sional consultants have been proven to be more 
effective than isolated therapists struggling with 
complex chronic neuropathic syndromes. 

 Although ideally suited to academic center 
teaching environments, private sector ad hoc 
teams could be organized that cross disciplines 
such as oral and maxillofacial surgery, pros-
thetic dentistry, physical therapy, neurology, 
psychiatry, clinical psychology rehabilitative 
medicine, anesthesiology, and pain management 
consultants.   

      Conclusions 

 The scienti fi c basis for understanding the 
effects of peripheral nerve trauma as a basis 
for improving patient care has a long and sto-
ried history. Special attention to diagnosis and 
treatment of trigeminal injuries, although a 
relative latecomer to these efforts, holds great 
promise based upon progress made in the most 
recent decades.      
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          2.1   Introduction    

 As oral and maxillofacial surgeons perform broad 
scope orofacial surgical procedures, most may 
expect to experience nerve injuries during their 
practice lifetime. Worldwide, the incidence of 
injury to the inferior alveolar nerve (IAN) has 
been reported to be from 0.26 to 8.4 %, whereas 
lingual nerve (LN) de fi cits range from 0.1 to 
22 %  [  1–  3  ] . Temporary or permanent sensory 
nerve disturbances are not uncommon; however, 
sensory de fi cits lasting longer than 1 year are 
more likely to be permanent, and attempts at 
microneurosurgical repair are often unsuccessful 
in these long-standing injuries  [  4  ] . 

 Numerous studies have shown that dentoal-
veolar surgery is a major cause of trigeminal 
nerve injuries. Other causes of nerve dysfunc-
tion include root canal therapy with canal over-
instrumentation, and extravasation of endodontic 

 fi lling material beyond the root apex has been 
noted in the literature  [  5,   6  ] . As the number of 
dental implant procedures increases, so do the 
complications associated with the mandibular 
division of the trigeminal nerve. As an oral and 
maxillofacial surgeon, one must have knowledge 
of this complication and provide informed con-
sent to their patients  [  7,   8  ] . The symptomology 
is different from patient to patient and varies 
greatly from slight paresthesia to complete anes-
thesia, with or without pain  [  9  ] . 

 This chapter will review classi fi cation systems 
for nerve injury, with the goals of providing this 
information to:
    1.    Assist clinicians in distinguishing the com-

mon symptoms and signs of nerve injury.  
    2.    Provide a diagnosis and distinguish the degrees 

of damage for the different types of injury.  
    3.    Provide a prognosis for recovery to help dif-

ferentiate when the speci fi c injury or patient 
characteristics will recover spontaneously as 
opposed to those requiring different treatment 
interventions, including surgery.  

    4.    Provide guidance and direction regarding 
treatment options and provide prognosis for 
treatment outcome based upon the speci fi c 
sensory de fi cit(s).     
 Classi fi cation systems are an important 

method for clinicians and clinical scientists to 
de fi ne common grounds for understanding etiol-
ogy, differentiating symptom complexes, and pre-
dicting outcome in the present and in the future. 
A satisfactory classi fi cation system would 
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 provide a clinically acceptable system for 
diagnosis, prognosis, and treatment selection 
based upon statistically validated measurements. 
A clinically viable diagnostic test system would 
be used to apply and distinguish the differ-
ent classi fi cation and staging systems, classes, 
and categories in order to provide sensitivity, 
speci fi city, positive and negative predictive val-
ues, and test accuracy and predilection. In other 
words, distinguishing normal from abnormal in 
the clinical setting (i.e., determination of false 
positive and negative from true positive (nerve 
injury present) and negative (normal, no nerve 
injury present)). 

 The classi fi cation system serves as the “gold 
standard system” for diagnostic testing. This 
chapter will present the current systems used for 
nerve injury classi fi cation.  

    2.2   Historical Perspectives 

 Peripheral nerve injuries were  fi rst studied sys-
tematically during the American Civil War by 
neurologist S. Weir Mitchell. Many of the 
advances in knowledge about peripheral nerve 
injuries have occurred during wartime, including 
World War I and II, from physicians on both sides 
of the front  [  10  ] . These nerve injuries were 
addressed under much less than ideal conditions 
in the  fi eld, but much information was learned 
from their management.  

    2.3   Nerve Injury Classi fi cation 
via Semiquantitative Value 

    2.3.1   Histology 

 In 1942, Sir Herbert Seddon introduced the three 
basic classi fi cations based on severity of nerve injury 
determined by histology that is correlated to motor 
function that is used today in sensory and motor 
nerve injury classi fi cation (Fig.  2.1 ). These include 
neurapraxia, axonotmesis, and neurotmesis  [  11  ] .  

    2.3.1.1   Neurapraxia 
 Neurapraxia is seen as motor paralysis, and it is 
the mildest injury type that is transient. There is no 
effect on nerve continuity. The transient nature of 
this injury is believed to be caused by a temporary 
disturbance in the conduction pathway that blocks 
neural transmission but does not damage the axon. 
Symptoms include motor paralysis (for motor 
nerves), numbness, tingling, and loss of vibration 
and postural sensation. All of these effects resem-
ble the common effects of local anesthesia.  

    2.3.1.2   Axonotmesis 
 Axonotmesis occurs when there is complete 
interruption of the nerve  fi bers, but the connec-
tive tissues (endoneurium, perineurium, and 
epineurium) remain intact. It is a disturbance of 
nerve cell axon, with Wallerian degeneration 
occurring near the site of injury. This type of 
nerve injury is caused by a crush or pressure 
damage. Spontaneous regeneration is likely to 

Seddon
classification

Sunderland
classification

Normal

Normal

Epineurium

Perineurium
Endoneurium

Axon

Neuropraxia Axonotmesis Axonotmesis

Second degree Third degree

Axonotmesis

Fourth degree

Neurotmesis

Fifth degreeFirst degree

  Fig. 2.1    Seddon and Sunderland classi fi cation of nerve injury based upon histological neural changes       
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occur following this type of injury  [  12  ] . The 
nerve as a mass is still in continuity  [  11  ] .  

    2.3.1.3   Neurotmesis 
 Neurotmesis involves complete severance of the 
nerve. Functional loss is complete and recovery 
without surgical intervention is unlikely. There is 
a complete loss of motor and sensory function. If 
there is recovery, it is usually incomplete. It is 
important to note that clinically, there may no dif-
ference between axonotmesis and neurotmesis. 
Discerning the differences between the two enti-
ties includes:
    1.    Prognosis: Axonotmesis may be expected to 

be followed by spontaneous regeneration, 
while in neurotmesis, signs of recovery fail to 
appear or may occur only following surgical 
repair  [  11  ]  (Table  2.1 ).   

    2.    Time: The speci fi c time frame for recovery 
differentiates between axonotmesis and 
neurotmesis. Axonotmesis may be followed 
by spontaneous recovery while neurotmesis 
is not. The drawback is that once a time 
limit, generally accepted as 90 days, has 
passed, the likelihood of spontaneous 
regeneration decreases signi fi cantly (9.3–
62.9 %)  [  13  ] .  

    3.    Exploration: The only precise and predictive 
method to differentiate between axonotmesis 
and neurotmesis. If performed in a conserva-
tive manner, exploration is the gold standard 
for distinguishing between the three basic 
classi fi cations of nerve injury  [  11  ] .  

    4.    Histology: It is important to emphasize that 
histological analysis is very reliable, however, 
clinically not useful.     
 In 1951, Sir Sydney Sunderland further 

strati fi ed the three nerve injury types described 

by Seddon into  fi ve categories according to 
Wallerian axon degeneration and disruption of 
the endoneurial, perineurial, and epineurial tis-
sues again based upon histological  fi ndings  [  14  ] . 

 A  fi rst-degree injury is equivalent to Seddon’s 
neurapraxia and a second-degree injury is equal 
to axonotmesis. Third-degree nerve injury can 
be described as axonotmesis with  endoneurial 
involvement. This category  fi ts between Seddon’s 
pure axonotmesis and neurotmesis. Dependent 
upon the extent of the endoneurial damage, func-
tional recovery may be possible. Sunderland 
further divides Seddon’s neurotmesis into fourth- 
and  fi fth-degree injuries. In a fourth-degree injury, 
all portions but the epineurium of the nerve are 
disrupted and surgery is necessary for treatment. 
Fifth-degree injury, similar to the classic neurot-
mesis, involves complete severance of the nerve 
including the epineurium  [  14  ] . 

 In 1988, Mackinnon introduced a new injury 
pattern deemed useful to further classify nerve 
injuries. This classi fi cation scheme combines 
multiple types of nerve injuries seen in the 
Sunderland classi fi cation. It is in other words a 
mixed scheme where many types of nerve injury 
are combined and therefore there are variable 
degrees of recovery witnessed by the examiner 
and experienced by the patient. Electrodiagnostic 
tests are used to differentiate between  fi rst degree 
and other degrees of nerve injury; however, they 
will not differentiate between the recovery poten-
tial associated with each injury  [  15  ]  (Table  2.2 ).   

   Table 2.1    Neurosensory recovery based upon Sunderland 
classi fi cation   

 Sunderland 
 Recovery 
pattern  Rate of recovery 

 Need for 
surgery 

 1st degree  Complete  Fast (days-
weeks) 

 − 

 2nd degree  Complete  Slow (weeks)  − 
 3rd degree  Variable  Slow (weeks-

months) 
 −/+ 

 4th degree  Poor  Little/none  + 
 5th degree  None  None  ++ 

   Table 2.2    Modi fi ed MRCS (Medical Research Council 
Scale)   

 Grade  Description 

 S0  No sensation 
 S1  Deep cutaneous pain in autonomous zone 
 S2  Some super fi cial pain and touch 
 S2+  Super fi cial pain and touch plus hyperesthesia 
 S3  Super fi cial pain and touch without hyperesthe-

sia and static 2-point discrimination >15 mm 
 Indicates USF (useful sensory function) a  

 S3+  Same as S3 with good stimulus localization 
and static 2-point discrimination of 7–15 mm 
 Indicates USF a  

 S4  Same as S3 and static 2-point discrimination 
of 2–6 mm 
 Indicates CSR (complete sensory recovery) a  

   a Grades S3, S3+, and S4 indicates FSR (functional sen-
sory recovery)  
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  Fig. 2.2    Characteristics    of the different types of nerve injuries based upon Seddon  [  11  ] , Sunderland  [  14  ]  and 
Mackinnon  [  15  ]  classi fi cation schemes       
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 More recently, the modi fi ed Medical Research 
Council Scale (MRCS) has been applied to the 
classi fi cation schemes for trigeminal nerve injury 
(Fig.  2.2 ). The grading system provides a useful 
method to document and monitor neurosensory 
recovery, either spontaneously or following sur-
gical repair.    

    2.4   Nerve Injury Classi fi cation via 
Independent Classi fi cation 

    Nerve injuries as discussed previously can be 
created by a myriad of causes, most notably, 
mechanical injuries such as that produced during 
third molar extractions, root canal instrumenta-
tion, dental implant placement, and osteotomy 
procedures. 

 Systemic processes may also in fl uence nerve 
injury responses. These include chemical injury, 
infection, metabolic, genetic, and disease-related 
causes. These other mechanisms of nerve injury 
may be referred to as nerve classi fi cation 
independent. 

    2.4.1   Chemical Injuries 

 Nerve injury by chemicals has been noted in the 
literature from nerve agents used as chemical weap-
ons to the common household bleach. Any chemi-
cal that can disrupt the conduction mechanism of 
the nerve can cause chemical nerve injury  [  19  ] . 
This discussion will be limited to chemicals that are 
used in dental and surgical settings. 

 Local anesthetics are commonly used in den-
tistry and oral and maxillofacial surgery, and it is 
generally considered a safe chemical to use in a 
healthy individual. Unfortunately, injection-
related trigeminal nerve injury that can cause 
neurosensory disturbances (NSD) is a rare but 
present complication. The signs and symptoms 
associated with NSD are associated with a range 
including anesthesia, hypoesthesia, dysesthesia, 
allodynia, gustatory abnormalities, and sponta-
neous pain  [  20  ] . Estimates of the incidence of 
local anesthetic related NSD (temporary or per-
manent) in dental practice vary greatly, ranging 

from as high as 1:42 to as low as 1:750,000 dis-
turbances per injection  [  20  ] . However, the true 
incidence remains elusive due the unknown num-
ber of unreported cases. Symptom resolution has 
been suggested to occur within 8 weeks; how-
ever, more longitudinal studies are still needed 
 [  21,   22  ] . The four major local anesthetics that 
were associated with the highest incidence of 
NSD were articaine 4 %, lidocaine 2 %, mepiva-
caine 3 %, and prilocaine 3 %, with articaine hav-
ing the highest share of cases reported  [  20  ] . 

 Other common chemicals that have been 
associated with chemical nerve injury are those 
used in root canal therapy during cleaning or 
sealing. Bleach, or sodium hypochlorite, is the 
most commonly used irrigant in endodontics due 
to its dual action as a powerful antimicrobial 
agent and its ability to dissolve organic soft tis-
sue in the root canal system  [  23  ] . Bleach extrava-
sation beyond the root canal apex into the 
surrounding tissue can cause a plethora of signs 
and symptoms ranging from weakness and par-
esthesia to neuropathic pain and tissue necrosis. 
The onset of these signs and symptoms can range 
from immediate onset to late onset  [  23  ] . All root 
canal sealants are neurotoxic to some degree 
depending upon the level of penetration of the 
epineurium. Unfortunately, dysesthesia can be 
the main NSD noted from sealant damage with a 
rate of 30 %  [  5  ] .  

    2.4.2   Infection 

 A variety of bacteria and viruses can cause neural 
damage resulting in a condition known as periph-
eral neuropathy. The most notable virus to be dis-
cussed is herpes zoster virus causing postherpetic 
neuralgia (PHN) and Ramsey Hunt syndrome II 
(herpes zoster oticus). Herpes zoster has the high-
est incidence of all neurologic diseases. It occurs 
in approximately a half million individuals in the 
USA and has a lifetime occurrence of 20 %  [  24, 
  25  ] . After initial infection, the varicella-zoster 
virus establishes latency in the spinal and cranial 
nerve ganglia. After reactivation and replication, 
the viruses spread from the sensory nerve  fi bers in 
the ganglion to the involved dermatomes. Other 
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than the dermatologic manifestations of the infec-
tion, there are a multitude of neurologic manifes-
tations ranging from neuropathic pain to 
paresthesia  [  26  ] . The rash disappears within 2–4 
weeks, but the most distressing symptom that may 
persist after resolution of the acute infection is 
pain, predominately allodynia. Pain that persists 
beyond 3 months is termed postherpetic neuralgia 
 [  27  ] . It is a pain that has been described using 
words such as stabbing, burning, gnawing, and 
shooting. The destruction of primary afferent 
C- fi bers and resulting central hyperactivity is 
thought to be the cause of pain in PHN  [  28,   29  ] . 

 Ramsey Hunt syndrome was introduced in the 
beginning of 1900s  [  26  ] . Malin de fi ned the syn-
drome as consisting of multiple signs and 
symptoms:
    1.    Zoster oticus (a lesion that is rarely also on 

ipsilateral soft palate)  
    2.    Peripheral facial nerve paresis with gustatory 

disturbances and reduction of lacrimation 
(rarely contralateral or bilateral cranial nerve 
VII paresis)  

    3.    Sensory disturbances in the areas innervated 
by branches V1 and V3 of the trigeminal 
nerve  

    4.    Sensory disturbances in the cervical der-
matomes (frequently C2 to C4)  

    5.    Lesion of cranial nerve VIII (causing decreased 
audition)  [  30  ] .      

    2.4.3   Metabolic Disorders 

 These are disorders caused by a disruption of the 
chemical processes in the body. In some instances, 
nerve damage is caused by poor energy utiliza-
tion by the body. In others, the accumulation of 
harmful substances (toxins) in the body may lead 
to nerve damage. Some metabolic disorders are 
inherited, and other etiologies are multifactorial. 
Diabetic sensorimotor polyneuropathy (DSPN) 
develops as a consequence of chronic hypergly-
cemia. This results in chronic metabolic derange-
ments, including oxidative stress, excessive 
advanced glycation end products (AGE), and 
polyol pathway  fl ux. Microscopic vessel damage 
and nerve injury are the end result. In DSPN, the 

longest sensory axons are affected  fi rst, resulting 
in peripheral neuropathy of the feet and hands. 
Large nerve  fi ber damage occurs early, predomi-
nately affecting vibration. However, it may also 
result in loss of proprioception, muscle strength, 
and two-point discrimination. Polyradiculopathy 
can also be seen as a result of DSPN. Clinically, 
this is commonly seen affecting the lumbar nerve 
root distribution  [  31  ] . At this point, there have 
been no reports of metabolic disorders that cause 
trigeminal nerve injury.  

    2.4.4   Genetic Disorders 

 The inherited peripheral neuropathies are a com-
plex group of disorders caused by mutations in 
more than 50 genes. They are caused by nascent 
mistakes in the genetic code or by new genetic 
mutations. Some genetic mutations lead to mild 
neuropathies with symptoms that appear in early 
adulthood and result in little, if any, signi fi cant neu-
rosensory impairment. More severe hereditary neu-
ropathies may appear in early childhood or even in 
infancy. The most common inherited neuropathies 
are a group of disorders collectively referred to as 
Charcot-Marie-Tooth (CMT) disease, after the 
three men who  fi rst described them in 1886. These 
neuropathies result from errors in genes responsi-
ble for manufacturing neurons or the myelin sheath. 
Hallmarks of typical Charcot-Marie-Tooth disease 
include extreme weakening and wasting of muscles 
in the lower legs and feet, gait abnormalities, loss 
of tendon re fl exes, and numbness in the lower 
limbs. CMT disease can also lead to severe pain in 
the extremities  [  32  ] . At this point in time, there 
have been no reports of genetic disorders that cause 
trigeminal nerve injury.  

    2.4.5   Multiple Sclerosis 

 During periods of multiple sclerosis (MS) activ-
ity, white blood cells are drawn to regions of the 
white matter. These initiate and participate in the 
in fl ammatory response. During the in fl ammatory 
phase, the myelin surrounding the axons is 
destroyed in a process known as demyelination. 



232 Classi fi cation of Nerve Injuries

There are a signi fi cant number of MS patients 
who actually suffer from painful conditions such 
as central and peripheral neuropathy, migraine 
headaches, trigeminal neuralgia, painful tonic 
spasms or Lhermitte’s sign, complex regional 
pain syndrome (CRPS), glossopharyngeal neu-
ralgia, and transverse myelitis. In addition, MS 
relapses are usually accompanied by pain with 
many patients complaining of paroxysmal dysto-
nia and neuropathic pain during these episodes 
 [  33  ] . It is important to note that approximately 
2 % of patients with MS also have symptoms of 
trigeminal neuralgia  [  34  ] .   

    2.5   Nerve Injury Classi fi cation 
via Subjective Reporting 

 Complete versus partial nerve avulsions and inju-
ries produce different responses with regard to 
the effects on sensory perception and type of dys-
esthesia that result. Ironically, lesser neurotrauma, 
as seen with Sunderland type 2 and 3 injuries and 
partial or puncture injuries, is more likely to be 
associated with early hyperesthesia. Severe type 
4 internal nerve damage and type 5 complete lac-

eration or avulsion injuries, by contrast, are often 
initially less painful but eventually lead to the 
formation of dysfunctional chronic neuroma-in-
continuity and amputation neuromas. These ini-
tially anesthetic lesions are more often associated 
with poor orofacial function, referred and radiat-
ing forms of unpleasant paresthesia, and sponta-
neous pain  [  35,   36  ] . Other such terminologies of 
altered function that clinicians de fi ne as altered 
are found in Table  2.3 .  

 In trying to obtain subjective reporting from 
patients, it is bene fi cial to provide them with a list 
of  verbal descriptors  that helps illicit qualitative 
information about their neuropathy; it is also 
helpful in revealing the causal mechanisms of 
sensory irregularity, pain, and dysfunction. 
Important to note is that when the vast majority 
of English-speaking patients were asked about 
their neuropathy they used the term “numbness” 
 [  35,   37  ] . However, quantitative sensory testing 
(QST) reveals that patients’ objective reporting 
varied widely, with some patients testing com-
pletely anesthetic, while others had near normal 
stimulus responses. 

 The majority of patients tend to report their 
symptoms mainly using three words for each of 

   Table 2.3    Pain terms adapted from the de fi nitions of the International Association for the Study of Pain (  www.iasp-
pain.org    )   

 Paresthesia  Abnormal sensation whether spontaneous or evoked and is not unpleasant 
 Dysesthesia  An unpleasant abnormal sensation, whether spontaneous or evoked. Special cases of dysesthesia 

include hyperalgesia and allodynia 
 Anesthesia  It is a pharmacologically induced and reversible state of amnesia, analgesia, loss of responsive-

ness, loss of skeletal muscle re fl exes or decreased stress response, or all simultaneously 
 Hyperesthesia  Increased sensitivity to stimulation, excluding the special senses. The stimulus and locus should 

be speci fi ed.  Hyperesthesia  may refer to various modes of cutaneous sensibility including touch 
and thermal sensation without pain, as well as to pain. The word is used to indicate both 
diminished threshold to any stimulus and an increased response to stimuli that are normally 
recognized 

 Hypoesthesia  Decreased sensitivity to stimulation, excluding the special senses. Stimulation and locus to be 
speci fi ed 

 Synesthesia  A neurological condition in which stimulation of one sensory or cognitive pathway leads to 
automatic, involuntary experiences in a second sensory or cognitive pathway 

 Allodynia  Pain due to a stimulus that does not normally provoke pain. The stimulus leads to an unexpect-
edly painful response. This is a clinical term that does not imply a mechanism. Allodynia may be 
seen after different types of somatosensory stimuli applied to many different tissues 

 Sensitization  Increased responsiveness of nociceptive neurons to their normal input, and/or recruitment of a 
response to normally subthreshold inputs. Sensitization can include a drop in threshold and an 
increase in suprathreshold response. Spontaneous discharges and increases in receptive  fi eld size 
may also occur 

http://www.iasp-pain.org
http://www.iasp-pain.org


24 J.R. Zuniga and A.M. Radwan

the following categories: hypoesthesia, paresthe-
sia, and dysesthesia. 

 As compared to hypoesthesia and paresthesia 
categories, the three most commonly chosen 
words by patients to describe their symptoms 
were less useful in describing dysesthesia  [  38  ]  
(Table  2.4 ).  

 Nerve classi fi cation is an essential part of 
diagnosing and managing nerve injuries since it 
allows the establishment of speci fi cally structured 
treatments based upon individual categories of 
injury. It provides the means of obtaining a prog-
nosis based upon the type of nerve injury, the eti-
ologic factor that caused that injury, and the length 
of time since the injury. One must also take into 
consideration the importance of subjective data in 
addressing the speci fi c needs of the patient. This 
includes obtaining a thorough history of present 
illness and allowing the patient to describe their 
injury in their own words.      
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    3.1   Introduction 

 Dental treatment, surgical operations, and trau-
matic injuries to the oral cavity and maxillofacial 
region occur in close proximity to peripheral 

branches of the three major divisions of the  fi fth 
cranial (trigeminal) nerve (TN5), the main sen-
sory innervation to several important structures 
in the head and neck. Despite detailed knowledge 
of the regional anatomy and the application of 
skillful surgical technique, injuries to the TN5 
are not always avoidable  [  79  ] . In this chapter, 
situations in which TN5 injuries are known to 
occur, the mechanism of injury (if known), the 
local neuroanatomy, and measures or technical 
modi fi cations that might reduce the risk of trauma 
to adjacent TN5 branches will be presented.  

    3.2   Neuroanatomy 

 The anatomy of the TN5 is complex, and an 
additional review will be helpful to clinicians 
 [  31,   106,   114  ] . All three divisions of the TN5 are 
at risk for injury. Those peripheral branches 
which are most often involved in cases of nerve 
injury include the supraorbital nerve (SON) and 
the supratrochlear nerve (STN) from the oph-
thalmic ( fi rst, V1) division of TN5, the infraor-
bital nerve (IFN) from the maxillary (second, 
V2) division, and the inferior alveolar (IAN), 
lingual (LN), mental (MN), and long buccal 
(LBN) nerves from the mandibular (third, V3) 
division (Figs.  3.1  and  3.2 ).   

    Rarely do injuries occur to the other branches of 
the TN5, such as the anterior, middle, and posterior 
superior alveolar, nasopalatine, and greater pala-
tine nerves of V2 and the mylohyoid, auriculotem-
poral, and incisive nerves of V3, perhaps because 
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 alteration of sensation in the affected areas is not 
readily perceived by patients and does not seriously 
interfere with orofacial functions, or merely that 
the paresthesia resolves rapidly  [  76  ] . For example, 
temporary, but sometimes prolonged, numbness 
of the palate is common after a LeFort I maxillary 
osteotomy because of involvement of the naso-
palatine and greater palatine nerves. However, it 
is seldom a long-term patient complaint and does 
not seem to interfere with speech, mastication, or 
drinking or swallowing liquids  [  69  ] . The buccal and 
labial gingivae are routinely anesthetic following a 
LeFort I osteotomy because the terminal  fi bers of 
the middle and anterior superior alveolar nerves 
are severed by the usual circumvestibular incision. 
Recovery of this sensation occurs within a few 
weeks or months, and the interval of gingival insen-
sitivity has little or no effect on oral function. The 
mylohyoid nerve which branches from the IAN in 
the pterygomandibular fossa provides motor inner-
vation to the mylohyoid muscle and the anterior 
belly of the digastric muscle. In some patients, it has 

a sensory component that supplies a small area of 
skin in the submental area where loss of sensation 
is not often perceived by the patient. Likewise, the 
auriculotemporal nerve (ATN) is frequently injured 
during temporomandibular joint surgery, parotid 
gland surgery, or rhytidectomy, but the alteration 
of sensation in the periauricular region gener-
ally resolves within a few months and is seldom 
a problem for the patient. Occasionally, however, 
injury to the ATN is associated with the develop-
ment of Frey’s syndrome (gustatory sweating, see 
Sect.  3.5.7 ) that can be a signi fi cant aggravation for 
the af fl icted patient  [  132  ] . Also, the incisive nerve is 
often intentionally sectioned to allow for maximal 
lateralization or advancement of the IAN during 
nerve repair surgery after injury or to allow for lat-
eral repositioning for dental implant placement. The 
resulting loss of sensation in the mandibular labial 
gingiva and anterior teeth does not present a prob-
lem for most patients, although the lack of  tactile 
proprioception in the incisors may be frustrating for 
some patients. In addition, however, an amputation 
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  Fig. 3.1    Sensory innervation 
of the face via branches of 
the three major divisions of 
the trigeminal nerve. 
 V1  ophthalmic division, 
 V2  maxillary division, 
 V3  mandibular division       
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neuroma may develop rarely on the proximal stump 
of a transected incisive nerve possibly leading to 
painful neuropathies  [  14  ] . 

    3.2.1   Supraorbital and Supratrochlear 
Nerves 

 The supraorbital nerve (SON) traverses along the 
superior orbital  fi ssure above the bony orbit and 
exits through the supraorbital foramen, or notch, 
in the superior orbital rim of the frontal bone. 
From this point, the SON and its branches pro-
ceed medially, laterally, and cephalad to supply 

sensation to the eyebrow, forehead, and anterior 
scalp. The SON has a “super fi cial” (lateral) division 
and a “deep” (medial) division. The super fi cial 
division courses super fi cially over the frontalis 
muscle and supplies sensation to the skin of the 
forehead, while the deep division proceeds more 
cephalad beneath the galea aponeurotica to inner-
vate the frontoparietal region of the scalp  [  65  ] . 
This deep (medial) division has implications in 
the surgical dissection utilized for a forehead or 
brow-lift procedure (see Sect.  3.5.9 ). The supra-
trochlear nerve (STN) exits from beneath the 
superior orbital rim about 1 cm medial to the 
supraorbital foramen and provides branches to 
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  Fig. 3.2    Important sensory 
branches of the trigeminal 
nerve in the oral cavity: 
( a ) labio-buccal aspect of 
maxilla and mandible; 
( b ) lingual area of mandible       
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the upper eyelid and lower midportion of the 
forehead. The patient seldom notices the loss of 
sensation from the STN alone following forehead 
injury or surgical procedures.  

    3.2.2   Infraorbital Nerve 

 The infraorbital nerve (IFN), the most important 
branch of V2, traverses the inferior orbital canal 
below the  fl oor of the orbit and exits via the 
infraorbital foramen inferior to the inferior orbital 
rim. From there it divides into several branches 
as it proceeds peripherally. Its locations within 
the inferior orbital canal and following its exit 
from bone make it susceptible to injury from 
trauma or various surgical procedures. The 
injured IFN may produce symptomatic neurosen-
sory dysfunction in the upper lip and middle third 
of the face (see Sects.  3.5.3  and  3.5.4 ).  

    3.2.3   Inferior Alveolar Nerve 

 The inferior alveolar nerve (IAN) leaves V3 in 
the pterygomandibular space and courses ante-
rolaterally to the medial surface of the mandible 
into which it enters at the mandibular foramen. 
From here, its location within the inferior alveo-
lar canal (IAC) can be highly variable, supero-
inferiorly, between the molar and premolar teeth 
and the mandibular inferior border and, mediolat-
erally, between the lateral and medial mandibular 
cortices (Fig.  3.3 ). Recognition of this variability 
of position of the IAN is important in planning a 
surgical procedure for the removal of mandibu-
lar third molars (M3s), correction of mandibular 
developmental deformities with orthognathic sur-
gery, repair of mandibular fractures, placement 
of dental implants, and endodontic periapical 
surgery (see Sects.  3.5.2 ,  3.5.3 ,  3.5.4 ,  3.5.5 , and 
 3.5.7 ). This location can usually be determined 
from plain radiographs in most patients  [  39,   56  ] ; 
however, in those patients who are suspected of 
having an intimate relationship between the IAN 
and an approximating tooth, implant, or other 
object or structure (based upon plain- fi lm assess-
ment), the availability of newer imaging tech-

niques (computed tomography (CT), cone-beam 
computed tomography (CBCT)) has made pos-
sible the precise and accurate determination of 
the position of the IAN within the mandible (see 
Chaps.   5     and   11    ).   

    3.2.4   Mental Nerve 

 The mental nerve (MN) arises from the IAN 
in the inferior alveolar canal in the premolar 
region. The MN then courses superiorly and pos-
teriorly to exit the lateral surface of the mandible 
through the mental foramen (MFN), generally 
located between and slightly inferior to the api-
ces of the mandibular  fi rst and second premolar 
roots. Vertical or horizontal incisions and submu-
cosal dissections in the mandibular buccal vesti-
bule should be performed with great caution in 
this area. The level of exit of the MN is generally 
several millimeters superior to the level of the 
inferior alveolar canal, a relationship that impacts 
upon the placement of a horizontal osteotomy for 
mandibular symphysis repositioning or genio-
plasty (see Sect.  3.5.9 ). As it exits the MFN, the 
MN usually divides into three distinct branches 
that pass inferior, lateral, and anterior (lower 
labial branches, LLBs) to supply the lower labial 
mucosa and skin of the lower lip. Occasionally, 
there is an anatomic variation in which the MN 
exits the mandible as two separate branches via 
two bony mental foramina (Fig.  3.4 ). Knowledge 
of the position of the LLBs of the MN  [  1  ]  aids 
the clinician in determining appropriate incision 
designs in the lower labial mucosa for various 
procedures (such as biopsy of minor salivary 
glands, excision of submucosal masses, and man-
dibular symphysis procedures) while minimizing 
the risk of injury to the MN. In general, the LLBs 
of the MN proceed in an anteromedial direc-
tion at an angle of about 36 % to the horizontal 
plane of the lower lip, so an incision in the lower 
labial mucosa for removal of a submucosal mass 
should parallel the direction of these branches. A 
U-shaped incision with its lateral aspects parallel 
to the LLBs should be made to expose the man-
dibular symphysis (Fig.  3.5 ). When the patient 
has lost posterior mandibular teeth and there is 

http://dx.doi.org/10.1007/978-3-642-35539-4_5
http://dx.doi.org/10.1007/978-3-642-35539-4_11
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alveolar bone atrophy in the mandibular body 
region, the MFN and/or the IAC may be located 
at, or near, the alveolar crest, placing the MN or 
the IAN at risk from incisions or other surgical 
manipulations in this area     [  55,   77,   78  ]  (Fig.  3.6 ).     

    3.2.5   Lingual Nerve 

 The lingual nerve (LN), after it leaves V3 in the 
pterygomandibular space, proceeds anteriorly 
where it assumes a variable relationship to the 

b

a

A B C D

c

  Fig. 3.3    Variable locations 
( left ,  a ) of the inferior 
alveolar canal (IAC) in the 
mandible molar region (seen 
in cross section) which can 
be determined from 
preoperative imaging studies: 
( A ) the IAC lies several 
millimeters inferior to the 
tooth root apex, a favorable 
position during M3 removal; 
( B ) the IAC, situated 
inferiorly, is grooving the 
lateral cortical bone, placing 
it at risk during the 
mandibular sagittal split 
ramus osteotomy (MSSRO); 
( C ) the IAC, located 
superiorly, again is grooving 
the lateral cortical bone, 
placing it at risk when 
performing the MSSRO or 
inserting superior border 
monocortical internal 
 fi xation screws; ( D ) the IAC 
lies within a groove in the 
root apex, posing a risk of 
injury during the removal of 
the tooth. Bilateral impacted 
mandibular third molars 
(M3) in which the roots are 
straddling the IAC ( middle , 
 b ). An M3 whose roots were 
perforated by the IAC ( right , 
 c ). The IAN was severed 
during M3 removal and was 
later successfully repaired 
with microsurgery       
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medial surface of the mandible in the third molar 
(M3) area. Cadaveric dissections and clinical 
experience have shown that the LN in the M3 
area may be located in intimate contact with the 
medial mandibular periosteum at, or above, the 
level of lingual crest of bone (Fig.  3.7 ) or one to 

several millimeters below the alveolar crest at 
various distances (from 0 to several millimeters) 
medial to the lingual mandibular periosteum  [  20, 
  63,   86  ] . It has been noted that these nerve-bone 
relationships may not necessarily change in 
patients who subsequently lose their teeth and 

a b

c

  Fig. 3.4    Mental nerve (MN, indicated by  white arrow ) 
usually ( a ) exits the buccal surface of the mandible infe-
rior to the root apices of the two premolar teeth; ( b ) a view    
of patient with two right mental foramina, each with a 

MN; ( c ) radiographic views of impacted mandibular 
 premolar teeth, each of which is in close proximity to its 
adjacent mental foramen ( arrows ), posing a risk of MN 
injury during their removal       
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undergo mandibular atrophy  [  55  ] . The position 
of the LN on one side of a bilateral cadaver dis-
section     [  103  ]  and as seen in clinical experience is 
not a reliable predictor of its position on the con-
tralateral side. The frequently noted intimacy of 

the LN and the mandible in the third molar region 
increases the risk of LN injury from removal of 
M3s or other surgical procedures in the retromo-
lar pad area (see Sects.  3.5.2 ,  3.5.3 ,  3.5.4 , and 
 3.5.5 ). As the LN courses anteriorly from the M3 
region, it again may assume a variable relation-
ship with the submandibular salivary duct and the 
submandibular salivary gland. In some patients, 
the LN runs medially inferior to the submandibu-
lar duct and then into the  fl oor of the mouth and 
tongue musculature. In other patients, the LN 
runs through or inferior to the submandibular 
gland to reach the body of the tongue muscle  [  88 , 
 89  ] . In these latter two relationships, the LN 
might be in jeopardy during surgical procedures 
of the sublingual salivary gland, submandibular 
gland, or Wharton’s duct. As the LN proceeds 
anteriorly from the M3 area and into the  fl oor of 
the mouth, it assumes a more tortuous course. 
This has implications for the surgical repair of 
LN injuries in that dissection and mobilization of 
the distal portion of a severed nerve often allows 
it to be advanced without tension to approxima-
tion with the proximal nerve stump. The nerve 
gap is eliminated and a direct neurorrhaphy, 
rather than an indirect reconstruction with a nerve 
graft or conduit, may be performed     [  12 ,  13  ] .   

    3.2.6   Long Buccal Nerve 

 The long buccal nerve (LBN) leaves V3 in the 
pterygomandibular space and crosses lateroinfe-
riorly in a supraperiosteal location over the deep-
est concavity of the external oblique ridge of the 
mandibular ramus, or up to 12 mm inferior to this 
point. There the LBN may separate into several 
smaller branches or continue as a single struc-
ture into the mandibular buccal vestibule in the 
molar area where it then sends multiple smaller 
branches medially, laterally, and anteriorly to 
supply the buccal molar gingiva, buccal mucosa, 
and mandibular vestibule, respectively  [  52  ] . 
While the main trunk of the LBN as it crosses 
the external oblique ridge is often 1 mm in diam-
eter, it is  seldom noted in surgical dissections in 
the retromolar pad or vestibule of the posterior 
mandible unless it is the subject of exploration 

Anterior/
LLB 36º

Right
mental
nerve
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  Fig. 3.5    ( a ) MN gives off its anterior/lower labial 
branches (LLB) which course anteriorly at an angle of 
about 36° with the horizontal plane of the lower lip. An 
incision in this area should parallel the LLB; ( b ) a labial 
vestibular incision for access to the mandibular symphysis 
has its lateral wings ( solid black lines    ) parallel to the LLB. 
Remainder of the incision is a  dotted line        

  Fig. 3.6    Severe atrophy of the mandible. IAC and MF 
are at or near the crest of the residual alveolar ridge       
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and repair. When the LBN crosses below the 
greatest concavity of the external oblique ridge, 
it may be at risk of injury from incisions in the 
posterior mandibular buccal vestibule, such as 
those performed for M3 removal, mandibular 
ramus osteotomies, or open reduction of poste-
rior mandibular body, angle, ramus, or condylar 
fractures. In the majority of patients, transection 
of the main trunk of the LBN, or one or more 
of its branches, is associated with little, if any, 
perceived sensory aberration  [  76  ] , possibly due 
to a high mechanosensory threshold of this nerve 
 [  51  ] . However, in some patients, a LBN injury 
results in signi fi cant sensory dysfunction, espe-
cially if a painful neuroma develops on the proxi-
mal stump of a severed LBN  [  11  ]  (Fig.  3.8 ).    

    3.3   Types of Nerve Injury 

    3.3.1   Clinical Categories of Nerve 
Injury 

 Clinically, peripheral nerve injuries are divided 
into two categories:  closed  and  open injuries . The 
vast majority of TN5 injuries occurring during 
elective surgery, except those nerve resections 
which are planned as part of ablative surgery, are 
unobserved or are unsuspected by the surgeon at 

the time of operation  [  110  ] . Only in retrospect, 
when the patient returns with a complaint of sen-
sory dysfunction, is the diagnosis established and 
the surgeon obliged to evaluate the situation fur-
ther. Such an injury, not directly observed by the 
surgeon at the time of its occurrence, is termed a 
 closed  ( or unobserved )  injury . When a nerve 
injury is noticed at the time of surgery, whether it 
is produced intentionally, such as during surgical 
excision of a malignant tumor in which the nerve 
is involved, or unintentionally, such as during an 
elective, non-ablative operation, this is called an 
 open  ( or observed )  injury . An open injury is doc-
umented in the surgeon’s notes or operative 
report, and if the nerve is not to be repaired at the 
time it occurs, the injured area of the nerve may 
be tagged with  fi ne, nonabsorbable, nonreactive 
sutures (such as 8-0 mono fi lament nylon) to assist 
the surgeon who does the subsequent microsurgi-
cal repair in identifying the proximal and distal 
nerve stumps.  

    3.3.2   Mechanisms of Nerve Injury 

 There are many aspects of surgical manipulation 
that can lead to TN5 injury (Table  3.1 ). Some of 
these might be recognized clinically, if the nerve 
is exposed, and repaired at that time or within a 

a b

  Fig. 3.7    ( a ) Intact left 
lingual nerve (LN,  arrow ), 
exposed during a mandibular 
ramus surgical procedure, is 
located at level of alveolar 
crest in mandibular 
retromolar area; ( b ) left LN 
injured during mandibular 
third molar removal several 
months previously has 
developed a neuroma-in-
continuity ( arrow )       
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short time after injury (as in a delayed primary 
repair at 3 weeks)  [  99  ] . However, within several 
weeks, the healing process has begun and scar 
tissue has formed, and although these events may 
render the surgical repair technically less dif fi cult 
 [  79  ] , they alter the appearance of the injured 
nerve, and frequently make the mechanism of 
injury dif fi cult to determine clinically or histo-
logically. From direct clinical observation and 
other considerations  [  97  ] , it has been proposed 
that the TN5 may be injured via the following: 
(1) sharp incision (as from a scalpel or an anes-
thetic needle) that may cause a partial (one or 
more fascicles) or total (all fascicles) nerve 
transection; (2) blunt trauma associated with 
maxillofacial injuries or from instrumentation 
such as elevation of a mucoperiosteal  fl ap; (3) 

stretching, compression, or laceration from dis-
placed bone fragments in facial bone fractures; 
(4) manipulations during reduction of fractured 
bone fragments or osteotomized bone segments 
that produce nerve compression or crushing; (5) a 
high-speed rotating bur during bone removal or a 
slower-speed drill preparing dental implant sites 
or bone holes for internal  fi xation screws that 
causes ragged and irregular nerve shredding; (6) 
impaling the nerve with an internal  fi xation 
screw; (7) prolonged or excessive retraction of 
the nerve that induces ischemia and a stretching 
(or neurapraxic) injury; or (8) contact with a toxic 
root canal medicament or sealer or other chemi-
cal medications (such as tetracycline placed into 
a tooth-extraction socket) that generate a chemi-
cal burn of the nerve.    

a

c

b

  Fig. 3.8    Right long buccal nerve (LBN) is shown, ( a ) 
with its normal-appearing main branch ( black arrow ) tra-
versing laterally into the cheek mucosa and an abnormal 
anterior branch with neuroma (indicated by  white arrow ). 
The patient developed stimulus-evoked pain in the right 

buccal vestibule following removal of the right third molar 
tooth. The pain resolved ( b ) after resection of the anterior 
branch and its neuroma; ( c ) main branch of the LBN is sur-
rounded by membrane sheath (indicated by  white arrow ) 
to facilitate healing after resection of anterior branch       
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    3.4   Incidence of Nerve Injuries 

 Reliable statistics about the frequency of TN5 
injuries are hard to obtain since so much of the 
activity (dental treatment, intraoral surgery, and 
cosmetic procedures) associated with these inju-
ries is performed in private practice of fi ces where 
either thorough documentation is incomplete or 
the databases lack the capability for retrieval of 
pertinent information on nerve-injured patients. 

Even in hospitals, recognition of the event of 
a nerve injury may not take place until after the 
patient has been discharged, rendering a retrospec-
tive database search futile or misleading in many 
cases, even with the most sophisticated electronic 
medical record computer systems; without the 
data input, there can be no data retrieval. In the 
absence of national or international registries for 
the accumulation of nerve injury data, most of the 
current information concerning the causes and 
frequency of TN5 injuries has come from group 

   Table 3.1    Etiology of TN5 injuries   

 Procedure  Nerves affected  Mechanism of injury 

 Local anesthetic injection  IAN, LN  Direct needle trauma 
 Toxic effect of anesthetic 
 Bleeding, hematoma 

 M3 removal  IAN, LN, LBN  Incision 
 Flap retraction 
 Rotating bur, osteotome 
 Compression (bone, root) 
 Suturing 
 Socket medication 

 Orthognathic surgery:  IFN, IAN, LN  Drill, osteotome, saw 
  Lefort I, MSSRO, MIVRO  Internal  fi xation 

 Nerve retraction 
 Nerve compression 

 Maxillofacial trauma:  SON, IFN, IAN, MN  Compression 
  Fracture, laceration, GSW  Severance 

 Avulsion 
 Internal  fi xation 

 Preprosthetic surgery:  IAN, LN, MN  Chemical burn 
  Ridge augmentation  Compression, suture 
  Vestibuloplasty  Compartment syndrome 
  Dental implants  Rotating bur 
 Endodontic treatment:  IAN, MN  Overinstrumentation 
  Root canal  fi lling  Compression 
  Periapical surgery  Chemical burn 
 Salivary gland surgery:  LN  Dissection 
  Submandibular, sublingual 
 Ablative surgery:  IAN, MN, LN  Unintentional injury 
  Benign cysts/tumors  Intentional nerve resection 
  Malignant tumors 
 Cosmetic facial surgery:  SON, MN, ATN  Dissection 
  Genioplasty, facelift, forehead/brow lift  Compression 

 Rotating bur, saw 

   TN5  trigeminal nerve,  IAN  inferior alveolar nerve,  LN  lingual nerve,  M3  mandibular third molar,  LBN  long buccal 
nerve,  IFN  infraorbital nerve,  MSSRO  mandibular sagittal split ramus osteotomy,  LeFort I  maxillary horizontal osteot-
omy,  Fx  fractured facial bone,  SON  supraorbital nerve,  MN  mental nerve,  GSW  gunshot wound/missile injury,  ATN  
auriculotemporal nerve  
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surveys, reports of individual experience in the 
performance of certain procedures, or retrospec-
tive or prospective case reports or case series of 
the results of microsurgical repair of TN5 inju-
ries in the literature. There is little doubt that the 
incidence of TN5 injuries from all etiologies, but 
especially those resulting from local anesthetic 
injections, is underreported  [  100  ] . This informa-
tion is summarized in Table  3.2 , and it is discussed 
further below in relation to the individual causes or 
mechanisms of TN5 injuries.  

 Perhaps of equal importance to the “clinical out-
come” of peripheral TN5 injuries is the patient’s 
perception of his or her neurosensory status and 
their ability to carry out the usual oral and facial 
functions that depend upon sensory input. Some 
patients who achieve a level of “functional sensory 
recovery” based upon clinical testing may still con-
tinue to experience adverse symptoms or interfer-
ence with function and activities of daily living, 
while others will tolerate compromised oral or facial 
sensation without signi fi cant dif fi culty. In general, 
however, most patients who experience greater neu-
rosensory improvement after surgical repair of TN5 
injuries report lower frequencies of related oral/

facial dysfunction  [  119  ] . Assessment of the degree 
of recovery of sensory function and its long-term 
effects on quality of life (i.e., “patient-centered 
research”) deserve more attention of clinicians and 
researchers, since the care of the nerve-injured 
patient  [  68,   105  ]  and, indeed, all types of patients 
 [  16  ]  will continue to evolve in the future.  

    3.5   Causes of Nerve Injury 

    3.5.1   Local Anesthetic Injections 

 Injection of local anesthetics for dental treatment 
or oral and maxillofacial surgery is by far the pro-
cedure most frequently performed in proximity to 
peripheral branches of the TN5. It is estimated that 
the average general dental practitioner administers 
between 3 and 10 mandibular nerve blocks per 
day, or 20–25 per week, and he/she sees some type 
of IAN or LN involvement (either paresthesia at 
the time of the injection and/or subsequent sensory 
dysfunction) as a result of the injection about once 
every 2–8 weeks. This data would imply an 
 incidence of nerve injury of between 1:30 (3.3 %) 

   Table 3.2    Incidence of TN5 injury based on procedure   

 Procedure  Posttraumatic NSD a  (%)  Postoperative NSD b  (%)  Permanent NSD c  (%) d  

 Local anesthetic injection  N/A e   0.0033–3.3  0.54 
 M3 removal  N/A e   0.10–0.40  0.001–0.040 
 Genioplasty  N/A e   100  3.33–10.0 
 Mandibular SSRO  N/A e   63.3–83.0  12.8–39.0 
 SSRO + genioplasty  N/A e   100  66.6 
 Mandibular IVRO  N/A e   18.0  0.01 
 Mandibular DO  N/A e   46.7  <5.0 
 Mandible fracture  46.0–58.5  76.1–91.3  38.8 
 ZMC fracture  52.0–100  7.7–55.0  37.0 
 Mandibular vestibuloplasty  N/A e   100  50–100 
 Dental implant  N/A e   1.7–43.5  0–15 

   TN5  trigeminal nerve,  M3  mandibular third molar tooth,  SSRO  sagittal split ramus osteotomy,  IVRO  intraoral vertical 
ramus osteotomy,  DO  distraction osteogenesis 
  a Paresthesia of TN5 branch present after injury, but before surgical intervention 
  b Postoperative sensory dysfunction = paresthesia present after operation that resolves by 3 months post-injury and/or is 
acceptable to the patient 
  c Permanent sensory dysfunction = sensory aberration (moderate hypoesthesia to anesthesia ± hyperesthesia) that per-
sists beyond 3 months post-injury. This may or may not be acceptable to the patient and require surgical intervention 
  d Permanent sensory dysfunction may be better tolerated by patient when this was either an expected sequel as disclosed 
during the preoperative consent process or due to a traumatic injury in which the patient’s expectations for sensory 
recovery were modest or had low priority when there were coexisting life-threatening injuries 
  e N/A = applies only to mandibular fracture and ZMC complex fracture  
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and 1:300 (0.003 %)  [  47,   100  ]  (Table  3.2 ). Given 
that it is essentially a blind (albeit trained and prac-
ticed) maneuver within the pterygomandibular 
space, it seems curious that the incidence of injec-
tion-associated IAN and LN injuries is not greater. 
Is this a case of underreporting or a testament to 
the skill of the average dentist or merely luck? Of 
course, the goal of the injection is to deposit the 
anesthetic solution  in close proximity  to the nerves 
being anesthetized and to avoid actual contact with 
the nerve. If this is achieved and apparently it is in 
the vast majority of injections, then the happen-
stance of needle contact with the nerve and the 
possible sudden dysesthesia (“electric shock,” the 
possibility of which is always a patient’s fear) is 
avoided in most cases, or it may be that contact 
between the needle and the nerve may not result in 
any signi fi cant neurosensory dysfunction. The 
dysesthesia resulting from needle contact with the 
nerve is not a reliable indicator of subsequent 
signi fi cant, prolonged or permanent, sensory dys-
function, however. “Needle shock” does not 
always occur in patients who subsequently fail to 
regain sensation in the usual time frame, and in 
many patients who experience the sudden pain of 
needle to nerve contact, there is no subsequent 
sensory dysfunction  [  100  ] . In those patients who 
are under intravenous sedation or general anesthe-
sia before the injection of local anesthetic is per-
formed, there will be no recollection of needle 
contact with the nerve  [  82  ] . 

 There are three proposed mechanisms of nerve 
injury resulting from a local anesthetic injection 
 [  101  ] . These include the following: (1)  direct 
trauma , the needle may pierce the nerve, injuring 
one or more fascicles, and (2)  chemical toxicity , the 
anesthetic solution may have a neurotoxic effect. 
All local anesthetic solutions have to meet FDA 
speci fi cations and are thought to be nontoxic in the 
concentrations used to produce local anesthesia in 
human patients. Recently, however, mention has 
been made of the potential toxicity of a 4 % solu-
tion of articaine hydrochloride when used for local 
anesthetic nerve blocks for dental procedures  [  54  ]  
(see Chap.   5     on Injection Injuries). Also, there is 
the possibility that a cartridge containing any of the 
commonly used local anesthetics (i.e., lidocaine, 
mepivacaine, bupivacaine) could have a leak, and 

when placed into storage in a sterilizing solution 
(alcohol or other chemical that is neurotoxic), that 
cartridge might become contaminated. Upon injec-
tion of the contents of the cartridge to produce local 
anesthesia, the toxic sterilizing solution could be 
carried into contact with the nerve. The use of a 
disclosing agent (such as methylene blue) in the 
sterilizing solutions where anesthetic cartridges are 
stored in professional of fi ces and clinics could 
eliminate this iatrogenic nerve injury; (3)  bleeding 
and hematoma formation : the injection needle 
pierces or tears a blood vessel in the mesoneurium 
or epineurium of the nerve, causing localized bleed-
ing and formation of a hematoma around or within 
the internal structure of the nerve thereby produc-
ing a compression effect on the nerve. In some 
patients, the hematoma is rapidly resorbed, and any 
effect on sensory function is transient. In others, the 
hematoma organizes and is replaced by scar tissue 
that exerts a continued compression on the nerve, 
and neurosensory dysfunction persists. Which 
speci fi c one of these effects, a combination of sev-
eral effects, or other mechanisms as yet unknown 
occurs in a given patient remains an unresolved 
question at this time  [  100  ] . 

 Following a protocol for the administration 
and documentation of local anesthetic injections 
might minimize the risk of nerve injury and pro-
vide an impetus for proper follow-up evaluation, 
which increases the likelihood that a nerve injury 
is recognized and that rapport with the patient is 
maintained  [  82  ] . When the patient is fully con-
scious, the clinician proceeds to insert the local 
anesthetic needle into the proper location (i.e., 
pterygomandibular space). In the absence of the 
patient’s complaint of sudden pain or shocking 
sensation (dysesthesia, which may radiate to the 
lower teeth, lower lip, mandible, or tongue), the 
syringe is aspirated. If the aspirate is free of 
blood, the local anesthetic is administered with 
the needle position unchanged. If there is a bloody 
aspirate, the needle is withdrawn 2–3 mm and 
aspiration is repeated. If the aspirate is then clear, 
the local anesthetic is injected with the needle in 
the new position. If the patient complains of sud-
den pain or shocking  sensation, the needle is 
withdrawn 2–3 mm. Following a clear aspiration, 
the anesthetic is injected in this new position. If 
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there is either a bloody aspirate or a dysesthesia 
associated with the injection, the incident is noted 
in the patient’s record, and a follow-up evaluation 
of sensory function is done at the patient’s next 
visit (see Chap.   10    ). When the patient is under 
general anesthesia or intravenous sedation, the 
patient will not be able to react to a dysesthesia. 
Therefore, aspirate before injecting and proceed 
as described above. 

 While the IAN and the LN are the TN5 nerves 
most frequently injured by local anesthetic injec-
tions  [  101,   102  ] , injuries to other branches includ-
ing the LBN, nasopalatine, mental, and IFN have 
been seen by the authors. 

 For further discussion of this topic, the reader 
is referred to Chap.   4    .  

    3.5.2   Mandibular Third Molar 
Removal 

 Removal of third molar teeth is the most 
 frequently performed surgical procedure in oral 
surgery practice  [  95  ] . It has been estimated that 
some oral and maxillofacial surgeons (OMFS) 
remove as many as 25 or more M3s per week in 
their of fi ce practices. During the latter half of the 
twentieth century, a number of reports (from 
Europe, the United Kingdom, New Zealand, and 
the United States) indicated that an injury to the 
IAN or LN during M3 removal occurred in 1.0–
6.0 % of patients, with 0.1–1.0 % of these injuries 
failing to resolve within a few months and becom-
ing permanent in the absence of surgical interven-
tion  [  3,   23,   24,   27,   46,   53,   64,   129  ] . 

 More recently, a prospective study conducted 
by the American Association of Oral and 
Maxillofacial Surgeons (AAOMS) of a selected 
group of 63 American oral and maxillofacial sur-
geons who removed 8,333 M3s from 3,760 
patients over a 1-year period (January–December 
2001) found an incidence of IAN injury of 1.1 % 
on the left side versus 1.7 % on the right side, 
while the LN was involved in 0.3 % (equal on 
both sides). These  fi gures were for the immediate 
postoperative period only, so there was no indica-
tion of whether any of these injuries failed to 
resolve spontaneously  [  49  ] . A retrospective sur-

vey of California OMFS showed that in 95 % of 
practices surveyed ( n  = 535), over a 1-year period, 
94.5 % experienced one or more IAN injuries, 
and 53 % had one or more LN injuries. Over their 
practice lifetimes, 78 % of these OMFS reported 
one or more cases of “permanent” IAN injury, 
while 46 % indicated one or more instances of 
“permanent” LN injury. The mean rate for any 
IAN involvement (temporary or prolonged) was 
4/1,000 (0.4 %), and the permanent IAN injury 
mean rate was 0.4/1,000 (0.04 %). For the LN, 
the mean rate for any involvement was 1/1,000 
(0.1 %), while that of permanent LN injury was 
0.1/10,000 (0.01 %). In most cases of IAN injury, 
the surgeon was aware of the cause of the injury, 
probably due to the surgeon’s knowledge of the 
relationship of the M3 to the inferior alveolar 
canal as seen on the preoperative panoramic 
radiograph. However, in most LN injuries, the 
surgeon did not know the cause, which may be 
because the LN was not imaged preoperatively 
and not directly visualized during the procedure. 
Nerve injury rates varied inversely with the num-
bers of M3s removed per year by each surgeon 
and his/her total years of surgical practice, 
emphasizing the importance of experience in the 
reduction of M3 surgical complications  [  110  ] . 

 Removal of an impacted mandibular third 
molar (M3) presents unique surgical require-
ments, especially with regard to avoidance of 
nerve injuries. Even in an operation that is con-
ducted according to the existing standards of care 
by a well-trained and experienced OMFS, it is 
accepted and expected that complications may 
occur. Mechanisms of TN5 injury while remov-
ing M3s can occur during local anesthetic injec-
tion (see above), incision placement, soft tissue 
 fl ap retraction, removal of bone, sectioning of 
teeth, elevation of teeth, suturing, and placement 
of socket medications. Delayed injury of the IAN 
may occur when the IAC is disrupted during M3 
root elevation or removal  [  25  ] . During the osseous 
healing process, bone proliferation may have the 
effect of narrowing the diameter of the IAC and 
compressing the IAN, a “closed box” effect 
 similar to the sequelae of increased intracranial 
pressure on the intracranial contents as a result of 
a closed head injury. Discussed below are 
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 suggestions for minimizing the risk of TN5 nerve 
injury during the removal of M3s. 

  Imaging studies  are indispensible in the pre-
operative planning for M3 removal. An accept-
able radiograph displays the entire tooth, the 
surrounding alveolar bone, the periapical area, 
and the inferior alveolar canal (IAC). A plain 
panoramic view is most often the basic imaging 
study for M3 evaluation. Although the depth of 
the tooth within the mandible (soft tissue, partial 
bone, or complete bone impaction) and the angu-
lation of the tooth (vertical, horizontal, mesioan-
gular, distoangular) are certainly important to the 
surgeon, perhaps most critical to the prevention 
of IAN injury is the relationship of the M3 roots 
to the IAC  [  56  ] . Several conditions seen on a 
plain  fi lms may indicate the likelihood of expo-
sure of the IAN during M3 removal including (1) 
darkening (decreased radiodensity) of the tooth 
root where it is crossed by the IAC, (2) narrowing 
of the IAC where it crosses the M3 root, (3) inter-
ruption of the white lines (cortical walls) of the 
IAC, (4) diversion of the IAC, and (5) narrowing 
of the M3 roots  [  115  ] . When a plain radiograph 
suggests a possible  intimate relationship between 
an M3 and the IAC, this situation may be clari fi ed 
with advanced radiographic technology  [  118  ] . 
Computed tomography (CT) provides a three-
dimensional view of soft tissue and bony anat-
omy. Although the CT scan was available only in 
the hospital setting, the introduction (in the 
1990s) of cone-beam computed tomography 
(CBCT) brought this important imaging technol-
ogy to of fi ce surgical practice. In the evaluation 
and treatment planning for M3 removal, CBCT is 
invaluable in determining the relationship of M3 
roots to the IAC  [  109  ] . For more information on 
this topic, see Chap.   5    . 

 The  location  of the  soft tissue incision  is 
important in avoiding injury to the LN. The pos-
terolateral extension of the buccal incision from 
the mesiobuccal corner of the mandibular second 
molar often encounters the LBN, but injury to 
this nerve is only rarely symptomatic. Far more 
important is that the incision is not carried directly 
posteriorly or even posteromedially where it may 
cross the path of the LN, which may be located in 
the soft tissues overlying the impacted M3  [  63  ] . 

  Soft tissue  fl ap retraction , while allowing 
access and visualization of the operative site, 
also provides protection to important neighbor-
ing structures such as the LN. Lingual  fl ap retrac-
tion, a mainstay of the split-bone technique for 
M3 removal  [  111  ] , might be followed by a tem-
porary paresthesia due to mild compression of 
the LN, but the incidence of permanent paresthe-
sia is not increased  [  94  ] . The LN retracting 
instrument protects the nerve from more severe, 
possibly permanent, injury in case an errant 
osteotome, elevator, or high-speed rotating bur 
penetrates the lingual cortical bone  [  43  ] . 

  Removing soft tissue pathology  from around 
the crown of an M3 (e.g., granulation tissue, 
enlarged follicular sac, dentigerous cyst) should 
be performed with care. If the lingual bone has 
been eroded or perforated, the pathologic tissue, 
mandibular lingual periosteum, and LN may be 
adherent to one another and inadvertently 
removed en masse, causing an avulsion injury to 
the LN. Periapical pathology may be located 
adjacent to the IAC, and curettage of the socket 
should be performed gently to avoid encroach-
ment on the IAC. 

 During  removal of bone  or  sectioning of the 
tooth , great care is taken regarding the positions 
of the LN and the IAN  [  56,   76  ] . Placement of a 
lingual retractor (see above) protects the LN if it 
is necessary to remove lingual bone with the 
high-speed drill or osteotomes in order to expose, 
section, or deliver the M3  [  108  ] . When section-
ing the tooth with the high-speed drill, the rotat-
ing bur should section only three-fourths of the 
way through the M3, thus avoiding direct trauma 
to an adjacent LN or IAN. Completion of the 
separation of the tooth fragments is performed 
with an elevator. Vectors of force created when 
 elevating teeth  should be appreciated; for exam-
ple, upward and posterior elevation of the crown 
of a mesioangular M3 may cause a reciprocal 
anteroinferior rotation of the root apex and pos-
sibly adjacent bone into the IAC, causing com-
pression of the IAN, and this would be a situation 
that would undoubtedly go unnoticed during the 
procedure. Application of excessive force during 
tooth  elevation, especially in a patient with exten-
sive bone resorption, or where a large amount of 
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bone has been removed to expose the tooth, may 
cause a fracture of the mandible, and fracture dis-
placement may cause signi fi cant IAN injury. 

  Partial odontectomy   [  40  ]  or  coronectomy  
 [  104  ]  can be considered as an alternative treat-
ment to M3 removal in certain instances, includ-
ing when the roots of an M3 reside in close 
approximation to the IAC, when there is an    atro-
phic mandible containing a deeply impacted M3 
and there is risk of pathologic fracture of the 
mandible, and if cases of advanced patient age. 
After the crown of the tooth is removed, the roots 
are left in situ. Subsequent development of infec-
tion or other complications such as root migra-
tion or even IAN paresthesia may occur rarely. 
The root migration in an occlusal direction in 
some patients away from the IAC may allow their 
subsequent removal with less chance of IAN 
involvement. 

 In general, if either the LN or the IAC contents 
were directly visualized during M3 removal, it is 
not advisable to  medicate the socket  with antibi-
otics (cones, powder, etc.) at the conclusion of 
the operation or to place analgesic liquids or 
pastes into the socket af fl icted with alveolar 
osteitis several days following the extraction. If 
such substances (e.g., eugenol, tetracycline, 
Surgicel) come into direct contact with the LN or 
IAN, they have the potential to cause a chemical 
burn with long-term paresthesia, including 
unpleasant dysesthesia  [  33  ] . 

 When lingual bone in the M3 area has been 
eroded by pathology, fractured off during removal 
of an ankylosed tooth, or removed surgically with 
a bur or osteotome, the LN may be exposed and 
vulnerable during  suturing  of the lingual soft tis-
sue  fl ap. This may cause a compressive injury to 
the LN, but long-term paresthesia is unlikely via 
this mechanism of injury. 

 For further discussion, the reader is referred to 
Chap.   5    .  

    3.5.3   Orthognathic Surgery 

 The most common surgical procedures to cor-
rect developmental facial deformities associated 
with dental malocclusions in the upper jaw are the 

LeFort osteotomies (LeFort I, or horizontal maxil-
lary osteotomy; Lefort II, or pyramidal osteotomy; 
and LeFort III, or transverse facial osteotomy) 
and, in the lower jaw, the mandibular sagittal 
split ramus osteotomy (MSSRO), the mandibular 
intraoral vertical ramus osteotomy (MIVRO), and 
mandibular distraction osteogenesis (MDO). Of 
these, the LeFort I and MSSRO pose the greatest 
risk of signi fi cant TN5 injury (to the IFN in the 
maxilla and to the IAN in the mandible)  [  38  ] . 

 Injury to the IAN during MSSRO has been 
studied extensively  [  32  ] , and it is well known that 
sensory dysfunction of the IAN following 
MSSRO is nearly universal (~100 %) among 
patients in the immediate postoperative period, 
being reported in 63.3–83.0 % of patients. When 
patients are followed for more than 1 year, the 
incidence of prolonged or permanent IAN injury 
varies from 12.8 to 39.0 %. In both the immediate 
postoperative evaluation and in the longer fol-
low-up periods, both objective and subjective 
methods of sensory assessment were used; how-
ever, following MSSRO many patients are 
satis fi ed with their neurological status and do not 
request further treatment for residual IAN sen-
sory dysfunction  [  41,   133  ] . See Table  3.2 . Factors 
which have been found to increase the risk of 
IAN injury during MRSSO include the  position 
of the IAC   [  131  ] , especially when it is located just 
medial to or within the lateral cortical plate of the 
mandible  [  130,   134  ] ;  patient age , especially 
greater than 40 years  [  2 ,  5  ] ;  type of  fi xation , 
whether wire osteosynthesis or mono- or bicorti-
cal screws  [  42,   70,   80  ] ;  magnitude of mandibular 
advancement , and whether or not there was 
 manipulation of the IAN   [  133  ] , whether an  addi-
tional osteotomy  (such as for genioplasty) was 
performed  [  124  ] , and also the  duration of the 
operation   [  120  ] . 

 The MSSRO is a technically demanding surgi-
cal procedure, and although the steps, techniques, 
instruments, and internal  fi xation systems utilized 
may differ among surgeons and are in fl uenced by 
anatomic variations among patients, the following 
suggestions for modi fi cations are intended to 
reduce, in so far as is reasonable, the risk of injury 
to the IAN  [  13,   83  ] : (1) Determine the exact loca-
tion of the IAN preoperatively by appropriate 
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imaging studies; (2) identify and protect the IAN 
with suitable retractors in the pterygomandibular 
space and where it enters the medial surface of the 
mandible at the mandibular foramen before pro-
ceeding with the horizontal osteotomy; (3) extend 
the vertical anterior osteotomy  just barely  through 
the buccal mandibular cortical bone, using a light 
touch with the bur or saw, as the IAN may rest just 
medial to the cortex; (4) begin initial separation of 
the osteotomy segments with anteroinferior and 
superior border “spreaders” until the IAN can be 
visualized within the separation. If necessary, 
when the IAN is found to be in the proximal (pos-
terior, condyle-containing) mandibular segment, it 
is carefully dissected free (under magni fi cation, as 
needed). After the IAN is safely contained or repo-
sitioned into the distal (anterior, tooth-bearing) 
mandibular segment and protected with a retractor, 
osteotomes can be placed to complete the osteot-
omy and mobilize the segments; (5) irregular bone 
is removed from the medial surface of the proxi-
mal segment with rasps,  fi les, or rotating burs to 
provide room for the IAN and prevent its compres-
sion when the two mandibular segments are  fi xated 
together. If additional room for the IAN is needed, 
bone grafts (autogenous or allogeneic) are inserted 
between the two segments before clamping them 
together and placing internal  fi xation; (6) bicorti-
cal  fi xation screws are placed only through the 
superior aspect of the mandible, above the level of 
the IAC and posterior to the last tooth. Although 
more stable than the linear con fi guration of three 
bicortical screws at the superior border, the L 

con fi guration of bicortical screws with two at the 
superior border and one near the inferior border 
places the IAN at risk for iatrogenic injury. If pre-
ferred, monocortical screws of no longer than 
5 mm are used with monocortical plates to avoid 
entering the IAC. A  fi ne tactile sense is required 
when drilling monocortical holes so that it can be 
immediately appreciated when the drill has com-
pletely penetrated through the cortical bone and 
drilling can be terminated. 

 Less common is the risk of iatrogenic injury to 
the LN during MSSRO  [  60  ] . The LN, as it lies 
adjacent to the superior border of the mandible in 
the retromolar area (see above, Fig.  3.7 ), is sus-
ceptible to injury with the incision, retraction of 
the lingual soft tissue  fl ap, or placement of inter-
nal  fi xation. This situation can be alleviated with 
careful attention to surgical technique  [  12,   77  ] . 
First, the incision is not carried to the lingual 
aspect of the retromolar area. Dissection and 
retraction of the lingual mandibular periosteum 
are done carefully with blunt instruments. During 
placement of drill holes for bicortical superior 
border internal  fi xation, either the lingual  fl ap 
(containing the underlying LN) is protected with 
a suitable retractor (Henahan or Freer, if access 
allows) or the drill is not allowed to penetrate 
medially beyond the mandibular lingual cortical 
bone. A light touch and manual tactile sense are 
indispensable in this regard. When bicortical 
screws are inserted, the appropriate length is cho-
sen to prevent “skewering” of the LN by an overly 
long screw (Fig.  3.9 ).  

Lingual nerve

Inferior
alveolar
canal

a b

  Fig. 3.9    Possible mecha-
nisms of LN injury while 
placing internal  fi xation 
during a MSSRO: ( a ) 
allowing rotating drill bit to 
extend medially beyond 
cortical bone; ( b ) excessively 
long screw penetrates LN       
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 The MIVRO is associated with sensory dys-
function of the IAN in up to 18.0 % of patients in 
the early postoperative period. Long-term follow-
up shows that permanent sensory aberration is 
extremely rare (0.01 %)  [  61,   135  ] . The key consid-
eration in reducing risk of IAN is placement of the 
vertical osteotomy posterior to the location of the 
IAN as it enters the IAC at the mandibular fora-
men. This relationship can be easily determined 
from preoperative imaging studies     [  6  ] . At surgery, 
a vertical osteotomy placed 5 mm posterior to the 
antilingula on the lateral surface of the mandibular 
ramus should avoid injury to the underlying neuro-
vascular bundle  [  7  ] , although the validity of using 
the antilingula to determine the location of lingual 
has been questioned in anatomic studies. 

 The incidence of long-standing or permanent 
dysfunction of the IAN as a result of mandibular 
distraction osteogenesis (MDO) is small  [  71,   125, 
  127  ] . Distraction at a rate of no greater than 1 mm/
day is tolerated well by the IAN  [  57  ] . Temporary 
paresthesia is expected in a majority of patients in 
the early postoperative period during the distrac-
tion phase that places gentle intermittent traction 
on the nerve. However, if direct trauma to the IAN 
is avoided during the corticotomy procedure, pre-
paratory through-and-through osteotomy  [  74  ] , or 
the sagittal split osteotomy  [  126  ]  and the IAN is 
not injured during drilling or placement of mono-
cortical screws for  fi xation of the distraction 
device  [  81  ] , long-term recovery of sensory func-
tion is excellent with few, if any, patients experi-
encing bothersome residual sensory aberrations. 

 Altered sensory function following the LeFort 
I maxillary osteotomy in the upper lip, maxillary 
gingiva and teeth, and palatal mucosa is likely 
due to the severance of the terminal branches of 
the superior alveolar nerves with the standard 
maxillary circumvestibular incision and involve-
ment of the nasopalatine nerve during the down 
fracture. This sensory dysfunction is common in 
the early postoperative period, seen in 34 of 62 
(54.8 %) patients in two reported studies  [  61,   113  ] , 
and persistent altered sensation beyond 3 months 
was seen in only 1 of these patients (1/62, 1.6 %). 
Apparently, these minor branches of V2 either 
heal rapidly, the lost sensation is not readily per-
ceived by the patient, or it does not interfere with 

normal oral function. Permanent injury to the 
IFN itself during maxillary orthognathic proce-
dures is a rare event, easily avoided by protecting 
the nerve as it exits the infraorbital foramen with 
a suitable retractor, placing LeFort II osteotomies 
at a safe distance medial to the infraorbital fora-
men or inferior orbital canal, and careful drilling 
and placement of internal  fi xation screws and 
plates to avoid IFN encroachment. 

 The anterior sliding horizontal mandibular 
osteotomy, employed in chin-reshaping proce-
dures, and implants to augment chin contour place 
the MN at risk for injury. These genioplasty pro-
cedures are discussed under Sect.  3.5.9  below. 

 For further discussion of this topic, the reader 
is referred to Chap.   8    .  

    3.5.4   Maxillofacial Trauma 

 The causes of traumatic injuries to the oral 
and maxillofacial region include interpersonal 
 violence, motor vehicle accidents (MVA, or road 
traf fi c accidents, RTA), missile injuries, military 
combat, athletic events, and individual accidents. 
The prevalence of these has varied throughout 
history with MVA being the current most fre-
quent cause in industrialized western societies 
 [  90  ] . Control of vehicle speed on highways, the 
installation of air bags, the wearing of seat belts 
by occupants in automobiles and of helmets 
by motorcyclists, special types of facial armor 
on military combatants, and the use of mouth 
guards and facial protection bars on football and 
hockey helmets have all had the effect of reduc-
ing the incidence of facial injuries in the affected 
populations. In the past, little attention was given 
to TN5 injuries that were associated with facial 
injuries. Emphasis was placed on anatomic 
reduction and stable  fi xation of facial bone frac-
tures to reestablish normal facial contour, dental 
occlusion, and chewing function and on repair of 
soft  tissue injuries with restoration of the integ-
rity of the facial (seventh cranial, FN7) nerve 
and its  control of facial movements and espe-
cially  eyelid closure. In some cases, of course, 
in a patient in critical condition with severe mul-
tisystem injuries, de fi nitive treatment of severe 
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maxillofacial injuries was deferred necessarily, 
while exploration and surgical treatment of pri-
mary survey life-threatening intracranial, tho-
racic, and abdominal injuries were performed. 
Many of these patients remained unconscious 
for long periods of time, during which they were 
unresponsive to sensory testing and of inadequate 
physical status to tolerate additional surgery on 
the maxillofacial region. 

 The mechanisms of injury to the TN5 sub-
jected to trauma include laceration, severance or 
avulsion from penetrating missiles or weapons, 
stretching or tearing from fracture displacement, 
compression or crush from direct contusion of 
nerve branches within soft tissue (i.e., LN, MN, 
SON, STN, or extraosseous branches of IFN), or 
indirect pressure of mobile fracture fragments on 
nerves contained in bone (i.e., IAN or IFN) 
(Fig.  3.10 ). During the healing phase of a fracture 
that crosses a nerve-containing canal (i.e., IFN or 
IAN), exuberant bone proliferation in the area 
might cause a narrowing of the canal diameter 
producing direct compression of the nerve  [  25  ] . 
Such effect would be seen clinically in a delayed 
onset (one to several months after the injury) of 
neurosensory dysfunction (NSD) in the distribu-
tion of that nerve. When it occurs, this effect 
would impact on the incidence of long-term or 
permanent NSD after treatment of fractures 
involving the IAN or IFN (see below). The 
authors, in fact, have seen this effect of delayed 
onset of NSD in several patients with IFN inju-
ries. In such patients, nondisplaced midfacial 
fractures that passed through the inferior orbital 
canal or infraorbital rim and were not surgically 
treated quickly recovered normal IFN sensation. 
One or more months later, onset of numbness 
and/or pain in the IFN distribution caused the 
patients to seek treatment for this paresthesia.  

 More recently, improved treatment protocols 
of trauma centers have greatly enhanced survival 
potential of the multiply injured patient, and 
facial repair and reconstruction have become an 
integral part of the overall treatment  [  8,   9,   21  ] . 
Dedicated research in TN5 injuries and patients’ 
desires to regain control of oral and facial func-
tions dependent on intact sensory input have 
stimulated OMFS interest in the evaluation and 

surgical repair of TN5 injuries associated with 
maxillofacial trauma  [  10  ] . Current information 
on the incidence of trauma-related injuries of the 
TN5 comes from a compilation of available stud-
ies, many of which are poorly documented and 
lack standards for nerve evaluation, grading of 
sensory function, or adequate follow-up periods 
 [  121  ] . Data summarizing TN5 injury incidence 
are presented in Table  3.2 . Collated data from 
reports of maxillofacial trauma with appropriate 
information regarding diagnosis, neurosensory 
testing, and adequate length of follow-up shows 
that in fractures of the mandibular body and angle 
that involve the IAN, the incidence of posttrau-
matic/pretreatment NSD was 46.0–58.5 %. Risk 
factors for posttraumatic/pretreatment NSD 
included patient age (risk increased with age), 
gender (females have higher risk), fracture dis-
placement, and missile trauma which frequently 
causes nerve severance or avulsion. Immediately 
after these fractures had been reduced and  fi xated 
(i.e., posttreatment), this incidence  increased  to a 
range of 76.1–91.3 %. That the incidence of NSD 
increased after surgical treatment of the fracture 
was most likely due to the manipulation required 
to expose, reduce, and  fi xate the fracture seg-
ments that might cause additional compression or 
stretching injury to the nerve. This increase was 
not found with injury to the IFN (see below). 
Combining the patients from four studies, long-
term follow-up found permanent NSD of the IAN 
in 92 of 237 patients (38.8 %). Factors that 
increased the incidence of permanent NSD of the 
IAN after mandibular fracture repair included 
fracture segment manipulation, open reduction, 
and internal  fi xation. 

 In a 10-year retrospective review from 
Edinburgh of 2,067 patients with 2,160 zygo-
maticomaxillary complex (ZMC) fractures, the 
incidence of NSD in the distribution of the IFN 
varied from 52 to 80 %, depending upon the 
type of fracture (nondisplaced, 52 %; blowout 
of orbital  fl oor, 60 %; orbital rim, 71 %; zygo-
maticoorbital [ZO] with non-distracted frontozy-
gomatic suture [FZS], 74 %; ZO with distracted 
FZS, 80 %)  [  37  ] . Unfortunately, there was no 
long-term follow-up to provide information on 
recovery of IFN function in affected patients. 
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  Fig. 3.10    Examples of fractures involving branches of 
the trigeminal nerve: ( a ) fracture of posterior body of left 
mandible has minimum offset of inferior alveolar canal 
(IAC,  arrows ) and low risk of permanent IAN injury; ( b ) 
grossly displaced fractures of right and left mandible 
through IACs ( arrows ) may cause stretching or severance 
injury of IAN; ( c ) gunshot wound of left mandible ( left ) 
with missile penetration of the IAC resulting in avulsion 

of a segment of IAN ( right ); ( d ) malunion of left man-
dibular angle fracture treated by osteotomy and decom-
pression of IAN ( arrows ); ( e )  left , healed untreated orbital 
 fl oor and inferior orbital rim fractures causing entrapment, 
compression, and scarring of infraorbital nerve (IFN); 
 right , infraorbital foramen and inferior orbital canal 
unroofed ( arrows ) for decompression of IFN         

a

d
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b
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Data combined from several studies included 462 
patients who had ZMC fractures  [  121  ] . In these 
patients, 65–100 % had posttraumatic/pretreat-
ment NSD of the IFN. After fracture treatment, 
these numbers had decreased to 7.7–55 %. Long-
term follow-up indicated that 171 (37 %) of these 
462 patients had permanent NSD of the IFN. 

 The  fi nal outcomes of many of these patients 
who in the past sustained maxillofacial trauma 
and were left with permanent NSD of the IAN 
or ION are certainly less than ideal. The rea-
sons might include needful delay in assessing 
and treating the facial and associated peripheral 
nerve injuries because of the priorities in stabi-
lizing the patient and treating life-threatening 
conditions  fi rst, lack of training of surgeons in 
management of peripheral nerve injuries associ-
ated with maxillofacial injuries or lack of ready 
availability of such expertise locally, or patients’ 
satisfaction with their  fi nal status of recovery 
from what might have been life-threatening inju-
ries. Some surgeons contend that reducing the 
fracture into anatomic alignment also restored a 
natural conduit (IAC for the IAN, inferior orbital 
canal for the IFN) that serves as a guide for nerve 
regeneration, and this was considered adequate 
treatment. However, restoration of  neurological 
function has now become a speci fi c treatment 
goal in the care of patients with  maxillofacial 
fractures, according to AAOMS  [  48  ] . More 

patients have begun to seek treatment for the 
residual sensory dysfunction that is often a 
 continuing reminder of their facial injuries, now 
they are aware that something can be done. A 
recent retrospective study reviewed 42 patients 
who had undergone microsurgical repair of TN5 
nerves (IAN, 21; MN, 12; IFN, 7; LN and LBN, 
1 each) injured as a result of maxillofacial trauma 
 [  10  ] . After a follow-up of at least 1 year, neu-
rosensory testing showed that, according to the 
Medical Research Council Scale (MRCS)  [  22  ] , 
23 nerves (55 %) had regained “useful” sensory 
function, 13 nerves showed full sensory recov-
ery, and 6 nerves (14 %) showed little or no sign 
of recovery, for an overall success rate of 86 %. 
These results compare favorably with those of 
microsurgical repair of TN5 injuries from other 
causes  [  11–  14  ] , and they establish this type of 
microneurosurgical intervention as an acceptable 
treatment modality in selected patients. 

 Timing is critical in successful microsurgical 
repair of all peripheral nerve injuries. In most 
clinical studies, the best results are achieved 
when the nerve is repaired within 6 months of 
injury  [  10,   12–  14,   36,   79,   96,   112,   117,   136  ] . 
Although repair of an observed or suspected 
nerve injury is not routinely delayed that long, 
there may be valid reasons or extenuating 
 circumstances for postponing nerve repair in 
a patient who has sustained multiple injuries. 

Left Righte

Fig. 3.10 (continued)
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These include (1) gross contamination of the 
wound (especially prevalent in combat inju-
ries), (2) poor patient physical status due to 
multiple system injuries making him/her a poor 
risk for additional anesthesia and surgery after 
life-threatening conditions are stabilized, and/or 
(3) the surgeon in charge of management of the 
maxillofacial injuries does not have microsurgi-
cal training or it is not readily available. In such 
cases, the microneurosurgery is delayed until the 
wound is free of infection, the patient’s physi-
cal status has improved, and a surgeon trained 
in microsurgery becomes available. Such delays 
are acceptable and usually amount to only days 
or weeks  [  79  ] . Longer delay in repairing nerve 
injuries may occur if the injury is not suspected 
or recognized, the patient desires no further 
treatment for NSD that is judged “acceptable,” 
or the patient is lost to follow-up. 

 The algorithm shown in Fig.  3.11  will assist 
the clinician who manages maxillofacial trauma 
in the evaluation and treatment of associated TN5 
injuries. Patients who have sustained maxillofa-
cial injuries and are conscious and able to cooper-
ate should undergo a cranial nerve screening, 
including neurosensory testing (NST) of the TN5 
(see Chap.   10    ). If  no  NSD of the major branches 
of the TN5 (IAN, IFN, SON) is found, the facial 
fractures are reduced and  fi xated as needed. 
Follow-up NST is done within 1 week postopera-
tively. If no TN5 NSD is present at 1 week after 
fracture repair, no additional nerve follow-up is 
necessary at that time. The patient is advised, 
however, that if a sensory aberration develops 
within the next several months, another evaluation 
is advised  at that time  (see delayed onset of NSD, 
discussed in this section above). If the patient 
has signi fi cant NSD at 1 week postoperatively, 

Maxillofacial
trauma patient

Pre-op NST
for NSD

NSD

NSD

No NSD

No NSD

No
microsurgery

Microsurgery
available

If open reduction,
explore, repair nerve

Serial NST
x3 months

Acceptable
recovery

Acceptable
recovery

Acceptable
recoveryNo significant

improvement,
unacceptable

No significant
improvement,
unacceptable

No significant
improvement,
unacceptable

Serial NST
x3 months

Serial NST
x3 months

No further
Rx

No further
Rx

Nerve repair or
referral to

microsurgeon
No further

Rx
Referral to

microsurgeonNo further Rx
Consider nerve
re-exploration

O.R. or C.R.,
no nerve repair

Fracture reduction,
fixation

One week
Post-op NST

  Fig. 3.11    Method of evaluation and treatment for maxil-
lofacial trauma patients with peripheral trigeminal nerve 
injuries. See text for discussion.  NSD  signi fi cant neuro-
sensory de fi cit (i.e., moderate hypoesthesia to anesthesia), 

 NST  neurosensory testing, including responses to pain, 
static light touch, and two-point discrimination,  O.R.  open 
reduction of fracture,  C.R.  closed reduction of fracture,  Rx  
treatment       
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 follow-up NST is done serially for 3 months. If 
the patient’s sensory function has recovered within 
that time frame, no treatment is needed. If, how-
ever, acceptable recovery of NSD has not occurred 
by 3 months following fracture repair, exploration 
and microsurgical repair of the injured nerve, or 
referral to a microsurgeon, should be considered.  

 If the patient  has  a signi fi cant TN5 sensory 
de fi cit following his facial injuries, the fractures 
are repaired. When  microsurgical repair is not 
readily available , closed or open reductions of 
the fractures are performed as indicated. If the 
surgeon observes a nerve injury (crush, sever-
ance, or avulsion) during the fracture repair, the 
area of the nerve injury should be marked with 
one or two  fi ne (6-0 or 8-0) nylon sutures, the 
nerve placed in as normal alignment as possible, 
and mention made in the operative report of the 
location and nature of the injury. The patient is 
followed postoperatively for 3 months with serial 
NST. If the NSD has resolved or is acceptable to 
the patient, no further treatment is necessary. If 
the NSD has not recovered to an acceptable level 
at 3 months post-injury, the patient is referred 
to a microsurgeon for further evaluation, and 
a decision is made regarding the necessity for 
another operation to repair the nerve. When the 
patient’s maxillofacial fractures are being evalu-
ated and treated by  a surgeon with microsurgical 
skills , the fractures are also treated as indicated. 
If an open reduction is performed, the nerve is 
exposed, its nerve canal enlarged to compensate 
for post-injury osseous proliferation, and repaired 
as indicated. If a closed reduction is performed, 
the nerve will not be directly observed in most 
cases. In either situation, this patient is followed 
with serial NST for 3 months. If the patient has 
recovered acceptable sensory function, no fur-
ther treatment is indicated. On the other hand, 
if the NSD is unacceptable after 3 months, re-
exploration of the nerve should be considered. 
Adherence to these recommendations will more 
likely afford patients with signi fi cant TN5 NSD 
the greatest likelihood of regaining “useful sen-
sory function”  [  10,   84  ] . 

 Methods of fracture repair are modi fi ed when 
they encroach upon adjacent nerves, in order to 
minimize or avoid iatrogenic injury. Manipulation 

for satisfactory reduction of fracture segments 
should be done carefully to avoid excessive 
stretching or compression of involved nerves. 
Decompression by removing adjacent bone or 
enlarging the nerve canal may prevent a “closed 
box” phenomenon by creating additional space 
for temporary posttraumatic/postoperative edema 
of the nerve. Also, this may compensate for the 
delayed effect of osseous proliferation and canal 
narrowing that may occur during postoperative 
fracture healing (see above). Using monocorti-
cal, rather than bicortical,  fi xation screws and 
not placing them adjacent to, or into, bony nerve 
canals are always desirable considerations in 
fracture management. Internal  fi xation plates are 
placed so as not to encroach on nerves exiting from 
bone (i.e., the SON, IFN, MN). Nerve repair that 
is not performed at the time of fracture treatment 
is delayed for 6 weeks (for a ZMC fracture) to 6 
weeks (for a mandibular fracture). This amount of 
time allows the fracture to become clinically stable 
and the in fl ammatory response to have resolved. 
Bleeding is less troublesome, and epineurial tis-
sue will have thickened and lost its friability, 
making visualization, debridement, and suturing 
much easier. This time delay allows the zone of 
neural damage to declare itself so that adequate 
resection of neuromatous tissue can be performed 
by visual inspection under magni fi cation. The 
recovery of neurosensory function will not be 
compromised by this prudent delay and, in fact, 
may be improved when compared to recovery 
after immediate repair  [  59,   79  ] . 

 Although the SON and the STN must neces-
sarily be involved when the supraorbital region is 
injured in military combat and other missile 
actions, MVA, interpersonal violence, or house-
hold accidents, this type of paresthesia has been 
mentioned rarely in published studies. NSD in 
the forehead region may be omitted on initial 
evaluation because of immediate concern for life-
threatening injuries, it may resolve spontane-
ously, the patient may not be af fl icted with 
signi fi cant symptoms, and/or the de fi cit does not 
interfere with normal facial functions, or it is 
simply underreported. In any case, SON injuries 
due to maxillofacial trauma, though seldom 
reported, do occur (Fig.  3.12 ).   
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a

b

  Fig. 3.12    Injuries to supraorbital nerve (SON): ( a ) patient 
sustained blunt trauma to left forehead ( left ). She devel-
oped pain, numbness, and hyperesthesia in the area out-
lined.  Right , exploration revealed injured branches of the 
left supraorbital nerve, each with a neuroma-in- continuity 
( arrows ). Repair was done by excision of neuromas and 
reconstruction of each branch with autogenous great 

auricular nerve graft; ( b ) unrestrained passenger in motor 
vehicle accident struck forehead on dashboard. Laceration 
transected right supraorbital (SON)    and supratrochlear 
(STN) nerves ( left ); depressed frontal fracture ( arrow ) 
required surgical reduction ( middle ); patient satis fi ed with 
postoperative status and refused exploration/repair for 
SON/STN sensory loss ( right )       
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    3.5.5   Dental Implants and 
Preprosthetic Surgery 

 In the past, “preprosthetic” operations to alter 
interfering soft tissue attachments, deepen the 
vestibule of an edentulous ridge, or augment the 
residual alveolar ridge that had undergone exces-
sive resorption following the loss of teeth were 
the only surgical options available to improve 
conditions of retention and stability for dental 
prostheses  [  45,   50,   75,   116  ] . In the mandible, 
performance of a vestibuloplasty procedure nec-
essarily required supraperiosteal soft tissue dis-
section with risk of injury to the MN (Fig.  3.13 ). 
If a ridge augmentation were required utilizing 

an osteotomy with placement of a bone graft or 
alloplastic material, the IAN or MN might be at 
risk for injury  [  15  ] . While calcium hydroxyapa-
tite (CHA) has been placed safely around the MN 
in ridge augmentation procedures  [  62  ] , in the 
senior author’s experience, CHA was found to 
produce a chemical burn in some patients when it 
was placed in contact with the MN (Fig.  3.14 ). 
This untoward outcome sometimes improved 
spontaneously over time, but in some unfortunate 
patients, it was prolonged or permanent, often 
associated with pain or hyperesthesia, and it 
served as a deterrent to many prospective patients 
needing preprosthetic surgery. With the current 
dental implant options, these procedures are sel-
dom performed today.   

 The development and introduction of dental 
implants  [  26  ]  has revolutionized the replacement 
of individual missing teeth and restoration of lost 
dentition in free-end saddles and totally edentulous 
dental arches. Despite the availability of improved 
imaging studies, careful treatment planning, 
modi fi ed surgical techniques, special instrumenta-
tion, and the application of surgical skills, injuries 
to the IAN and the MN can, and do, occur during 
osseous drilling and implant  fi xture placement  [  18, 
  66,   78  ] . The incidence of temporary nerve injury 
has been reported in several case studies varying 
between 1.7 and 43.5 %. Long-term or permanent 
(greater than 1 year) NSD was found in 0–15 % of 
patients. The larger the number of patients, the 

a b

  Fig. 3.13    Mandibular vestibuloplasty (MVest): ( a ) expo-
sure of both mental nerves (MNs) (indicated by  white 
arrows ) during supraperiosteal dissection prior to placing 
split-thickness skin graft; ( b ) patient who developed persis-

tence numbness after MVest was found on re-exploration 
to have a retained nylon suture (indicated by  white arrow ) 
around right MN. Removal of suture was followed by 
recovery of MN sensation       

  Fig. 3.14    Severely atrophic mandibular ridge was aug-
mented with calcium hydroxyapatite (CHA). CHA was in 
direct contact with both mental nerves ( arrows ), produc-
ing anesthesia and constant pain in MN distribution. Both 
MNs were explored and found to have pathologic changes 
consistent with a chemical burn       
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lower the rate of nerve injury reported, perhaps 
indicating the value of surgical experience in 
reducing the potential for nerve injury. There are 
many theories regarding IAN injury from dental 
implant placement other than direct injury due to 
imprecise determination of the amount of available 
bone above the canal.    One explanation is that intra-
canal bleeding from an inferior alveolar vein or 
artery injured during bone preparation may create 
a “compartment syndrome” within the inferior 
alveolar canal which compresses the IAN. This 
would explain the fact that many of these implant-
related nerve injuries result in unpleasant dyses-
thesia rather than solely  hypoesthesia or anesthesia. 
For a complete discussion of this topic, the reader 
is referred to Chap.   6    .  

    3.5.6   Endodontic Treatment 

 The onset of persistent numbness or pain follow-
ing completion of root canal treatment of a man-
dibular molar or premolar tooth is especially 
distressing to the patient who expected salvage of 
that tooth as the primary outcome. The instrumen-
tation necessary to remove necrotic tissue from 
the pulp canal of a non-vital posterior mandibular 
tooth and smooth or enlarge its walls and the sub-
stances used to medicate and  fi ll the canal can 
injure the underlying IAN  [  17,   67,   87,   91,   98  ] . 
The incidence of IAN injury associated with 
endodontic treatment has not been determined, 
since the only reports in the literature are single 
case reports or small series of fewer than ten 
patients. Many of these patients had their root 
canals  fi lled with Sargenti (N2) paste, a substance 
that contains paraformaldehyde which has been 
shown to be toxic to nerve tissue. When N2 paste 
is injected into the prepared canal under pressure, 
it has the potential to  fl ow beyond the root apex in 
the periapical area and thence, particularly if the 
root canal has been overinstrumented, come into 
contact with the IAN. 

 The mechanisms of nerve injury that might 
result in NSD of the IAN from endodontic treat-
ment include (1)  direct trauma  from overinstru-
mentation, (2)  compression  from over fi lling of the 
root canal with extrusion of inert  fi lling material 

into the IAC, and (3)  chemical injury   [  33  ] . This is 
particularly prone to occur, if the IAC is in close 
proximity to the root apex. Endodontic broaches 
or  fi les passed beyond the apex might enter the 
IAC and pierce the IAN, causing its internal dis-
ruption and partial or complete severance. Some 
medicaments and materials used to irrigate, steril-
ize, and  fi ll the canal might be inert (e.g., normal 
saline) when in contact with nerve tissue and/or 
only produce compression (e.g., gutta-percha, zinc 
oxide), if allowed to enter the IAC. On the other 
hand, many root canal cements contain derivatives 
of phenol (such as eugenol) or other substances 
(e.g., calcium hydroxide,  paraformaldehyde), and 
sterilizing solutions may consist of parachloro-
phenols, paraldehydes, or other agents such as 
sodium hypochlorite and antibiotics, all of which 
may be toxic to nerve tissue and capable of pro-
ducing a chemical burn if allowed to make contact 
with a nerve. 

 The patient who has sustained an IAN injury 
during endodontic treatment may experience 
immediate onset of pain and/or loss of sensation. 
In such a case, it may be concluded that direct 
contact with the nerve was made during the pro-
cedure by overinstrumentation and/or extrusion 
of root canal  fi lling cement or  fi lling material 
beyond the con fi nes of the root canal into the 
periapical region and thence into the IAC. If there 
is pain, it is often intense, prostrating, and dif fi cult 
to control with opioid analgesics. In some patients, 
addition of a neurotropic medication (e.g., clon-
azepam 0.5–2.0 mg. every 8 h) will provide ade-
quate pain relief until surgical intervention is 
begun. In other instances, after the effect of local 
anesthesia administered for the procedure has 
worn off, there may be a return of normal sensa-
tion (the so-called lucid interval), and only in one 
to several days later does the patient experience 
the onset of pain and altered sensation  [  98  ] . This 
is thought to be due to delayed percolation of 
toxic materials into the IAC that have leaked out 
the root apex of an overinstrumented canal. In 
either situation, the symptomatic patient requires 
immediate attention (Fig.  3.15 ). Imaging studies 
(plain  fi lms or CBCT) will demonstrate whether 
 fi lling material has extruded beyond the con fi nes 
of the root canal and if there is involvement of the 
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IAC. If so, the patient should be scheduled as 
soon as possible in the hospital operating room 
under general anesthesia for microsurgical explo-
ration and debridement of the IAC and repair of 
the IAN as indicated by surgical  fi ndings. The 
IAC is approached either transorally or through a 

submandibular cutaneous incision, depending on 
the ease of exposure, as dictated by the location 
of involvement of the IAN. In some patients, the 
IAN will be found to be compressed by imping-
ing root canal  fi lling material. All extruded mate-
rial surrounding the IAN is removed. If it appears 
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  Fig. 3.15    Inferior alveolar nerve (IAN) injury associated 
with root canal (RC) treatment: ( a ) over fi lled mandibular 
right  fi rst molar with radiopaque material ( arrow ) extruded 
into inferior alveolar canal; ( b ) the patient presents with 
pain and numbness in the distribution of the right IAN 

(outlined in  red ); ( c ) surgical exploration shows extruded 
 fi lling material ( arrows ) in contact with IAN; ( d ) resected 
2.5 cm segment of IAN had sustained chemical burn from 
contact with extruded RC material; ( e ) the IAN was recon-
structed with autogenous sural nerve graft ( arrows )       
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that material has breached the nerve itself, the 
epineurium is entered through an axial incision. 
Under magni fi cation, the fascicles are identi fi ed, 
and a thorough intraneural debridement is done, 
often a tedious task with the potential for intran-
euronal scarring limiting full neurosensory recov-
ery, followed by copious saline irrigation. If the 
nerve has sustained a chemical burn, the epineu-
rium may appear thickened and chalky white, 
rather than with its normal translucent sheen 
appearance. If a segment of the nerve appears to 
have sustained a chemical burn, it is important to 
accurately determine the line of demarcation 
between necrotic and viable tissue  [  79  ] , and this 
may not be apparent for several days to weeks 
following the injury. Then, the damaged nerve 
tissue is resected so that normal fascicular tissue 
is present in the proximal and distal nerve stumps 
and the IAN is then reconstructed in the usual 
manner (see Chap.   14    ).  

 A nerve injury from endodontic treatment can 
be a serious emergency for the patient whose 
principal symptom is pain. Every effort should be 
made to avoid or minimize the occurrence of this 
complication. The practitioner is advised to ascer-
tain an accurate estimate of the root length from 
a standardized radiograph. Instruments should be 
armed with stops at the determined distance to 
avoid overinstrumentation beyond the root apex. 
Root canal  fi lling materials should not be inserted 
or injected under pressure. A radiograph should 
be taken immediately upon completion of treat-
ment to assess the location of  fi lling material. If 
there is evidence of over fi lling of material with 
encroachment on the IAC, the patient should be 
referred immediately for microsurgical consulta-
tion. When performing apical surgery on a man-
dibular premolar or molar tooth, the location of 
the mental foramen and the IAC should be deter-
mined and care taken to avoid these areas or use 
suitable gentle retraction of any nerve branches 
in the area of the procedure on the root apex. 

 The development of the dental specialty of 
endodontics  [  58  ] , closer scrutiny of the toxicity of 
root canal  fi lling materials  [  4  ] , the modi fi cation of 
techniques, and the introduction of magni fi cation 
to endodontic treatment have greatly diminished 
the case load of endodontically associated TN5 
injuries in microsurgical practice.  

    3.5.7   Salivary Gland Surgery 

 Surgical operations on the submandibular sali-
vary duct and the submandibular and sublingual 
salivary glands are frequently required to treat 
tumors, ranulas, sialolithiasis, obstruction, acute 
and chronic infections, and end-stage salivary 
gland dysfunction  [  28,   29  ] . Such operations, 
whether they are performed through transoral or 
submandibular cutaneous approaches, will often 
involve the LN as it courses medial to or even 
through the submandibular gland and in close 
proximity to the sublingual gland and subman-
dibular salivary duct in the  fl oor of the mouth 
(see Sect.  3.2 , above). Although the incidence of 
NSD of the LN following salivary gland surgery 
is not known, occasional cases are seen. Patients 
present with varying complaints of tongue numb-
ness, pain or hypersensitivity, and altered taste 
sensation, all of which are often quite distressing 
and interfere with normal oral functions. 

 In order to minimize the risk of LN injury dur-
ing surgery on salivary structures, the surgeon 
should be proactive. When the sublingual or sub-
mandibular gland is to be excised, a maneuver that 
is helpful in identifying the facial nerve during 
parotid gland surgery can be employed. At the 
beginning of the operation, the submandibular sali-
vary duct is dilated, cannulated, and injected with 
1–2 mL of an inert dye such as methylene blue. 
When the salivary gland (sublingual or subman-
dibular) to be operated upon is exposed, it will be 
stained an intense blue color. This technique makes 
it easy to locate the LN, which will retain its usual 
translucent opalescent appearance in contrast to the 
stained blue color of the gland. In operations upon 
the submandibular duct, one is advised to maintain 
a cannula in the duct while opening or dissecting 
within it in order to maintain perspective with the 
rest of the  fl oor of the mouth. Con fi ning instru-
ments to within the duct while removing a stone 
will avoid their contact with the nearby LN. 

 As mentioned above (see Sect.  3.2 ), the ATN 
is at risk during parotidectomy. The development 
of Frey’s syndrome (syndrome of gustatory 
sweating) with preauricular  fl ushing and sweat-
ing during mastication of food is thought to be 
due to abnormal reconnections of postganglionic 
parasympathetic  fi bers of the ATN which supply 

http://dx.doi.org/10.1007/978-3-642-35539-4_14


54 R.A. Meyer and S.C. Bagheri

the parotid gland with severed sympathetic nerve 
branches that stimulate subcutaneous sweat 
glands. The incidence is unpredictable and is 
reported to range from 2.6 to 97.6 % in various 
studies. This complication can be prevented by 
interposition of various types of soft tissue (fat, 
temporalis fascia, fascia lata femoris, dermis, and 
myocutaneous  fl aps) beneath the skin  fl ap, and 
the problem can also be treated with injections of 
botulinum toxin  [  44  ] .  

    3.5.8   Ablative/Oncologic Surgery 

 Large cysts and benign tumors of the mandible 
often involve the IAN, and the surgeon is then 
faced with a decision regarding surgical manage-
ment of the nerve as well as the lesion. In the case 
of dentigerous, or other types of  odontogenic 

cysts, without malignant or invasive potential, 
generally the cyst can be carefully dissected 
away from the IAC contents, sometimes aided 
by magni fi cation and microsurgical instruments 
(Fig.  3.16 ). Such careful technique may result 
in immediate  temporary paresthesia of the IAN 
in the early postoperative period, but this often 
resolves over the course of several months. 
Occasionally, the nerve is  unintentionally  par-
tially or completely transected during removal of 
the cyst. If this is observed by the surgeon at the 
time of its occurrence and the surgeon has micro-
surgical expertise, the nerve can be surgically 
repaired at that time. If not, the nerve ends are 
tagged with  fi ne, nonreactive sutures (i.e., 6-0 or 
8-0 nylon), the nerve ends are placed in as close 
approximation as possible, and a note describing 
the nature and location of the nerve is included 
in the operative report. Subsequently, the patient 

a
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  Fig. 3.16    Large dentigerous 
cyst of left mandible: ( a ) 
preoperative radiographic 
views; ( b ) cyst and 
associated teeth have been 
successfully dissected away 
from the left inferior alveolar 
nerve which is seen to be 
intact ( arrows )       
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is given a  timely  referral to a microsurgeon for 
follow-up and possible delayed primary nerve 
repair, typically 3 weeks following the injury.  

 Locally aggressive benign tumors of the mandi-
ble, such as the ameloblastoma and myxoma, have a 
high rate of recurrence if not excised with adequate 
margins  [  128  ]  (Fig.  3.17 ). Since there is a question 
whether such tumors actually invade an adjacent 
nerve, some clinicians have advocated preserva-
tion of the IAN when excising these tumors  [  19, 
  122  ] . However, in an effort to maximize the likeli-
hood of a curative result without recurrence due to 
inadequate removal, an  intentional  resection of the 
IAN is included with the surgical specimen in most 
surgeons’ hands. Following mandibular resection 
(including sacri fi ce of the IAN) in patients younger 
than 16 years, spontaneous return of partial IAN 
sensation to which the patients adapt well has 
been noted  [  30  ] . However, the IAN is often recon-
structed immediately with good return of sensation 
in many patients  [  93  ] . Similarly, excision of nerve 
tumors such as the neurilemmoma (schwannoma) 
requires resection of the involved nerve and its 
reconstruction with a nerve graft.  

 Altered sensation (pain, numbness, loss of sensa-
tion to neurosensory testing) is an important clini-
cal symptom and sign of malignancy in a tumor 
that approximates a sensory nerve such as the TN5. 
Malignant tumors are well known for their propen-
sity to invade nerves (neurotropism) and use them as 
a route for spread of malignant cells  [  72  ] . Therefore, 
the IAN is  always  intentionally sacri fi ced when the 
mandible is resected for treatment of malignancy.  

    3.5.9   Cosmetic Surgery 

 Operations to improve appearance of the chin (the 
genioplasty) are among the most frequent in facial 
cosmetic surgery. In the past, contour de fi ciency 
corrected by insertion of an alloplastic implant was 
the favored esthetic operation on the chin  [  85  ] , and 
it still is in many situations  [  35  ] . However, the devel-
opment and addition of the anterior horizontal slid-
ing mandibular osteotomy to the orthognathic and 
facial cosmetic surgeon’s repertoire provided a ver-
satile operation that could be utilized in the correc-
tion of de fi ciency of chin contour, objectionable chin 
prominence, excessive or inadequate chin height, 
and asymmetry, especially in combination with oper-
ations to correct developmental facial bone deformi-
ties and concomitant dental malocclusion  [  73  ] . 

 Various studies have reported on involvement 
of the IAN or MN and postoperative NSD in the 
lower lip and chin following horizontal mandibu-
lar osteotomy for genioplasty  [  38,   92,   107,   124  ] . 
Immediately following surgery, most patients 
experience decreased or absent responses to pain, 
static light touch, and/or two-point discrimina-
tion. When done as a solitary procedure, patients 
usually regain most or all of their sensory func-
tion in the lower lip and chin (Table  3.2 ). When 
the genioplasty is done in conjunction with the 
MSSRO (see Sect.  3.5.3 , above), however, there 
seems to be an exponential additional effect on 
NSD. For instance, in one series of 115 adoles-
cent patients who underwent surgical correction 
of dentofacial deformities, the  incidence of long-

a b

  Fig. 3.17    Locally aggressive tumors can involve the 
 inferior alveolar nerve, necessitating its resection along 
with the tumor: ( a ) large, multiloculated ameloblastoma 

of right mandible (indicated by  white arrows ); 
( b ) myxoma of left mandible (indicated by  white arrows )       
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term NSD in the IAN and/or MN was 10 % for 
patients having a genioplasty only, 20 % follow-
ing bilateral MSSROs, and 67 % for those having 
 both  MSSROs and genioplasty  [  107  ] . This has 
been described as the “double crush syndrome” 
and indicates that, at least in some instances, the 
patient who undergoes MSSROs  and  genioplasty 
at the same operation will have greater loss of 
sensory function in the IAN and MN distribution 
than in patients that have either procedure alone 
 [  38,   107,   123,   124  ] . 

 The MN is at risk during the creation of a 
pocket for insertion of an alloplastic implant 
through a submental skin incision because the 
surgeon seldom can visualize the nerve directly 
or very well at all. The location of the mental 
foramen can be determined preoperatively from a 
panoramic radiograph of the mandible, and the 

surgeon can plan to avoid this area when creating 
the soft tissue pocket. An implant size is selected 
which does not impinge upon the mental foramen 
when seated into place. When raising a mucope-
riosteal  fl ap to expose the facial aspect of the 
mandibular symphysis for a horizontal osteot-
omy, the dissection is done carefully until the 
MN is identi fi ed on each side. The exit of the MN 
from the mandible is at a level several millime-
ters superior to that of the IAC (see Sect.  3.2 , 
above). This vertical distance is variable and is 
determined from preoperative imaging studies. 
The horizontal osteotomy must be made 
suf fi ciently inferior to the anatomic mental fora-
men to avoid contact with the anterior loop, or 
genu, of the IAN (Fig.  3.18 ).  

 Additional cosmetic facial operations that 
might affect branches of the TN5 include the 
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  Fig. 3.18    Relationship of mental foramen (MFN) to 
inferior alveolar canal (IAC): ( a ) preoperative x-ray shows 
MFNs ( white arrows ) are several millimeters superior to 
IACs ( black arrows ); ( b ) osseous markings made for 
osteotomies for reduction of chin height and chin advance-
ment are located inferior to mental nerves ( white arrows ); 

( c ) postoperative     fi lm shows that horizontal sliding osteot-
omy, although located inferior to both MFNs ( white 
arrows ), has traversed through both IACs. Both inferior 
alveolar nerves ( black arrows ) were transected. They were 
successfully repaired microscopically 3 months after 
injury       
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 facelift (rhytidectomy) and the brow/forehead lift. 
The facelift procedure commonly involves the 
auriculotemporal nerve (ATN), a branch of the V3 
of TN5. Seldom is sensory loss in the preauricular 
or temporal areas permanent or mentioned as a 
problem by the patient  [  35  ] . Of more concern is 
the risk of injury to the FN7 with weakness or 
paralysis of facial and/or eyelid musculature, a 
subject not within the scope of this discussion on 
trigeminal nerve injuries. When planning an open 
forehead and brow lift, the surgeon should place 
skin incisions well into the hair-bearing scalp to 
avoid the super fi cial branches of the SON and 
thereby maintain forehead sensation and to pre-
serve the deep division of this nerve and scalp 
sensation by not carrying the incision through the 
galea aponeurotica  [  65  ] . The introduction of 
endoscopic procedures has undoubtedly lessened 
the incidence of permanent forehead or scalp 
numbness or other undesirable sensory aberra-
tions in patients undergoing eyebrow and fore-
head lifts  [  34  ] .   

    3.6   Summary 

 Surgical procedures, routine dental treatments, 
and traumatic injuries in the face and oral cavity 
occur in close proximity to peripheral branches 
of the trigeminal ( fi fth) cranial nerve, the major 
sensory supply to this important area. Despite the 
best of care, trigeminal nerve injuries are recog-
nized and accepted risks of surgical operations, 
dental treatment, and injuries in the oral and max-
illofacial regions. However, lost or altered sensa-
tion resulting in numbness, pain, or hypersensitivity 
seriously interferes with common orofacial func-
tions and, if persistent, is often distressing and 
unacceptable to patients so af fl icted. The inci-
dents associated with peripheral trigeminal nerve 
injuries, the likelihood (incidence) of their occur-
rence, and the potential mechanisms causing 
them have been presented, and suggestions have 
been proposed for reducing the risk of injury 
associated with speci fi c situations. In the chap-
ters to follow, the treatment of trigeminal nerve 
injuries will be thoroughly presented.      
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  4

 Patients experience painless treatment in current 
health care since local anesthesia (LA) makes it 
possible for most procedures in ambulatory den-
tistry and oral and maxillofacial surgery. Modern 
local anesthetics are extremely ef fi cient and safe 
drugs, and the great majority of patients encounter 
neither unpleasant side effects nor lasting local or 
systemic complications. Vasovagal syncope is a 
frequent psychogenic reaction experienced upon 
anesthetic injection that is unrelated to the par-
ticular drug used. 

 Nevertheless, serious adverse drug reactions 
(ADRs) with LA occasionally do occur. Prolonged 
neurosensory disturbance (NSD) with reduced 
somatosensory (and gustatory) perception has 
become a problem for a number of patients  [  1–  4  ] . 
A trigeminal NSD involves not only a loss of 
nerve conduction with reduced perception but 
most often also a neuropathic symptom that may 
present a devastating nuisance for the patient  [  5  ] . 
Therefore, an anesthetic injection-associated 
trigeminal nerve injury causing permanent NSD 
may have a signi fi cant impact on patients’ quality 

of life, and every possible step should be taken to 
minimize the risk of such complications. 

 This chapter focuses on trigeminal nerve 
injuries associated with the injection of local 
anesthetics that result in NSD in the orofacial 
region. For this purpose, a NSD is de fi ned as 
 any abnormality in somatosensory or gustatory 
perception exceeding weeks or months or at 
least beyond the normal duration of local anes-
thetic action   [  6  ] . 

 Since LA-associated nerve injury is such an 
infrequent ADR, controlled clinical trials are 
not an option for evaluation of these complica-
tions. Consequently, other methodologies must 
be relied upon such as open observational stud-
ies  [  3,   7,   8  ] , national registry data  [  6,   9–  12  ] , and 
animal experiments  [  13–  17  ] , all with due regard 
to the strengths and weaknesses inherent in each 
methodology. 

    4.1   History 

 The history and development of local anesthesia 
(LA) is a little more than 100 years old  [  18,   19  ] . 
The  fi rst ester-type formulations of LA were 
based on cocaine and, later, procaine. These 
drugs were associated with a signi fi cant potential 
for systemic, central nervous system, and cardio-
vascular malfunctions due to their toxicity, cen-
tral mode of action, and rapid spread through 
tissues and the bloodstream  [  20  ] . Subsequent 
research in amino-amide formulations converged 
into the synthesis of lidocaine, and initial 
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 experience with this new drug launched in 1948 
set a new standard in LA  [  21  ] . The formulation of 
lidocaine 2 % with adrenaline (5–12.5  m g/ml) 
proved to be safe and ef fi cient, and it became the 
drug of choice for dental LA through several 
decades. For amide-based LA, systemic compli-
cations were minimized, and local complications 
were few. 

 Mepivacaine, with or without vasoconstric-
tor, as well as prilocaine, with an alternative 
vasoconstrictor with no cardiac stimulation 
(felypressin), gained considerable popularity in 
Europe, either as a successor of lidocaine or as 
an alternative for treatment of a selected group of 
patients. Finally, articaine-based local anesthet-
ics entered the European and North American 
market between 1976 and 2000 in a 4 % formula-
tion that conquered a substantial market share in 
central Europe, with less in the USA, UK, and 
Scandinavia. 

 Complications with amide-based local anes-
thetics in current use include primarily hematoma 
at the injection site, local tenderness, trismus, and 
unintended effect on nerves other than the termi-
nal branches of the trigeminal nerve. Most of these 
complications are harmless and transient, in con-
trast to nerve injury that may cause loss of func-
tion and neurosensory (neuropathic) disturbance 
of all kinds, including chronic pain  [  22  ] . Thus, 
LA-associated nerve injury causing NSD may be 
permanent and severely incapacitating  [  3,   6  ] .  

    4.2   Incidence of Injection Injuries 

 A review of 441 cases of iatrogenic injuries to 
the oral branches of the trigeminal nerve referred 
to a tertiary oral and maxillofacial surgery unit 
showed that 17 % were associated with the 
injection of local anesthetics in nonsurgical 
cases  [  5  ] . The lingual nerve (LN) seems to be 
the most frequently affected trigeminal branch 
followed by the inferior alveolar nerve (IAN) 
 [  3,   7,   11,   12  ] , and more than nine out of ten 
cases of LA-induced NSD are associated with 
mandibular blocks  [  6,   11,   12  ] . 

 Valid information regarding the incidence of 
injection injuries of the trigeminal nerve is 

 lacking due to poor recognition and probable 
underreporting of the problem  [  23  ] . Estimates of 
the incidence range between the extremes of 1:42 
and more than 1:1 million LA injections  [  1,   9, 
  24–  26  ] . Several dif fi culties in the precise deter-
mination of the true incidence include the subjec-
tive and anecdotal nature of data acquisition, 
missing or absent follow-up, and the oversimpli fi ed 
terminology of paresthesia accounting for all 
types of NSD. Moreover, only few authors deter-
mine a clear distinction between temporary and 
permanent nerve injuries  [  1,   6,   24  ]  and poten-
tially surgical and nonsurgical injuries  [  1  ] , and 
even fewer perform a standard clinical neurosen-
sory test on their patients to assess loss of 
 conductive function  [  3,   6,   8  ] . 

 The true incidence of local anesthetic-related 
trigeminal nerve injuries is basically unknown, 
and due to probable underreporting, registry 
data from medical agencies and the FDA most 
likely do not provide a valid estimate. A sys-
tematic review comprising 37 numerical esti-
mates of underreporting of ADRs (others than 
those associated with LA), from private prac-
tice and hospital settings from 12 different 
countries, showed a median rate of underreport-
ing of 94 %  [  23  ] . Therefore, provided that there 
is an equal underreporting rate for all local 
anesthetics, and knowing the market share of 
each drug, a relative incidence of injection 
injury may be calculated. The relative incidence 
forms the basis for risk assessment of LAs in 
current clinical usage. 

 Several studies  [  6,   9,   11,   12  ]  have found an 
increased incidence/risk of ADRs, in particular 
trigeminal NSD, with increasing concentrations 
of the local anesthetic solution. Our  fi ndings 
were based upon clinical data from a tertiary 
oral and maxillofacial unit receiving refer-
rals from the country of Denmark  [  3  ] , and they 
were in accordance with the registry data from 
the Danish Medicines Agency covering 12 years 
(2005–2007)  [  6  ]  (Fig.  4.1 ). Articaine-based LA 
were launched late in the year 2000 in Denmark, 
and a dramatic increase in LA-associated ADR 
was observed thereafter, the majority being asso-
ciated with articaine-based LA. The distribution 
of ADRs based upon neurosensory trigeminal 
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disturbance, other facial nerve involvement, and 
systemic and non-neurologic local reactions is 
illustrated in Fig.  4.2 , showing overrepresenta-
tion of articaine-based LA in all three groups. 
Interestingly, a similar distribution of 168 nervous 
system disorders associated with articaine was 
found by the European Medicines Agency based 
upon reports from 19 countries. Unfortunately, 
the impact of underreporting was not addressed, 
and sales data were omitted (Fig.  4.3 ).    

 Comparative data from 2001 to 2007 showed 
that reports of NSD associated with 4 % artic-
aine-based formulations were signi fi cantly more 
frequent than those of other LAs, and articaine-
related NSDs were signi fi cantly more numerous 
than would be expected from the proportion of its 
market share (Table  4.1 ). NSDs with lidocaine and 
prilocaine were equally underrepresented, whereas 
mepivacaine-related NSDs closely followed the 
market share. These data show a remarkable 
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  Fig. 4.1    Reports to the 
Danish Medicines Agency of 
ADRs associated with LA 
sold in cartridges, 1995–2007. 
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in fl uenced by peaking sales 
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tion pattern (avoidance of 
articaine for IAN blocks)  [  6  ]  
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  Fig. 4.2    Reports of ADRs 
associated with LA sold in 
cartridges in Denmark 
2001–2007 distributed based 
upon type of symptom. Group 
 A  shows trigeminal and 
gustatory sensory distur-
bances, group  B  shows other 
facial nerve affections, and 
group  C  illustrates systemic 
and local non-neurologic 
ADRs. Signi fi cant overrepre-
sentation of articaine was 
identi fi ed in all groups  [  6  ]  
( Source : Danish Medicines 
Agency)       
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similarity with the data of Garisto et al.  [  12  ]  and 
Gaffen et al.  [  11  ] . Differences in the rate of prilo-
caine-associated NSD between North America 
and Europe  [  12  ]  may be explained by the fact that 
prilocaine-based formulations in North America 
are 4 % and the vasoconstrictor is adrenaline, 
whereas the concentration of prilocaine in Europe 
is 3 % and the vasoconstrictor is felypressin.   

    4.3   Clinical Features and Nerve 
Involvement 

 A number of studies indicate that the LN is by 
far the most frequently involved trigeminal 
branch in LA-associated injuries followed by the 
IAN  [  5–  7,   9  ] . This may be explained by the fact 

that the LN is more super fi cial in the pterygo-
mandibular space than the IAN, and upon mouth 
opening, the LN is stretched towards the surface 
mucosa, making it more vulnerable to injury 
(mechanic and/or chemical). Upon initial injec-
tion of LA, the LN may become anesthetized 
 fi rst, and if multiple needle passes are made, a 
shock-like sensation may not be experienced if 
the needle comes into contact with the LN itself. 
It has also been well documented that females 
are affected much more often than males  [  6,   7, 
  12  ] , and this may be due to a gender difference 
in the ability to resolve spontaneously following 
neural trauma. 

 The speci fi c individual NSD may be tempo-
rary, of short or longer duration, or permanent. 
A limited number of studies describe temporary 
NSD  [  1,   8,   11  ]  with an estimated rate of 
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  Fig. 4.3    Nervous system 
disorders associated with 
articaine,  n  = 168 ( Source : 
Periodic Safety Update 
Report, European Medicines 
Agency 2006–2009  [  36  ] )       

   Table 4.1    Reports to the Danish Medicines Agency of trigeminal neurosensory disturbances (NSD) associated with 
local anesthetics sold in cartridges, 2001–2007  [  6  ]    

 Local anesthetic 
 Number of 
reports (%) 

 Market share
of drug (%)   P  value 

 Sales
volume (l) 

 Ratio NSD
to liters 

 Relative risk 
for articaine 

 Articaine 4 %  141 (77.9)  41.2  <0.001 a   12,660  1:90  Versus
each drug 

 Versus
all drugs 

 Mepivacaine 2–3 %  13 (7.2)  11.8  =0.06  3,631  1:279  3.1  5.0 
 Prilocaine 3 %  12 (6.6)  19.4  <0.001 b   5,957  1:496  5.5 
 Lidocaine 2 %  15 (8.3)  27.7  <0.001 b   8,512  1:568  6.3 

   a Overrepresentation (more than expected related to market share) 
  b Underrepresentation (less than expected related to market share)  
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 spontaneous recovery in 80–85 % of affected 
patients. Of the remaining 15–20 % of patients, 
less than one-third of these patients experience 
complete neurosensory recovery. Conversely, 
in our on clinical sample of 131 patients, only 
7 % were temporary, while 20 % were poten-
tially permanent, i.e., non-resolving less than 1 
year after injury, and 73 % were permanent, 
i.e., persisting at 1 year after the injection or 
later  [  6  ] . 

 The clinical symptoms may consist of any 
alteration of cortical perception of trigeminal 
afferent input, including gustatory perception 
transferred through the chorda tympani branch 
of the facial (VII) nerve. Most cases of NSD 
associated with local anesthetics are character-
ized as “paresthesia” in the literature  [  11,   12, 
  27  ] . “Numbness” is another popular term that 
may cover any sensation between mild par-
esthesia and complete anesthesia. Chronic pain 
is frequent in patients with LA-associated NSD 
 [  3,   4  ] . In fact, an array of neurologic discomfort 
may be perceived by the patients, each char-
acterized by a speci fi c neurological term such 
as hypesthesia, anesthesia, dysesthesia, allo-
dynia, pain, and abnormalities related to gusta-
tion, (hypo-, dys-, or ageusia)  [  3,   6,   22  ] . Again, 
since there is a lack of consistency in the litera-
ture regarding standardization of terminology 
to classify the speci fi c ADRs, it is dif fi cult to 
determine the exact incidence or to determine 
spontaneous resolution of NSD. 

 Among our 42 patients with LN injection 
injuries in nonsurgical cases  [  3  ] , 18 (43 %) 
complained of paresthesia, 9 (21 %) had dyses-
thesia expressed as burning pain, and 3 (7 %) 
suffered from mechanical allodynia. Only three 
patients (7 %) had no neuropathic complaint in 
addition to their functional loss. Thirty-three 
patients (79 %) had an altered gustatory percep-
tion, partial or total loss of gustatory function, 
or dysgeusia with an unpleasant taste (metallic, 
electric shock, etc.). Functional neurosensory 
loss in patients with LN affections was more 
disturbing than it was in patients with IAN 
lesions that concurred with clinical records of 
nerve function (tactile, thermal, and position 
sensations).  

    4.4   Etiology: Needle Lesion 
or Neurotoxicity? 

 The pathophysiological mechanisms behind these 
injuries and NSD may be multifactorial, but two 
different main causes, mechanical lesion and/or 
neurotoxic reaction, have been the focus of 
 interest  [  28  ] . Methodological obstacles have hin-
dered the search for the etiology of LA-associated 
trigeminal injury, such as randomized controlled 
trials (RCTs) being not feasible due to the rarity 
of these injuries, ethical issues, underreporting, 
marketing issues including commercial interests’ 
denial, and con fl icts of interest. These barriers 
have precluded a simple explanation of the pre-
cise etiology of these injuries. Likewise, lack of 
proof of the signi fi cance of the needle injury, atti-
tudes towards neurotoxicity as a causative mech-
anism based on emotional or commercial 
bindings, and denial beyond measurable evidence 
have confounded the issues, as well  [  26,   28–  31  ] . 
Given the assumption of an equal safety pro fi le 
for all LAs in current use, a distribution of ADRs 
including NSD would be expected to mirror the 
market share of each anesthetic, and such a distri-
bution would be suggestive of needle lesion etiol-
ogy, whereas a distribution disproportionate to 
market shares would indicate differences in safety 
pro fi le (neurotoxicity)  [  6  ] . 

  Needle Lesion —Theoretically, direct mechan-
ical needle lesion may cause severance of axons, 
maybe even some of the fascicles within the 
nerve itself. Such a lesion would expectedly be 
re fl ected in a patchy pattern of NSD affecting 
the area of innervation of each affected neuron/
fascicle, not the distribution of the entire nerve 
branch. Furthermore, mechanical injury to the 
 vasa nervorum  may cause hypoxic nerve damage 
or reactions associated with intraneural hema-
toma formation, organization with granulation 
and scar tissue, or toxic blood decay. Local anes-
thetic-associated NSD in general affects the entire 
distribution of the affected nerve branch. Pogrel 
and colleagues  [  8  ]  wondered how a needle with a 
diameter of less than ½ mm could produce “such 
profound damage to the entire nerve.” Direct 
needle contact with a nerve may be the cause of a 
painful “electric shock” experience; however, for 
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the reasons mentioned above, this phenomenon 
may not be commonly experienced by patients. 
Harn and Durham  [  1  ]   considered such a “trau-
matic episode” the main focus of the mecha-
nism of injury. Conversely, Krafft and Hickel 
 [  24  ]  in a prospective study observed an electric 
shock reaction in only 7 % of more than 12,000 
patients upon injection of LA; none of these pat-
ents affected complained of subsequent NSD. 
Hillerup and Jensen  [  3  ]  reported electric shock 
reactions in 32 % of patients with LA-induced 
lingual NSD and 33 % related to IAN injury. 
Interestingly, the severity of NSD did not differ 
between those patients that experienced an elec-
tric shock and those who did not. 

 Neither studies in humans nor animals  [  15,   17, 
  32  ]  support the idea of physical lesion to be a the 
mechanism of LA-induced NSD; in fact, surgical 
exploration of four LNs in patients with nonsur-
gical paresthesia showed no evidence of physical 
damage to the nerve caused by the needle  [  7  ] . 

  Neurotoxicity —Haas and Lennon  [  9  ]  noted 
an increase in reported paresthesia rates after the 
launch of 4 % formulations of articaine and prilo-
caine in Canada in 1984 and a signi fi cant overrepre-
sentation of these drugs in reports of ADRs. Recent 
studies from North America and Denmark demon-
strate that the distribution of NSDs is disproportion-
ate to the market share of commonly used drugs in 
both national registry data  [  11,   12  ]  and clinical data 
 [  6  ] . There is a highly signi fi cant overrepresentation 
of NSD associated with 4 % formulations of artic-
aine and prilocaine in accordance with a previous 
Canadian study  [  9  ] , with a corresponding underrep-
resentation of NSDs due to lidocaine. 

 The concentration issue of neurotoxicity has 
been con fi rmed in several experimental studies 
 [  13,   14,   16,   17  ] . Similarly, the physical trauma 
of needle penetration with the injection of saline 
solution did not produce a signi fi cant reduc-
tion of nerve conduction as re fl ected in mea-
sured amplitudes on stimulation in two animal 
experiments  [  16,   17  ] . Additionally, it has also 
been shown experimentally in the cadaver model 
that needle penetration of the trigeminal nerve 
(both the LN and IAN) is likely to result in the 
needle passing through the interfascicular space, 
rather than result in direct fascicular damage  [  8  ] . 

It may be concluded that among the etiologic 
factors in question, direct needle trauma is of 
minor importance. 

 Neurotoxicity appears to be the most signi fi cant 
causative factor considering the disproportionate 
distribution of ADRs including NSD-to-market 
share, the correlation of neurotoxic reactions with 
the concentration of the drug, and animal studies 
showing concentration-dependent neurotoxicity 
 [  14,   15,   17,   33  ] . The vasoconstrictor must also be 
considered since the ischemic effect may exacer-
bate the neural injury by impeding blood  fl ow to 
heal the damaged area.  

    4.5   Toxicity of Local Anesthetics: 
Systemic and Local 

 Since the introduction of amide-based LA, sys-
temic toxicity is hardly an issue in dentistry, 
including oral and maxillofacial surgery. 

 Conversely, all LAs are, in principle, neuro-
toxic, and local neurotoxicity is a potential haz-
ard that deserves attention. A nerve conduction 
block has been explained as a “reversible toxic 
effect of LA” where the neurotoxicity paral-
lels its anesthetic potency  [  34  ] . Nerve injury 
may result from direct toxicity to the axon or 
Schwann cell or may be secondary to disruption 
of the nerve microenvironment  [  35  ] . The mecha-
nism is not completely understood, but factors 
of importance are the concentration of the LA 
and the duration of exposure of the neural tis-
sue to the LA  [  14  ] . Likewise, the chemical com-
position, lipid solubility, and protein binding of 
the LA may all play a role in the toxic effects. 
Finally, contributing factors might be mechani-
cal neural trauma and ischemia, both of which 
may be deleterious  [  34  ] . 

 Kalichman et al.  [  33  ]  used quantitative mea-
surements of endoneurial edema, cytoplasmic 
lipid droplets, nerve  fi ber injury, and Schwann 
cell damage to elucidate the pathogenesis of 
LA-induced injury to the sciatic nerve in rats and 
found these data to be consistent with a direct cel-
lular toxicity of four local anesthetic solutions. All 
four drugs produced a concentration-dependent 
increase in every measure of neural injury. 



694 Injection Injuries of the Trigeminal Nerve

 Compromised nerve conduction may be 
re fl ected electrophysiologically by a lowered 
or extinct action potential amplitude and axonal 
and myelin degeneration as measurable effects 
of drug toxicity. A number of experimental stud-
ies have identi fi ed a clear association between 
neurotoxicity and the concentration of LA 
 [  13–  17  ] . 

 A recent study on concentration-dependent 
neurotoxicity of 2 and 4 % formulations of 

 articaine injected into the rat sciatic nerve with 
injection of saline as the control group  [  17  ]  
showed depression of lumbar-evoked spinograms 
as a sign of substantial neurotoxic reaction 
increasing with the concentration of the drug 
(Fig.  4.4 ). Electron micrographs of histological 
nerve cross sections from the same study showed 
marked axonal and myelin degeneration in nerves 
injected with 4 % articaine as compared to saline 
injected nerves (Fig.  4.5 ).   
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  Fig. 4.4    Box plot of amplitudes (median values, inter-
quartile range, extreme values) of lumbar-evoked electro-
spinograms at the 3-week follow-up after intraneural 
injection of test substance in the right sciatic nerve in rats. 
Control side (untreated) and experimental side showing 

the three injection groups (saline, articaine 2 %, articaine 
4 %) indicating signi fi cant concentration-dependent 
depression of amplitudes in the articaine 2 % group 
( P  = 0.03) and 4 % group ( P  = 0.0006)  [  17  ]  (Reprinted 
with permission from Anesthesia and Analgesia)       

  Fig. 4.5    Electron micrographs of nerve cross sections 
from a saline-treated rat ( left ) and a rat injected with artic-
aine 4 % ( right ) showing obvious features of axonal and 
myelin degeneration 3 weeks after intraneural injection. 
The number of myelinated axons is the same in the two 
treatment groups, but in the group injected with articaine 
4 %, the axons are much smaller and the endoneurial 

 connective tissue increased. Few remnants of degenerat-
ing nerve  fi bers are seen, and several of the smallest 
myelinated axons are surrounded by a nucleated Schwann 
cell, indicating regeneration. Magni fi cation bar shown in 
the picture is 1,000  m m. Stain: osmium tetroxide and 
 toluidine blue  [  17  ]  (Reprinted with permission from 
Anesthesia and Analgesia)       
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 In accordance with previous and recent animal 
studies  [  13,   14,   16,   17  ] , independent studies on 
reports to national and international registries of 
ADRs, in particular trigeminal NSD  [  6,   11,   12, 
  36  ] , link these expressions of nerve injury to a 
signi fi cant overrepresentation of NSD associated 
with 4 % formulations of articaine and prilocaine. 
Likewise, the distribution of ADRs/NSDs was 
signi fi cantly disproportionate to the market share 
of LA drugs in current use which (indirectly) 
excludes needle trauma as a major contributing 
factor, since, had it been so, the ADRs/NSDs 
would mirror the market share of each anesthetic.  

    4.6   Treatment Options 

 There is no indication that surgery is helpful for 
LA-associated NSD. While mechanical nerve 
injury associated with third molar surgery may be 
managed with successful microsurgical repair 
 [  37–  40  ] , non-resolving chemical (neurotoxic) 
lesions unfortunately do not offer such potential 
for surgically assisted recovery. The reason for 
this is that the injury from the third molar surgical 
insult is most likely to occur in the third molar 
region, and surgical access is feasible via a stan-
dard transoral approach. In contract, surgical 
access to the pterygomandibular space for 
microneurosurgical exploration of a LA-related 
injury is dif fi cult or impossible from a transoral 
or transcervical surgical approach. Further, a 
chemical lesion may be impossible to visualize 
clinically. Likewise, curative medical treatment 
is not an option. Reassurance and counseling may 
work in less disturbing cases, and topical applica-
tion of lidocaine 5 % or similar medicament may 
lessen the symptoms in selected severe cases 
 [  22  ] . Patients with severe neuropathic pain or 
dysesthesia may be relieved with pharmacologic 
treatments including gabapentin or similar anti-
epileptic or antidepressant drugs  [  41  ] . However, 
these drugs are associated with some stressful 
side effects, including drowsiness, that may over-
ride a vague but distressing NSD. It may be 
advisable to emphasize that even serious neuro-
pathic symptoms may decrease over time, and 
coping strategies may help patients come to terms 

with the situation. Indeed, there is no ideal solu-
tion to this complex clinical dilemma.  

    4.7   Preventative Measures 

 In the absence of rewarding treatment options, it 
seems logical to focus on preventative measures 
and risk assessment in the choice of the ideal local 
anesthetic. Since more than 90 % of all 
LA-associated NSDs are related to inferior alveolar 
nerve blocks  [  6,   11,   12  ] , and the majority of NSDs 
are linked to the injection of 4 % formulations, it 
might seem prudent and responsible to avoid these 
formulations for mandibular IAN blocks and con-
sider the use of alternative formulations. 

 Another option is to report each and every 
incidence of LA-associated NSD and other ADRs 
to the relevant national registry database. Even 
though such action may seem to have little 
in fl uence on the FDA and national and regional 
medicines agencies’ responsive action, even in 
more dramatic ADRs  [  42  ] , there is no other way 
to in fl uence authorities, accumulate evidence, 
and make differences in risk pro fi le known. 

 Patient education, case histories of ADRs in the 
press and on the internet, and similar release of 
information including scienti fi c data may alert 
patients to demand the LA with the lowest risk in the 
presence of viable alternative options. It is the expe-
rience of the author that informed patients prefer the 
less risky formulations—for obvious reasons. 

 There are data to indicate that both the dental 
community and the patients react in an appropri-
ate manner. Comparable studies from the USA 
and Europe on reported NSD show an identical 
pattern of rise and fall of the number of reported 
incidences with 4 % formulations of prilocaine 
and articaine per year (Fig.  4.6 ).   

      Conclusions 

 Primum non nocere ( fi rst, do no harm). This 
Hippocratian axiom still applies to all health care 
delivery. Medical and dental health professionals 
in specialties performing surgery or painful den-
tal treatment and patients alike are in the lucky 
position that pain-free treatment is easily achieved 
through LA and harmful effects of LA are rare. 
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 The clinical ef fi cacy of current local anes-
thetics does not differ signi fi cantly when 
administered appropriately  [  43,   44  ] , and the 
choice of formulation may be directed by the 
desired duration of action  [  10  ] . Conversely, the 
risk pro fi le is not equal for the four common 
local anesthetics used in dentistry and oral and 
maxillofacial surgery: lidocaine, mepivacaine, 
prilocaine, and articaine. It is accepted that a 
higher concentration of the LA is associated 
with a higher risk of ADRs. More than 90 % of 
such iatrogenic nerve injuries, re fl ected in neu-
rosensory disturbances, are related to mandib-
ular blocks, and the vast majority of reports of 
trigeminal ADRs relate to 4 % formulations. 

 It is the responsibility of national and 
regional medical agencies and the FDA to 
approve, disprove, and regulate distribution 
and application patterns for maximum patient 
safety. The reluctance of these institutions 
towards responsive action to studies showing 
overrepresentation of neurosensory disturbance 
associated with 4 % formulations of articaine 
in Europe and 4 % formulations of articaine 
and prilocaine in North America is dif fi cult to 
understand. A sensible guideline would be to 
avoid 4 % formulations for block anesthesia 
in the presence of viable alternatives, and in 
fact, this is the current teaching in most dental 

schools in the USA at the present time, and this 
may result in a decreased incidence of nonsur-
gical paresthesia in dental practice.      
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 Third molar extraction is one of the most  common 
procedures performed in oral and maxillofacial 
surgery. Among the possible complications, 
damage to the neighboring branches of the 
trigeminal nerve is a most dreaded complication. 
Although it is transient in most cases, it can leave 
permanent sequelae, such as hypoesthesia or 
dysesthesia, with a great impact on the patient’s 
quality of life. In the lower third molar area, the 
lingual nerve (LN) usually lies under the mucosa 
overlying the lingual cortical plate. Surgical 
trauma to the LN during extraction of the lower 
third molar is caused by inadequate handling of 
either the lingual cortical plate or the mucosa on 
the lingual aspect of the wound. Preventive 
 measures to avoid LN injury include (1) a buccal 
approach without elevating or separating a lin-
gual  fl ap and (2) caution when removing bone or 
sectioning the tooth, not to perforate the lingual 
cortical plate. Damage to the inferior alveolar 
nerve (IAN) is generally related to an anatomical 

proximity between the third molar roots and the 
mandibular canal. This close relationship can be 
suspected using orthopantomography or intraoral 
radiographs but only con fi rmed with computed 
tomography (CT). Surgical techniques that 
reduce excessive forces or prevent nerve impinge-
ment during lower third molar extraction and 
postoperative care that minimizes edema are the 
keys to avoiding long-term IAN injury. 

    5.1   Introduction 

 Trigeminal nerve damage is a well-known severe 
complication of lower third molar extraction. 
Indeed, lower third molar extraction is still the 
main cause of inferior alveolar nerve (IAN) and 
lingual nerve (LN) injuries  [  1  ] . Thus, IAN and 
LN injury must be included in the informed con-
sent, because of both their prevalence (which can 
be estimated at 0.5–8.0 % for the IAN  [  2–  10  ]  and 
at 0 % to over 10 % for the LN  [  5,   7–  15  ] ) 
and their potential impact on the patient’s every-
day life. With pain and swelling, the most remem-
bered possible complications explained in the 
informed consent are IAN and LN injuries  [  16  ] . 
This re fl ects the importance of this impairment 
for the patient. Besides, more than a half of the 
IAN injuries caused by lower third molar (L3M) 
extraction take several months to recover, and up 
to 25 % do not recover completely, leaving some 
degree of hypoesthesia or, in a worst case sce-
nario, dysesthesia  [  17  ] . Thus, trigeminal nerve 
injury after L3M is not only disabling for a short 
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time, but it can become a lifelong sequelae caus-
ing a severe reduction of the patient’s quality of 
life  [  18  ] . 

 Although local anesthesia can itself cause LN 
or IAN damage  [  1,   19,   20  ] , the main cause of this 
lesion in L3Ms is surgical trauma. IAN injury 
usually results from an anatomical proximity 
between the roots of the L3M and the mandibular 
canal. It is, therefore, possible to anticipate such 
risk using adequate imaging techniques. However, 
the LN in the L3M region, unlike the IAN, lies 
under the mucosa and is not surrounded by an 
osseous canal (Fig.  5.1 ). Therefore, it is not pos-
sible to anticipate with certainty the position of 
the LN using routine radiographs, such as 
intraoral projections or orthopantomography. At 
the L3M region, the LN is at 2.8 mm below the 

crest (SD 1 mm) and at 2.5 mm of the lingual cor-
tical plate (SD 0.7 mm), although it can be in 
contact with the cortical bone and lie over the 
crest  [  21  ] . Besides, the position of the LN on one 
side seems to be independent from the position of 
the opposite side  [  20  ] . Magnetic resonance imag-
ing (MRI) can identify the position of the LN 
 [  21  ] , but it is not a routine imaging technique, so 
the only way to prevent LN injury is to keep the 
incision away from the lingual side of the wound, 
to avoid instrumentation in that area, and not to 
damage the lingual cortical plate  [  22  ] .  

 An important difference between LN and IAN, 
as mentioned above, is that the latter has an 
intraosseous course, which protects it against 
damage and in case of sectioning, provides a 
scaffold for nerve regeneration. Unfortunately, in 
case of compression, the stiffness of the mandib-
ular canal can foster nerve damage, especially in 
case of swelling or bleeding within the canal. As 
the LN lies within soft tissue, close to the lingual 
cortical plate, it is more exposed to compression, 
and scratching or catching can occur more easily 
as a result of the use of retractors, burs, or other 
surgical instruments. 

 There are other nerves that can be also dam-
aged as a result of L3M extraction. The mylohyoid 
nerve, a branch of the IAN, innervates the 
mylohyoid muscle, the anterior belly of the digas-
tric muscle, the skin of the inferior part of the 
chin, the submandibular and sublingual glands, 
and, in approximately half of the cases, the lower 
incisors  [  23,   24  ] . Its impairment is much more 
infrequent and less noticeable by the patient than 
that of the IAN, since it affects only a small skin 
area in the lower part of the chin, close to the 
midline. However, the etiology and pathogenesis 
of neural damage is quite similar to the injury of 
the LN. 

 Finally, the buccal nerve can also be damaged 
as a result of L3M extraction. This nerve, which 
must be anesthetized to extract the L3M, is formed 
by sensory  fi bers carrying input from the buccal 
mucosa, the buccal gingiva and mucosa of the 
lower molars (and eventually premolars), and the 
skin. It can be damaged as a result of excessive 
re fl ection of the buccal  fl ap or in the rare cases of 
an intraosseous course of the buccal nerve, but 
this injury seems to be very uncommon.  

  Fig. 5.1    Medial view of a sagittal section of a human 
cadaver (medial pterygoid muscle removed) showing the 
course of the lingual nerve ( a ), the inferior alveolar nerve 
( b ), and the mylohyoid nerve ( c ) in the L3M region 
(Preparation of Prof. Dr. Alfonso Rodríguez, Chairman of 
Anatomy and Embriology of the Universitat Autònoma de 
Barcelona (UAB))       
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    5.2   Etiology and Prevention of 
Damage to the Lingual Nerve 

 There is a great variation in the dental literature 
regarding the prevalence of LN injury after L3M 
extraction. This fact re fl ects important differ-
ences in the management of the soft and hard tis-
sues on the lingual side of the L3M. 

    5.2.1   Buccal Versus Lingual Approach 
for L3M Removal 

 The L3M usually lies closer to the lingual corti-
cal plate, which is considerably thinner than 
the buccal plate. This anatomic difference is the 
rationale for the so-called lingual split technique, 
which consists of removing the thin lingual corti-
cal plate using a chisel or a bur and extracting the 
L3M through the resulting lingual opening. The 
lingual split is performed quickly and simply, but 
manipulation on the lingual side of the L3M ren-
ders an unacceptably high prevalence of LN inju-
ries  [  11  ] . Despite the claim that these injuries are 
transient in nature, it must be taken into account 
that any nerve compression or scratching can 
cause axonal degeneration. Thus, the ideal situa-
tion is to avoid all types of nerve manipulation 
and possible injury, even mild traction on the 
nerve. Indeed, a systematic review has con fi rmed 
that the lingual approach causes signi fi cantly 
more LN injuries than the standard buccal 
approach  [  25  ] . 

 In uncommon cases, the LN can lie over the 
crest distal to the lower second molar covering 
the impacted L3M. This situation places it at risk 
in case of surgical L3M extraction, since the 
incision can section or scratch the nerve  [  21,   22  ] . 
Thus, it is advisable to stay away from the crest 
distal to the second molar and to place the 
 incision slightly towards the buccal mucosa in 
a  distobuccal extension (Fig.  5.2 ). The buccal 
approach requires a greater amount of bone 
removal than the lingual approach, but it is safer 
for the LN. However, the non-raised soft tissues 
of the lingual side of the wound often limit the 
surgeon’s vision. To facilitate it and to “protect” 
the lingual soft tissues and the lingual cortical 
plate during bone removal or tooth sectioning, 

different separators have been proposed  [  26,   27  ] . 
In the past, some authors thought that the wider 
the retractor on the lingual side of the  fl ap, the 
better, because it increased the risk of transient 
LN injury but decreased the risk of a permanent 
damage. However, as lingual retraction itself has 
been recognized as a major risk factor of LN 
damage, as reported in the next section, the use 
of retractors has been progressively abandoned.   

    5.2.2   Use of Separators to Retract 
the Lingual Flap 

 As mentioned above, different types of separators 
have been advocated to retract the lingual  fl ap 
during L3M extraction. They are inserted between 
the lingual cortical plate and the mucosa of the 

  Fig. 5.2    Design of an envelope  fl ap for L3M extraction 
( blue line ). The incision over the impacted L3M should be 
slightly buccal to the crest, from the distobuccal aspect of 
the adjacent lower second molar towards the external oblique 
ridge. Avoiding the crestal bone over the L3M eliminates the 
possibility of LN section if the LN is over the crest       
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lingual side of the  fl ap (Fig.  5.3 ) in order to better 
visualize the bone that covers the L3M and to 
“protect” the lingual  fl ap from any elevator or bur 
trauma. This “protection,” sometimes performed 
with quite wide instruments to cover a larger 
area, has been traditionally recommended  [  12  ] . 
Failure to prove that the lingual  fl ap was retracted 
has even resulted in medicolegal problems  [  28  ] .  

 However, many publications have shown that 
re fl ecting the lingual tissues during L3M extrac-
tion does not avoid, and even favors, the occur-
rence of LN injuries  [  5,   12,   29–  31  ] . A systematic 
review has demonstrated that the buccal approach, 
without any lingual tissue retraction, causes 
approximately nine times less transient injuries 
than the same approach with retraction of the lin-
gual soft tissues  [  25  ] . On the other hand, a ran-
domized controlled trial (RCT) at our institution 
demonstrated three times more LN injury when 
the lingual  fl ap was retracted, although this dif-
ference was not signi fi cant due to small sample 
size and low prevalence of LN damage  [  32  ] . The 
major role played by lingual  fl ap retraction in the 
etiology of LN injuries was con fi rmed after a 
report showed how lingual  fl ap retraction was 
associated with transient LN injuries  [  31  ] . As a 
result, the surgical technique was modi fi ed to 
avoid lingual  fl ap tissue manipulation, and then 
the number of transient LN injuries was divided 
by four  [  33  ] . An RCT has con fi rmed that lingual 

 fl ap retraction signi fi cantly increases transient 
LN damage  [  34  ] . Therefore, current evidence 
suggests not only that the buccal approach is safer 
for the LN than the lingual approach, but the buc-
cal approach should be performed without any 
retraction of the lingual tissues, if possible.  

    5.2.3   Use of Burs or Chisels 

 Currently the preferred method for bone removal 
in L3M extractions is with the use of a bur and a 
handpiece. However, especially when using the 
lingual split technique, bone removal can be 
accomplished with a chisel. Although some 
reports have concluded that chisels are safer and 
associated with less IAN injuries  [  5  ] , this is not 
valid since burs are easy to control and allow very 
precise bone removal as opposed to chisels. 

 Today there are several other instruments that 
can be used to remove bone. Er:YAG or 
Er,Cr:YSGG lasers can perform very controlled 
bone removal and even tooth sectioning (Fig.  5.4 ) 
 [  35  ] .    However, although some lasers are very 
precise and gentle tools for bone removal, tooth 
sectioning is usually performed using a rotating 
bur, which is considerably faster and allows bet-
ter tactile control of deep tooth sectioning. Also 
piezosurgery can be used to remove bone during 
L3M extraction  [  36  ] . Although the postoperative 

a b

  Fig. 5.3    ( a ) Insertion of a separator (Freer periotome) 
gives better vision of the bone distal to the lower second 
molar and prevents accidental impingement of the bur in 
the lingual  fl ap. However, it traumatizes the soft tissues of 
the lingual side of the wound and causes an increase in LN 

injuries. ( b ) It is advisable to use only a buccal approach, 
without separating the soft tissues on the lingual side of 
the wound. The  fl ap yields a good vision and does not put 
the LN at risk (Images reprinted with permission from 
Gargallo-Albiol et al.  [  32  ] )       
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course seems to be comparable to the conven-
tional osteotomy using burs, the piezosurgery 
instrument, unlike the bur, does not cause harm if 
it contacts the IAN or LN. But, piezosurgery is 
slower to perform, and there is limited evidence 
on its potential bene fi cial effects in L3M 
removal.   

    5.2.4   Integrity of the Lingual 
Cortical Plate 

 During bone removal, and especially tooth sec-
tioning, care must be taken so that the lingual cor-
tical plate is not perforated. An attempt to complete 
the extraction in the minimal possible time can 

lead to careless grinding of the bone beyond the 
L3M tooth. As the roots usually lie very close to 
the lingual cortical plate, or even perforate it occa-
sionally, there is a risk of penetration through this 
thin cortical into the soft tissues on the lingual 
side. Perforation of the periosteum can directly 
damage the LN or cause  fi brosis that can com-
press the nerve during healing. 

 It is of utmost importance to maintain the lin-
gual cortical plate in an undamaged condition 
since it is functioning to protect the LN. Allowing 
adequate time to plan and perform any root or 
tooth sectioning of the L3M, avoiding excessive 
stretching of the lingual soft tissues, and main-
taining an undisturbed visualization of the surgi-
cal  fi eld are the keys to avoid placing the lingual 
cortical plate, and thus, the LN, at risk for iatro-
genic injury.  

    5.2.5   Wound Cleaning and Suture 

 Suture placement has not been identi fi ed as a 
signi fi cant risk factor of LN injuries in L3M 
extraction. However, in surgical L3M extractions, 
the surgeon should consider the possibility of a 
close relationship of the LN and the crestal bone 
distal to the adjacent second molar and avoid 
placing the sutures too inferior on the lingual 
side. 

 After the removal of partially erupted L3M, 
any  fi brotic, cystic, or in fl ammatory tissue should 
be carefully removed to facilitate primary wound 
closure and prevent degeneration of those tissues 
into cysts or tumors. However, caution should be 
applied when removing soft tissue after the 
extraction, such as  fi brous tissue or remnants of 
the dental follicle since the IAN may be exposed 
in the socket. Good vision of the lingual side of 
the wound and avoiding excessive stretching of 
the tissues are important to avoid damaging the 
LN, in case it lies close to the distal bone of the 
second molar. Excessive stretching or tissue 
removal must be avoided, and it is better not to 
obtain primary closure of the wound rather than 
risking an LN damage. In case of an iatrogenic 
LN injury from suturing, the cause can be the 

  Fig. 5.4    Extraction of a L3M using Er,Cr:YSGG laser. 
The optic  fi ber tip allows a precise and effective bone 
removal. Tooth sectioning can also be performed using 
the same technology, but for practical reasons a hand-
piece is often used (Courtesy of Dr. Josep Arnabat-
Domínguez, Professor of Oral Surgery of the University 
of Barcelona and Codirector of the EMDOLA Master 
Degree. Barcelona, Spain)       
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wound caused by the needle or compression due 
to the suture thread. Any transient LN paresthesia 
is likely from a compressive injury to the LN 
from the suture, and this will likely resolve 
spontaneously.  

    5.2.6   Experience of the Surgeon 

 Some reports have shown that senior surgeons 
seem to cause signi fi cantly more LN injuries dur-
ing L3M extraction  [  11,   29  ] . This fact could be 
related to a selection bias (senior surgeons tend to 
operate the deepest or more dif fi cult L3Ms) or 
due to the use of a more aggressive technique. In 
fact, the prevalence of LN injuries in these reports 
is very high (from 11.5 to 36.0 % for senior sur-
geons). Moreover, in one of these reports  [  29  ] , 
the correlation between depth of impaction and 
LN injury was only appreciated in L3M operated 
by senior surgeons under general anesthesia, 
which supports the probable explanation of a 
more aggressive technique. 

 Indeed, at least for buccal approaches to L3M 
extraction, surgical inexperience seems to be 
associated to LN injuries only when the lingual 
soft tissues are elevated to place a separator, since 
lingual  fl ap retraction is the most relevant cause 
of LN injury as discussed above  [  31  ] . Indeed, the 
opposite has also been found, and there are cer-
tainly other reports that indicate that resident sur-
geons in training have a higher incidence of IAN 
and LN injuries than faculty surgeons and that 
the surgical time is increased for the more inex-
perienced surgeons.  

    5.2.7   Age 

 Although some reports suggest that the preva-
lence of trigeminal nerve injuries could slightly 
increase with age  [  10,   37  ] , prevalence of LN 
injury after L3M extraction does not seem to 
depend on age  [  31,   33  ] , as much as it does with 
IAN injury  [  38,   39  ] . Other reports do show a 
clear association between postoperative L3M 
extraction and paresthesia, as well as other com-
plications, in the older patient population.   

    5.3   Etiology and Prevention 
of Damage to the Inferior 
Alveolar Nerve 

 The most important risk factor for IAN injuries 
caused by L3M extraction is the anatomical prox-
imity between the roots of the third molar and the 
mandibular canal. Thus, prevalence of IAN inju-
ries is not only technique-dependent, but, instead, 
it depends upon preoperative factors that can be 
identi fi ed with a thorough clinical and radiologi-
cal examination. As a result, the range of preva-
lence of IAN injury caused by L3M extraction is 
not as broad as in the case of LN injuries. 

    5.3.1   Germenectomy Versus Delayed 
Extraction 

 Germenectomies, or surgical extractions of L3M 
whose roots have not developed or have less than 
two thirds of root formation, have a signi fi cantly 
lower risk of IAN injury, with the percentage of 
IAN impairment being 0–0.3 %  [  40,   41  ] . This is 
probably due to several factors including (1) the 
root is separated from the mandibular canal and it 
usually gets closer to it as the root grows, (2) the 
bone is more  fl exible in teenagers than in adults, 
and (3) the force that must be applied to luxate 
and elevate the tooth is considerably lower than 
for L3M with formed roots. 

 On the other hand, germenectomy is usually 
performed without a clear indication for  extraction. 
In fact, the guidelines for extraction promulgated 
by SIGN (Scottish Intercollegiate Guidelines 
Network) and NICE (National Institute for Health 
and Clinical Excellence) do not support extrac-
tion of asymptomatic third molars, which is gen-
erally the case with germenectomies, with some 
exceptions (for instance, dif fi culty in obtaining 
dental care in certain remote areas)  [  42,   43  ] . Thus, 
it must be taken into account that although the 
risk of IAN damage is lower, germenectomy 
could have an unfavorable risk–bene fi t ratio. 
Nevertheless, asymptomatic third molars may not 
be disease-free if affected by periodontal disease, 
for instance. Other guidelines, such as the 
AAOMS Clinical Practice Guidelines for Oral 
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and Maxillofacial Surgeons, are not    so restrictive 
as the NICE or SIGN guidelines  [  44  ] .  

    5.3.2   Radiological “Alert” Signs 

 Superposition of the mandibular canal and the 
roots of the L3M in the panoramic radiograph can 
be the result of a true anatomical relationship such 
that the mandibular canal is in close proximity to 
the tooth roots, or merely a projection artifact, 
where the mandibular canal lies in a buccal or lin-
gual position and it is physically separated from 
the L3M. To distinguish cases where there is a true 
anatomical contact between the mandibular canal 
and the L3M, seven “warning” signs have been 
described including  [  45  ]  (Fig.  5.5 ) the following: 
darkening of the root, de fl ection of the root, nar-
rowing of the root, deviation of the mandibular 
canal, narrowing of the mandibular canal, interrup-
tion of the white lines of the mandibular canal, and 
a dark and bi fi d root. It seems that interruption of 
the white line, darkening of the root, and deviation 
of the mandibular canal are consistently associated 
with a greater risk of IAN surgical exposure or 
damage  [  17,   38,   39,   45–  47  ] . The absence of any of 
these signs, and, of course the lack of superposition 
of the mandibular canal and the L3M roots, seems 
to rule out the possibility of IAN damage if proper 

surgical technique is used. Indeed, radiological 
signs have proved to be very speci fi c in ruling out 
IAN exposure during surgery with a negative pre-
dictive value of the surgeon’s evaluation of radio-
logical signs of approximately 99 %  [  48  ] . However, 
the existence of several “warning” signs in the pan-
oramic radiograph has a low sensitivity for detec-
tion of IAN exposure (approximately 25 %). Also, 
these signs have also a low positive predictive value 
of IAN damage; the presence of several signs indi-
cates a risk of IAN damage between 10 and 20 % 
 [  17  ] , which is approximately the prevalence of 
IAN paresthesia when a CT scan shows that the 
cortical outline of the mandibular canal is disrupted 
by the L3M  [  49  ] .   

    5.3.3   Conventional Radiography 
Versus Computed Tomography 

 Two-dimensional radiographs provide only an 
approximation of the relationship between the 
roots of the L3M and the mandibular canal 
(Fig.  5.6 ). The existence of a true anatomical 
relationship can only be detected using 
 tomographic techniques. However, due to the 
high prevalence of superposition of the L3M 
roots and the mandibular canal, the low positive 
predictive value for nerve injury of the computed 

a b c
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  Fig. 5.5    Examples of 
radiographic predictors of 
potential nerve injury, 
including ( a ) darkening of 
the root, ( b ) deviation 
of the mandibular canal, 
( c ) interruption of the white 
lines of the mandibular canal, 
( d ) de fl ection of the root, and 
( e ) narrowing of the root       
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tomography (CT) (similar to the orthopantomog-
raphy), and the increased cost and radiation expo-
sure of this technique, its systematic use does not 
seem to be justi fi ed for routine evaluation.  

 CT is especially useful to evaluate the risk–
bene fi t ratio of an L3M extraction, and it helps 
selecting the surgical strategy when the mandibu-
lar canal is close to the cementoenamel junction 
(Fig.  5.7 ) or when it is suspected to perforate an 
L3M root. In the  fi rst case, ostectomy can help to 
avoid the risky areas, buccal or lingual to the L3M, 
and in the second example, tooth sectioning can 
avoid a traction injury or avulsion of the IAN.   

 Nevertheless, CT does not seem to modify the 
surgical technique in most cases, and the preva-
lence of IAN injury seems to be approximately 
the same with or without a preoperative CT  [  17  ] . 
Therefore, it is questionable whether a CT is 
required in other situations than those described 
above although it is undeniable that it provides 
valuable information (Fig.  5.8 ). 

  Fig. 5.6    Portion of a panoramic radiograph showing 
signs of root proximity to the inferior alveolar canal       

  Fig. 5.7    CT of a L3M depicts a mandibular canal close to 
the buccal CEJ. Removal of the buccal bone should be 
performed with extreme caution, as it can decorticate and 
eventually injure the mandibular canal, although it is not 
in contact with the tooth. In this case CT offers important 
information to plan the operation       

  Fig. 5.8    CT section displaying the roots of a L3M close 
to the lingual cortical plate. This should alert the clinician 
of two dangers: (1) accidental displacement of the roots to 
the submandibular space during luxation and (2) risk of 
laceration of the lingual periosteum that could cause 
 fi brosis near the LN       
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 The spread of cone-beam computed tomogra-
phy (CBCT) has made 3-D techniques available 
in dental of fi ces. This technique, despite being 
less precise than conventional CT because of 
patient movement, is less expensive and delivers 
a low radiation dose.  

    5.3.4   Ostectomy and Tooth Sectioning 
(Burs, Chisels, Piezosurgery, 
and Laser) 

 Ostectomy and tooth sectioning can reduce the 
amount of strength that must be applied to the 
roots of the L3M during extraction. If the L3M 
are in close proximity to the mandibular canal, 
this action is clearly bene fi cial, as it reduces the 
chances of IAN compression. However, if ostec-
tomy is made without caution, it can cause direct 
damage to the IAN, or increase wound bleeding, 
which in turn can cause an IAN injury by com-
pression. Ostectomy must be controlled and thor-
oughly oriented to facilitate luxation and avoid 
IAN or LN impingement. 

 Piezosurgery reduces the chances of nerve 
damage due to impingement of the burs or chisels 
into the mandibular canal and also reduces vibra-
tion or strength required to perform ostectomy or 
tooth sectioning. However, there is lack of data 
on IAN damage comparing piezosurgery with the 
conventional buccal approach with burs, which is 
the most common technique used for L3M 
extraction. 

 Different laser types have also been used for 
L3M extraction.    Although some lasers, such as 
Er:YAG or Er,Cr:YSGG laser, can be safely 
used for this indication and compare favorably 
with the conventional buccal approach with 
rotating burs  [  35  ] , some laser light wavelengths 
and power settings can directly damage the 
IAN. Moreover, although ostectomy can be eas-
ily and safely performed using lasers, tooth sec-
tioning is usually carried out with rotating 
instruments for practical reasons. Finally, there 
is no clear evidence that laser surgery reduces 
IAN injuries.  

    5.3.5   Drainage and Postoperative 
Dressings 

 Placing antiseptic, antibiotic, or caustic sub-
stances into the empty socket after L3M extrac-
tion has been recommended for the open treatment 
of the wound to prevent alveolar osteitis or as a 
complement to cyst removal  [  50  ] . However, in 
case of nerve exposure, it is advisable to not use 
intra-alveolar tetracycline because of its docu-
mented neurotoxicity  [  51,   52  ] . In the case of 
Carnoy’s solution for complementary surgical 
treatment of keratocystic odontogenic tumors, 
although it has been shown to damage peripheral 
nerves when left in contact for several minutes 
 [  53  ] , it seems to be safe  [  54  ] . Carnoy’s solution 
should not be in potential contact with the IAN 
over 3 min, and special care should apply if the 
epineurium is not intact  [  53  ] . 

 The wound resulting from extraction of the 
L3M can be closed tightly with sutures and left 
open to heal secondarily, or a drainage tube or 
gauze can be inserted to facilitate drainage.    It 
seems that secondary closure (i.e. not covering the 
socket completely with mucosa) causes less post-
operative swelling and pain  [  55  ] , which could have 
a bene fi cial effect on the recovery of the IAN and 
LN. The insertion of a drainage tube could also 
prevent swelling  [  56  ] , with an effect comparable to 
using a systemic corticosteroid medication  [  57  ] .  

    5.3.6   Age 

 Age is a risk factor for IAN nerve injury caused 
by L3M extraction  [  10,   38  ]  and is also a risk fac-
tor for poor recovery and wound healing. Age 
decreases the chances of spontaneous neurosen-
sory recovery and the recovery rate is slower  [  39  ] . 
The explanation for this phenomenon remains 
speculative, and mechanisms include a reduced 
neuronal plasticity, a slower recovery rate, or a 
greater surgical trauma. Indeed, it is well known 
that age plays an important role in peripheral 
nerve regeneration, since younger patients recover 
more easily than older patients  [  58–  61  ] .  
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    5.3.7   Anti-in fl ammatory Treatment 

 Although data are limited to a preliminary RCT 
with a small sample size and thus must be consid-
ered with caution, dexamethasone seems to reduce 
IAN hypersensitivity after L3M extraction  [  62  ] . 
As corticosteroids effectively control swelling 
after L3M extraction  [  63–  65  ] , the mechanism for 
reduction of IAN damage is probably a reduction 
in swelling, which minimizes the chance of nerve 
compression.  

    5.3.8   Coronectomy 

 Coronectomy consists of intentionally removing 
the crown of a tooth and leaving its root in place. 
The technique was described in France by Yves 
Commisionat as an alternative to L3M when there 
are radiological signs of proximity between the 
mandibular canal and the roots of the L3M  [  66,   67  ] . 
However, coronectomy became more popular 
after the appearance of short case series in the UK 
and the USA  [  68,   69  ] . Although the long-term 
effects of coronectomy are yet to be investigated, 
RCTs have shown that it signi fi cantly reduces the 
occurrence of IAN injury in cases estimated of 
high risk  [  70,   71  ] . Coronectomy minimizes the 
risk of IAN injury and shows good results after 
1–3 years  [  72–  74  ] . Additionally, there are no signs 
of apical pathology of the roots left in situ  [  72  ] . 
However, coronectomy does not completely 
avoid the risk of IAN injury, since some L3M are 
indeed loosened when trying to separate the 
crown and must be removed. RCTs have consid-
ered these failed coronectomies as extractions, or 
excluded them, which is against intention-to-treat 
analysis; failed coronectomies have to be consid-
ered as coronectomies, not as extractions. Thus, 
coronectomy can also cause IAN injury, although 
it is less frequent than with extraction. As coro-
nectomy has expanded as an alternative to extrac-
tion, the technique has been re fi ned and less 
unintentional root loosening is observed  [  73  ] . 

 During coronectomies, the roots of the L3M 
are left in place and can migrate and eventually 
erupt, which separates them from the mandibular 

canal and reduces the chances of IAN damage. 
This migration is usually around 3.0 mm in the 
 fi rst year, with an SD around 1.5 mm  [  71  ] . 

 Coronectomy can also be performed in a 
partial fashion. In this case, normally a second-
stage surgery is needed, to remove the roots and 
the remainder of the L3M, once they have 
migrated and separated from the mandibular 
canal  [  75,   76  ] . 

 On the other hand, the remaining roots after 
coronectomy, if the tooth is covered by mucosa 
when suturing, do not seem to require endodontic 
treatment  [  77  ] , and the pulpal tissues can remain 
vital  [  71  ] . 

 Thus, there is increasing evidence that coro-
nectomy reduces the chances of IAN damage 
when extracting L3M close to the mandibular 
canal, while it does not signi fi cantly increase the 
occurrence of infection or other postoperative 
complications.  

    5.3.9   Pericoronal Ostectomy 

 Pericoronal ostectomy of deeply impacted L3M 
facilitates their partial eruption, which separates 
the roots of the L3M from the mandibular canal, 
thus minimizing the risk of IAN damage  [  78  ] . 
However, there are only short case series reported 
in the literature, and the prevalence of IAN injury 
seems to be approximately 10–15 %  [  79  ] .  

    5.3.10   Orthodontic Extrusion 

 The L3M may be extruded using orthodontic 
appliances, in order to separate its root from the 
mandibular canal  [  80–  82  ] . However, this treat-
ment option requires orthodontic appliances, a 
retention phase, and can be dif fi cult or even 
impossible depending upon the occlusion or the 
position of the L3M. An advantage of the 
“ orthodontic extraction” method is the protection 
of the periodontal tissues of the adjacent second 
molar  [  80  ] . On the other hand, only a few cases 
have been described, and thus, there is limited 
evidence to support this approach.   
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    5.4   Evolution of LN and IAN Injury 
Caused by L3M Extraction 

 After L3M extraction, there is a reduction in 
touch sensibility of the ipsilateral side of the 
tongue when compared to the contralateral side. 
Conversely, the taste function seems to remain 
largely unaffected  [  83  ] . Despite being present, 
changes in the touch threshold seem not to be 
noticed by patients, suggesting that minor altera-
tions of LN function after L3M are common but 
of no clinical importance. Although almost half 
of the patients complain of changes in taste after 
L3M extraction, this fact seems related to the 
dif fi culty of oral hygiene or the use of antiseptic 
mouth rinse and not to LN impairment  [  18  ] . 

 The majority of LN injuries caused by L3M 
extraction are indeed mild (neurapraxia or 
Sunderland I or II injuries)  [  33  ] . Figure  5.9  shows 
the evolution of LN injuries caused by L3M 
extraction and compares it with IAN injuries. 
One of the most striking differences is that while 
most LN injuries fully recover in the  fi rst 3 months 
without any noticeable sensory de fi cit, IAN inju-
ries take considerably longer, and a signi fi cant 
proportion (up to 25 %) have some degree of per-
manent impairment. On the other hand, while 
most LN injuries seem to recover most in the  fi rst 
few months, IAN injuries show a bimodal distri-
bution, with peaks in the  fi rst 3 months and after 
9 months. This suggests that there are two pat-
terns of IAN injury: some patients recover very 
quickly, in the  fi rst 3 months, but patients whose 
impairments last longer usually take more than 
9 months to fully recover, or even remain with 
some permanent alteration.   

   Conclusions 

 In conclusion, L3M removal accounts for the 
majority of cases of LN and IAN injuries, and 
there are many possible risk factors for par-
esthesia, including surgical technique, patient 
age, radiographic predictors or root-to-nerve 
proximity, surgeon experience, patient gender, 
and the use of intra-socket medications. 
Although there are several possible methods 
that can be used to decrease the incidence of 

LN and IAN injuries from L3M removal, these 
nerve injuries remain a known risk and com-
plication of the surgical procedure.      
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 Placement of dental implants has become the 
standard of care for replacement of missing teeth 
when indicated. Implant surgery is now per-
formed by several of the dental specialties, 
including oral and maxillofacial surgery. Injuries 

to the inferior alveolar nerve (IAN) and the men-
tal nerve (MN) are known risks for the placement 
of dental implants in the mandible. Upon diagno-
sis of a nerve injury, prompt evaluation of the 
patient’s sensory function, assessment of the 
position of the implant with relation to the infe-
rior alveolar canal, and timely decisions regard-
ing the fate of the implant and management of the 
nerve injury will maximize the likelihood of a 
favorable outcome. 

    6.1   Background 

 Since the introduction of dental implants in the 
1980s in the USA, the last three decades have 
seen an exponential increase in the number of 
implants placed, with many choices of implant 
type. Many dental professionals, including sev-
eral specialists, provide this service, and although 
there have been groundbreaking advances in 
materials science, bone grafting, tissue manage-
ment, imaging, and treatment planning, the basic 
concept of osseointegration  [  9  ]  remains pivotal 
for the success of modern implantology. Expertise 
in the regional soft and hard tissue anatomy of 
the maxillomandibular region is a prerequisite for 
the minimization of risk of untoward sequelae 
from dental implant placement. Prompt recogni-
tion and management of acute and chronic com-
plications of surgery is paramount for optimal 
patient outcome  [  19,   22,   36  ] . 

 The risks of injury to the inferior alveolar 
nerve (IAN), lingual nerve (LN), mental nerve 
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(MN), and long buccal nerve (LBN) are uncom-
mon, but known, complications of implant resto-
ration of the mandible and demand specialized 
attention  [  2  ] . Although not routine, the preopera-
tive use of advanced imaging modalities such as 
cone-beam computerized tomography (CBCT) 
scans can assist in localization of the inferior 
alveolar canal (IAC) and the position of the men-
tal foramen in preparation for implant surgery 
 [  30  ] . With careful planning, the possibility of 
nerve injury is signi fi cantly reduced, although 
not eliminated completely, even with the best of 
planning and treatment. Sensory dysfunction of 
the IAN, especially if persistent or painful, can be 
distressing to both the patient and the clinician. 
Most of these injuries resolve spontaneously  [  7  ] ; 
however, surgical intervention to repair the nerve 
is of bene fi t to selected patients whose sensory 
dysfunction is persistent and unacceptable  [  15  ] . 
Altered sensation after implant surgery continues 
to bear medicolegal implications that further war-
rant the attention of the implantologist  [  10  ] . The 
occurrence of neurosensory dysfunction associ-
ated with implant surgery does not necessarily 
imply a breach of the standard of care. In essence, 
a nerve injury can result from surgeon-related 
factors (e.g., diagnosis, surgical technique), 
patient-related factors (e.g., anatomic variations, 
undisclosed or uncontrolled medical conditions 
such as diabetes mellitus), factors not known at 
the time of the procedure, or combinations of 
these factors. This differentiation of cause and 
effect is not always easily discerned from a retro-
spective review of any given clinical situation. 

 In the treatment of IAN injuries associated 
with dental implant surgery, it is most important 
that there be prompt recognition and acknowl-
edgment of the patient’s sensory complaints and 
timely decisions regarding management in order 
to maximize the recovery of nerve function. The 
clinician will be faced with several issues includ-
ing treatment of the neurosensory disturbance 
(NSD) of the affected region, how best to proceed 
with dental restoration of the affected area, man-
agement of a distressed and disappointed patient, 
and communication with other involved dental 
professionals. The patient’s concerns are best 
addressed by a continuing supportive relationship 

with the patient and appropriate recommenda-
tions for further treatment in conjunction with the 
restorative dentist. 

 This chapter will cover the etiology, diagno-
sis, and current management of injuries to the 
mandibular division (MdN) of the trigeminal 
nerve from dental implant surgery.  

    6.2   Etiology of Implant-Related 
Nerve Injury 

 The etiology and location of mandibular nerve 
(MdN) injury from dental implant surgery may 
be obvious in some clinical situations. However, 
it is imperative that when planning any microsur-
gical intervention the site of nerve injury must 
be identi fi ed preoperatively, if at all possible, in 
order to minimize manipulation of the nerve dur-
ing surgical intervention. Consideration should 
be given to the possible anatomic locations of the 
injury site other than the site of implant place-
ment. This would include the site of local anes-
thetic injection, incision design, and possible 
retraction (i.e., stretch) injury at a site distant 
from the implant location. 

 Anatomic variations aside, the  fi ve most fre-
quent possible causes of injury to the mandibular 
nerve (MdN) related to dental implant surgery 
are (1) preoperative errors in evaluation, diagno-
sis, and treatment planning; (2) local anesthetic 
injection; (3) excessive implant osteotomy prepa-
ration (drilling) or overheating due to drilling; (4) 
impingement of the implant on the inferior alveo-
lar canal and neurovascular bundle; and (5) other 
causes such as inadvertent transection of the 
mental, lingual, or long buccal nerve during inci-
sion and/or soft tissue  fl ap retraction. 

    6.2.1   Errors in Diagnosis 
and Treatment Planning 

 The radiographic planning identi fi es the position 
of the inferior alveolar canal, which coincides 
with the anatomic boundaries of the inferior 
alveolar neurovascular bundle. Anatomical anal-
ysis of the neurovascular bundle demonstrates 
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that the IAN is the dominant structure occupy-
ing over 80 % of the cross-sectional area, while 
the remaining 20 % contains the inferior alveo-
lar artery and vein. The location of the vascular 
structures in relation to the nerve is unpredictable 
with individual variability. 

 The panoramic radiograph is useful as the 
primary imaging study to assess the vertical dis-
tance from the crest of the mandibular alveolar 
ridge to the superior aspect of the inferior alveo-
lar canal (IAC). The panoramic machine should 
be calibrated for distortion or magni fi cation to 
allow for accurate determination of dimensions 
from each panoramic  fi lm. There is generally 
a magni fi cation factor varying between 10 and 
40 % on the panoramic radiograph with more 
magni fi cation in the areas where the imaged bone 
falls out of the focal trough of the beam. Typically, 
20–30 % magni fi cation should be expected in 
the mandible, and this must be accounted for in 
the planning. Many implant companies provide 
radiographic guides with varying percentages of 
magni fi cation that are helpful in the treatment 
planning process. If the panoramic  fi lm shows 
inadequate distance from the alveolar crest to 
the IAC to support an implant, the mediolateral 
position of the IAC will need to be determined 
in order to decide whether an implant can be 
placed without repositioning of the IAN or MN 
(see below). In such patients, a computed tomo-
graphic (CT) or cone-beam scan (CBCT) will be 
a necessary part of the evaluation process. 

 Regardless of the radiographic modality (CT 
or panorex) used for implant planning, errors in 
interpretation and application of the radiograph 
can lead to errors in implant positioning. The 
CT scans have improved resolution and allow 
visualization of the nerve in three dimensions; 
however, errors in software planning can be trans-
ferred into the surgical procedure. With respect to 
surgical guides, attention should be given to the 
accuracy of the guides and the stability of seating 
onto the alveolar ridge. Placement of the surgical 
guide on a totally edentulous mandible will have 
a signi fi cant inherent margin of error related to 
the soft tissue despite correct 3D planning. It is 
important to allow an additional reasonable dis-
tance (i.e., 2–3 mm) from the superior aspect of 

the IAC during CT planning to accommodate for 
this margin of error. Although the use of   fl apless  
surgery with a mucosal-borne surgical guide 
(Fig.  6.1 ) for implant placement is popular, the 
surgeon should not hesitate to raise a mucope-
riosteal  fl ap to better visualize and con fi rm ana-
tomic landmarks as needed. It is accepted that 
there is more accuracy with bone-borne (and 
tooth-borne) surgical guides than with mucosal-
borne guides due to the inherent mobility of the 
soft tissues and lack of  fi xed landmarks, despite 
the use of stabilization screws.   

    6.2.2   Local Anesthetic Injection 

 The IAN or LN can be injured by needle contact 
secondary to the injection of a local anesthetic 
into the pterygomandibular space  [  27,   28  ]  or 
the MN when injecting in the area of the mental 
foramen. Although the exact pathophysiology of 
this injury remains unknown, there are three pos-
sible causes: (1) direct intraneural injection with 
mechanical injury to the nerve (i.e., severance 
of axons, partial or total, scar tissue or neuroma 
formation, Wallerian degeneration), (2) interrup-
tion of vessels of the mesoneurium with peri- and 
intraneural hemorrhage and secondary scar for-
mation, and (3) chemical toxicity of the anesthetic 
solution, or from a contaminant (sterilizing solu-
tion in a storage container) that is able to enter 
into a leaky anesthetic cartridge  [  13  ] . Regardless 

  Fig. 6.1    Flapless surgery for implant placement using 
navigation guides. Both the depth and the position of the 
implant osteotomy are determined by the guide       
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of the cause, it is recommended that aspiration 
be performed prior to all local anesthetic injec-
tions. If there is a bloody aspirate, or the patient 
complains of a paresthesia (typically, an “electric 
shock-like” sensation), the needle is withdrawn a 
few millimeters and aspiration is repeated. If there 
is now no bloody aspirate, it can be assumed that 
the needle tip is no longer in contact with a blood 
vessel or nerve, and the injection is completed. 
A note of such an occurrence should be routinely 
entered in the patient’s chart. This technique may 
prevent direct injection into a vascular space, but 
does not necessarily prevent deposition of the 
anesthetic within the epineurium (the diameter 
of the IAN is four to  fi ve times greater than the 
associated inferior alveolar artery or vein). Nerve 
injury secondary to local anesthetic injection, 
although uncommon, has a reported incidence of 
1:26,762 to 1:160,571. It can be dif fi cult to dif-
ferentiate from injury related to the placement 
of the dental implants, especially if sedation or 
general anesthesia was used and, therefore, the 
patient was unable to report a paresthesia at the 
time of the injection(s). Without obvious clinical 
or radiographic signs of injury to the nerve from 
the dental implant procedure itself, the possibil-
ity of needle injection injury cannot be elimi-
nated. Unfortunately, a small number of patients 
who have suffered an injection-related injury can 
be misdiagnosed with injury related to the dental 
implant surgery and subsequently undergo either 
inappropriate removal of the implant or fruitless 
exploratory surgical procedures that reveal no 
visible nerve injury at the implant location.  

    6.2.3   Osteotomy Preparation 

 Injury to the IAN as a consequence of bone prep-
aration or implant placement can be due to errors 
in radiographic planning, drilling, or direct con-
tact of the implant with the nerve. Drilling inju-
ries to the IAN can be dif fi cult to diagnose. 
Despite correct position of the implant vis-a-vis 
the IAC on the postoperative radiograph appear-
ance of the implant, osseous preparation with 
the drill may have been performed beyond the 

planned implant depth causing injury to the nerve 
(Fig.  6.2 ). In addition to the possibility that one 
of the implant drills entered the IAC and injured 
the IAN, it is also possible that the drill caused 
vascular trauma to the inferior alveolar artery 
(IAA) or inferior alveolar vein (IAV) and resulted 
in intra-canal bleeding. This bleeding may be 
noted during the osteotomy preparation by visu-
alization of oozing that is more signi fi cant than 
normal marrow oozing. Once the implant is 
placed, the bleeding is tamponaded with resultant 
pressure placed upon the IAN, resulting in par-
esthesia, and even dysesthesia. This error can be 
prevented by measurement from correctly cali-
brated radiographs of the distance from the alve-
olar ridge crest to the superior aspect of the IAC, 
the use of drilling equipment with predetermined 
depth stops, and careful technique to prevent 
drilling beyond the planned depth. Irrigation with 
adequate coolant to dispel heat generated by bone 
drilling may also prevent a thermal injury in the 
absence of direct contact with the nerve. Frequent 
intraoperative reveri fi cation of the drill dimen-
sions (diameter and length) is also helpful.   

    6.2.4   Direct Implant Placement Injury 

 In addition to injury caused by drilling, the extent 
of injury to the IAN due to the implant itself is 

  Fig. 6.2    Diagram of a direct injury to the IAN by drilling 
beyond the planned osteotomy through the superior aspect 
of the IAC       
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related to the degree of encroachment of the 
implant into the IAC or its direct contact with the 
IAN (Fig.  6.3 ). Nerve injury due to implant place-
ment may occur despite proper osseous prepara-
tion, when the implant is inserted beyond the 
vertical con fi nes of the prepared bone, compress-
ing or breaching the superior wall of the IAC and 
forcing bone into the canal (Fig.  6.4a ). Alternately, 
extension of drilling into the IAC may facilitate 
overinsertion of the implant beyond its intended 
depth and into the IAC, making direct contact 
between the implant and the IAN (Fig.  6.4b, c ). 
Finally, delayed osseous healing and remodeling 
from localized injury can cause excessive bone 
formation during the healing phases and compro-
mise the IAC cross-sectional diameter resulting 
in nerve compression (Fig.  6.4d )  [  8  ] .    

    6.2.5   Other Causes of Injury 

 The mental nerve (MN) lies in the mandibular 
buccal soft tissues and is at risk for iatrogenic 
injury during a vestibular incision. Recognition 
of the changing anatomy of the edentulous man-
dible is particularly helpful in minimizing the risk 
of injury to the MN. As the patient ages, the alve-
olar bone in an edentulous area resorbs, and the 
position of the mental foramen becomes closer to 
the crest of the alveolar ridge (Fig.  6.5a ). In some 

patients there is actual dehiscence of the IAC, and 
the IAN and the MN come to lie on the alveolar 
ridge crest (Fig.  6.5b ). Placement of an incision 
must, therefore, take these anatomic changes into 
consideration. During the retraction of a muco-
periosteal  fl ap, it is possible to exert continuous, 
undue pressure on the underlying MN. Gentle soft 
tissue retraction with frequent brief relaxation of 
retraction pressure is suggested (Fig.  6.5c ).  

 Less common causes of nerve injury are related 
to placement of bone grafts (autologous, alloge-
neic, xenogeneic) during simultaneous implant 
placement. In cases of complex implant recon-
struction, the bone graft material may be placed 
into the donor site with excessive force, thus 
severely compressing or even crushing the IAN. 
It is also possible that particulate bone materials 
placed in the vicinity of the mental foramen may 
migrate or become dislodged to impinge upon the 
MN as it exits the foramen, and this may cause 
signi fi cant scarring around the nerve and resul-
tant paresthesia, including dysesthesia.   

    6.3   Evaluation of Implant-Related 
Nerve Injury 

    6.3.1   Evaluation of Nerve Injuries 

 Neurosensory disturbances are evaluated and 
documented in a standard fashion using the 
Medical Research Council Scale (MRCS) guide-
lines, as modi fi ed for the oral and maxillofacial 
regions, regardless of the etiology of the sensory 
nerve injury. The evaluation of nerve injuries 
is discussed in Chap.   10    . Since many of these 
implant-related injuries result in dysesthesia, 
speci fi c attention should be directed towards the 
time frame of the injury and the likelihood that 
pharmacologic management may be indicated.  

    6.3.2   Treatment 

 Timely repair of peripheral nerve injuries has 
always been the sine qua non for successful 
recovery of nerve function, especially since 

  Fig. 6.3    Diagram showing the placement of an implant 
into the con fi nes of the IAC with increased intra-canal 
pressure       
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Seddon’s extensive experience with treatment 
of missile injuries to extremities during and fol-
lowing WWII. His comment  [  31  ] , “(i)f a purely 
expectant policy is pursued, the most favor-
able time for operative intervention will always 
be missed…,” is as pertinent today as it was 
more than 60 years ago. As in all other causes of 
nerve injury, treatment of the patient with a den-
tal implant-associated nerve injury is dependent 
upon the correct diagnosis of the injury and its 
 timely  management. 

 The perioperative administration of support-
ive medications has been advocated for patients 
undergoing procedures such as dental implants, 
mandibular osteotomies, and lower third molar 
removal that are associated with a signi fi cant risk 
of nerve injury. There is con fl ict in the literature 
between those who recommend beginning cor-
ticosteroids preoperatively  [  1  ]  and others who 
advise waiting postoperatively for several days 
before initiating administration to allow for edema 
resolution and tissue perfusion of the  medication 

a b

d

c

  Fig. 6.4    ( a ) Collapse of the superior aspect 
of the IAC due to implant placement beyond 
the planned osteotomy causing injury to the 
nerve (compartment syndrome). ( b ) Direct 
injury to the IAN by implant contact. ( c ) 
Direct injury to the cortical rim of the IAC 
with deformation of the neurovascular bun-
dle. ( d ) Remodeling of the IAC cortical rim 
causing narrowing of canal       
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 [  32  ] . Many surgeons routinely administer a sin-
gle preoperative intravenous dose of a steroid 
(dexamethasone or hydrocortisone). Whether 
or not it is bene fi cial to initiate  corticosteroid or 
 anti-in fl ammatory (NSAID) medications  after  
a nerve injury has occurred is questionable. 
Previous studies have documented the lack of 
bene fi t of corticosteroids administered to reduce 
cerebral edema in patients who have sustained 
closed head injuries. That the IAN, in a similar 
“closed box” situation, con fi ned within the IAC, 

could bene fi t from a retroactively administered 
corticosteroid seems unlikely as well, although 
that data is con fl icting. 

 An algorithm for the management of 
nerve injuries from dental implant surgery 
is shown in Table  6.1 . The patient who com-
plains of decreased or painful sensation fol-
lowing placement of dental implants should 
be requested to return to the of fi ce for evalua-
tion. In some patients a nerve injury might have 
been suspected, if the patient complained of a 

ba

c

Mental
foramen

Mental
foramen

Inferior alveolar
canal

  Fig. 6.5    ( a ) Superior position of the mental foramen due 
to resorption of the alveolar bone in the partially edentu-
lous mandible. ( b ) Dehiscence of the IAC, where the IAN 

and the MN come to lie on the alveolar ridge crest. 
( c ) Exposure of the MN with gentle traction and frequent 
relaxation minimizes the chance of nerve injury       
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 paresthesia during local anesthetic injection or 
during the bone drilling preparation for implant 
 placement. In most cases, however, the patient 
may be under intravenous sedation, and there is 
typically no indication during the procedure of a 
nerve injury. It is recommended that the patient 
be seen as soon as possible and convenient for 
the patient, preferably within 24 h, or the same 
day, if painful sensation is the chief complaint, 
so that adequate pain control can be estab-
lished and rapport with the patient maintained. 
The exact nature of the complaint(s) should be 
ascertained. A general oral exam is performed 
to assess the healing status of the surgical site. 
Neurosensory testing (NST) is done to establish 
an objective baseline determination of the level 
of sensory dysfunction for further follow-up, as 
indicated.  

 A panoramic radiograph is obtained to deter-
mine the position of the implant(s) in relation to 

the IAN.    If there is no close relationship of the 
implant and the IAC on the panoramic  fi lm,  no 
repositioning or removal of the implant is indi-
cated and should be done.  The patient is followed 
 expectantly  with frequent repeat NST to assess 
progress of recovery of sensation. Those patients 
who go on to  acceptable  (to the patient) spontane-
ous recovery require no further active treatment. 
Patients who fail to regain acceptable sensory 
function within 3 (anesthesia) or 4 (hypoesthesia 
± pain) months are referred to a microneurosur-
geon for possible nerve exploration and repair. On 
the other hand, if there is  superimposition  of the 
implant over the IAC on the panoramic  fi lm, a CT 
or CBCT scan is obtained to determine whether 
this represents an  encroachment  upon the IAN or 
IAC, or simply a two-dimensional radiographic 
 overlap  that cannot be distinguished on the pan-
oramic radiograph. If the CT demonstrates that 
the implant is not in contact with the IAC, the 

Patient s/p implant
c/o sensory dysfunction, verified by NST

Imaging study (panx or CT scan)

Implant encroachment on IAN, MN No implant encroachment on nerve

Remove or reposition implant Expectant observation, serial NSTs

Serial NSTs
No improvement
(unacceptable):

Anesthesia > 3 months
Or

Hypoesthesia > months

Improvement
(acceptable)

No further Rx

Consider
microneurosurgery

No improvement
(unacceptable):

Anesthesia > 3 months
Or

Hypoesthesia > 4 months

Improvement
(acceptable)

No further RX

Consider
microneurosurgery

   Table 6.1    Algorithm for the management of nerve injuries from dental implant surgery       

   NST  neurosensory testing,  MN  mental nerve,  IAN  inferior alveolar nerve,  Panx  panoramic radiograph,  CT  computerized 
tomography,  Rx  treatment  
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implant can be maintained and the patient is 
followed  expectantly  with serial NST to deter-
mine if spontaneous recovery occurs (see above) 
(Fig.  6.6a–e ).  

 On the contrary, if the implant is in direct con-
tact with the IAC, then the implant should be repo-
sitioned  immediately  (prior to osseointegration) to 
create at least a 2-mm separation between the api-
cal aspect of the implant and the IAC. If this implant 
repositioning encroaches unacceptably on the 
interocclusal clearance, then the implant should be 
removed and replaced with a shorter implant. This 
may allow the patient to maintain the implant 
despite the outcome of nerve injury. If the implant 
cannot be repositioned without compromising its 
stability, then it should be removed; consideration 
could be given towards the use of a shorter implant 
with a wider diameter to engage the bone for pri-
mary implant stability. The patient should be 
reevaluated with NST within 1 week. If there are 
signs of neurosensory recovery, no further treat-
ment may be necessary, except for interval NST to 

document progress to satisfactory return of sensa-
tion (“useful sensory function,” or better). The 
implant can be restored if it has adequate stability 
and meets acceptable prosthodontic criteria for res-
toration. It should be remembered that if the implant 
was close to the IAC, that once the implant is 
restored and placed into function that neurosensory 
symptoms may occur during mastication whereby 
pressure is placed within the closed environment of 
the IAC. In this case either occlusal adjustment of 
the implant restoration or removal or “sleeping” the 
implant may be necessary depending upon the 
individual patient and clinical symptoms. 

 If, upon removal or repositioning of the 
implant, the patient does not show  acceptable  
signs of recovery within 3 (anesthesia) or 4 
(hypoesthesia/pain) months by serial NST, micro-
surgical consultation is indicated. Since the IAN 
lies within a bony canal, spontaneous recovery 
might occur due to “guided regeneration” of the 
nerve provided by the con fi nes of the canal. In 
such a case, recovery of sensory function should 

a

c d e

b

  Fig. 6.6    ( a ) CT-generated    panoramic radiograph demon-
strating the position of the implant #29 to the IAC in a 
patient with severe dysesthesia of the IAN following 
implant placement. ( b ) Cross   -sectional view (coronal) of 
the same patient demonstrating impingement of the 

implant on the IAN within the IAC. ( c ) 3D reconstruction 
image with transparency of the osseous structures show-
ing the IAC and the implant. ( d ) 3D reconstruction in 
cross-section. ( e ) 3D reconstruction in cross-section with 
digital removal of the osseous structures       
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begin (onset of symptoms, responses to NST) 
within 3 months after nerve injury. Microsurgical 
consultation can be considered earlier if there is a 
diagnosis of nerve transection (i.e., by direct 
visualization at the time of surgery). The so-
called 12-week rule for the anesthetic patient has 
subsequently come to be recognized by many of 
those surgeons who care for nerve injuries as the 
standard for timely decision-making for the nerve 
injury patient who has an unacceptable persistent 
total loss of sensory function  [  3–  6  ] . The patient 
who still has partial, but unacceptable, recovery 
of sensation at 3 months after nerve injury can be 
followed at regular (1-month) intervals as long as 
there is progressive improvement in subjective 
symptoms and NST at each visit. Once improve-
ment ceases, it will typically not resume at some 
indeterminate time in the future, and a treatment 
decision is made at that time, depending upon the 
level of the sensory de fi cit according to the NST, 
the patient’s subjective assessment of his status, 
and any associated functional impairment.   

    6.4   Surgical Procedures for IAN 
Injuries from Dental Implants 

 A list of  microneurosurgical  procedures that can 
provide surgical management of IAN injuries from 
dental implants is provided in Table  6.2 . Figure  6.7  

shows various microneurosurgical operations 
(note: these should include only nerve repairs 
secondary to dental implant-associated injuries). 
Although it is beyond the scope of this chapter to 
discuss all the techniques listed in Table  6.2 , in 
a review of 167 IAN injuries  [  6  ] , the most com-
monly performed operation was autogenous (sural 
or great auricular) nerve grafts ( n  = 71, 38.2 %) for 
reconstruction of a nerve gap, followed by inter-
nal neurolysis ( n  = 60, 32.3 %) when the nerve was 
not discontinuous. The need for reconstruction of 
a nerve gap was much more frequent with the IAN 
than that of the LN  [  4  ] . This has to do with the 
greater ease with which the proximal and distal 
stumps of the LN, contained within soft tissue, are 
able to be mobilized and brought into approxima-
tion for suturing without tension, than is the case 
with the IAN contained within a bony canal. This 
certainly has implications for the dental implant 
patient with a nerve injury, the majority of which 
are related to the IAN, and not the LN.   

    6.4.1   Nerve Exploration 

 High-resolution CT imaging can provide exten-
sive detail of the bony anatomy, including 
the IAC. Although high-resolution magnetic 
 resonance imaging (MRI) may be able to provide 
adequate visualization of the LN or MN  [  23  ] , the 

   Table 6.2    Nerve procedures for dental implant-related nerve injuries   

 Nerve procedure  Goals 

 External neurolysis 
(decompression) 

 Removal of surrounding bony, soft tissue, and/or foreign material around the nerve 

 Internal neurolysis  Opening of the epineurium to inspect and decompress the nerve fascicles 
 Excision of neuroma  Removal of a neuroma (disorganized nerve scar tissue) associated with a nerve 
 Neurorrhaphy  Microsurgical anastomosis of a transected nerve or two nerve stumps 
 Nerve graft  Placement of a interpositional nerve (allogeneic or autogenous) between two ends of 

a nerve 
 Nerve sharing  Microsurgical anastomosis of a distal nerve to a different proximal nerve via an 

interpositional nerve graft 
 Entubulization or “guided” 
nerve regeneration 

 Use of an interpositional conduit to guide axonal sprouting and regeneration across 
a nerve gap from the proximal to distal nerve 

 Neurectomy  Microsurgical transection and removal of a segment of a peripheral nerve 
 Nerve capping  Covering the proximal stump of a transected nerve with its own epineurium to 

prevent neuroma formation 
 Nerve redirection  Rerouting of the sensory innervation of a nerve to a different anatomic location 

(usually adjacent muscle); usually done to prevent deafferentation 
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  Fig. 6.7    Microneurosurgical procedures: ( a ) External 
decompression of the IAN. ( b ) Internal    neurolysis of IAN. 
 Arrow  shows intact fascicles. ( c ) Neuroma-in-continuity 
of the IAN. ( d ) IAN after excision of a neuroma-in-conti-
nuity. ( e ) Diagram of a direct neurorrhaphy. ( f ) Sural 
nerve graft for IAN reconstruction. Areas of  microanasta-

mosis ( arrows ). ( g ) Decellularized human nerve graft 
(Axogen Avance, Alachua, FL) for IAN reconstruction. 
( h ) Diagram of guided tissue regeneration with conduit 
repair (entubulation). ( i ) Neurectomy and epineurial nerve 
capping. ( j ) Nerve redirection procedure         

a b
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ultimate view of the injured nerve requires visu-
alization provided only by surgical exploration. 
Exploration of the IAN will reveal any gross ana-
tomic abnormalities, the presence of bony frag-
ments or foreign bodies (e.g., bone graft materials) 
that may be impinging upon the nerve, any con-
tact of the nerve with the implant (Fig.  6.8 ), or 
the formation of scar tissue associated with the 
nerve (Fig.  6.9 ).    

    6.4.2   Dental Implant Removal 

 The technique of implant removal will depend 
upon whether the implant has achieved osseointe-
gration. If the implant is fully osseointegrated, 
it is best removed using a trephine bur that cuts 
circumferentially around the implant allow-
ing implant removal with minimal sacri fi ce of 
 surrounding bone. A recently placed implant 

Fig. 6.7 (continued)

g h

Entubulation techniques

j

Epineurium and
fascicles excised

i

Epineurial
flap

Proximal stump
Inferior alveolar nerve

Masseter muscle

Epineurial capping 
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that has not osseointegrated can be removed 
using a torque wrench or handpiece. Appropriate 
bone preservation techniques should be used for 
possible future implant replacement. However, 
care must be taken not to further injure the 
nerve by compressing bone graft material onto 
the exposed nerve through the superior aspect 
of the IAC as described above. Additionally, 
it may be  preferred to remove the involved 
implant and replace it immediately with a 
shorter implant. In the event that there is not 
adequate primary implant stability of the same 
diameter but shorter implant, a wider diameter 
and shorter implant can be used for immediate 
replacement.  

    6.4.3   Nerve Repositioning 

 CT imaging and navigation-guided implant 
placement have provided some protection against 
IAN injury since there is no magni fi cation error 
associated with these imaging techniques, but 
proper planning is still essential. However, when 
preoperative imaging studies indicate an unfavor-
able location of the IAC either inferosuperiorly 
or mediolaterally, the implants cannot be placed 
without a high risk of injury to the IAN. It may be 
possible to place the implant in a position buccal 
or lingual to the IAC, but this may place the IAN 
at further risk for injury. Additionally, in such 
cases a  nerve repositioning procedure  may be 
indicated  [  11,   14,   18  ] . In this procedure the lat-
eral cortex of the mandible is removed at the 
desired location for implant placement. The men-
tal nerve can be freed from the foramen if the 
implants are planned in close proximity to this 
area. If necessary, the incisive nerve is transected 
at its junction with the mental nerve to allow lat-
eralization of the IAN. The nerve is carefully lat-
eralized from the canal to allow placement of the 
implant(s) medial to the lateralized IAN as 
needed (Fig.  6.10 ). An autogenous bone graft, 
either from the bone removed to unroof the IAC, 
or elsewhere, or freeze-dried bone allograft, is 
 always  placed between the repositioned nerve 
and the associated implants in order to prevent 
direct contact of the IAN and thermal transmis-
sion with the implant(s). Also,  arti fi cial material , 
such as calcium hydroxyapatite, should  never  be 
placed in direct contact with the nerve. A severe 
in fl ammatory reaction in the nerve, similar to a 
chemical burn with dense scarring, accompanied 
by considerable pain, is often the unfortunate 
result. Surgical treatment of such injuries is prob-
lematic. For further discussion of nerve reposi-
tioning, see Chap.   7    .   

    6.4.4   Excision of Neuroma 

 Neuroma formation can be the result of direct 
drill injury, or direct or indirect implant injury 
to the IAN (Fig.  6.11a ). A  neuroma-in-continu-
ity  usually represents a partial nerve transection 

  Fig. 6.8    Exploration of the IAN via a transfacial 
approach and removal of the buccal cortex, showing a 
mandibular implant impinging and deforming the integ-
rity of the IAN       

  Fig. 6.9    Exploration of the IAN revealing extensive scar 
tissue formation compromising the integrity of the nerve 
secondary to a direct implant drill injury, in a patient with 
pain and anesthesia of the right lower lip and gingiva       
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with subsequent healing predominated by scar 
formation and the presence of nonconducting 
nerve tissue. The vast majority of these injuries 
are repaired using nerve grafts (see next sec-

tion) to restore the continuity of the defect fol-
lowing neuroma excision to healthy nerve tissue 
proximally and distally from the site of injury 
(Fig.  6.11b ).   

Bu

a b

c

Li

Bu Li

Bu Li

  Fig. 6.10    ( a ) Schematic    representation of anticipated 
implant placement in the posterior right mandible. ( b ) 
IAN lateralization. ( c ) Placement of two dental implants 
beyond the IAC. ( d ) Preoperative panoramic radiograph 

of failing dental  fi xed prosthesis and edentulous posterior 
mandible. ( e ) Placement of two dental implants lingual to 
the IAC after nerve lateralization.  Bu  Buccal;  Li  Lingual       
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    6.4.5   External Neurolysis 
(Decompression) and Internal 
Neurolysis 

 Compression of the IAN can be seen with 
 collapse of the IAC, or impingement on the nerve 
by the implant or other foreign bodies (e.g., bone 

graft material). External neurolysis, or decom-
pression, is the removal of surrounding bone, 
soft tissue structures, and/or foreign material 
around the nerve (Fig.  6.7a ). In cases where the 
implant is found to compress the nerve (Fig.  6.8 ), 
 repositioning of the nerve is an option for 
 decompression (see previous section). Internal 

a b

  Fig. 6.11    ( a ) Intraoral exposure of the IAN with a neuroma-in-continuity secondary to implant placement in the area 
of the second molar. ( b ) Microsurgical repair using an autogenous nerve graft       

d e

Fig. 6.10 (continued)
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a b

c

  Fig. 6.12    ( a ) Sural nerve graft harvest. ( b ) Greater auricular nerve harvest. ( c ) Resulting area of anesthesia following 
sural nerve harvest       

neurolysis is the opening of the epineurium to 
inspect the internal neural structures and decom-
press the individual nerve fascicles (Fig.  6.7b ). If 
there is a continuity defect of one or more of the 
fascicles, then neurorrhaphy or nerve graft recon-
struction is indicated. If the nerve is found to be 
intact, an external decompression and internal 
neurolysis are suf fi cient. Extensive or aggressive 
attempts at internal neurolysis carry the risk of 
scar formation and iatrogenic injury to the fas-
cicles, so this technique must be performed with 
great care and precision.  

    6.4.6   Neurorrhaphy 

 Unlike the lingual nerve, injuries to the IAN are 
dif fi cult to repair by direct neurorrhaphy due to 
the relative inability to mobilize and advance the 
IAN into approximation across a nerve gap 
without tension, unless the incisive nerve (IN) is 

transected to allow increased mobility of the 
nerve stumps. However, release of the IN leaves 
the patient with sensory loss in the lower incisor 
teeth and the mandibular labial gingiva. The 
stump of the transected IN may develop a stump 
neuroma, with the potential for neuropathic 
pain. These disadvantages should be weighed 
against considerations to attempt tension-free 
approximation of the IAN without interposition 
of an autogenous nerve graft.  

    6.4.7   Nerve Grafts 

 The  sine qua non  of a successful neurorrhaphy 
is to bring the proximal and distal stumps of a 
transected nerve together and suture them in this 
position  without tension.  When the surgeon is 
unable to accomplish this, reconstruction of the 
space between the two nerve stumps (the  nerve 
gap ) can be performed with an interpositional 
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nerve graft  [  20  ] . Both autologous and allogeneic 
nerve grafts are can be utilized. The sural (SN) and 
greater auricular nerve (GAN) are the most com-
monly used autogenous grafts for maxillofacial 
nerve repairs (Fig.  6.12a, b ). The SN provides a 
better size match and longer length than the GAN. 
The disadvantages of this graft are the vertical scar 
just posterior and superior to the  lateral malleolus 
of the ankle, although a transverse incision could 
be used  [  24  ] ; the added operative time to reposition 
the patient and access a distant surgical site; and 
the associated donor site morbidity (anesthesia of 
the lateral foot, temporary gait disturbance, pain) 
(Fig.  6.12c ). The GAN is easily harvested along 
its super fi cial course lateral to the sternocleido-
mastoid muscle approximately 6 cm inferior to the 
ear lobe. The main disadvantages of the GAN are 
the neck scar, ear lobe anesthesia, and its smaller 
(than the recipient IAN or LN) diameter. The inci-
sion for harvesting the GAN is usually made in a 
natural skin crease in the lateral neck, and a care-
ful closure usually results in an inconspicuous scar 
(Fig.  6.13 ). Loss of sensation in the lower part of 
the earlobe is seldom a concern to patients. When 
the diameter of the GAN is smaller than that of 
the recipient nerve, a  cable graft  (using multiple 
strands of GAN) can correct this discrepancy.   

 In addition, decellularized human nerve 
allografts (Axogen Avance, Alachua, Florida) are 
readily available for trigeminal nerve recon-
struction (Fig.  6.7g ). Ongoing studies to deter-
mine the success of this nerve in the maxillofacial 
area is pending, although the initial results are 

promising. It is another option to avoid donor site 
morbidity of autogenous nerve grafting.   

    6.5   Complications of Surgical 
Treatment 

 The main complications associated with micro-
surgical repair of nerve injuries from dental 
implants are related to the speci fi c surgical 
 procedure, expected sensory outcomes, timing of 
 surgery, patient age and medical status, and risks 
of general anesthesia. 

    6.5.1   Speci fi c Surgical Procedures 

 Surgical access to the IAN is dependent upon the 
location of the nerve injury, the planned proce-
dure, and the surgeon’s preference. The IAN has 
a long course, branching from the mandibular 
nerve in the pterygomandibular space, traveling 
anteriorly until it enters the mandibular foramen 
on the medial mandible, continuing within the 
IAC, and, just before exiting at the mental fora-
men, dividing into its two terminal branches, the 
IN and the MN. Injuries to the IAN in the IAC 
and more proximally in the pterygomandibular 
space (needle injuries) are dif fi cult to  visualize 
and repair without performing a mandibular 
ramus osteotomy for additional access. Such 
operations are seldom done for nerve repair 
unless as part of tumor resection. However, when 

a b

  Fig. 6.13    ( a ) One-year postoperative view of a healed 
Risdon incision in an 18-year-old female demonstrating 
minimal scar visibility. ( b ) Surgical scars ( arrows ) from 

submandibular incision to expose the IAN and neck inci-
sion to harvest a great auricular nerve graft in a 21-year-
old African-American female 1 year after the operation       
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the proximal IAN is not accessible, or otherwise 
unrepairable, a  nerve-sharing procedure  can be 
done without the requirement of a mandibu-
lar ramus osteotomy  [  16  ] . In this operation, an 
autogenous sural nerve graft is used to connect 
the proximal great auricular nerve to the distal 
IAN. The IAN in the area of the third molar can 
be accessed via both transoral and transcuta-
neous incisions. The standard Risdon incision 
allows excellent access to the entire nerve from 
the area of the mandibular canal to the mental 
foramen. The main disadvantage of this access 
is the small possibility of permanent injury to 
the marginal mandibular branch of the facial 
nerve (less than 1 %) and the facial neck scar 
(especially in younger individuals that do not 
have a naturally visible neck crease). However, 
placement of the incision along the relaxed skin 
tension lines (RSTL), meticulous attention to 
closure, continued support of the healing inci-
sion with adhesive strips, proper skin care, and 
protection with sunscreens for up to 1 year 
after operation will enhance the likelihood of 
an inconspicuous scar (Fig.  6.13a ). In African-
Americans, the injection of the incision mar-
gins with a corticosteroid (e.g., triamcinolone) 
before closure, and on a monthly basis thereafter 
as indicated, reduces the risk of formation of a 
hypertrophic scar or keloid (Fig.  6.13b ). 

 The IAN can also be exposed transorally via 
a variety of techniques including a modi fi ed sag-
ittal split ramus osteotomy or by decortication 
(removal of the lateral cortex to create a window 

of exposure) (Fig.  6.14 ). The main disadvantage 
of the transoral approach is the reduced visibility 
and access, mainly posterior to the mandibular 
 fi rst molar. Although technically more dif fi cult, 
successful nerve repairs, including interpositional 
grafting, may be accomplished via this approach.   

    6.5.2   Expected Sensory Outcomes 

 The fact that microsurgical repair of injured periph-
eral nerves achieves some degree of successful 
improvement in sensory function and reduction of 
pain in some patients has been established  [  12,   17, 
  29  ] . However, as in all operations on sensory 
nerves, the failure to improve sensation or relieve 
dysesthesia does occur in some patients. In our 
study of 167 patients who underwent IAN repair 
and returned for at least 1-year follow-up, the 
majority of patients complained preoperatively of 
numbness ( n  = 62, 33.3 %) or numbness with pain 
( n  = 91, 48.9 %). Recovery from neurosensory dys-
function of the IAN (de fi ned by the MRSC as 
ranging from “useful sensory function” to “com-
plete return of sensation”) was achieved in 152 
IANs (81.7 % with complete recovery or recovery 
to “useful sensory function”), while 18.3 % of 
nerves showed no or inadequate improvement  [  6  ] .  

    6.5.3   Timing of Surgery and Age 
of Patient 

 The results of microsurgical intervention are 
related statistically to the length of time between 
nerve injury and microsurgical repair, as shown in 
previous studies. In our report of 222 repaired LN 
injuries, using the logistic regression model, the 
shorter the duration of time (in months) between 
nerve injury and repair, the higher the odds of 
improvement. This work is in agreement with 
that of Susarla who found a relationship between 
early repair of LN injuries and a more favorable 
outcome as judged by the patient  [  33  ] . In our 
series of 167 IAN repairs, the likelihood of func-
tional sensory recovery decreased with increas-
ing duration from nerve injury to its repair, and 
favorable surgical outcome was decreased with 

  Fig. 6.14    Exposure of the IAN via an intraoral access       
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increased age of the patient  [  6  ] . It should be 
remembered that some studies have shown that 
time from injury to repair is not a signi fi cant fac-
tor, however. The signi fi cance of age and length 
of time from nerve injury to its repair is especially 
 pertinent to the dental implant patient. Most of the 
patients who sustain dental implant-associated 
nerve injuries that failed to improve or resolve 
spontaneously and are referred for evaluation and 
treatment are greater than 50 years of age and had 
suffered their nerve injury more than 9 months 
prior to the initial consultation. These factors all 
potentially impact negatively on neurosensory 
recovery following any form of treatment.  

    6.5.4   Patient’s Medical Status 
and Risk of General Anesthesia 

 Preoperative evaluation of the patient’s medical 
status and risk assessment for general anesthesia 
for a microneurosurgical operation is performed 
as needed in consultation with other medical spe-
cialties. The risks of general anesthesia for a pro-
longed procedure include deep vein thrombosis 
with potential for embolization, pulmonary 
atelectasis with development of pneumonitis, and 
urinary tract infection from catheterization. These 
risks may be greater in the older patient popula-
tion that most often presents for treatment of 
 dental implant-associated nerve injuries. 
Measures to prevent these risks should be part of 
the routine care of the patient.   

    6.6   Postoperative Rehabilitation 

 Care of the nerve-injured patient does not end with 
the operation, provision of the usual pain relief, 
attention to incision care, and  recommendations 
for resumption of normal activities and diet. 
Measures to enhance sensation and restore related 
orofacial functions must be included in the reha-
bilitation of the nerve-injured patient to achieve 
optimal results. 

 Younger individuals have better functional 
recovery after peripheral nerve injury than mature 
adults (those most likely to have dental implants 

and, therefore, more at risk of associated nerve 
injuries). Observations in the human patient are 
limited, but clinical experience indicates that the 
ef fi ciency of neural regeneration is less in later 
life  [  26,   34  ] . Neuropsychological factors also 
in fl uence the ability of the patient to recover suc-
cessfully from a peripheral nerve injury  following 
surgical repair. There is the need to learn new 
axonal connections with referral of sensory input 
to different areas of the CNS. Early in the recov-
ery process, axons exhibit slower conduction 
time making interpretation more dif fi cult for the 
CNS until accommodations can be achieved; this 
is a situation analogous to a baseball batter hav-
ing to adjust to a change-up (dramatically slower 
speed) pitch. Although the older patient is slower 
to adapt to these changes imposed by recovery 
from a peripheral nerve injury,  neuroplasticity  
(the ability of the brain to adapt) is still viable 
even into advanced age. 

 The concept of “sensory reeducation,”  fi rst 
developed by Wynn Parry  [  35  ]  for rehabilitation 
of hand and upper extremity injuries, has been 
modi fi ed for the maxillofacial regions and shown 
to be successful in improving sensory function, 
once responses to pain and static light touch have 
returned  [  21,   25  ] . The goals of sensory reeduca-
tion for peripheral trigeminal nerve injuries are 
to improve or resolve  synesthesia  (failure to rec-
ognize the location of a stimulus), decrease 
hyperesthesia, improve recognition of the char-
acter and amplitude of stimuli (e.g., moving or 
stationary, sharp or dull, light or forceful appli-
cation, size of area of contact), and decrease sub-
jective differences (e.g., numbness) between the 
affected area and the corresponding normal con-
tralateral area. Following microneurosurgery, 
sensory reeducation exercises are begun as soon 
as the area supplied by the repaired nerve begins 
to respond to painful stimuli and static light 
tough (usually within 3–6 months after surgery). 
The exercises are performed by the patient sev-
eral times daily for a minimum of 12 months, or 
longer as needed. During this time the patient is 
monitored with NST to assess progress. Sensory 
reeducation can contribute to the nerve-injured 
patient’s ability to improve his level of sensory 
function and associated orofacial activities.  
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      Conclusions 

 Treatment of the patient who has sustained a 
nerve injury from dental implant procedures 
involves prompt recognition of this complica-
tion, evaluation of sensory dysfunction and 
the position of the implant, and timely 
 management of the injured nerve. In some 
patients, removal or repositioning of the 
implant, or replacement with a shorter implant, 
and surgical exploration and repair of the 
injured nerve will maximize the implant 
patient’s potential for a successful recovery 
from nerve injury.      
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  7

    7.1   History and Terminology 

 Nerve repositioning is the subject of discussion in 
this chapter. In brief, in this procedure an ostec-
tomy of the lateral mandibular cortex is performed, 
the inferior alveolar nerve (IAN) is lateralized out-
side of the inferior alveolar canal (IAC), then den-
tal implants are placed under direct visualization 
with protection of the IAN as inferior as the basal 
bone, and may even engage the inferior cortex of 
mandible. Eventually the IAN is passively posi-
tioned aside the implants with or without an inter-
positional graft material. In this method, implants 
of greater length may be placed and even bicortical 
mandibular anchorage is possible. Treatment dura-
tion is shortened compared to other techniques uti-
lizing bone grafting. However, this technique 
temporarily weakens the mandible and may pre-
dispose it to mandibular fracture  [  1–  3  ] . Anatomic 
reconstruction of the lost alveolar bone cannot be 
achieved by this method  [  1,   2  ] . But, by using lon-
ger implants after nerve repositioning, resistance 
to occlusal forces increases and compatibility 
between the implant and the prosthesis improves 

 [  2  ] . Postoperative sensory disturbances are among 
the most important complications and consider-
ations with this technique. 

 From a historical perspective, Becker  fi rst 
described the protection of the IAN during resec-
tion of the mandible by way of lateralization tech-
nique in 1970  [  4  ] . The  fi rst case of IAN 
repositioning for prosthetic rehabilitation was 
reported by Alling in 1977 to rehabilitate patients 
with severe atrophy for dentures  [  5  ] . Jenson and 
Nock in 1987 carried out IAN repositioning for 
placement of dental implants in posterior man-
dibular regions  [  6  ] . Subsequently, Kahnberg and 
Ridell used nerve repositioning of the IAN in 
orthognathic surgery in 1987  [  7  ] . Regarding IAN 
repositioning for dental implant placement, in 
1992, Rosenquist reported the  fi rst case series on 
10 patients using 26 implants. He reported an 
implant survival rate of 96 % for this procedure 
 [  8  ] . Later he reported on 114 patients who under-
went repositioning of the IAN to facilitate implant 
placement in 1995  [  9  ] , and therefore, this tech-
nique was accepted as a treatment modality for 
reconstruction of the dentoalveolar system with 
dental implants in the posterior mandible. 
Consequently, research studies began to evaluate 
various surgical techniques developed for this 
procedure, in terms of advantages, disadvantages, 
pitfalls, and methods for preventing or decreasing 
complications. As a result, this technique has 
constantly improved and changed over time. 
When evaluating the history of different treat-
ment modalities and surgical techniques in vari-
ous academic  fi elds, we notice that most of them 
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have had limitations and complications at  fi rst but 
signi fi cantly improved with time and advance-
ment of technology. Nerve repositioning is a rela-
tively new procedure that needs further re fi nements 
in terms of technique and instrumentation to 
decrease the incidence of complications. 

 A few terms have been used to describe IAN 
repositioning. To interpret the literature, these terms, 
which many times are used interchangeably, must 
be de fi ned. The  fi rst term is IAN lateralization. 
During this procedure the IAN is moved laterally 
after a portion of buccal plate of the mandible has 
been removed. A key factor in IAN lateralization is 
that the mental foramen is left undisturbed. At the 
completion of the procedure, the nerve is usually 
allowed to lie passively. When this procedure is 
used to facilitate implant placement, the nerve is in 
a more lateral position and the implants occupy the 
space where the nerve was once housed. 

 The second term is IAN transpositioning. 
During this procedure, the buccal cortical plate 
overlying the IAN, including the mental foramen, 
is removed. Once exposed, the incisive branch of 
the IAN is usually sectioned to facilitate trans-
posing the nerve from the IAC in the area of the 
mental foramen for implant placement. The IAN 
is then removed from the IAC. In cases in which 
endosseous implants are planned, the nerve must 
be exposed at least 5 mm and up to 1 cm posterior 
to the most posteriorly planned implant. The 
mental foramen is therefore transposed to a more 
posterior position  [  10  ] . In some studies, the 
authors have used the term IAN distalization for 
this transpositioning procedure  [  11  ] . 

 The last term is IAN repositioning, which is a 
more general term that can be used to include 
both IAN lateralization and IAN transpositioning 
(or distalization)  [  10  ] .  

    7.2   Nerve Repositioning 
Techniques 

 Inferior alveolar nerve repositioning for implant 
placement is usually performed by two tech-
niques as mentioned, including lateralization and 
transpositioning:
    1.     Nerve lateralization : IAN repositioning with-

out mental nerve transpositioning or involve-

ment of mental foramen is usually employed 
when the edentulous area and alveolar ridge 
resorption do not include the premolars. This 
technique has been called nerve lateralization 
in some studies  [  11,   12  ]  (Fig.  7.1 ).   

    2.     Nerve transpositioning : In cases where the 
edentulous area and ridge resorption include 
the premolar teeth, there is a need for transpo-
sitioning of the mental neurovascular bundle 
and transection of the incisive nerve with 
transposing of the nerve distally (associated 
with mental nerve and mental foramen 
involvement). This method has been called 
IAN distalization in some studies  [  2,   11–  13  ]  

a

b

  Fig. 7.1    ( a ) A bur is used to outline the location of bone 
block on mandibular buccal cortex by a distance from the 
inferior border of mandible and alveolar crest .The mesial 
incision should be made in 3-4 mm away from the mental 
foramen (2 sided  arrow ). ( b ) Then the buccal bone sur-
rounding the canal is removed carefully by reciprocal 
motion using an osteotome       
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(Fig.  7.2 ). Another method that has been 
 suggested is drilling the bone surrounding the 
canal using a handpiece and a round bur. In 
this technique, while the nerve is protected, 
minimum amount of bone is removed from 
the buccal cortex and the maximum amount 
of bone is preserved in an atrophic ridge for 
implant placement that results in maximum 
primary stability of the implant. Also, man-
dibular bone weakening is minimized in this 
method that is a great advantage of this tech-
nique. This instrument has been designed, 
patented, and manufactured by the author 
(Hassani nerve protector).       

    7.3   Patient Selection and Keys 
of Reducing Nerve Damage 

 Generally, IAN repositioning is used for different 
treatment goals. It is used for implant placement 
in the atrophic posterior mandibular alveolar ridge 
 [  1,   2,   10–  13  ] , orthognatic surgery  [  7  ] , pain reduc-
tion in the atrophic ridge caused by a dental pros-
thesis pressure on the mental foramen  [  15,   17, 
  18  ] , treatment of pathologic lesions of the poste-
rior of mandible  [  19,   20  ] , and transoral access to 
the IAN for microsurgery or nerve grafting  [  21  ] . 

 In this surgery, as in other surgical operations, 
the process of selecting the appropriate patient is 

a

c

b

  Fig. 7.2    Inferior alveolar nerve transpositioning (distal-
ization). Different techniques of ostectomy. ( a ) A bur is 
used to outline the bone block area. An osteotome (chisel) 
is used to remove the bone block. (This technique that is 
usually performed for treatments other than dental implants) 
( b ) The spongy bone is removed using a curette. In this 
technique, the preparation design includes the surround-

ings of the mental foramen. While keeping an adequate 
distance from mental foramen a circle is drawn with the 
center being the foramen using a round bur and the cortical 
bone is resected ( c ) In groove technique, while the nerve is 
protected by IAN protector, minimum amount of bone is 
removed from the buccal cortex by drilling the bone 
 surrounding the canal using a handpiece and a round bur       
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the key to a successful treatment. The more eli-
gible for surgery the selected patient is, the less 
postsurgical complications there will be. As the 
most important complication of this surgery 
relates to neurosensory de fi cit, selecting the right 
patient will help to minimize this problem with 
adequate informed consent. 

    7.3.1   Clinical and Radiographic 
Evaluation 

 For clinical assessment of a patient who is a candi-
date for dental implants and suffers from a reduced 
mandibular alveolar ridge height,  fi rst study casts 
should be prepared and then the occlusal relation-
ship should be evaluated and recorded. The fol-
lowing points should also be considered:
    1.    The area of the edentulous atrophic alveolar 

ridge: 
 If the edentulous area extends anteriorly to the 
canine region, the surgeon should consider the 
need for mental nerve transpositioning  [  12  ] . 
  In edentulous patients, the absence of incisor 
sensation following nerve distalization does 
not cause problems, but in patients with man-
dibular incisor teeth this can result in an 
unpleasant sensation in the anterior segment 
that is usually described as a sense of dullness 
in these teeth  [  7  ] .  

    2.    The distance between the occlusal surface of 
maxillary teeth and mandibular alveolar 
ridge: 
 In some cases, despite alveolar ridge resorption 
there is not enough clearance between the 
occlusal surfaces of the maxillary teeth and 
mandibular ridge that is required for construct-
ing the implant prosthesis. This is usually due to 
the patient’s preexisting occlusion (mainly in 
deep bite cases) or super-eruption of the corre-
sponding maxillary posterior teeth. Vertical 
augmentation methods often cannot be used due 
to the restricted inter-occlusal space (Fig.  7.3 ). 
In such cases, the only available option seems to 
be nerve repositioning  [  22,   23  ] .   

    3.    Evaluation of the relationship between the 
mandibular alveolar ridge and maxillary 
 alveolar ridge in the horizontal plane: The 

 necessity of lateral augmentation simultane-
ous with nerve repositioning or vertical aug-
mentation should also be evaluated by clinical 
examination and dental cast analysis.  

    4.    Radiographic evaluation: Every patient who is 
a candidate for nerve repositioning is required 
to obtain panoramic radiography and consid-
eration should be given toward a CBCT scan. 
 The amount of bone above the IAC, other 
anomalies, the distance of the IAC from the 
buccal cortex, and the thickness of the cortex 
for ostectomy are all evaluated on panoramic 
radiography. Exact location and precise anat-
omy of the mental foramen and anterior loop 
may also be evaluated  [  24  ] . 
 In rare cases, the IAC may be completely 

attached to the medial or lateral cortex as evi-
denced on CBCT. In such cases, implants may be 
placed buccal or lingual to the IAC with no need 
for nerve repositioning surgery. Additionally, by 
analysis and reconstruction of scanned images 
using CAD-CAM, it is feasible to determine the 
entire path of the IAC and place the implants in 
atrophic areas with caution.      

    7.3.2   Indications, Contraindications, 
and Limitations 

 Babbush mentioned several indications for 
nerve repositioning including the following: 
placement of removable prosthetics, stabilizing 

  Fig. 7.3    Lack of adequate space for vertical augmentation       
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the  remaining anterior teeth, stabilizing the TMJ, 
and establishing muscular balance following 
reconstruction of the dentoalveolar system. He 
also discussed some related limitations, primarily 
that this procedure is technically dif fi cult and 
requires adequate expertise. The surgeon should 
have advanced surgical experience with this tech-
nique, as well as suf fi cient anatomic knowledge 
and necessary skills to fully manage periopera-
tive and postoperative complications if they 
occur. According to Babbush, the most signi fi cant 
risk of surgery is nerve injury due to surgical 
manipulation of the IAN as a result of the surgi-
cal procedure itself. Although rare, mandibular 
fracture should also be considered as a risk, espe-
cially in cases with severe mandibular atrophy 
 [  25  ]  (Fig.  7.4 ).  

 Rosenquist et al. in their studies on the nerve 
repositioning procedure mentioned the following 
indications and contraindications for this operation:
  Indications 
   1.    Less than 10–11-mm bone height above the 

IAC.   
   2.    When the quality of the spongy bone does not 

provide suf fi cient stability for implant 
placement.    

  Contraindications 
   1.    Height of bone over the canal is less than 3 mm.   
   2.    The patient has thick cortical bone buccally 

and thin neurovascular bundle.   
   3.    The patient is susceptible to infection and 

bleeding.  
    4.    Limitation in accessing the surgical site  [  1,   2, 

  8,   9,   26  ] .      

    7.3.3   Preoperative Consultation 

 Before choosing nerve repositioning, the required 
criteria must be assessed. According to the liter-
ature, 100 % of patients who undergo nerve 
repositioning develop various degrees of sensory 
nerve dysfunction of the IAN sensory distribu-
tion  [  1,   27–  29  ] . Therefore, the patient and fam-
ily members should be well informed relevant 
to the phases of treatment, duration of surgery, 
and postoperative general complications, and 
most importantly they should be provided with 
knowledge about the postoperative lower lip 
and chin (and possibly lower incisor) paresthe-
sia which will de fi nitely occur and may last for 
up to 6 months, and in some cases, if it lasts 
longer or is very severe, it may require 
microneurosurgical exploration and repair 
 [  1,   27,   29–  31  ] . 

 Despite the issues mentioned above, the 
patient may not fully comprehend the sensa-
tion of paresthesia, and in such cases, it is 
recommended to perform an IAN anesthetic 
block for the patient using bupivacaine for 
long-lasting anesthesia induction so that the 
patient can experience anesthesia and paresthe-
sia for up to 8–12 h. The advantages of this 
treatment  modality should also be explained 
to the patient including shorter treatment dura-
tion, no need for autogenous bone grafting 
and no donor site morbidity, minimum use of 
other bone replacement materials, and avoid-
ing the need for additional surgeries  [  1,   2, 
  7,   27,   29  ] .  

  Fig. 7.4    Mandibular fracture 
in a patient with severe 
mandibular atrophy following 
nerve repositioning       
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    7.3.4   Important Considerations in 
Nerve Repositioning Surgery 

     1.     Patient selection : The surgical process is com-
plicated and occurrence of sensory distur-
bances is inevitable. Therefore, the surgeon 
should evaluate the patient’s general mental 
condition, since some patients are under stress 
and oversensitive even toward the smallest 
surgical complications. Such patients do not 
have the tolerance and compatibility skills and 
therefore are not good candidates for nerve 
repositioning surgery.  

    2.     Informed consent : The surgeon must provide 
data to the patient regarding all of the phases 
of surgery as well as the probable and possible 
complications. A thorough explanation should 
be provided for the patient in an understand-
able and comprehensible manner regarding 
surgical and neural complications. The sense 
of anesthesia that may occur should be well 
described for the patient, and it also should be 
mentioned that the anesthesia may be perma-
nent and irreversible.  

    3.     Imaging : While in the past, panoramic radiog-
raphy was suf fi cient for evaluation, presently 
CBCT, when available, should be considered 
for the precise evaluation of IAC position and 
surrounding bone thickness.  

    4.     Perioperative medications : Dexamethasone 
should be administered before the surgery in 
order to help decrease perineurial edema fol-
lowing nerve manipulation.  

    5.     Regional anatomy : The surgeon must have a 
full knowledge regarding local and regional 
anatomy of the mandible, as well as a working 
knowledge of the pathophysiology of nerve 
injuries, and be able to evaluate and follow the 
clinical course of nerve dysfunction after the 
surgery and make an appropriate referral to a 
microneurosurgeon or neurologist, if indicated.  

    6.     Surgeon experience : The surgeon’s skill and 
expertise are very important and consideration 
should be given toward the use of operating 
magni fi cation with the use of magni fi cation 
loops.  

    7.     Armamentarium : Delicate microsurgery 
instruments are required for this type of 
 surgery and should be available. Also, the 
surgeon should have the knowledge, skills, 
and experience for repairing the nerve in case 
of IAN transection or severe axonal injury 
sustained during the nerve repositioning 
procedure.  

   8.      Anatomic variations : In cases where the IAC 
is located in the center of the mandible buc-
colingually or in a lingual position based 
upon CBCT, the surgeon should expect a 
more complex surgery and the risk of neuro-
sensory complications is increased due to the 
more extensive surgical manipulation of the 
IAN.  

   9.      Posterior access : In cases where the nerve 
repositioning surgery extends further pos-
teriorly and involves the  fi rst or second 
molar area for implant placement, the sur-
gery can be more complicated due to the 
thicker cortical bone and limited access to 
this area.  

    10.     Adjunctive therapies : Following nerve repo-
sitioning surgery, sensory reeducation exer-
cises should be used to augment spontaneous 
neurosensory recovery of the IAN. In addi-
tion, the use of low-level laser after surgery 
reduces perineurial in fl ammation and has 
been shown to improve spontaneous neuro-
sensory recovery.  

    11.     Postoperative medications : Antibiotic ther-
apy and administration of analgesics and 
NSAIDs postoperatively are similar to that 
following routine implant surgery, and there 
are no speci fi c recommendations in this 
regard in the literature. Antibiotic and corti-
costeroid prophylaxis is recommended 
because of the extensiveness and duration of 
surgery. As mentioned, the use of corticoster-
oids pre- and postoperatively helps to 
decrease the symptoms of perineurial edema. 
However, there is no consensus in this regard, 
but since in fl ammation can be among the 
causes of nerve dysfunction, corticosteroid 
therapy can be bene fi cial.       
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    7.4   Mechanism of Nerve Injury 

 IAN damage during the various stages of the nerve 
repositioning operation is possible. Generally 
nerve damage processes can be classi fi ed to  fi ve 
categories:
    1.    Flap design  
    2.    Ostectomy to access the IAC  
    3.    Repositioning the neurovascular bundle out-

side of the IAC  
    4.    Nerve damage during IAN retraction from the 

canal for drilling and implant insertion  
    5.    Repositioning the neurovascular bundle inside 

the canal     

    7.4.1   Flap Design 

 The incision is made on alveolar crest starting from 
the anterior border of the ramus forward. At the 
mesial surface of the mandibular canine, a releas-
ing incision is made anteriorly and toward the ves-
tibular sulcus in order to avoid injuring mental 
nerve branches. If the anterior-releasing incision is 
not made at the mesial of the canine, there is a 
chance of injuring the mental nerve branches pres-
ent in the vestibular soft tissues  [  12,   28,   29,   32  ] . 
When retracting the mucoperiosteal  fl ap, the men-
tal foramen is completely exposed and the dissec-
tion is extended toward the inferior border of the 
mandible. Considering the radiographic and CBCT 
evaluations along with the fact that the IAC is usu-
ally located 2 mm below the mental foramen, it is 
necessary to expose the lateral surface of the body 
of the mandible and release the periosteum around 
the mental nerve  [  6,   12,   17  ]  (Figs.  7.5  and  7.6 ).   

 The MN lies in the mandibular buccal soft tis-
sues and is at risk of injury during the incision(s). 
Recognition of the changing anatomy of the eden-
tulous mandible is particularly helpful in minimiz-
ing the risk of injury to the MN. As the patient ages, 
the alveolar bone in an edentulous area resorbs, and 
the position of the mental foramen becomes closer 
to the crest of the alveolar ridge. In some patients 
there is an actual dehiscence of the IAC, and the 
IAN and the MN come to lie on the alveolar ridge 
crest. Placement of an incision must, therefore, 
take these anatomic changes into consideration. 

During the retraction of the mucoperiosteal  fl ap, it 
is possible to exert continuous undue pressure on 
the underlying MN with resultant neuropraxic 
(Sunderland grade I) injury. Gentle soft tissue 
retraction with frequent brief relaxations of retrac-
tion pressure is suggested  [  33  ] .  

    7.4.2   Ostectomy to Access the IAC 

 Nerve injury is most likely to happen when per-
forming the ostectomy to expose the IAC. 
According to the existing research, the technique 

  Fig. 7.5    Correct  fl ap design: an incision is made on the 
alveolar crest with a releasing incision at the mesial of the 
mandibular canine       

  Fig. 7.6    Incorrect  fl ap design: if the anterior-releasing 
incision is not made at the mesial of the canine, there is a 
chance of injuring the terminal mental nerve branches 
present in the vestibular soft tissues       
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of performing the ostectomy is effective in reduc-
ing postsurgical complications. There are two 
general techniques to accomplish this portion of 
the surgery. 

 In the  fi rst technique, which is usually per-
formed for treatments other than dental implants, 
a piece of bone is removed as a block and then the 
IAC is exposed. This method can be indicated for 
simultaneous implant surgery where there is ade-
quate bone height over the canal. In such cases, 
even after resecting a bone block, a suf fi cient 
amount of bone still remains at the lateral side of 
implant  [  7  ] . In the second technique, the ostec-
tomy is performed with the “groove ostectomy” 
method, since more bone will be saved and pri-
mary implant stability will also be improved. 
These techniques can be modi fi ed to accomplish 
either nerve lateralization or transpositioning. 

    7.4.2.1   Nerve Lateralization 
  Method of removing bone block without the 
involvement of mental foramen : In this technique, 
a bur is used to outline the location of the bone 
block on the mandibular buccal cortex by a dis-
tance from the inferior border of the mandible 
and alveolar crest. The anterior border of the 
ostectomy should be made in 3–4 mm anterior to 
the mental foramen. It is worth mentioning that 
maintaining a 3–4-mm distance from the distal 
side of the mental foramen will also help to 
reduce the postsurgical neurosensory problems. 
Generally, more involvement between the mental 
nerve and the mental foramen during the surgery 
will increase the risk of neurosensory symptoms 
 [  11,   25  ]  (Fig.  7.7a ).  

    7.4.2.2   Nerve Transpositioning 
  Removal of bone block with mental foramen 
involvement : Similar to the previous method, a 
bur is used to outline the bone block area. An 
osteotome (chisel) is used to remove the bone 
block and the spongy bone is removed using a 
curette. In this technique, the preparation design 
includes the surroundings of the mental foramen. 
While keeping an adequate distance from the 
mental foramen, a circle is drawn with the center 
as the mental foramen using a round bur, and 
then the cortical bone is resected. This results in 

two bone blocks: one posterior to the mental 
foramen and the other one around the mental 
foramen through which the nerve has traversed. 
This mesial segment, with the nerve passing 
through it, is put aside with great caution, and 
when the operation is completed, it is returned to 
its original location. This technique is indicated 
when the edentulous atrophic area has extended 
to involve the premolar area, and there is a need 
for replacing the lost premolar teeth. This method 
may require incisive nerve transection in order to 
achieve improved nerve mobility from the IAC 
or when the planned implant is anterior to the 
mental foramen in the area of the incisive nerve. 
This method is also called nerve distalization 
 [  1–  3,   7,   12  ]  (Fig.  7.7b ). 

  Groove ostectomy technique : Another method 
that has been described is drilling the bone sur-
rounding the canal using a handpiece and a round 
bur. The surgeon carefully enters a probe (round 
end with no sharp edges) into the IAC through 
the mental foramen and determines the distal 
path of the IAC. Then, according to this test and 
after evaluating the canal path on the radiographs, 
the surgeon inserts the tip of the nerve protector 
into the canal. This instrument should be placed 
in between the nerve and the bone in order to pro-
tect the IAN. The buccal bone is drilled using a 
bur. By directing the bur distally, the nerve pro-
tector is also moved distally in between the nerve 
and bone to protect the nerve. The bone chips are 
collected by a bone collection device (suction 
trap) during this process. In this technique, while 
the IAN is protected, a minimum amount of bone 
is removed from the buccal cortex and the maxi-
mum amount of bone is preserved in an atrophic 
ridge for implant placement that results in maxi-
mum primary stability of the implant. Also, man-
dibular bone weakening is minimal in this method 
that is a great advantage of this technique to 
decrease the chance of mandibular fracture. This 
instrument has been designed, patented, and 
manufactured by the author (Hassani nerve pro-
tector) (Fig.  7.7c, d ). 

 In patients with an atrophic alveolar ridge 
involving the premolar area or those with an 
edentulous mandibular ridge with alveolar crest 
atrophy who need implant placement and nerve 
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a b

e

dc

  Fig. 7.7    ( a ) Nerve lateralization. The anterior border of 
ostectomy should be 3–4 mm anterior to the mental fora-
men ( double arrow ). Maintaining a 3–4-mm distance 
from the distal of the mental foramen will reduce postsur-
gical paresthesia. ( b ) Nerve transpositioning with the 

block technique. Two bone segments are removed. ( c ,  d ) 
Nerve transpositioning with the groove technique. Nerve 
protector is used to protect the IAN and reduce paresthe-
sia. ( e ) Transection of the incisive branch to facilitate 
nerve transpositioning (distalization)       
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transpositioning in the posterior mandible, men-
tal nerve transpositioning is also necessary most 
of the time. This transpositioning is usually 
associated with incisive nerve transection 
(Fig.  7.7e ). In such cases, the patients will not 
have any problems related to incisive nerve 
transection, but in cases where the patient has 
vital anterior mandibular teeth, incisive nerve 
transection may result in an unpleasant sensa-
tion in these incisor teeth. In some cases, root 
canal therapy may be required. However, sev-
eral studies have reported that no problems 
related to anterior mandibular teeth were seen 
 [  1,   2,   12,   27,   29,   32  ] . Sectioning of the incisive 
branch of the IAN, and releasing the neurovas-
cular bundle and moving it posterior in order to 
avoid traction is called nerve distalization  [  2  ] . It 
should be noted that in many cases it is possible 
to transpose the mental nerve without sectioning 
the incisive branch. 

 In the method of nerve repositioning without 
releasing the mental nerve, a great traction force 
is exerted on the nerve when holding it outside of 
the surgical implant site. According to the litera-
ture, the highest number of nerve injuries occurs 
during the anterior ostectomy because the nerve 
trunk becomes thinner at mental foramen and is 
therefore more susceptible to injury. This is the 
reason that nerve repositioning without involving 
the mental foramen has the least neurosensory 
complications and side effects. According to the 
literature, by preserving 3–4 mm of bone distal to 
the mental foramen during nerve repositioning, 
IAN damage can be reduced because the nerve is 
thinner and more susceptible to injury at this 
speci fi c location  [  11,   29  ] . 

 During ostectomy care must be taken not to 
injure the nerve with rotary instruments, curettes, 
or elevators. When removing the bone cortex 
over the nerve, it is recommended to use the nerve 
protector designed speci fi cally for this purpose; it 
 fi ts within the IAC lateral to the IAN. Direct con-
tact of rotary or other surgical instruments with 
the nerve is among the most serious injuries in 
this type of surgery; a round diamond bur may be 
used to decrease the incidence of neural trauma 
as opposed to a round carbide bur if there is direct 
contact with the IAN.    

    7.4.3   Repositioning the Neurovascular 
Bundle Outside of the IAC 

 The portion of the surgery when the nerve is 
released and withdrawn from the IAC is one of 
the stages that may lead to nerve damage. The 
neurovascular bundle inside the canal is released 
using special curettes, and it is moved laterally 
using a blunt nerve hook. Bone removal in close 
vicinity to the neurovascular bundle should be 
performed patiently and thoroughly. This is usu-
ally performed using special curettes parallel to 
the surface of nerve bundles in an anteroposte-
rior direction. Tiny bone spicules around the 
nerve should be removed. The area should be 
thoroughly irrigated so that the nerve bundle can 
be clearly seen. Spongy bone surrounding the 
nerve is removed using a special curved curette. 
The nerve is released and slowly retracted from 
the canal using a nerve hook. The hook should 
be rounded at the end and polished (Fig.  7.8 ). 
Care is taken to avoid any tension or sudden 
movement of the nerve, which may cause 
injury.   

    7.4.4   Nerve Damage During IAN 
Retraction from the Canal for 
Drilling and Implant Insertion 

 Another important stage that may cause damage 
to the IAN is when the nerve is outside of the 
canal. Some studies have suggested various tech-
niques for protecting the nerve outside of the 
canal and retracting it while drilling for implant 
placement. Such techniques include the use of a 
looped suture  [  6  ] , small green cloth  [  34  ] , piece of 
a suture cover  [  13  ] , half of the rubber piston of a 
dental cartridge  [  35  ] , umbilical tape  [  25  ] , vessel 
loops  [  10,   16,   32  ] , and elastic bands (author’s 
preference). 

 The important strategy for preventing nerve 
damage in this stage relies on increasing the con-
tact surface in order to decrease pressure on the 
nerve. The more the contact surface decreases, 
the more the nerve damage will occur (pres-
sure = force/area). So, avoid exerting too much 
traction upon the nerve when lateralizing the 
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nerve and during nerve repositioning; attempt to 
transform the contact point to a contact area 
(Fig.  7.9 ). Then, a 10-mm-wide gauze cord or 
elastic band is passed below the IAN retracting it 
away from the surgical site decreasing ischemic 
trauma to the nerve. It also retracts the nerve 
away from the surgical site during the operation 
reducing the risk of iatrogenic nerve damage 
 [  2,   13,   30,   32  ]  (Figs.  7.10  and  7.11 ). The advan-
tage of using a wide elastic band is that it coun-
teracts the tension of the nerve to some extent and 
also decreases the  fi nal pressure on the nerve due 
to its elasticity. Also, the retracted neurovascular 
bundle must be constantly moistened by normal 
saline.     

    7.4.5   Repositioning the Neurovascular 
Bundle Inside the Canal 

 Finally, the last stage of possible nerve damage 
refers to the process of nerve repositioning, when 
the nerve is replaced back into the IAC, and the 
contact between the nerve and the implant occurs. 
Prior to this phase, the surgeon should decide 
whether or not to place material(s) between the 
implant and the nerve. There is a lot of contro-
versy in this regard and some studies have been 
performed on animal models in this respect. In a 
study by Yoshimoto et al. with rabbits, no 
 difference was observed microscopically after 
placing and not placing a membrane between 

a b

  Fig. 7.8    ( a ) Spongy bone surrounding the nerve is removed using a special curved curette. ( b ) The nerve is released 
and slowly retracted from the canal using a nerve hook       

a b

  Fig. 7.9    Avoid forming a contact point ( a ) between the retracting tape and the IAN. Contact between these two should 
be in the form of a contact area ( b ) rather than a contact point       
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  Fig. 7.10    The nerve is retracted from the site ( a ) using 
10-mm-wide umbilical tape ( b ) or elastic band ( c ) in order to 
protect it from any damage during implant placement. The 
advantage of an elastic band is that if it is pulled during 

 surgery, the traction is neutralized by the band and not trans-
ferred to the nerve. Other techniques include looped suture 
( d ), small green cloth ( e ), piece of a suture cover ( f ), half of 
the rubber piston of a dental cartridge ( g ), and vessel loop ( h )         

a

c

e

b

d

f

g h
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the implant and the nerve bundle  [  36  ] . On the 
other hand, in the Kahnberg et al. dog study, heal-
ing was not complete after 14 weeks, but none of 
the implants were exposed. Histologic examina-
tion showed that in cases where a membrane had 
not been placed, a small contact was present 
between the nerve bundle and the implant. When 
a membrane is used, the distance between the 
nerve bundle and the implant will be four to eight 
times greater. There is no contact between the 
nerve and the implant when using a membrane, 
but the bone is not seen around the implant either 
 [  37  ] . An autogenous bone graft, either from the 
bone removed to unroof the IAC or elsewhere, or 
banked bone, is always placed between the repo-
sitioned nerve and the associated implants to pre-
vent direct contact of the IAN and thermal 
transmission or metallic sensitivity with the 
implant(s). Also, arti fi cial material, such as 
 calcium hydroxyapatite, should never be placed 
in direct contact with the nerve. A severe 
in fl ammatory reaction in the nerve, similar to a 
chemical burn with dense scarring, accompanied 
by considerable pain, is often the unfortunate 
result. Surgical treatment of such injuries is prob-
lematic  [  33  ] . The author’s preference is to place a 
collagen membrane or autogenous bone graft in 
between the implant and IAN  [  10,   33  ] . A poten-
tial advantage of bone grafting over membrane 
placement is that if proper healing occurs in the 
area, the contact area of implant and bone will 
increase for osseointegration (Fig.  7.12 ).  

 Therefore, attention should be paid during and 
after surgery to minimize the factors responsible 
for ischemia and mechanical neurotrauma. Such 
factors in the order of most common to the least 
common during nerve repositioning surgery 
include:
    1.    Avoid exerting too much traction on the nerve. 

When lateralizing the nerve and during nerve 
repositioning, try to transform the contact 
point to a contact area.  

    2.    During ostectomy care must be taken to not 
injure the nerve with rotary instruments, 
curettes, or elevators. Direct contact of rotary 
or other surgical instruments with the nerve is 
among the most serious injuries in this type of 
surgery. Consider using a nerve protector.  

    3.    In order to lateralize the nerve, use instru-
ments with minimal traction and prevent isch-
emia to the nerve. Instruments that have large 
contact area with the nerve and minimum 
thickness are preferred to be placed between 
the nerve and the location of drilling for 
implant placement.  

    4.    The retracted IAN bundle should be constantly 
moistened with normal saline.  

    5.    Prevent development of a hematoma since it 
places pressure on the nerve trunk.  

    6.    After inserting the implant, bone grafting 
(autogenous from a suction trap or allogeneic) 
and possibly a collagen membrane should be 
placed between the implant and the nerve bun-
dle  [  10,   33  ] .       

a b

  Fig. 7.11    Implant osteotomy preparation with lateral nerve retraction ( a ,  b )       
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    7.5   Histological Findings 
Associated with Nerve 
Repositioning and Implant 
Placement 

 Yoshimoto et al. evaluated the condition of the 
tissues surrounding the implant 8 weeks after 
nerve repositioning surgery and simultaneous 

implant placement; they observed that none of 
the implants were exposed, and all were stable. 
No infection or in fl ammation was observed at the 
site. In all cases bone formation between the 
implant and neurovascular bundle was observed, 
and no direct contact was seen between them 
(Fig.  7.13 ). Research demonstrates that bone for-
mation around the implant surface sandblasted 

L B

L
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 L: Lingual
 B: Buccal

 L: Lingual
 B: Buccal

 L: Lingual
 B: Buccal

  Fig. 7.12    Replacement    of the 
IAN within the IAC. ( a ) 
Direct contact of nerve and 
implant (not recommended). 
( b ) Membrane placement 
( arrow ) between the implant 
and IAN. ( c ) Placement of a 
bone graft ( arrow ) between 
the repositioned IAN and 
implant  L : Lingual,  B : Buccal       
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with aluminum oxide was 2.5 times greater than 
a smooth titanium surface. Bone formation 
around the neurovascular bundle prevents the 
implant from having direct physical contact with 
the bundle, and therefore the nerve structure will 
be protected from mechanical or thermal trauma. 
Microscopic sections show the formation of a 
vascular network in the adjacent tissues that dem-
onstrates that there is no need for placing a bar-
rier or any kind of graft material to separate the 
nerve from the implant  [  36  ] .  

 In Kahnberg et al. study on a dog, healing was 
not complete after 14 weeks, but none of the 
implants were exposed. Histologic examination 
showed that in cases where a membrane had not 
been placed, a small contact was present between 
the nerve bundle and the implant (Fig.  7.14 ). 

 Plasma cells, macrophages, polymorphonu-
clear leukocytes, and granulocytes were alter-
nately seen next to the membrane. Several giant 

cells and macrophages were also seen. Vascular 
buds were seen where membrane had been placed 
(compared to areas where no membrane had been 
used). In some cases, a capsule with less than 
10  m m thickness was seen in some areas between 
the implant and the nerve. When a membrane is 
used, the distance between the nerve bundle and 
the implant will be four to eight times greater. 
The mean distance between the implant and the 
nerve is 348.3  m m when using a membrane and 
39.8  m m when not using one. There is no contact 
between the nerve and the implant when using a 
membrane, but the bone is not seen around the 
implant either  [  37  ]  (Fig.  7.15 ).   

 Yoshimoto et al. also, evaluated the bone heal-
ing surrounding the implant 8 weeks after nerve 
repositioning surgery in rabbits. Light micros-
copy and SEM analysis of all the specimens 
showed bone ingrowth between the implants and 
the neurovascular bundle (Figs.  7.16  and  7.17 ). 

a b

  Fig. 7.13    Fluorescent microscopy showing relationship of IAN and implant following nerve repositioning surgery in 
a rabbit ( star  implant,  arrow  IAN). Bone formation is shown by  fl uorescent indicators ( a ,  b )  [  36  ]        

  Fig. 7.14    Microscopic 
image of contact between 
implant and IAN after nerve 
repositioning and implant 
placement in a dog ( arrow  
IAN,  star  artery). No 
membrane was used. There is 
physical contact between the 
nerve and the implant  [  37  ]        
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  Fig. 7.15    Microscopic 
image of contact between the 
IAN and implant after nerve 
repositioning and implant 
placement in a dog. A 
membrane is used between 
the nerve and the implant 
( arrow  IAN). Note the 
distance between the nerve 
and the implant caused by the 
membrane  [  37  ]        

a b

  Fig. 7.16    ( a ) Light microscopy showing bone formation 
( B ) between the implant ( I ) and the nerve ( N ) (original 
magni fi cation ×10). Notice bone ingrowth at the area of 
surgical access to the nerve bundle (*) (Masson trichrome). 
( b ) Fluorescent microscopy imaging showing greater 

label interdistance occurred between alizarin ( red ), fol-
lowed by calcein ( green ) and tetracycline ( orange ) (origi-
nal magni fi cation ×30). This presence of higher MAR 
labeling between alizarin labels reveal that bone ingrowth 
occurred primarily over the  fi rst weeks of healing  [  38  ]        

a b

B

  Fig. 7.17    Scanning    electron micrographs showing the 
relationship between the IAN and the implant surface. ( a ) 
Bone ( B ) ingrowth between the IAN ( N ) and implant ( I ) 

and ( b ) detailed micrograph showing the IAN ( N ) sur-
rounded by new bone ( B )  [  38  ]        
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No direct contact between the nerve bundle and 
implant surface was observed after the 8-week 
healing period (Fig.  7.16a ). Removal of the IAN 
from the bone blocks showed a newly formed 
mandibular canal bone wall (Fig.  7.18b ). This 
study showed that modeling and remodeling of 
bone in close proximity to the direct contact 
between the IAN and implant surface resulted in 
total isolation of the nerve bundle (Figs.  7.16 , 
 7.17 , and  7.18 ). This shows that the wound heal-
ing process includes processes to help restore the 
original presurgical anatomy, avoiding long-term 
nerve structure contact with the implant surface. 
The bone tissue activity evaluated through a 
sequence of  fl uorescent labels showed that bone 
modeling between the IAN bundle and implant 
surface takes place as early as 14 days postopera-
tively at high bone mineral apposition rates 
(Fig.  7.16b ). Observation of the label position 
suggests that the healing occurred  fi rst around 

the implant surface and that bone apposition 
closer to the IAN followed later in vivo (calcein 
and tetracycline labels, Fig.  7.16b ). The wound 
healing pattern observed through  fl uorescent 
labels suggests rapid bone formation at the 
implant surface soon after implantation, which is 
a desirable feature from several perspectives. 
First, mechanical stability is achieved at the 
mandibular posterior region shortly after implant 
placement. Second, rapid isolation of the IAN 
from the implant surface may effectively decrease 
any potential nerve sensitivity due to contact to 
the implant surface (i.e., thermal sensitivity). 
The remodeling observed at regions in proximity 
to the IAN at later implantation times (calcein 
and tetracycline) showed that following initial 
repair and modeling of the surgical site, remod-
eling leading to the new formation of a mandibu-
lar canal wall (Figs.  7.17  and  7.18 ) may further 
support decreases in IAN neural sensitivity  [  38  ] .    

 Also, Yoshimoto et al. evaluated the micro-
structural and ultrastructural damage of the IAN 
damage following nerve repositioning and 
implant placement in rabbits after 8 weeks. 
Implants were placed in the right mandible, and 
the left side was used as a control (no surgical 
procedure). Light microscopy revealed a more 
diffuse IAN histology in experimental sites than 
in control sites. This dispersed arrangement was 
observed not only in the epineural and perineural 
regions but also in tissue at greater distances from 
the fascicles, suggesting that a repair mechanism 
was still ongoing at 8 weeks after surgery. The 
tissue organization observed in different regions 
of the experimental group and the connective tis-
sue separating the fascicles suggested edema, and 
the histologic sections showed a less dense struc-
tural arrangement compared with the control 
groups (Figs.  7.19  and  7.20 ). The following data 
support the hypothesis that at 8 weeks postopera-
tive, the experimentally manipulated IAN was 
still affected by the surgical procedure. TEM 
observations revealed a denser ultrastructure in 
controls (Fig.  7.21 ) than in experimental sites 
(Fig.  7.22 ). In addition, myelin sheath degenera-
tion occurred in several experimental group  fi bers 
(Fig.  7.22 ). Although myelin degeneration along 
a less  cohesive inter fi ber distance was observed, 

a

b

  Fig. 7.18    Scanning electron micrographs obtained fol-
lowing cortical selective removal by means of 20 % chlo-
ridric acid solution. ( a ) The implant ( I ) and the lateral 
bone walls ( B ) of the IAN ( N ). ( b ) Removal of the IAN 
revealed the presence of a newly formed mandibular canal 
bone wall ( NC )  [  38  ]        
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the number of degenerating myelin  fi bers was 
found to be substantially lower compared to the 
overall myelin  fi ber content. Thus, the results 
suggest that the IAN was partially damaged and 
was undergoing a regenerative process, which 
may parallel the temporary neurosensory distur-
bance that is frequently observed in clinical 
 practice or potentially rationalize previous obser-
vations of decreased neural stimulus  conduction 
speed. The insigni fi cant  difference in the number 

of fascicles between control and experimental 
groups was likely a result of the region from 
which samples were collected for both groups, 
which was nearly the same at both sides of the 
mandible, even though variability in the number 
of fascicles has been previously reported. Such 
decreases in fascicular dimensions were likely a 
result of the edematous characteristic of the sur-
rounding tissues, where substantial spacing 
existed in the connective  tissue (Fig.  7.20 ). Such 

  Fig. 7.19    Control tissue showing the IAN fascicles ( F ) 
surrounded by the perineurial capsule ( P ). Fascicles in 
control samples were arranged in a closely packed, cohe-
sive fashion. Fascicles were surrounded by the epineurial 
membrane, consisting of dense connective tissue with thin 
collagen  fi bers, adipose tissue ( AT ), and blood vessels 
(hematoxylin-eosin; bar = 10  m m)  [  39  ]        

  Fig. 7.20    IAN experimental groups exhibiting displaced 
fascicles and axonal bundles. The epineurium displays 
less connective tissue, fewer collagen  fi bers, and lower 
density (more spacing between arrays) compared to con-
trol groups, suggesting that edema was a factor (hematox-
ylin-eosin; bar = 10  m m)  [  39  ]        

  Fig. 7.21    Transmission electron micrograph of control 
IAN tissue. The myelin sheath ( M ), axoplasm ( AX ), and 
organelles ( arrows ) are present. Note the closely packed 
arrangement between myelinated and nonmyelinated ( N ) 
nerves and the presence of a Schwann cell ( N  Schwann 
cell nucleolus).  A  amyelinic  fi bers. Bar = 1  m m  [  39  ]        

  Fig. 7.22    TEM of an experimental IAN tissue. A less 
dense arrangement between myelin and nonmyelinated 
 fi bers is observed. In general, myelin sheaths with normal 
ultrastructure are seen. However, unlike control samples, 
degeneration of the nerve ultrastructure is observed in sev-
eral locations ( arrows ). The central region of the micro-
graph depicts a degenerative process occurring as a result 
of surgical trauma. Bar = 1  m m  [  39  ]        
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 fi ndings support the idea that the postoperative 
de fi ciency in conduction observed by several 
authors is a result of tissue disorganization at 
both microstructural and ultrastructural levels. 
Should a reparative process evolve over time, 
allowing the tissue to reorganize itself, physio-
logic neural conduction may be totally reestab-
lished  [  39  ] .      

    7.6   Clinical Neurosensory Testing 
in Nerve Repositioning 
Patients 

 Clinicians should document unusual patient reac-
tions occurring during nerve repositioning sur-
gery (such as sharp pain or an electrical shock-like 
sensation). If a nerve injury is suspected, the cli-
nician should perform a thorough neurosensory 
examination and document the results the day 
after surgery (when the effects of the local anes-
thetic should have worn off). The clinician also 
should record the patient’s subjective assessment 
of the altered sensation  [  40  ] . The method of ques-
tionnaire should include a list of questions con-
cerning various aspects of the symptoms and 
function. Answers may be provided as “yes” or 

“no,” via multiple-choice options, or by use of a 
visual analog scale (VAS)  [  30  ] . At the time of 
completion of the questionnaire, each patient is 
speci fi cally asked if there was any difference in 
sensation in the lower lip or chin between the 
operated and unoperated sides. Also, speci fi c 
questions are asked about accidental biting of the 
lip, drooling/food running down the chin, and 
burning, painful, or tingling sensations  [  41  ] . 

 Clinical neurosensory testing is still the most 
popular in daily practice. Clinical neurosensory 
testing can be divided into two basic categories, 
mechanoceptive and nociceptive testing, based 
upon the speci fi c receptors stimulated through 
cutaneous contact. Mechanoceptive tests include 
static light touch, two-point discrimination, and 
brushstroke direction. Pin tactile discrimination 
and thermal discrimination are nociceptive tests. 
Each test assesses speci fi c categories of the recep-
tors and axons  [  42,   43  ]  (Table  7.1 ). 

    7.6.1   Mechanoceptive Tests 

     1.    Static light touch: For this test a series of nylon 
 fi laments with same length and different thick-
ness mounted on a plastic handle are used 

   Table 7.1    Subjective clinical sensory testing methods IAN  fi ber types assessed  [  42–  45  ]    

 Fiber types and functions  Description of test  Name of test 

  Mechanoceptive  
 Myelinated afferent A-beta 
axons 

 Patient is asked to tell when he/she feels light touch 
on the face and to point to the exact location 

 Static light touch detection 

 Large A-alpha and A-beta 
myelinated axons 

 Patient is asked to tell when he/she feels the brush 
and to determine the direction of movement 

 Brushstroke directional 
discrimination 

 Small myelinated A-delta and 
unmyelinated C-afferent  fi bers 

 Patient is asked to determine single and two points of 
touch. The examiner uses any two sharp instruments 
by which the patient can change the distance 
between them 

 Two-point discrimination 
(sharp) 

 Larger myelinated A-alpha 
afferent  fi bers 

 Patient is asked to determine single and two points of 
touch. The examiner uses any two blunt instruments 
by which the patient can change the distance 
between them 

 Two-point discrimination 
(blunt) 

  Nociceptive  
 Free nerve endings and small 
A-delta and C- fi bers 

 Patient is asked to determine the feeling of a pin 
prick 

 Pin pressure nociception 

 A-delta  fi bers  Patient is asked if he/she feels heat  Thermal discrimination 
(warm) 

 C- fi bers  Patient is asked if he/she feels cold  Thermal discrimination 
(cold) 
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(Semmes-Weinstein mono fi laments or von 
Frey hairs). The patient closes the eyes and 
indicates “yes” whenever he/she feels a light 
touch to the face and points to the exact spot 
where he felt the touch.  

    2.    Brushstroke directional discrimination. The 
sensory modalities for these receptors are 
vibration, touch, and  fl utter. The patient indi-
cates if any sensation is detected and in which 
direction the  fi lament or brush is moved  [  43  ] . 
 Direction discrimination is tested with use of a 
cotton swab, soft brush, or Semmes-Weinstein 
mono fi lament. It is recommended to swipe a 
soft brush from left to right, as well as in the 
reverse direction, over a 1-cm area, asking the 
patient the direction of movement of the stim-
ulus  [  30,   46  ] .  

    3.    Two-point discrimination (static): In this test 
the distance between two points is altered. 
With the patient’s eyes closed, the test is initi-
ated with the points essentially touching so 
that the patient is able to discriminate only one 
point  [  43  ] . The two points are gradually sepa-
rated and the closest distance that the patient 
can discern two points is recorded and com-
pared to the opposite control side.      

    7.6.2   Nociceptive Tests 

     1.    Pin pressure nociception: For this test the most 
common instrument used is an algesimeter. 
This instrument is made from a needle and an 
orthodontic strain gauge. The sharp point of 
the needle is used to test nociception and the 
blunt end to test for pressure detection. The 
magnitude of force necessary to feel the sharp-
ness of the unaffected area is recorded as the 
nociceptive threshold for the affected area. 
The normal values also vary greatly in this 
test, but 15 g is considered to be an adequate 
force to elicit a response  [  47  ] . An exaggerated 
response to pin pressure relative to an unaf-
fected area is de fi ned as hyperalgesia. 
A reduced response (touch) relative to an unaf-
fected area is hypoalgesia. No response is 
de fi ned as anesthesia  [  43  ] .  

    2.    Thermal discrimination: This is an adjuvant 
test and may be performed using several test-
ing devices including Minnesota thermal 
disks. Ice, ethyl chloride spray, acetone, and 
water are also used. The simplest method is to 
use a cotton-tipped applicator dipped into ace-
tone or ethyl chloride  [  43  ]  for suprathreshold 
response assessment.     
 In general for these tests including static light 

touch, brushstroke directional testing, and sharp/
dull discrimination, a correct response 80 % of 
the time is considered to indicate normal sensi-
bility  [  48  ] . Generally, few studies report using a 
control site for clinical sensory testing, although 
it is useful to establish a baseline threshold. The 
unaffected site can be used as a control site, as 
can the upper lip or forehead  [  30  ] . In many stud-
ies for bilateral cases, another area of the face has 
been used as a control for the IAN/mental nerve 
distribution  [  42  ] , but differences in thresholds 
between different areas of the facial skin must be 
appreciated. The majority of the studies on nerve 
repositioning used preoperative clinical sensory 
data as the control. Other studies have used 
remote sites in bilateral cases including the skin 
in the distribution area of the infraorbital nerve 
 [  30,   49,   50  ]  or frontal nerve  [  51  ] , the hand  [  52  ] , 
and the right ear lobe  [  53  ] . A grid is de fi ned as 
dividing the IAN distribution into three areas on 
each side for clinical sensory testing. Most stud-
ies use the chin divided by the labiomental fold 
and lower lip or, alternatively, the lower lip, chin, 
and mental nerve area because these areas have 
different cutaneous sensibility values  [  30,   50,   51  ] . 
When pain is a symptom of nerve injury, diag-
nostic nerve blocks using local anesthesia can be 
very helpful in deciding whether or not microneu-
rosurgical reconstructive surgery is indicated. It 
is important to start with low concentrations of 
anesthetic drug, and injections should be per-
formed starting from the periphery toward the 
center to ease the pain. If the pain is not allevi-
ated, there is a chance that collateral sprouts from 
the other side are present. If the  persisting pain is 
aggravated by cold, is  spontaneous, and of a burn-
ing type and long  lasting, allodynia, hyperpathia, 
causalgia, and  sympathetic-mediated pain should 
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be considered in the differential diagnosis. In 
such cases, diagnostic stellate ganglion block is 
helpful in differentiating the causalgia pain from 
the sympathetic pain from the cervical plexus 
 [  1,   30,   54  ] .    

    7.7   Management of Sensory 
Disturbances in Nerve 
Repositioning Cases (Surgical 
and Nonsurgical Approaches) 

 IAN repositioning for implant placement results 
in sensory impairment immediately after surgery 
essentially in 100 % of cases  [  1,   28,   29  ] . Sensory 
disturbances are resolved in 84 % of cases, and in 
only 16 % of patients will this complication be 
permanent and irreversible  [  1,   29–  31  ] . Generally, 
the management of neurosensory problems fol-
lowing nerve repositioning may be implemented 
from two points of view. First, the nonsurgical 
management and then, if necessary, the surgical 
treatment are recommended. 

    7.7.1   Nonsurgical Treatment Options 

 The important issue in the management of nerve 
injury is to inform and educate the patient in this 
respect. The patient should be educated before and 
after the surgery and should be well aware that 
neurosensory recovery may take a long time and 
he/she may experience paresthesia or dysesthesia 
for a long time. The patient may be taught to mas-
sage the area (with lanolin or a moisture-absorbing 
ointment). Massage should be started with mild 
movements and then the intensity is increased to 
improve the sense of touch. Massaging is indicated 
four to six times daily for 10–15 min each. The 
 fi rst sensation that usually resumes is the sense of 
cold followed by pain. At this time the patient still 
may have paresthesia in the area. After 4–5 months, 
the patient should be able to differentiate between 
cold and heat sensations and feels the sharpness of 
needle with 25–30-g pressure. After 6 months, 
touch, pain, and thermal sensations will usually 
resume more ef fi ciently  [  55  ] . 

 In some studies, the use of  low-level laser  
(LLL) immediately after surgery, four times per 
week for ten sessions, has been suggested. The 
sessions usually begin on the day of surgery, 
although LLL can be used preoperatively to pre-
pare the IAN for the surgical insult of nerve repo-
sitioning. The sensitive area is detected using a 
simple anesthesia needle and is controlled 
monthly. The percentage of recovery is calculated 
by the proportion of the primary area suffering 
from paresthesia to the  fi nal area after 6 months 
 [  1  ] . Studies suggest that using LLL as a noninva-
sive nonsurgical method for faster recovery from 
paresthesia may obviate the need for microneuro-
surgery in nerve injuries. The use of the gallium-
aluminum-arsenide (GaAlAs) 820-nm low-level 
laser can ameliorate or resolve the patient’s sub-
jective and objective symptoms, since LLL 
increases nerve function as well as myelin and 
neurotrophic factor production  [  1,   56  ] . 

  Medicament treatment  with pharmacologic 
therapies for acute nerve injuries includes the use 
of corticosteroids and nonsteroidal anti-
in fl ammatory drugs (NSAIDs). Regarding the use 
of anti-in fl ammatory drugs before and after sur-
gery, some articles have recommended adminis-
tration of corticosteroids pre- and postoperatively 
or high dose ibuprofen 800 mg three times daily 
for 3 weeks  [  40,   43  ] . Also, a course of systemic 
corticosteroids (e.g., dexamethasone 8–12 mg/
day) can decrease the perineural in fl ammation in 
the  fi rst week following surgery  [  57  ] . The use of 
adrenocorticosteroids has been shown to minimize 
neuropathy after nerve injuries if administered in 
high doses within 1 week of the injury  [  58,   59  ] . In 
addition, adrenocorticosteroids have been shown 
to inhibit axonal sprouting centrally and ectopic 
discharges from injured axons and therefore aid in 
the prevention of neuroma formation  [  60,   61  ] . 

  Cryotherapy  should be applied extraorally to 
most implant and bone graft sites, but especially 
when nerve injury is suspected. The paraneural 
tissues should have ice applied intensely for the 
 fi rst 24 h postoperatively and then episodically 
for the  fi rst week  [  62  ] . Cryotherapy has been 
shown to minimize secondary nerve injury from 
edema-induced nerve compression, a decrease in 
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the metabolic degeneration rate of trigeminal 
ganglion cells, and slowed potential neuroma for-
mation  [  63  ] . Ice, when applied to the tissues, has 
been shown to signi fi cantly improve postsurgical 
recovery  [  62  ] . 

 In some complicated cases additional pharma-
cologic agents can be prescribed  [  43  ] . Using  vita-
min B-complex  supplements, some studies have 
shown that B-complex and vitamin E supplemen-
tation may improve nerve function and decrease 
persistent neuropathy. Vitamin B family, espe-
cially B1 and B12, can prevent nerve injury and 
improve natural growth of the nerve by preserv-
ing and protecting the lipid-rich covering of the 
nerve terminals. Alcohol consumption causes 
vitamin B de fi ciency and therefore should be 
avoided by the nerve-injured patient  [  64  ] .  

    7.7.2   Surgical Treatment Options 

 The speci fi c course of nerve recovery and patient 
symptoms vary based upon the type and severity 
of the primary nerve injury. In most cases, only 
time and regular patient visits are required for 
continued observation of spontaneous recovery. 
Other cases may require pharmacologic therapy 
or microscopic reconstructive neural surgery. 

 If during the nerve repositioning surgery, a 
known or observed injury (including traction or 
compression of the nerve trunk) has occurred, the 
topical application of dexamethasone is sug-
gested. One to two milliliter of the intravenous 
form of dexamethasone (4 mg/mL) may be topi-
cally applied for 1–2 min. The direct application 
of adrenocorticosteroids will reduce neural 
in fl ammation and reduce compression from 
swelling, which may enhance recovery from neu-
rosensory de fi cits  [  65  ] . 

 Bleeding from the IAN neurovascular bundle 
during nerve repositioning should be controlled 
with gentle temporary packing with gauze (which 
is removed before the wound is closed), and dia-
thermy or electrocautery should not be used. 
Medicaments or hemostatic agents such as 
Whitehead’s varnish or Surgicel (oxidized cellu-
lose) should also be avoided since these materials 
can cause a chemical injury when in direct con-
tact with the nerve  [  66,   67  ] . 

 In cases of nerve transection, the free ends 
may be reapproximated without traction, but pri-
mary and simultaneous nerve grafting should 
never be performed. An attempt should be made 
to reapproximate the nerve stumps with epineur-
ial sutures (using an 8/0 mono fi lament polyamide 
suture, Ethilon, Ethicon Ltd., UK) with the aid of 
loupes or an operating microscope  [  55,   66  ] . 

 If the IAN is repaired under tension, greater 
 fi brosis will develop at the site of repair with 
probable neuroma formation and failure of neu-
rosensory recovery. In cases with nerve compres-
sion or traction, the surgeon should release the 
nerve and eliminate the traction or compression 
in order to prevent ischemia due to mechanical 
trauma  [  55  ] . After nerve repair, clinical testing 
should be performed weekly during the  fi rst 
month and then monthly for 5 months. It is espe-
cially important to do the test in the  fi rst month to 
recognize and diagnose whether neuroma or neu-
ropathic pain develops that may indicate neuroma 
formation and may be amenable to early 
microneurosurgical repair  [  40  ] . In the presence 
of neuropathic pain, primary management 
includes nerve block with local anesthetics, use 
of analgesics, and nerve stimulation through the 
skin (30 min/day for 3 weeks). If post-traumatic 
neural pains do not alleviate pain after 3–4 weeks, 
administration of various drugs has been recom-
mended, including Neurontin (gabapentin)  [  55  ] . 
In general, in most patients, the sensory loss will 
usually improve 6–12 months after nerve reposi-
tioning, although it may not recover fully  [  10,   12, 
  29  ] . In some studies, this period is even reported 
to be up to 18 months  [  17  ] . If any intolerable 
problem still exists for the patient at the end of 
this period (12–18 months) or even before it, 
microsurgical exploration may be necessary. 

 Surgical intervention for a patient suffering 
from nerve injury has two main objectives: resto-
ration of neurosensory function and managing 
the pain and discomfort, if present. 

 Indications for explorative surgery and nerve 
reconstruction include the following:
    1.    Visible injury to the nerve  
    2.    Presence of foreign body around the nerve  
    3.    No change in anesthesia or hypoesthesia over 

time  
    4.    Uncontrollable neuropathic pain     
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 Contraindications for explorative surgery and 
nerve reconstruction include the following:
    1.    Signs of improved sensory function based 

upon quantitative sensory testing (QST), which 
is a method for determining the exact threshold 
of sensory stimulation with the use of oscilla-
tory, touch, thermal, or painful stimuli  

    2.    Patient admission based upon remaining dys-
function or discomfort  

    3.    Signs of central sensitivity (e.g., regional dys-
esthesia, secondary hyperalgesia)  

    4.    Presence of clinical symptoms with autonomic 
origin (e.g., erythema, edema, hypersensitiv-
ity, burning sensation) which are indicative of 
autonomic nerve dysfunction rather than sen-
sory nerve injury  

    5.    Advanced age with the presence of an under-
lying systemic or neuropathic disease  

    6.    A long time has passed since the injury (more 
than 12–18 months)  

    7.    Patient with unrealistic expectations (e.g., 
demands immediate full recovery or resuming 
of sensory function with no pain)  

    8.    Neuropathic pain that is not alleviated by local 
anesthesia blocks  [  54  ]      
 Nerve reconstruction options include the 

following:
    1.    Decompression of the injured nerve by 

removal of foreign bodies and releasing the 
scar tissues and other tissues compressed 
around the nerve (external neurolysis)  

    2.    Detection of the injured area, incision, and 
transection of the traumatic neuroma (internal 
neurolysis)  

    3.    Repair with microscopic sutures via neuror-
rhaphy (direct neural anastomosis)  

    4.    Reconstruction through an interpositional 
nerve graft if neurorrhaphy is not feasible due 
to extensive loss of nerve tissue with tension 
on the nerve repair  [  54  ]        

    7.8   Sensory Function After Nerve 
Repositioning Surgery 

 The most common sensory complications follow-
ing nerve repositioning are hypoesthesia, 
 paresthesia, and hyperesthesia. The most com-
mon causes of nerve dysfunction include the 

 mechanical trauma to the nerve and ischemia fol-
lowing extracting the neurovascular bundle from 
the IAC, nerve traction during surgery, edema and 
probable hematoma formation, and/or chronic 
compression after the surgery  [  1,   2  ] . According to 
Hirsch and Branemark, the main cause of sensory 
disturbances is nutritional impairment of the nerve 
due to injury to the microvascular circulation sur-
rounding the nerve  fi bers as a result of mechanical 
trauma. Thermal and pain sensation nerve  fi bers 
are more resistant to compressive traumatic forces 
and ischemia than are the larger  fi bers responsible 
for touch sensation  [  12  ] . 

 It is worth noting that the IAN is considered a 
polyfascicular nerve. The smaller the number of 
nerve fascicles, thicker epineurium, and abundant 
interfascicular tissue make the IAN more resis-
tant to pressure and vice versa (i.e., the greater 
the number of fascicles and the thinner the 
epineurium, the less resistant the nerves are to 
pressure)  [  23,   55,   68  ] . 

 The incidence of postoperative neurapraxia, 
permanent anesthesia, and paresthesia decreases 
when only the thicker parts of the neurovascular 
bundle are manipulated compared to manipula-
tion of thinner parts or terminal branches of the 
mental nerve. Therefore, although nerve reposi-
tioning in more posterior areas such as the 2nd 
molar area is technically more complex, it is usu-
ally associated with smaller risk of serious and 
long-term injuries to the nerve because the 
 neurovascular bundle is thicker in this region. 
Spontaneous regenerative processes of nerve 
recovery following mild compression or crush 
injury usually take several weeks to 6 months  [  1  ] . 
If recovery does not occur in this time period, the 
possibility of permanent paresthesia may be 
expected. Some researchers believe that neuro-
sensory changes following implant placement and 
nerve repositioning should be considered as a nor-
mal consequence of this particular treatment and 
not an adverse sequelae or complication  [  1,   69  ] . 

 According to one study  [  10  ] , on the nerve 
repositioning side, 3 of 15 patients had persis-
tent paresthesia of the mental region and three 
patients had hypoesthesia. No patient had anes-
thesia or dysesthesia in the mental region. The 
three patients with paresthesia had a two-point 
 discrimination threshold of 7–11 mm, and only 
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one of these patients returned to within 2 mm of 
the preoperative threshold value. The patients 
with hypoesthesia had a two-point discrimina-
tion threshold of more than 20 mm, and all of 
these patients failed to return to within 2 mm of 
the preoperative threshold value. One patient 
had dysesthesia that involved the anterior man-
dibular gingiva. This dysesthesia was experi-
enced only with brushing or  fl ossing around the 
implant and anterior teeth. This patient did not 
have any paresthesia or hypoesthesia in the 
mental region  [  10  ] . While according to Hashemi 
 [  13  ] , 73.6 % of patients experience anesthesia 
in the  fi rst week due to nerve repositioning. 

Other patients show other sensory disturbances, 
including hypoesthesia, tickling, burning, pain-
ful, pinching sensations. During the  fi rst month, 
the percentage of patients with hypoesthesia 
increases, while the percentage of patients with 
anesthesia sharply decreases. After 12 months, 
only 2.7 % of patients reported a tickling sensa-
tion, while the others had completely recovered. 
It was also stated that in spite of some neuro-
sensory complaints, 94 % of the patients were 
satis fi ed with the surgery  [  13  ] . 

 A review of the available nerve repositioning 
studies (Table  7.2 ) shows that the probability 
of occurrence of postsurgical neurosensory 

   Table 7.2    Review of literature on neurosensory disturbances following nerve repositioning surgery   

 Study 
 No. of nerve 
repositioning sites 

 Postoperative 
neurosensory 
disturbance (no. of 
patients) 

 No. of patients who 
returned to normal 
sensation after 
6–12 months (max. 
18 months) 

 No. of patients 
who did not return 
to normal 
sensation at 
18 months 

 Jensen and Nock (1987)  [  6  ]   2  2  2  – 
 Rosenquist (1992)  [  8  ]   10  7  10  – 
 Friberg et al. (1992)  [  31  ]   10  10  7  3 
 Smiler (1993)  [  32  ]   5  5  5  – 
 Sethi (1993)  [  70  ]   1  1  1  – 
 Rosenquist (1994)  [  26  ]   100  79  96  4 
 Jensen et al. (1994)  [  27  ]   10  10  9  1 
 Rosenquist (1995)  [  9  ]   92  92  87  5 
 Rugge et al. (1995)  [  20  ]   1  1  1  – 
 Hirsch and Branemark 
(1995)  [  12  ]  

 24  24  21  3 

 Sethi (1995)  [  71  ]   14  14  14 
 Kan et al. (1997)  [  28  ]   21  21  11  10 
 Louis (2001)  [  10  ]   15  15  9  6 
 Peleg et al. (2002)  [  29  ]   10  10  10  – 
 Morrison et al. (2002)  [  48  ]   12  12  8  4 
 Bovi (2005)  [  14  ]   1  1  1  – 
 Ferrigno et al. (2005)  [  72  ]   19  10  18  1 
 Proussaefs (2005)  [  73  ]   2  2  2  – 
 Hashemi (2006)  [  34  ]   11  11  11  – 
 Sakkas et al. (2008)  [  15  ]   1  1  1  – 
 Vasconcelos et al. (2008) 
 [  2  ]  

 1  1  1  – 

 Del Castillo Pardo et al. 
(2008)  [  17  ]  

 2  2  2  – 

 Chrcanovic and Custodio 
(2009)  [  1  ]  

 18  18  18  – 

 Bovi et al. (2010)  [  16  ]   10  10  10  – 
 Kale et al. (2010)  [  18  ]   1  1  1  – 
 Hashemi (2010)  [  13  ]   110  110  107  3 
 Hassani and Saadat  85  85  80  5 
 Total  588  555  543  45 
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 problems with this technique is 94.38 %. It is 
worth mentioning, however, that all but three of 
the studies report that some patients did not 
experience postsurgical neurosensory problems. 
Thus, it seems rational to take into consideration 
the possibility of postsurgical neurosensory par-
esthesia caused by the nerve repositioning pro-
cedure for all cases. The neurosensory problems 
mostly resolve within 6–12 months after sur-
gery, although few studies have reported recov-
ery of the neurosensory loss after 18 months 
following nerve repositioning surgery  [  17  ] . But 
it is clear that in 92.34 % of cases, neurosensory 
problems recover within this period of time, and 
only in 7.66 % of cases do they persist 
inde fi nitely (greater than 12–18 months). If the 
neurosensory problems persist after this period, 
they will most likely last forever. Depending 
upon the particular circumstances, in some of 
these cases, there may be the need for microneu-
rosurgical exploration and repair.  

 The important issue in management of nerve 
injury is to inform and educate the patient with 
respect to expected paresthesia that may be 
permanent and unpleasant. The patient should 
be educated before and after the surgery and 
should be well aware that spontaneous neuro-
sensory recovery may take a long time and he/
she may experience paresthesia or dysesthesia 
for a long time, possibly permanently. Studies 
indicate that the chance of spontaneous recov-
ery of the nerve is less in female compared to 
male patients  [  1  ] . As mentioned above, most 
surgeons believe that neurosensory distur-
bances should be considered as a normal pre-
dictable state following nerve repositioning 
surgery and not a complication or sequelae of 
this type of treatment with direct nerve manip-
ulation  [  1,   29  ] .  

      Conclusions 

 Repositioning the inferior alveolar nerve is a 
procedure that carries a signi fi cant risk of 
permanent nerve damage and resultant par-
esthesia. The decision to perform nerve repo-
sitioning and implant placement must be 
justi fi ed by the need for posterior mandibular 
support to stabilize the dentition and provide 
proper oral function. Patient selection should 
be done with care. It is important that only 

well-experienced surgeons perform this type 
of surgery and he/she must be familiar with 
management of the nerve-injured patient and 
have the adequate skills for assessment, diag-
nosis, and treatment (both nonsurgical and 
surgical) of patients who have had nerve repo-
sitioning surgery.      
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 Correction of cranio-maxillofacial deformity by 
means of orthognathic surgery includes proce-
dures that may cause impaired sensory nerve 
function in the facial skin distribution. The most 
common site for such disturbance is the lower lip 
and chin area following a sagittal split ramus 
osteotomy of the mandible. Most often, however, 
such impaired sensitivity is tolerated well by the 
patient, but careful preoperative information 
about the risk of obtaining a neurosensory impair-
ment is of primary importance in patient manage-
ment. It is generally accepted that inferior alveolar 
nerve injury is the most common complication of 
mandibular orthognathic surgery, with immediate 
neurosensory dysfunction occurring in nearly 
100 % of patients and long-term paresthesia 
occurring to a variable degree. 

    8.1   Orthognathic Surgery 

 Orthognathic surgery is directed toward correc-
tion of malpositioned jaws, or parts thereof. 
Orthognathic surgery may be performed as man-
dibular procedures, maxillary procedures, or 
combined bimaxillary surgeries. Occasionally, 
the osteotomies employed in orthognathic sur-
gery are utilized to gain access to tumors or 

other pathological conditions including vascular 
access. In the vast majority of cases, however, 
they are used as elective procedures in order to 
improve occlusion, masticatory function, and 
facial esthetics. Also, the vast majority of 
patients treated with orthognathic surgery are 
young and healthy individuals. A common age 
for the operation is in the upper teenage years, 
and in general, such procedures should be done 
with a minimum of adverse sequelae. That, 
however, is not always the case. Since orthog-
nathic surgery was established as a common 
treatment modality half a century ago, it also 
has been clear that mandibular osteotomies, 
more commonly than maxillary cases, may be 
followed by various degrees of neurosensory 
disturbances (NSDs). 

 The inferior alveolar nerve (IAN) distributes 
sensory function to the lower lip and chin, as well 
as for the buccal gingiva anterior of the mental 
foramen. The infraorbital nerve (ION) carries 
the sensation for the skin of the cheek, side of 
the nose, upper lip, and the buccal gingiva in the 
anterior region of the maxilla. The somatosen-
sory function of each of these areas is at risk as a 
result of orthognathic surgery.  

    8.2   Mandibular Osteotomies 

    In the mandible, three osteotomy designs and used 
most frequently including the vertical ramus 
osteotomy (VRO), sagittal split ramus osteotomy 
(SSRO), and genioplasty. It is beyond the scope of 
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this chapter to describe these surgical procedures 
in detail, and it is assumed that the there is a famil-
iarity with each of these surgeries. 

 In short, however, the VRO cuts the mandibu-
lar ramus from the sigmoid notch inferiorly to the 
mandibular angle region (Fig.  8.1 ). The cut is 
carried out posterior to where the mandibular 
nerve enters the mandibular ramus on the medial 
side in the mandibular foramen at the lingula. In 
most cases this osteotomy is performed intraorally, 
but the extraoral approach is also used. The VRO 
requires intermaxillary  fi xation (IMF) for 
3–6 weeks after surgery if rigid  fi xation is not uti-
lized. The VRO can only be used for mandibular 
setback procedures.  

 The SSRO divides the mandible in the angular 
region of the ramus and body of the mandible. 
Between a medial horizontal cut on the ramus 
and a lateral vertical cut in the molar region, the 

mandible is split sagitally, ideally along the inner 
surface of the lateral cortex (Fig.  8.2 ). This 
osteotomy can be used for mandibular setback, 
advancement, and rotational movements. The 
proximal and distal bone fragments can be  fi xated 
with osteosynthesis of various types; therefore, 
IMF is not needed in the postoperative period. 
There are many possible risk factors for nerve 
injury resulting from orthognathic surgery, and 
these are summarized in Table  8.1 .   

 In the genioplasty procedure, the anterior 
part of the mandible is cut more or less hori-
zontally below and anterior to the mental fora-
men, and to a point approximately 1 cm above 
the symphyseal base (Fig.  8.3 ). This chin seg-
ment of the mandible can then be mobilized 
and  fi xated in a new position. In addition, this 
osteotomy does not disrupt the mandibular 
continuity.  

  Fig. 8.1    Vertical ramus 
osteotomy is performed 
posterior to the mandibular 
foramen (lingula region) to 
avoid injury to the IAN       
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 Clearly, the SSRO, which splits the mandible 
along 2–3 cm of the mandibular body and ramus, 
must be considered as a high-risk procedure for 
the IAN coursing in the same bony structure, at 
least much more than the VRO and genioplasty, 
and this is also re fl ected in the literature. 

    8.2.1   Sagittal Split Ramus Osteotomy 
(SSRO) 

 One of the pioneers of SSRO, Hugo Obwegeser, 
discussed in a paper in 1964  [  13  ]  the indica-
tions for the procedure without even mentioning 
the risk of NSD as a result of the surgery. Later, 
numerous papers have indicated that SSRO might 
be followed by more than a minimal NSD of the 
lower lip and chin. Of interest is the extremely 
variable occurrence of NSD after SSRO reported 
in the literature.    In his thesis  [  20  ]  Westermark 
made a list of 35 papers published between 1974 
and 1999, in which NSD of the lower lip and chin 
were reported from between zero and 85 % fol-
lowing SSRO surgery. It was not only the reported 
numbers that varied widely but also the method 
used to evaluate neurosensory function. Further, 
some authors reported per side NSD incidence, 
while others reported per patient incidence. Some 
authors with very low numbers of NSD performed 
their evaluation by testing the skin response with 

  Fig. 8.2    Bilateral sagittal 
split ramus osteotomy places 
the IAN at risk for injury due 
to osteotomy design       

   Table 8.1    Risk factors for IAN injury during SSRO   

 Patient age 
 Patient gender 
 Type of surgical procedure 
 Type of mandibular deformity 
 Variation in nerve anatomy 
 Surgical technique 
 Nerve manipulation 
 Instrumentation 
 Nerve position (proximal/distal segment) 
 Method of  fi xation 
 Duration of surgery 
 Surgeon experience 
 Inadvertent osteotomies (bad splits) 
 Presence of third molars 
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a sharp probe only. Patients who did not respond 
to such a stimulus were considered to have an 
NSD. The more sophisticated the evaluation 
methods used, the more NSD could be detected. 
This author compared subjective evaluation and 
objective assessment of neurosensory function 
in patients who, after SSRO, had a self-reported 
NSD of varying degrees  [  23  ] . The examination 
modalities used included the visual analogue 
scale (VAS), light touch perception, and percep-
tion thresholds of warm and cold temperatures. 
The results indicated that there was a relatively 
good positive correlation between subjective 
evaluation and objective assessment of the sen-
sitivity of the lower lip and chin after SSRO of 
the mandible. In another paper in the same thesis 
this author reported on IAN function after man-
dibular osteotomies     [  21  ] . For SSRO the data was 
based upon 548 operated sides with a minimum 
follow-up time of 2 years. The neurosensory 
function was evaluated on a 5° scale, where 5, 

fully normal sensitivity; 4, almost normal sensa-
tion; 3, reduced sensation; 2, almost numb; and 1, 
numb. The distribution was the following: score 
5, 61 %; score 4, 22 %; score 3, 14 %; score 2, 
2 %; and score 1, 1 %. Interestingly, the two worst 
scores (scores 1 and 2), representing about 3 % 
of the operated sides, corresponded well with the 
previously mentioned reports, where NSD was 
considered present if the patient did not respond 
to sharp probing. With the low numbers in the 
two worst groups, these were added into group 
3. Then, the  fi gures indicated that of the oper-
ated sides 60 % had fully normal sensitivity of 
the lower lip and chin, 20 % had a very slightly 
reduced sensitivity, and 20 % had a reduced sensi-
tivity. The difference between groups 2 and 3 was 
that in group 2, with a very slight neurosensory 
disturbance, the abnormal sensation was barely 
perceptible, while in group 3, the patients were 
subjectively aware of their NSD. The distribution 
of “60-20-20” fell very much in the middle of the 
previously mentioned list of reports and has been 
supported in later studies with a similar method-
ological approach. 

 What, then, is the cause of NSD after SSRO? 
As mentioned above, the SSRO procedure osteot-
omizes the mandible along a substantial part of 
the body, angle, and ramus regions. Therefore, it is 
generally thought that NSD follows direct trauma 
to the IAN during the actual osteotomy procedure. 
This author studied how NSD after SSRO cor-
related with intraoperative nerve encounter and 
other variables in 496 operations  [  22  ] . From the 
information contained in the surgical operative 
reports about nerve encounter during the splits, 
the nerve was described as one of the following: 
not exposed at all, visible in the medial frag-
ment, free in between the fragments, dissected 
from the lateral fragment/super fi cial damage to 
the nerve, deep damage into the nerve trunk, and 
nerve transection. Other study variables included 
patient age, degree of mandibular movement, type 
of osteosynthesis used, and surgeon skill/experi-
ence. Patient age had a signi fi cant in fl uence on 
the recovery of neurosensory function. The mean 
age of the patients in the study was 26 years, the 
median age was 22, and the 25 and 75 percentiles 
were 18 and 33 years, respectively. Both when the 

  Fig. 8.3    Genioplasty procedure of the anterior mandible 
places the IAN and mental nerve terminal branches at risk 
for injury       
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patient series was divided at the median and when 
the youngest and oldest quartiles were compared 
with the mid-half, there were signi fi cant differ-
ences in sensitivity scores. The largest differences 
were found between the youngest and oldest 
quartiles. The severity of the neurosensory distur-
bances was also increased with age. 

 Intraoperative nerve encounter, however, cor-
related with NSD to a much lesser degree than 
expected. While there were more NSD and more 
severe NSD among the sides where the nerve had 
been manipulated more extensively in the split, 
there were also many of those who demonstrated 
very good neurosensory function. Those sides 
where the nerves were embedded in the distal 
fragments did better than those with nerves 
embedded in the proximal segments (Fig.  8.4 ), 
but even among them, there were those with more 
or less severe NSD. All in all, the nerve encoun-
ter as such did not seem to be the only factor 
involved in the occurrence of NSD. It was sug-
gested that the soft tissue dissection on the medial 
aspect of the ramus partly may compress the 
nerve over the lingula and under the dissecting 
instrument, and partly stretch the nerve between 
the two (Fig.  8.5 ). Lingual nerve injury is much 
less common than inferior alveolar nerve injury, 
but it may occur possibly from nerve  manipulation 

on the medial ramus or from screw overpenetra-
tion during  fi xation of the proximal and distal 
fragments  [  19,   25  ] .   

 Both compression and stretching of a nerve may 
seriously harm the nerve function.  Interest ingly, 
when the results of surgeons in training were 
compared with those of the consultant or attend-
ing surgeon, there was a signi fi cant  difference 
in favor of the experienced surgeon. Realizing 
the relative dif fi culty with the soft tissue dissec-
tion, it might not come as a major surprise that 
the inexperienced surgeon might spend a longer 
amount of time there, and may run a larger risk 
of causing nerve compression and stretching dur-
ing the dissection, and during the time it takes to 
perform the horizontal cut. Several attempts have 
been made to observe such dissection trauma, for 
example, by means of trigeminal somatosensory-
evoked potentials (TSEP). With this neurophysi-
ological testing modality, the nerve impulses 
along a nerve can be observed both during the 
dissection phase and under resting conditions. By 
monitoring TSEP  [  8  ] , support for the idea that 
the soft tissue dissection on the medial aspect of 
the mandibular ramus might signi fi cantly com-
press the nerve was obtained. It was stated, how-
ever, that TSEP in the  surgical setting could be 
obtained “only with some dif fi culty.” 

a b

  Fig. 8.4    ( a ) IAN    is visualized between the proximal and distal segments during an SSRO procedure. ( b ) The IAN 
is entrapped in the proximal segment; this is associated with a higher incidence of NSD following SSRO surgery       
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 Neither the type of osteosynthesis applied nor 
the direction or degree of mandibular movement 
played a signi fi cant role in the occurrence of 
postoperative NSD. When bicortical screws are 
used for the stabilization of SSRO fragments, 
care should be taken, of course, to avoid the 
course of the nerve trunk. Also, one should avoid 
using a lag screw technique, since this technique 
compresses the fragments toward each other, and 
there is a risk of nerve trunk compression. Also, 
there seems to be no difference in postoperative 
neurosensory function if the bone fragments after 
SSRO have been stabilized with metal or with 
biodegradable osteosynthesis  [  24  ] . 

 The impact of age has been widely dis-
cussed in the literature. Not only the frequency 
but also the impact of NSD seems to be higher 
in advanced ages. The better outcome in the 
younger individuals may depend upon two 

 factors. Partly, the young patient may pos-
sess a better capacity of nerve regeneration as 
such, and partly, the adaptation to a NSD may 
be easier in a young than in an elderly patient. 
Recently Baas et al.  [  4  ]   demonstrated an age-
related increase in NSD after sagittal split of 
the mandible. In the same paper they also found 
that there was no signi fi cant difference in neuro-
sensory function after mandibular advancement 
done by sagittal split osteotomy or by distrac-
tion osteogenesis of the mandible. In another 
study of subjective paresthesia following 68 
SSRO procedures  [  12  ] , 62 % of patients had 
NSD at 2 months, 38 % NSD at 6 months, 32 % 
NSD at 18 months, and 24 % subjective par-
esthesia at 30 months. The most important fac-
tors included age >30, method of  fi xation (lag 
screw worse than mini-plate worse than wire 
 fi xation), and perioperative position of the IAN 

  Fig. 8.5    Medial    retraction 
during SSRO may cause 
IAN compression and 
contribute to postoperative 
NSD       
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(worse if located in the proximal segment than 
the distal segment). In general the monocortical 
mini-plate permits passive contact of the proxi-
mal and distal segments without compression 
on the IAN (Fig.  8.6 ).  

 There are several other risk factors for IAN 
injury during SSRO surgery including the use of 
thin chisels that may cause iatrogenic injury. In 
addition, female gender may play a role in NSD 
since it has been shown that females recover 
slower and less fully than males following nerve 
injuries. The presence of third molars and con-
comitant removal during SSRO may increase the 

incidence of NSD since there may be additional 
nerve contact or manipulation during the odon-
tectomy procedure. The occurrence in advertent 
osteotomies, or bad splits, also increases the risk 
of IAN NSD. Finally, it has been shown that in 
class II retrognathic patients, the inferior alveo-
lar canal may be closer to the buccal cortex and 
therefore at higher risk of injury during an SSRO 
procedure  [  6  ] . In addition, with severe mandibu-
lar deformities such as hemifacial microsomia or 
Treacher Collins syndrome cases, the position 
of the inferior alveolar canal may be extremely 
variable. 

a

b

  Fig. 8.6    ( a ) Panoramic radiograph demonstrating mono-
cortical plate and screw  fi xation following SSRO surgery. 
( b ) Intraoperative view of monocortical plate and screw 

 fi xation of an SSRO procedure. This technique helps to 
prevent unnecessary compression of the IAN between the 
bony segments (Courtesy of Michael Miloro)       
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 While the use of corticosteroids periopera-
tively has been shown to decrease edema as well 
as perineurial edema, studies have shown  [  2  ]  that 
the difference is not statistically signi fi cant. In 
this questionnaire study of 43 patients more than 
1 year after SSRO, 11.6 % reported long-term 
subjective NSD. Most of the patients reporting 
NSD were woman over 40 years of age at the 
time of SSRO. While only 15 % of patients who 
received perioperative steroids reported NSD and 
30 % of patients without steroids reported NSD, 
the results were not statistically signi fi cant.  

    8.2.2   Vertical Ramus Osteotomy (VRO) 
and Genioplasty 

 Vertical ramus osteotomy (VRO) and genioplasty 
procedures are associated with less postoperative 
NSD than SSRO. Again, there are variations in 
the incidence reported, and those may depend 
upon how the NSD has been evaluated. An inci-
dence below 10 % for VRO and genioplasty 
seems realistic  [  7,   20,   21  ] . The lower risk of NSD 
after VRO compared with SSRO is a reason why 
VRO is still used in some centers, despite the 
morbidity of intermaxillary  fi xation that follows 
the procedure. Many centers have abandoned 
VRO because of the possible threat to the airway 
in an edematous postoperative patient with IMF. 
Another limitation is that the VRO can be used 
only for mandibular setback movements. 

 Hand surgeons use a de fi nition called double-
crush injury, which relates to a situation when 
one nerve has crush damages at two distinct sites. 
Such a situation may occur in orthognathic sur-
gery, too, if a ramus osteotomy is combined with 
a genioplasty. In this authors research  [  20,   21  ] , 
there was a tendency toward a higher incidence 
and increased severity of the NSD when genio-
plasty was added to both VRO and SSRO. Those 
tendencies were not, however, statistically 
signi fi cant, but were supported by others  [  15  ]  
who reported more NSD after SSRO combined 
with genioplasty than after SSRO alone. In one 
study (   Lindqvist and Obeid 1996) the incidence 
of NSD with genioplasty alone was 10 %, and it 
was 28.5 % in cases of genioplasty combined 
with SSRO surgery  [  9  ] .   

    8.3   Maxillary Osteotomies 

 While disturbances in the IAN after mandibular 
osteotomies have been documented in numerous 
publications, the maxillary nerve has not attracted 
the same attention in the literature. A one-piece 
Lefort I osteotomy (LFO) can be carried out in a 
relatively safe distance from the infraorbital nerve 
(ION). Still, if one does not pay attention, the 
retracting instruments may create a substantial 
compression of the ION where it exits the bone 
through the infraorbital foramen. Also, the mucosa 
in the upper vestibule is incised and the nerves to 
the marginal gingiva will usually be transected. In 
addition, plate and screw  fi xation may also com-
promise the ION due to proximity in placement. 
Even so it seems to be a general assumption that 
LFO is not followed by sensory impairment of a 
degree that requires the same words of warning 
that surgeons claim for mandibular osteotomies. 
Such an assumption, however, is not correct. 

 Thus, in one study  [  14  ]  59 patients who were 
1 year after LFO were studied, and it was found 
that somatosensory function in the distribution 
area of ION was incomplete compared with 
the preoperative condition. Another study  [  11  ]  
made 2- and 8-year follow-up examinations with 
both objective measurements and self-reported 
sensitivity evaluations. They reported changes 
in somatosensory function in 17–43 % of their 
patients, depending upon type of assessment. 
Another study  [  17  ]  observed that 1 month after 
LFO, 81 % of patients demonstrated hypoesthe-
sia in the distribution area of the ION and that 
1 year after surgery, only 6 % of the patients had 
persistent hypoesthesia. Other investigators  [  16  ]  
found that somatosensory function in the skin 
innervated by ION was normalized 6 months after 
LFO, while the recovery of sensory function in 
the palate was incomplete. Similar  fi ndings were 
reported by others  [  3  ] . 

 Recently, a study  [  18  ]  investigated ION func-
tion after LFO in a prospective and more standard-
ized fashion. The patients reported an array of 
sensory disturbances both in the skin and in their 
intraoral soft tissues. There were tooth sensitivity 
disturbances that obscured the patient’s impres-
sion of occlusal conditions. Apart from hypo- 
sensations, there were also hyper-sensations 
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reported. In summary, these  fi ndings demonstrated 
subjective changes in somatosensory function of 
the ION in 7–60 % of the patients, depending 
upon the site of measurement, 1 year after LFO. 
Still, they noted that 100 % of their patients were 
satis fi ed with the outcome of their surgical proce-
dures and would elect to undergo surgery again. 

 These observations probably re fl ect the previ-
ously mentioned assumption that the somatosen-
sory disturbances of the ION after LFO are of 
such a low magnitude causing little subjective 
complaints that they are of a more academic than 
clinical interest. Still, however, they should not 
be ignored, and patients should be properly 
informed prior to surgery.  

    8.4   Allodynia 

 It sometimes occurs that a traumatized sensory 
nerve produces pain as a response to a stimulus 
that normally should not result in pain (e.g., light 
touch). This condition is called allodynia, and it 
can also occur in a sensory nerve with hypofunc-
tion. Thus, a patient can have an increased thresh-
old for light touch and at the same time react with 
intense pain upon a stimulus that should be expe-
rienced as light touch. This is probably the worst 
somatosensory dysfunction of all that can follow 
orthognathic surgery. A bilateral loss of light 
touch sensitivity of the lower lip and chin with 
addition of intense pain upon touch is a condition 
that will require a great deal of tender care from 
the surgeon, preferably with the aid of a neurolo-
gist for pharmacologic management.  

    8.5   Preoperative Considerations 

 How should we best prepare our patients for the 
possibility of an NSD after SSRO? Pragmatically, 
it is fair to say that every patient (100 %) will have 
some degree of NSD directly after surgery. In the 
majority of patients, the sensitivity of the lower 
lip and chin will improve over the  fi rst several 
weeks following surgery, and the majority will 
return to a normal, or almost normal, sensitivity. 

 If the patient asks about a more precise predic-
tion, it becomes more dif fi cult to determine such 

a percentage of NSD based upon a wide variation 
in the literature. We can accept the  fi gures of 
60-20-20, representing the percentages for fully 
normal sensation, almost normal sensation, and 
reduced sensation of the lower lip and chin per 
the operated side after SSRO. Then we can pro-
ceed in two different manners to describe what 
may result in the long term. 

 On the one hand we could consider NSD as 
a clinical condition and suggest that those with 
almost normal sensitivity are so close to normal 
that they do not have signi fi cant symptoms and 
therefore may be included in the normal sensitiv-
ity group. In this case, the risk of permanent NSD 
is 20 % per operated side, or actually slightly 
below 20 %, since the groups were equilibrated as 
described above. Then, we can inform patients in 
this fashion based upon solid statistical evidence. 

 On the other hand, we could be more academic 
about this matter and use the statistics to describe 
the complete risk of obtaining some, even the 
slightest, type of NSD on either, or both sides, of 
the lower lip and chin. If we maintain the 60-20-
20 rule, the percentage for almost normal and 
reduced sensitivity will be 40 %. The formula for 
any type of NSD on either or both sides of the 
lower lip and chin then will be calculated as fol-
lows: (0.4 + 0.4) – 0.4 × 0.4 = 0.8 – 0.16 = 64 % 
chance of NSD following SSRO. 

 Thus, depending upon how we present the 
same material to patients, we can do it with 
widely varying presumptions, while remaining 
more or less truthful about the percentages. With 
increasing age and experience, this author has 
found it increasingly valuable to be very frank 
about the risk of obtaining permanent NSD after 
orthognathic surgery. In general, the more time 
that passes after the SSRO procedure, the less the 
signi fi cance of the NSD to the patient.  

    8.6   New Research on Orthognathic 
Nerve Injuries 

 When molecular biology started to  fi nd keys to a 
lot of growth factors that are steering and modu-
lating tissue formation and healing, great hopes 
grew that one day nerve growth factors and simi-
lar substances might be used to improve recovery 
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of function after injuries to both sensory nerves 
and motor nerves, whether the injury being 
caused by trauma or by elective surgery. So far, 
however, these substances have not been intro-
duced in everyday surgical activities. 

 Advances in diagnostic tools have made it 
easier to observe complicating inferior alveolar 
nerve anatomy and position, by which some trau-
matic nerve interferences during SSRO can be 
avoided  [  1  ] . 

 Also, the mere understanding of a possible 
dissection trauma, where a procedure performed 
to protect, in fact may harm the nerve, has helped 
to shorten that particular process in order to 
reduce the impact on the nerve in SSRO. 

 Recent studies also have brought our atten-
tion to aspects previously hardly considered. 
Thus, a paper by Doucet et al.  [  5  ]  indicated that 
if impacted third molars were removed during 
SSRO, rather than before, the incidence of NSD 
was reduced. 

 Even though these new research  fi ndings seem 
to reduce NSD after SSRO, they do not eliminate 
NSD. Orthognathic surgery will for a long future 
to come continue to produce NSDs of various 
degrees and severity. 

 Another study  [  10  ]  used low-level laser 
(LLL) treatment perioperatively for six patients 
 undergoing SSRO surgery. The IAN was treated 
at the mandibular foramen, mental foramen, 
and lower lip and chin region using a gallium-
aluminum-arsenide (Ga-Al-Ar) laser at 820 nm. 
It was found that brushstroke directional dis-
crimination was normal at 14 days and two-
point discrimination thresholds were normal by 
8 weeks in all patients. There were few abnor-
malities in thermal discrimination and pinprick 
nociception, but in those that did occur, they 
tended to last longer (>2 months). Using a VAS 
scale, patients reported a 50 % de fi cit at 2 days 
and only 15 % at 8 weeks. This LLL treatment 
shows promise in management of dif fi cult and 
long-lasting nerve injuries, but may also be 
used, as in this study, preemptively in order to 
prepare the IAN for the expected surgical insult 
and expected paresthesia to decrease the inci-
dence of long-term NSD.  

    8.7   Recommendations 

 In order to attempt to avoid IAN injury during 
SSRO surgery, there are several considerations 
that can be useful. The vertical osteotomy should 
be made in the  fi rst or second molar region to 
avoid the most lateral position of the IAN in the 
third molar region. Also, the depth of the osteot-
omy should be limited to 2–3 mm in the  fi rst 
molar region to avoid the IAN. The horizontal 
osteotomy should be made at a reasonable dis-
tance above the mandibular foramen on the 
medial aspect of the ramus to avoid the IAN as it 
enters the mandible. Care should be taken to 
avoid signi fi cant compression of the IAN during 
medial retraction for the horizontal osteotomy. 
The use of thin sharp chisels should be avoided 
in favor of larger chisels to initiate the osteotomy 
only and then the use of a spreading instrument 
(e.g., Smith spreader) to complete the SSRO. 

 The management of IAN injuries is similar to 
the management of IAN injuries due to other 
causes. Intraoperative transection of the IAN may 
necessitate a corticotomy to the mental foramen 
in order to mobilize the nerve enough for primary 
neurorrhaphy (Fig.  8.7 ). As mentioned, persistent 
decreased sensation is usually well tolerated and 
no speci fi c treatment is recommended. The deci-
sion to explore the IAN surgically must be 
weighed against the risks of additional nerve 
injury from the surgical exposure (or malocclu-
sion if the approach is an SSRO approach). If 
allodynia or dysesthesia is the predominate symp-
tom, then consultation with a neurologist is indi-
cated for pharmacologic management. Again, 
younger patients are typically better able to toler-
ate nerve injuries than older patients, and, in the 
majority of cases, no speci fi c treatment is 
recommended.   

    8.8   Summary 

 From what has been described in this chapter, it 
is clear that it would be of great academic value 
if the maxillofacial surgery community in coop-
eration with neurology counterparts could agree 
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upon a universal method to measure and  evaluate 
somatosensory function, although from a clini-
cal point of view it is the patient’s subjective 
perception of sensation that is most important 
and should guide treatment recommendations. 
There are patients who do not care a great deal 
about NSD even when we measure severe sen-
sitivity loss objectively and others in whom we 
can hardly detect a sensory loss objectively, 
but for whom the subjective experience can be 
very disturbing. Here, as in many other areas of 
maxillofacial surgery, preoperative information, 
 preoperative evaluation, and patient selection 
are key factors to what we call treatment suc-
cess. In general, patients are willing to tolerate 
mild NSD in order to correct a dentoskeletal 
discrepancy with improvement in esthetics and 
function. As mentioned, the younger the patient, 
the better they will tolerate the NSD and the bet-
ter the NSD will recover quicker and to a higher 
level spontaneously than in the older patient. 
But    for all patients, it is helpful to remember 
that, generally, the signi fi cance of the NSD 
decreases as the time from SSRO increases, 
indicating that recovery occurs in most patients 
almost fully, or at least their perception of the 
NSD improves with time. 

 We have come a long way from the days 
when discussions about SSRO did not even 
include  considerations about neurosensory 

 disturbances, but still, we must remember one of 
the rules of all surgeons is “primum non nocere” 
( fi rst, do no harm).      
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          9.1   Introduction 

 Peripheral nerve injuries vary widely in extent 
and severity. In the peripheral trigeminal nerve, 
these injuries may result from extraction of teeth, 
placement of dental implants, benign and malig-
nant tumor removal, maxillofacial trauma, endo-
dontic procedures, orthognathic procedures, and 
even local anesthetic injections. Each form of 
insult results in various extent and type of nerve 
 fi ber injury with differing abilities for the nerve 
to regenerate spontaneously. 

 The consequences of peripheral trigeminal 
nerve injury to the patient are almost always det-
rimental and can in fl uence the patient’s ability to 
speak clearly, eat comfortably, taste foods, handle 
oral secretions, and perform everyday activities 
such as shaving or applying makeup. Many types 
of lingual and inferior alveolar nerve injuries 
require no surgical intervention, and the patient’s 
sensation returns to normal over time. Other inju-
ries show incomplete or no improvement with 
time. In order to compare these two types of clinical 

scenarios, the surgeon must  fi rst understand the 
response of the peripheral nerve to injury. The 
fate of the axons and the surrounding architecture 
of the nerve components after injury are critical 
for forecasting possible neural regeneration and 
recovery. 

 The ability of the peripheral nerve to regener-
ate and reinnervate target organs has been recog-
nized for more than a century. In reality, peripheral 
axonal regrowth is often delayed and seldom 
complete. Complete functional recovery from 
severe injuries is rarely achieved despite advances 
in microsurgical techniques and improved under-
standing of nerve regeneration at the cellular 
level. Functional recovery is particularly poor for 
injuries that sever the nerve far from the target 
and those that incur a considerable delay prior to 
target reinnervation  [  14  ] . In nerve transection 
(axotomy) cases where the distal stumps are den-
ervated for a prolonged period of time, they 
become nonconducive to regeneration as a result 
of loss of supportive cell assistance. 

 After a peripheral nerve is injured, a complex 
and  fi nely regulated sequence of events is initi-
ated to remove the damaged tissue and begin the 
regenerative process. The healing of peripheral 
nerve injuries is unique within the body as the 
process is one of cellular repair rather than cell 
division or mitosis. The nerve cells at the site are 
not increasing in number after an injury but are 
attempting to restore the volume and continuity 
of the original neurons.  

    M.  B.   Steed ,  DDS   
     Division of Oral and Maxillofacial Surgery, 
Department of Surgery , 
 Emory University School of Medicine ,
  1365 Clifton Road, Suite 2300 B , 
 Atlanta ,  GA   30322 ,  USA    
e-mail:  msteed@emory.edu   

      Nerve Injury and Regeneration       

     Martin   B.   Steed           



150 M.B. Steed

    9.2   Anatomy 

 An in-depth knowledge of peripheral nerve 
anatomy is bene fi cial to understand the series of 
events that take place after an injury. Peripheral 
nerves are made up of a  stroma  (the scaf-
fold made of connective tissue elements) and 
a  parenchyma  (the nerve axons and Schwann 
cells). The components of the peripheral nerve 
therefore include a large amount of connective 
tissue, blood vessels, and the basic unit of the 
peripheral nerve – an axon and its associated 
Schwann cells. The nerve trunk represents a 
composite tissue constructed for the purpose of 
maintaining continuity, nutrition, and protection 
of these basic units, which require a continuous 
energy supply to allow for impulse conductivity 
and axonal transport. 

    9.2.1   Connective Tissue 

 The connective tissue subdivisions provide the 
framework around and within the nerve. The 
resulting architecture consists of an external and 
internal epineurium and a perineurium surround-
ing each fascicle, in which are contained  multiple 

axons surrounded by endoneurium (Fig.  9.1 ). 
A fourth subdivision includes a mesoneurium 
that consists of loose areolar tissue continuous 
with the epineurium and the surrounding tissue 
bed. The mesoneurium allows the nerve to move 
a certain distance longitudinally within the sur-
rounding tissue.  

 The outer connective tissue layer of the 
nerve is the external epineurium, which is 
a supporting and protective connective tis-
sue made up primarily of collagen and elastic 
 fi bers (Fig.  9.2 ). The internal epineurium is the 
structure that invests the fascicles, which con-
tain the nerve  fi bers themselves. Usually sev-
eral fascicles are grouped together in bundles, 
constituting well-de fi ned subunits of the nerve 
trunk. Fascicles vary in their size and quantity 
depending primarily on whether the region in 
question is at the proximal or distal site of the 
nerve. Both the lingual and inferior alveolar 
nerves are polyfascicular. The lingual nerve 
contains 15–18 fascicles at the region adjacent 
the mandibular third molar, while the inferior 
alveolar nerve contains 18–21 fascicles within 
the angle of the mandible. There may be fewer 
fascicles contained in the lingual nerve in the 
third molar region.  
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ranvier
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  Fig. 9.1    Diagrammatic depiction 
of a cross-sectional view of the 
peripheral trigeminal nerve 
internal anatomy (From Steed 
 [  34  ] ; with permission)       
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 Each fascicle is surrounded by a perineurium, 
a lamellated sheath with considerable tensile 
mechanical strength and elasticity (Fig.  9.3 ). The 
perineurium is made up of collagen  fi bers dis-
persed among perineural cells and acts as a diffu-
sion barrier as a result of its selective permeability, 
maintaining the endoneurial space within it from 

the surrounding tissues. This preserves the ionic 
environment within the fascicle. The nerve  fi bers 
themselves are closely packed together within 
endoneurial connective tissue (endoneurium) 
inside of each fascicle (Figs.  9.4  and  9.5 ). The 
endoneurium is composed of a loose gelatinous 
collagen matrix.     

  Fig. 9.2    Light micrograph of a peripheral nerve in trans-
verse section. Several fascicles that make up this nerve are 
enveloped by the connective tissue of the epineurium ( Ep ) 
that merges imperceptibly with the surrounding loose con-
nective tissue – the mesoneurium. A more deeply stained 

perineurium ( Pe ) encloses the fascicles. Each fascicle con-
sists of a large number of nerve  fi bers that are embedded 
in a more delicate endoneurium (not well de fi ned at this 
level of magni fi cation), 200×,  Masson trichrome  (From 
Steed  [  34  ] ; with permission)       

  Fig. 9.3    Light micrograph of 
a nerve fascicle at higher 
magni fi cation. Here, the 
perineurium ( Pe ) is  dark blue  
and the endoneurium ( EN ) 
 light blue . Nerve  fi bers ( NF ) 
are densely stained structures 
surrounded by a myelin 
sheath ( MS ), which is  red . 
A capillary ( Cap ) is shown. 
465×.  Masson trichrome  
(From Steed  [  34  ] ; with 
permission)       
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a

b

  Fig. 9.4    Light micrograph of a peripheral nerve fascicle 
in transverse section. ( a ) Osmium  fi xation shows well-
preserved myelin sheathes of nerve  fi bers. Nerve  fi bers 
vary in diameter and perineurium ( Pe ) surrounds the fas-
cicle ( toluidine blue , magni fi cation ×600; semithin plastic 
section). ( b ) Electron micrograph of a myelinated nerve 
 fi ber and its associated Schwann cell in transverse section. 

The myelinated nerve  fi ber axoplasm ( Ax ) contains 
cytoskeletal elements and mitochondria that parallel its 
long axis. The Schwann cell, sectioned at the level of its 
nucleus, is enveloped by a basal lamina. Flattened 
perineurial cells ( Pe ) and collagen  fi bers of the endoneu-
rium ( En ) are also seen (magni fi cation ×16,800) (From 
Steed  [  34  ] ; with permission)       

  Fig. 9.5    Light micrograph of peripheral nerve in longi-
tudinal section. Nerve  fi bers ( NFs ) – the slender deeply 
stained threads – pursue a wavy course. Myelin sheaths 
( MSs ) appear vacuolated because of high lipid content 
and the effects of paraf fi n embedding on the tissue 
 sample. Schwann cells ( SCs ) have elongated nuclei. 

They are indistinguishable from nuclei of  fi broblasts of 
the delicate endoneurium ( En ) that invests the individ-
ual nerve  fi bers. A deeply stained perineurium ( Pe ) sur-
rounds the nerve fascicle externally. 700×. H&E (From 
Steed  [  34  ] ; with permission)       
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    9.2.2   Blood Supply 

 Each neuron’s axon requires a continuous energy 
supply for impulse transmission and axonal trans-
port. This is provided by an extrinsic vascular 
system and an intrinsic vascular system, which 
are interconnected. The extrinsic vessels enter 

the mesoneurium and communicate with the 
epineurial space via the vasa nervorum. A plexus 
develops at this level and runs longitudinally 
(Fig.  9.6 ). If the fascicles are examined closely, a 
large number of epineurial vascular branching is 
seen, supplying each fascicle in a segmental man-
ner, so that each fascicle is vascularly analogous 
to a complete axon in a miniature model.  

 The vascular plexus enters the endoneurium 
through the perineurium at an oblique angle to 
anastomose with the intrinsic circulation that sur-
rounds each fascicle. The oblique passage of ves-
sels through the inner perineurial membrane is a 
site of potential circulatory compromise within 
the intrafascicular tissue.  

    9.2.3   Nerve Fibers 

 A neuron consists of a nerve cell body and its 
 processes. There are a number of dendrites associ-
ated with the cell body and one long extension – an 
axon, which travels to an end organ with branches 
terminating in peripheral synaptic terminals. Nerve 
 fi bers can be either myelinated or unmyelinated. 
Sensory and motor nerves contain  both types  of 
 fi bers in a ratio of 4 unmyelinated axons to 1 
myelinated axon. 

 Unmyelinated  fi bers are made up of  several  
axons enclosed by a single Schwann cell (Fig.  9.7 ). 
Unmyelinated axons are small in diameter, usually 

  Fig. 9.6    Clinical    photo of a lingual nerve under micro-
scopic magni fi cation demonstrating the vasa nervorum 
( VN ). Large longitudinally oriented intrinsic epineurial 
arteriolar and venular vessels can be seen deep to this 
plexus (From Steed  [  34  ] ; with permission)       

  Fig. 9.7    Electron    
micrograph of a Schwann 
cell associated with several 
unmyelinated nerve  fi bers in 
transverse section. Nerve 
 fi bers ( Ax ) occupy 
channel-like invaginations 
of Schwann cell cytoplasm 
( SC ). Most nerve  fi bers 
contain neuro fi brils and 
microtubules; synaptic 
vesicles ( SV ); collagen 
 fi brils ( CF ); basal lamina 
( BL ) (From Steed  [  34  ] ; with 
permission)       
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averaging 0.15–2.0  m m. The axons of a myeli-
nated  fi ber are  individually  wrapped by a single 
Schwann cell that has laid down a laminar myelin 
sheath (Fig.  9.8 ). The center of a myelinated  fi ber is 
made up of cytoplasm (axoplasm) with associated 
cytoskeletal elements surrounded by a  membrane 

(axolemma). A concentric sheath of myelin and a 
Schwann cell surround this  membrane (Fig.  9.9 ). 
A thin basal lamina invests the interdigitat-
ing processes of Schwann cells. At the  junction 
between two Schwann cells, the axolemma 
becomes exposed at a gap called a node of Ranvier 

  Fig. 9.8    Electron micrograph of a myelinated peripheral 
nerve  fi ber in transverse section. The axon is surrounded 
by a myelin sheath ( MS ) composed of multiple lamellae 
formed by the plasma membrane of a Schwann cell. 
A thin rim of Schwann cell cytoplasm ( SC ) envelops the 
myelin and is invested externally by a thin basal lamina 

( BL ). Collagen  fi bers ( CFs ) of the endoneurium and 
 fl attened perineurial cells ( Pe ) are in the surrounding 
area. The nerve axoplasm contains mitochondria ( Mi ), 
neuro fi laments, and a few microtubules. 30,000× (From 
Steed  [  34  ] ; with permission)       

  Fig. 9.9    High-resolution 
scanning electron micro-
graph of a myelinated 
peripheral nerve  fi ber 
fractured in the transverse 
plane. The axon, fractured 
open, reveals mitochondria 
( Mi ) and cytoskeletal 
elements in the axoplasm 
( Ax ). A peripheral rim of 
Schwann cell cytoplasm 
( SC ) is outside the myelin 
sheath ( MS ). Collagen  fi brils 
( CFs ) of the surrounding 
endoneurium are shown 
well. A  fl attened perineurial 
cell ( Pe ) is also fractured 
open. 15,000× (From Steed 
 [  34  ] ; with permission)       
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(Fig.  9.10 ). The propagation of an action potential 
along the axon “jumps” from node to node over the 
insulated areas covered with myelin in the process 
of saltatory conduction. This provides for more 
rapid propagation along the axon. As a result, 
myelinated  fi bers are able to conduct an impulse at 
a speed up to 150 m/s, while unmyelinated  fi bers 
propagate impulses at speeds of 2–2.5 m/s.     

 The cell bodies of the peripheral trigeminal 
nerve, including the lingual and inferior alveolar 
nerve, are contained within the trigeminal gan-
glion (also called the semilunar ganglion). The 
trigeminal ganglion is analogous to the dorsal root 
ganglia of the spinal cord, which contain the cell 
bodies of incoming sensory  fi bers from the rest of 
the body. These nerve cells may have axons that 
extend over a distance corresponding to thou-
sands of cell body diameters. This imposes spe-
cial requirements on the communication systems 
between the proximal and distal regions of the cell. 
To meet these requirements the neuron has unique 
systems of  anterograde  as well as  retrograde  intra-
cellular transport. These transport mechanisms are 
involved in the response to an injury.   

    9.3   Basic Injury Types 

 Clinically useful injury grading systems have 
been developed that allow re fl ection of patient 
symptomatology after nerve injury and with 
the histological changes occurring to the nerve. 
Histological parameters are the far most used 
predictors of peripheral nerve damage and 
regeneration. In 1941, Cohen introduced a 
classi fi cation scheme to describe the injury to 
peripheral nerves: neuropraxia, axonotmesis, 
and neurotmesis  [  30  ] . In the early 1940s, Seddon 

 [  33  ]  examined 650 patients with peripheral inju-
ries and popularized Cohen’s time and degree of 
recovery-based classi fi cation system. In 1951, 
Sunderland  [  36  ]  expanded upon this classi fi cation 
system by de fi ning  fi ve distinct degrees of nerve 
injury based on histological changes within the 
nerve  [  30  ]  (Figs.  9.11  and  9.12 ). Within this 
classi fi cation scheme,  fi rst-degree injuries are 

Ms

Ax

  Fig. 9.10    Light micrograph of teased myelinated nerve 
 fi bers demonstrating a node of Ranvier. The axon ( Ax ) is 
the central pale region in each  fi ber. Myelin sheaths ( MSs ), 

visible when  fi xed and stained with osmium, appear as 
dark linear densities. A node of Ranvier ( arrows ) is indi-
cated. 500×. Osmium (From Steed  [  34  ] ; with permission)       

  Fig. 9.11    Diagrammatic    representation of Sunderland 
classi fi cation of distal segment nerve injury in transverse 
plane. A normal, uninjured fascicle with myelinated axons 
is represented at the  top left . Proceeding clockwise, fasci-
cle number  I  represents a  fi rst-degree injury with demyeli-
nation of some axons. Fascicle number  II  depicts a 
second-degree injury with more extensive demyelination 
without injury to the endoneurium. Fascicle number  III  is 
involved in a third-degree injury, now with disruption of 
the endoneurium around each axon. Fascicle number  IV  
shows a fourth-degree injury with damage extending 
through the perineurium. Transection injury to all of the 
nerve components and supporting elements is re fl ected by 
the number V representing a  fi fth degree injury (Courtesy 
of Don Johnson, Atlanta VA Medical Center)       
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representative of a neuropraxia, while axonot-
mesis is divided into second-, third-, and fourth-
degree injuries. Fifth-degree injuries represent 
a neurotmesis. In 1989, Mackinnon coined the 
term “Sixth-degree injury” which was de fi ned as 
a mixed injury involving different combinations 
of the above  [  29  ] .   

    9.3.1   First-Degree Injury, Neuropraxia 

 A  fi rst-degree peripheral nerve injury (neuro-
praxia) clinically shows recovery within the  fi rst 
3 months. It represents a conduction block with 
good chances for complete recovery from within 
days to 3 months. Pathologic changes are mild 
(demyelination) or absent in  fi rst-degree injuries 
    [  4  ] . An example would be a mild nerve  stretch  
injury to the lingual nerve from retraction of a 
lingual  fl ap during a surgical extraction of a third 
molar tooth.  

    9.3.2   Second-Degree Injury, 
Axonotmesis 

 In second-degree injury the endoneurium and 
perineurium remain intact. In second-degree 
injuries there is little histological change at the 
injury site or proximal to it; however, distal to 

the site of injury, a calcium-mediated process 
known as Wallerian degeneration occurs  [  2  ] . 
The general arrangement of the axonal sheaths 
and the remaining structures comprising the 
nerve are preserved  [  30  ] . The prospect of recov-
ery is possible in such injuries because of the 
remaining uninjured mesenchymal latticework 
that provides a path for subsequent sprouting 
axons to reinnervate their target organ. Nerve 
recovery should be complete but progresses 
slowly at approximately 1 cm/day or 1 in./
month.  

    9.3.3   Third-Degree Injury, 
Axonotmesis 

 The third-degree injury pattern involves 
endoneurium scarring and disorganization with 
the fascicles. Damage extends to the perineu-
rium. The endoneurial tube (or sheath) is dis-
rupted, resulting in misalignment of any 
regenerating axonal  fi bers. Regeneration from 
the proximal nerve takes place through scar 
tissue in the endoneurium, thereby limiting the 
regenerating axons ability to make contact 
with distal sites  [  30  ] . The rate of recovery pro-
gresses as expected for an axonotmesis (1 in./
month), but the degree of return will not be 
complete.  
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  Fig. 9.12    Schematic representation of Sunderland 
classi fi cation of nerve injury in longitudinal plane. 
Sunderland classi fi cation scheme is shown in longitudinal 

section demonstrating the “inside–out” histological pro-
gression of injury with a  fi fth-degree injury representing a 
neurotmesis de fi ned as complete nerve transection       
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    9.3.4   Fourth-Degree Injury, 
Axonotmesis 

 A fourth-degree injury is in which the nerve is 
physically in continuity, but only the epineurium 
remains intact. Damage extends through the 
perineurium and regeneration attempts are 
blocked by scar tissue. After Wallerian degen-
eration takes place, the axonal continuity may 
 eventually be interrupted, resulting in degenera-
tion of the distal axonal segment and complete 
denervation. If recovery is to occur, then surgi-
cal intervention is necessary. These injuries are 
typically the result of severe stretch, traction, 
crush, or cautery injuries, or nerve injection 
injuries  [  30  ] .  

    9.3.5   Fifth-Degree Injury, 
Neurotmesis 

 A  fi fth-degree injury results from the complete 
transection of a nerve trunk and loss of all sup-
porting elements. Although these injuries can 
result from severe stretch that leads to avulsion, 
they are more often associated with sharp or pen-
etrating trauma. Recovery is not possible without 
a surgical repair, although inferior alveolar nerve 
transection during third molar removal with 
replacement of the proximal and distal nerve 
stumps into the inferior alveolar canal may have 
a reasonable prognosis for spontaneous recovery 
without subsequent nerve repair. However, in 
most  fi fth-degree injuries, functional loss is com-
plete and spontaneous recovery is unlikely.  

    9.3.6   Sixth-Degree Injury, Neuroma 
in Continuity 

 Mackinnon used the term “Sixth-degree injury, 
neuroma in continuity” in 1989, to describe a 
mixed nerve injury  [  29  ] . She illustrated how the 
pattern of recovery of the whole nerve is mixed to 
a varying degree by fascicle (I, II, III, IV, and V) 
 [  30  ] . Complete recovery takes place in fascicles 
that have sustained a  fi rst- or second-degree 
injury. Partial recovery is seen in fascicles that 
have a third-degree injury, while no recovery is 
seen in fourth- or  fi fth-degree injury patterns.   

    9.4   Overview of Response to Injury 

 The healing of peripheral nerve injuries is quite 
unique within the body as it is a process of  cellu-
lar  repair rather than  tissue  repair. In other words, 
the nerve cells themselves do not undergo mito-
ses. The number of nerve cells (neurons) does 
not increase, but the amputated nerve cell regains 
its original axoplasmic volume by sending out 
new processes to the end organ target. Peripheral 
nerves do have this capacity to regrow, but func-
tional recovery in humans is often incomplete 
 [  15  ] . This is because the neuron and surround-
ing cells cannot maintain an effective growth 
promoting response for long periods of time. 
Peripheral nerves are some of the longest and 
most spatially complex cells in the body. A nor-
mal, uninjured nerve is represented in Fig.  9.13 . 
Their length makes them unable to function with-
out the structural and metabolic support provided 
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  Fig. 9.13    A normal 
myelinated axon. A 
schematic representation of 
a normal myelinated axon 
associated with a longitudi-
nal chain of Schwann cells 
and enclosed within a 
continuous basal lamina 
(From Steed  [  34  ] ; with 
permission)       
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by approximately ten times as many glial sup-
port cells  [  20  ] . A nerve injury that takes place 
centimeters from a neuronal cell body induces 
a response that involves the entire cell and its 
associated glial support cells. Although the num-
ber of neurons does not increase in number, the 
repair of each cell takes place in an environment 
of intense cellular proliferation. The cells that do 
show evidence of proliferation include Schwann 
cells, endothelial cells, and  fi broblasts.  

 Peripheral nerve response to injury has been 
shown to be a complex yet  fi nely regulated 
sequence of events. These are aimed at removing 
the damaged tissue and beginning the reparative 
process. First, the neuron itself must survive the 
injury and mount an effective metabolic response 
to initiate regeneration  [  14  ] . Second, the growth 
environment in the nerve stump distal to the 
injury must provide suf fi cient support for regen-
erating axons. Third, the successfully regenerated 
axon must reinnervate the proper target and the 
target must retain the ability to accept reinnerva-
tion and recover from denervation atrophy. These 
response events take place at the cell body of the 
neuron, distal and proximal portions of the axon, 
and at the site of injury. 

    9.4.1   Proximal Nerve Segment 
Response 

 The  fi rst prerequisite for axonal regeneration is 
survival of the neuron following the injury. Survival 
depends upon several factors, including neuron 
type, age, and the degree of proximity of the injury 
to the cell body  [  14  ] . Certain types of neurons 
appear to be more susceptible to injury, such as 
cutaneous afferent neurons  [  22  ] , and spinal 
motoneurons are less susceptible to injury-induced 
cell death than cranial sensory neurons such as the 
peripheral trigeminal nerve. Perhaps counterintui-
tively, mature neurons in the adult are less suscep-
tible than immature neurons in the young animal. 
Proximal injuries produce more marked neuronal 
loss than distal injuries  [  42  ] , and neurons subjected 
to injury far from their cell bodies are less suscep-
tible than those that occur close to cell bodies. 
Numbers quoted in the literature vary according to 

the experimental animal model used, but can be 
substantial as 30–40 % of the small-diameter 
 sensory neurons which contribute to a dorsal root 
ganglion die after nerve transection. 

 The mechanisms of injury-induced neuronal 
death are not yet fully understood, but it is clear 
that axotomized neurons die by apoptosis  [  26  ] . 
The neuron displays characteristic morphologi-
cal changes associated with apoptosis and under-
goes DNA fragmentation. This is primarily as a 
result of loss of target-derived neurotrophic sup-
port (neurotrophic factors)  [  14  ] . Neurotrophic 
factors are released by target tissues and by glial 
cells,  fi broblasts, and macrophages in the local 
environment of both the neurons cell body and 
axon. 

 Changes in the neuronal cell body and in nerve 
 fi bers proximal to the site of injury depend both 
upon the severity of the injury and the proximity 
of the injury to the cell body. The nerve cell body 
itself reacts to axonal injury in a relatively pre-
dictable fashion. The series of morphologic 
changes that ensue in the cell body after injury are 
known as  chromatolysis,  and they entail cell body 
and nucleolar swelling as well as nuclear eccen-
tricity  [  17  ] .    Within 6 h of injury, the nucleus 
migrates to the periphery of the cell body, and 
Nissl granules (rough endoplasmic reticulum) 
break up and disperse, re fl ecting an increased 
mRNA synthesis and enhanced protein synthesis. 

 These changes involve a switch in the cell 
“machinery” from being primarily concerned 
with transmitting nerve impulses to fabricating 
structural components for regeneration and re fl ect 
an altered gene expression associated with 
 preparedness for axonal outgrowth and regenera-
tion. The neurons convert from “transmitting 
mode” to “growth mode.” More important than 
the morphological changes are the series of alter-
ations involving a downregulation of molecules 
such as neuro fi laments and neuropeptides with 
upregulation of regeneration-associated genes 
(RAGs)  [  41  ] . 

 The protein synthesis switches from produc-
ing neurotransmitter related substances to those 
required for axonal reconstruction  [  31,   38  ] . 
Examples of these substances include actin and 
tubulin. Evidence of upregulation of tubulin and 
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actin mRNA and downregulation of neuro fi lament 
proteins after axotomy  [  39  ]  strongly suggests 
that regenerating axons recapitulate developing 
axons in transporting increased supplies of actin 
and tubulin to the injury site for axonal growth 
 [  17,   21  ] . Downregulation of neuro fi lament pro-
teins has been suggested to increase the  fl uidity 
of the axoplasm and thereby facilitate axonal 
transport of the tubulin and actin  [  23 ,  39  ] . 
Simultaneously there is a signi fi cant proliferative 
response of perineurial glial (support) cells, most 
likely signaled by the process of chromatolysis.  

    9.4.2   Injury Site Response 

 Within hours of physical interruption, the ends 
of the axon are sealed. Anterograde axoplasmic 
transport continues within the proximal stump, 
and retrograde axonal transport continues for 
several days. As a consequence the ends of the 
sealed axons swell as they  fi ll with organelles 
that are unable to progress beyond the site of 
the discontinuity forming end bulbs  [  20  ] . There 
is evidence that accumulation and release of 
molecules from axonal end bulbs in fl uence sev-
eral aspects of the local environment  [  43  ] . End 
bulbs accumulate potent vasoactive peptides 
such as calcitonin gene-related peptide (CGRP) 
and the enzyme nitric oxide synthase (NOS) 
that generates gradients of nitric oxide (NO). 
Both CGRP and NO mediate the striking rises 
in local blood  fl ow that develop early at the sites 
of injury, perhaps synergistically  [  44  ] . End 
bulbs accumulate sodium channels thought to 

contribute to ectopic discharges that generate 
neuropathic pain  [  11  ] . 

 A subsequent series of proliferative events 
involving the proximal nerve trunk at the site of 
injury takes place at day 3 following the injury 
with combined endothelial cell, Schwann cell, 
mast cell, and connective tissue proliferation 
 [  9,   45 ,  46  ] . This coincides with axon sprouting 
and macrophage in fi ltration  [  27  ] . After transec-
tion, a single axon produces multiple axonal 
sprouts. New axonal sprouts can emerge directly 
from the end bulbs, but more often arise from 
their proximal junction with the axon or at 
nodes of Ranvier. At the tip of these sprouts, a 
growth cone exists that has an af fi nity for the 
 fi bronectin and laminin of the Schwann cell 
basal lamina. The growth cone explores the   
distal environment for an appropriate physical 
substrate.  

    9.4.3   Axonal Degeneration 

 In the distal nerve stump, a parallel series of 
changes develop after injury. Distal to the injury, a 
series of molecular and cellular events (some 
simultaneous while others are consecutive) that 
are collectively termed  Wallerian degeneration  
(Fig.  9.14 ) are triggered throughout the  distal  
nerve stump and within a small reactive zone at the 
tip of the proximal stump. In Wallerian (or antero-
grade) degeneration the primary histological 
change involves physical fragmentation of both 
axons and myelin. Ultrastructurally, both neurotu-
bules and neuro fi laments become disarrayed. Until 

Wallerian
degeneration

Transection of axon

  Fig. 9.14    Transection 
injury such as could occur 
with a scalpel or straight 
 fi ssure bur and accompany-
ing axonal degeneration  –  
resulting in dissolution of 
distal myelin sheaths, 
degeneration of axoplasm 
distally, and sealing of the tip 
of the proximal stump of the 
axon (From Steed  [  34  ] ; with 
permission)       
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recently, it was assumed that axons degenerated 
because they were no longer supported by their 
cell bodies. More recent studies have revealed that 
disconnected axons  destroy themselves  through a 
local caspase-independent process  [  12,   32  ]  that 
leads to cytoskeletal disintegration.  

 The intrinsic degeneration of detached distal 
axons has been identi fi ed as the key event in 
Wallerian degeneration, triggering a cascade of 
nonneuronal cellular responses that leads to 
clearing of the inhibitory debris and production 
of an environment that supports axon regrowth in 
the months after the injury  [  15  ] . An initial and 
transient calcium signal within the axon is likely 
the sentinel development  [  43  ] . 

 Axon degeneration does not occur immedi-
ately. Detached axon segments remain intact for 
days after peripheral nerve injury and can still 
transmit action potentials when stimulated 
 [  15,   28,   40  ] . The lag between injury and axonal 
degeneration is 24–48 h in murine models and 
several days for humans  [  8,   15,   18  ] . Eventually 
axons bead and swell before catastrophic granu-
lar disintegration of the cytoskeleton into  fi ne 
debris is completed  [  16  ] .  

    9.4.4   The In fl ammatory Response 
in Wallerian Degeneration 

 Macrophages, T cells, and neutrophils in fi ltrate 
the site of an injury within 2 days. There are 
two populations of macrophages in an injured 
peripheral nerve, resident and recruited. 

Resident endoneurial macrophages constitute 
approximately 4 % of the endoneurial cell popu-
lation and respond extremely rapidly to injury. 
They are joined by recruited macrophages from 
the vascular supply attracted by locally pro-
duced chemokines. These macrophages pen-
etrate the tubes of the Schwann cell, degrade 
the myelin sheaths, and phagocytose the axonal 
debris that has occurred (Fig.  9.15 ). Schwann 
cells themselves may participate in the break-
down of myelin if the numbers of macrophages 
are depleted. Although the endoneurium and 
basal lamina remain essentially intact, the neu-
ral tube eventually collapses as the myelin and 
axonal contents are digested. The process con-
tinues until the axons neural components are 
completely resorbed, at which time the neural 
tube becomes replaced by Schwann cells and 
macrophages.   

    9.4.5   Schwann Cells 

 Schwann cells, the ensheathing glial cells of the 
peripheral nervous system, are crucial for normal 
nerve function and for nerve repair (Gaudet et al. 
2011). Schwann cells constitute 90 % of nucle-
ated cells within peripheral nerves  [  3  ] . They pro-
vide nutritional support for developing, mature, 
and regenerating axons. Basal lamina produced 
by Schwann cells surrounds the cell and its 
associated axon(s), isolating units from their 
neighbors and from extracellular matrix. The 
functional relationship between Schwann cells 
and their axons is normally tightly  regulated by 

Macrophage

  Fig. 9.15    The in fl ammatory 
response. The Schwann cell 
tube is invaded by 
 macrophages, which breach 
the basal lamina. Schwann 
cells distal to the injury site 
proliferate and axon sprouts 
begin to emerge from the 
proximal stump (From Steed 
 [  34  ] ; with permission)       

 



1619 Nerve Injury and Regeneration

reciprocal signaling  [  20  ] . The manner in which 
Schwann cells respond to the loss of that rela-
tionship, whether as a result of demyelination 
or of axonal degeneration after crush or transec-
tion, is a critical component of the response to 
injury  [  20  ] . 

    9.4.5.1   Proliferation and Support 
 Schwann cells in the distal stump undergo pro-
liferation and phenotypical changes to prepare 
the local environment for favorable axonal 
regeneration. Schwann cells in the distal nerve 
begin to dedifferentiate soon after peripheral 
nerve injury, a process that is dependent on the 
ubiquitin–proteasome system  [  24  ] . Myelinating 
Schwann cells associated with detached axons 
respond by altering their gene expression. Within 
48 h these cells stop producing myelin proteins, 
upregulate the synthesis of neurotrophic factors 
and their receptors, and begin to proliferate  [  20  ] . 
Proliferating Schwann cells organize themselves 
into columns (referred to as bands of Bungner or 
Schwann tubes), and the regenerating axons 
associate with them by growing distally between 
their basal membranes (Fig.  9.17 ). Schwann 
cells that are contacted by regenerating axons 
uncouple  [  6,   7  ] , differentiate, and start to secrete 
myelin once again. 

 Schwann cells that have not been rein-
nervated may apoptose and disappear  [  37  ] . 
Cells that have been denervated for more than 
6 months are morphologically and functionally 
different from their acutely denervated counter-
parts  [  20  ] . They show evidence of downregu-
lating expression of receptors used in Schwann 
cell – axon signaling. Loss of these receptors 
may be the reason why denervated Schwann 
cells become progressively less able to support 
axonal regeneration. Interestingly, chronically 
denervated Schwann cells can be reactivated 
by treatment with TGF-B, a cytokine that is 
released by proliferating Schwann cells and 
macrophages. These reactivated Schwann cells 
can support axonal regeneration  [  35  ] . The 
weight of experimental evidence strongly sug-
gests that there is a relatively narrow window 
of opportunity when transected neurons are in 
survival mode and denervated Schwann cells 
are axon responsive thus reinforcing the view 
that nerve repair should not be delayed when 
there is unequivocal evidence of the separation 
of nerve stumps  [  20  ] . 

 The environment of the distal nerve directs 
nerve growth by means of contact attraction 
(contact guidance) and chemo-attraction (neurot-
ropism) or supports nerve cell survival (neuro-

Microsurgical anastamoses
Gradient of dissolved

substances

Axon Axon

AxonAxon

Target

Operative alignment

Cell adhesion molecules (CAMS) or
ECM neurite outgrowth

promoting factors
Chemical support

preventing cell death

NeurotrophismContact guidance

TargetTarget

Neurotropism

Target

  Fig. 9.16    Mechanisms of regenerative nerve guidance. 
With operative alignment, the axons are physically aligned 
with the target. In neurotropism, the growth cone follows 
a chemotactic gradient of neurotransmitters secreted by 
the distal segment. In contact guidance, the axons follow 

physical guideposts such as cell adhesion molecules 
( CAMs ) or ECM neurite outgrowth promoting factors to 
reach their target. In neurotrophism, growth cones will 
reach a target and receive chemical support (preventing 
cell death) if it is the correct one       
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trophism) (Fig.  9.16 ). Each of these mechanisms 
involves Schwann cells. Schwann cells produce 
a large number of molecules that can potentially 
regulate axonal regeneration either directly or indi-
rectly. The molecules can be roughly divided into 
three groups: cell adhesion molecules (CAMs), 
extracellular matrix proteins, and neurotrophic 
factors  [  14  ] .   

    9.4.5.2   Cell Adhesion Molecules (CAMs) 
and Extracellular Matrix Proteins 

 Schwann cells play an indispensable role in pro-
moting regeneration by increasing their synthe-
sis of surface cell adhesion molecules (CAMs), 
such as N-CAM, L1, and N-cadherin. They also 
show enhanced expression of extracellular matrix 

proteins such as laminin, collagen,  fi bronectin, 
and tenascin-C  [  14  ] . These molecules mediate 
adhesion between axon and axon, axon and 
Schwann cells, and axon and basal lamina and 
thereby regulate contact  attraction axonal growth 
into the distal nerve stump (Fig.  9.17a ). 
Adhesions between axons and between axons 
and Schwann cells are primarily mediated by 
homophilic binding of L1, N-CAM, and 
N-cadherin, although heterophilic binding of 
N-CAM to L1 and N-CAM or L1 to integrins 
(receptors) also occurs  [  14  ] . Adhesion between 
axons and the basal lamina is primarily accom-
plished by binding of extracellular matrix mole-
cules, such as laminin and tenascin, to integrin 
receptors  [  10  ] .   
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  Fig. 9.17    Axon growth 
cone orientation, adhesive-
ness, and survival. ( a ) 
Axonal growth requires the 
presence of extracellular 
matrix proteins (present 
within the basement 
membrane produced by 
Schwann cells) and surface 
cell adhesion molecules 
( CAMs ) (present on the 
Schwann cell surface). 
The presence of receptors 
(integrins) for these 
molecules or homophilic 
binding to the same 
molecules allows advance-
ment of the axonal growth 
cone. ( b ) If these receptors or 
same molecules are not 
present, the advancement of 
the axonal growth cone will 
not occur. ( c ) Growth can 
only occur if neurotrophic 
factors are available in the 
growth terrain. The trophic 
factors are incorporated into 
the axon and transported to 
the cell body to support its 
survival. ( d ) If local 
neurotrophic factors are not 
present, growth will not 
occur and the axotomized 
neuron may not survive       
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    9.4.5.3   Neurotrophic Factors 
 Neurotrophic factors are a family of polypeptides 
required for survival of discrete neuronal popula-
tions  [  13  ] . The neurotrophin family includes NGF 
(nerve growth factor), BDNF (brain derived neu-
rotrophic factor), NT-3 (neurotrophin 3), NT-4/5 
(neurotrophin 4/5), FGFa (acidic  fi broblast 
growth factor), PDGF (platelet derived growth 
factor), and GGF (glial growth factor), all of 
which may have autocrine and paracrine effects 
on neurons in addition to their effects on nonneu-
ronal cells in the growth pathway  [  14  ] . The 
upregulation of neurotrophic factors in the distal 
nerve stumps of injured nerves and their subse-
quent return to normal levels after regeneration 
and target reinnervation have led to the natural 
association between these factors and regenera-
tion  [  14  ] . Although a direct effect of these mole-
cules on regeneration has been extensively looked 
for, there is increasing evidence that the neu-
rotrophic molecules act directly to promote neu-
ron survival and indirectly on regenerating axons 
via nonneuronal cells such as Schwann cells. 

 Different populations of neurons express 
receptors for different neurotrophins, indicating 
that each distinct neuronal population will respond 
differently to the mix of neurotrophins supplied 
by the Schwann cells and the target tissue  [  5  ] .   

    9.4.6   Axonal Regeneration 

 The Schwann cell is therefore an intimate and 
essential partner to axons during early regenera-
tive outgrowth. Three to four days after injury, 

Schwann cells throughout the distal stump and 
at the tip of the proximal stump start to divide. 
Schwann cells migrate into injury sites. The 
proliferating Schwann cells then organize into 
columns and form the “bands of Bungner” 
which are arrays of Schwann cells within a 
space circumscribed by the basal lamina 
(“Schwann tube”) (Fig.  9.18 ). The spouts from 
the proximal stump of the axon grow towards 
the lesion site within the basal lamina tubes that 
enveloped their parent axons and enter the 
“bands of Bungner.” The advancement of regen-
erating axons into the distal segment is pro-
moted by neurite outgrowth promoting factors 
such as laminin and  fi bronectin  [  1,   19,   25  ] . 
Although sprouting usually starts within several 
hours of injury, it may be several days before a 
cellular outgrowth emerges from the proximal 
stump, and at least 4 weeks before all regrowing 
axons have negotiated the interface between 
proximal and distal stumps, a process which has 
been termed “regeneration stagger”  [  20  ] . Since 
an excess number of sprouts invade the distal 
Schwann columns, the initial number of axons 
present in the distal nerve segment may consid-
erably exceed the number in the same nerve 
proximal to the site of injury  [  17  ] . With suc-
cessful elongation and in the case of minimal 
separation of the two ends of the damaged axon, 
there may be no axonal misrouting, and remy-
elination of the axon from the daughter Schwann 
cells will take place (Fig.  9.19 ). Regrettably, the 
presence of a nearby or attached distal stump 
does not ensure directionality of peripheral 
axons  [  43  ] .    

Basal lamina
tube

Axonal
sprout

Schwann tube/
Bungner band

  Fig. 9.18    Axonal 
regeneration. The proliferating 
Schwann cells form a tube 
(also known as the band of 
Bungner). Axon sprouts 
from the proximal end of the 
axon (From Steed  [  34  ] ; with 
permission)       
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    9.4.7   Pathway Selection 

 If axons degenerate without rupture of the basal 
lamina that surrounds each Schwann tube (e.g., 
in an ischemic or compressive injury), the axon 
sprouts are less likely to be misrouted. This is not 
always the case; however, the prime example of 
failed directional growth or inability for the axons 
themselves to cross a gap is the “neuroma in con-
tinuity,” a partial nerve trunk injury in which the 
distal and proximal stumps remain connected, 
but fail to utilize this relationship  [  43  ] . The con-
nective tissue bridge of the neuroma in continuity 
contains small numbers of axons or none at all. In 
traumatic injuries to the peripheral nerve resulting 
in complete disruption, the nerve ends become a 
swollen mass of disorganized Schwann cells, cap-
illaries,  fi broblasts, macrophages, and collagen 
 fi bers.    Regenerating axons that reach the swollen 
bulb of the proximal stump encounter signi fi cant 
barriers to further regeneration. Most sprouts will 
remain in the endoneurium, but others may tra-
verse into the epineurium through breaches in the 
damaged perineurium or may grow ectopically 
between the layers of the perineurium. In both 
situations their behavior may produce a painful 
neuroma (Fig.  9.20 ).   

    9.4.8   Roadblocks to Regenerative 
Outgrowth 

 The growth potential of regenerating axons 
has been suggested to be maximal 3 weeks 
after injury, based on temporal changes of the 
metabolic status of axotomized neurons  [  14  ] . 

Growth support provided by the distal nerve 
stump and the capacity of the axotomized neu-
rons to regenerate axons may not be sustained 
inde fi nitely. Even if the neurons survive the 
injury, their capacity to regenerate may dete-
riorate with prolonged neurotrophic factor 
deprivation. As a result, axotomized axons that 
attempt to regenerate their axons after delayed 
nerve repair may fail. Even when regenerating 
axons gain access to the distal nerve stump after 
early microsurgical repair, they must regenerate 

  Fig. 9.20    Neuroma of the peripheral trigeminal nerve at 
its exit from the right mental foramen (From Steed  [  34  ] ; 
with permission)       

  Fig. 9.19    Daughter Schwann 
cells and complete regenera-
tion over a less than critical 
nerve gap. “Daughter” 
Schwann cells re-myelinate 
the regenerating axon. The 
new myelin sheaths are 
thinner and the intermodal 
distances are shorter than the 
axon’s more proximal 
counterparts (From Steed 
 [  34  ] ; with permission)       
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over long distances to reach their denervated 
targets at a rate of 1–3 mm/day. 

 In peripheral nerve repair, scar formation is a 
major clinical problem. Many axons fail to regen-
erate past the injury site because they become 
trapped in scar tissue after the repair even with pri-
mary neurorrhaphy. In the injured human nerve, 
while the Schwann cell environment within the 
bands of Bungner is supportive of axonal growth, 
the  fi brotic scar that forms at the site of repair rep-
resents a barrier to successful regeneration. 

 Examples of poor axon regeneration beyond 
that of a neuroma suggest a highly constrained 
regenerative capacity of peripheral neurons  [  43  ] . 
In the central nervous system (CNS), constrained 
regrowth is essential to the re fi nement of topo-
graphical circuitry. Molecular pathways to limit 
exuberant and inappropriate growth are needed 
in the CNS  [  43  ] . Similar persistent expression 
of growth restraining mechanisms within the 
peripheral system may limit regeneration when 
it is needed.   

    9.5   Summary 

 Surgeons caring for patients who have sustained a 
nerve injury to a branch of the peripheral trigemi-
nal nerve must possess an understanding of the 
peripheral nerve’s response to trauma. The series 
of events that subsequently take place are largely 
dependent upon the injury type and severity, but are 
consistent with the response of all other peripheral 
nerves throughout the body. Regeneration of the 
peripheral nerve is possible in many instances and 
future manipulation of the regenerative microen-
vironment will lead to advances in the manage-
ment of these dif fi cult injuries.      
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  10

 The foundation of proper treatment of any medi-
cal condition is establishment of an accurate 
diagnosis, and the diagnosis is based upon a thor-
ough evaluation of the patient’s condition. The 
patient with a peripheral trigeminal nerve injury 

may present with a myriad of symptoms, often 
not conforming to a stereotypical pattern. 
Likewise, the responses to a neurological exami-
nation are varied and require interpretation based 
upon the knowledge and experience of the clini-
cian. However, in this chapter, the evaluation of 
the nerve-injured patient is presented in a manner 
easily understood and completed by any compe-
tent practitioner, whether a specialist in nerve 
injuries or not. The obtainment of a proper his-
tory and completion of an essential neurosensory 
examination will lead to the establishment of a 
diagnosis regarding the extent of the sensory neu-
rological de fi cit and the classi fi cation of the nerve 
injury. Such an undertaking will allow the clini-
cian to consider appropriate and timely treatment, 
and it should be a rewarding, rather than a con-
founding, experience, if the clinician follows the 
information presented in this chapter on clinical 
evaluation of nerve injuries. 

    10.1   Introduction 

 To the inexperienced clinician, the evaluation of a 
patient with a peripheral trigeminal nerve injury 
can be a confounding or intimidating task. The 
patient with a sensory nerve injury is usually 
complaining of lost or altered sensation, pain, or 
a combination of both. Such symptoms are rela-
tively dif fi cult to  quantify  objectively by conven-
tional means of physical examination, such as 
that of inspection, palpation, percussion, and aus-
cultation. Many advanced, sophisticated, and 
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technologically involved methods for peripheral 
nerve evaluation that utilize specialized testing 
equipment (such as somatosensory evoked poten-
tials (SSEP), magnetic source imaging (MSI), 
conduction velocity, and current perception 
threshold) have been developed and used primar-
ily in laboratory and clinical research studies 
 [  12 ,  35 ,  40 ,  46 ,  56 ,  65  ] . Such armamentarium is 
not necessary in order to conduct an accurate and 
reproducible clinical examination of the nerve-
injured patient. However, the interested clinician 
is encouraged to peruse the references listed in 
the references. In this chapter, a practical, straight-
forward method for evaluating sensory nerve 
injuries that is used in clinical practice is pre-
sented  [  22 ,  43 ,  47 ,  70  ] . This evaluation is well 
within the capability of any clinician, whether a 
specialist in nerve injuries or not. 

 Although the evaluation of a sensory nerve 
injury depends upon patient cooperation and 
proper interpretation, and it is characterized as 
“subjective” by some investigators  [  65  ] , the 
information obtained from the methods described 
in this chapter is valid, is reproducible by other 
examiners, and is routinely used in the diagnosis, 
classi fi cation, and treatment of peripheral nerve 
injuries in all surgical specialties  [  7 ,  49  ] . A stan-
dardized method for peripheral nerve injury eval-
uation makes it possible to compare and interpret 
data from multiple treatment centers, thus enhanc-
ing the validity of clinical research and unifor-
mity in terminology and nomenclature  [  39  ] . 

 When evaluating a patient with a sensory 
nerve injury of the mouth or face, the clinician’s 
mission is to ascertain the circumstances of the 
injury and its subsequent course, examine the 
region containing the sensory dysfunction, com-
plete a series of diagnostic maneuvers that will 
accurately outline the area of sensory de fi cit, 
quantify as best as possible the magnitude and 
character of the de fi cit, and record this informa-
tion in an objective format so that it can be a basis 
for comparison with subsequent examinations by 
the same clinician or others, as needed. Accurate, 
legible, and complete records of this evaluation 
are indispensable since they are needed in mak-
ing decisions regarding treatment of the nerve 
injury. Complete medical records are imperative 

in retrospective studies of patient care, and they 
may be crucial in cases of legal involvement. 

 The essential elements of the evaluation of the 
patient with a peripheral sensory nerve injury of 
the oral and maxillofacial regions include the 
chief complaint; the history of present illness 
related to the chief complaint; a general head, 
neck, and oral examination; clinical neurosen-
sory testing; imaging studies; and diagnosis and 
classi fi cation of the injury. Each of these subjects 
is addressed sequentially in this chapter.  

    10.2   History 

 The patient history begins with the patient’s  chief 
complaint  or the reason that the patient is seeking 
treatment. In the case of a sensory nerve injury, 
such as that of one of the peripheral branches of the 
trigeminal nerve, it will usually concern decreased 
altered sensation ( paresthesia ) or painful or 
unpleasant sensation ( dysesthesia ). The clinician 
must differentiate between these two types of sen-
sory aberration because there is a separate neuro-
sensory examination for each scenario (see below, 
Sect.  10.5.2 ). Some patients complain of both par-
esthesia and dysesthesia, so both types of examina-
tion may apply to these individuals. Patients often 
are frustrated or have dif fi culty in describing their 
sensory symptoms  [  45  ] . The exact nature of their 
complaints is often better determined by having 
the patient complete a preprinted questionnaire 
before being examined by the clinician. An exam-
ple of the “nerve injury history” used in clinical 
practice and included in Appendix  10.A.1  is 
referred to in the following discussion. 

 When the patient complains of decreased or 
altered sensation, the problem may be character-
ized as  numbness . This, however, is a colloquial 
term that demands clari fi cation in order to be 
meaningful in a clinical sense. The patient who 
complains of numbness may be attempting to 
describe altered sensation that falls anywhere along 
a continuum from minimal sensory de fi cit ( hypo-
esthesia ) to total loss of sensation ( anesthesia ). 
There may be some component of pain ( dysesthe-
sia ) as well. To assist the patient in verbally char-
acterizing the nature of the sensory dysfunction, 
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a list of descriptive words (partially attributed to 
 [  58  ] ) is included on the preprinted nerve injury his-
tory form (see Appendix  10.A.1 , item #3). 

 Patients with complaints of a painful or 
unpleasant sensation are questioned whether it is 
 constant  or  intermittent . Constant pain is most 
often seen in patients with chronic (more than 
3 months), well-established, dysesthesia. There 
may be a central nervous system (CNS) compo-
nent as well as that caused by the peripheral nerve 
injury. For example, CNS pain may develop over 
time due to the loss of afferent input from the 
periphery, so-called  deafferentation pain , caused 
by failure of impulse transmission by the injured 
nerve  [  13  ] . Intermittent pain may be  spontaneous  
or  stimulus evoked . Spontaneous pain may be of 
brief duration (seconds), longer (minutes to 
hours), or constant. Stimulus-evoked pain is most 
often brief (seconds). It is usually associated with 
a common, frequently performed maneuver such 
as applying lipstick or shaving. Such pain is usu-
ally described by the patient as “hypersensitiv-
ity.” The intensity or severity of the pain at the 
time of the examination may be estimated by 
having the patient use a visual analog scale (VAS) 
in which 0 is “no pain” and 10 indicates the 
“worst pain” the patient has ever experienced. 
The patient is asked whether there is anything 
that has relieved the pain, including medications, 
application of heat or cold, rest, physical exer-
cise, acupuncture, and chiropractic manipulation. 
In some patients with chronic pain, there is a his-
tory of inappropriate or excessive use of medica-
tions (particularly narcotics). Such patients may 
request prescription narcotic, sedative, or tran-
quilizing medications with addictive potential for 
pain relief on their  fi rst visit. In most cases, this is 
not acceptable and such medications should not 
be prescribed. Consultation with the patient’s 
other known medical or dental practitioners and 
local pharmacies may reveal an extensive history 
of prescription medication usage for chronic pain 
(see Appendix  10.A.1 , item #4). 

 The  history of the present illness  includes the 
incident, procedure, or operation (e.g., local anes-
thetic injection for dental work, root canal  fi lling, 
mandibular third molar removal, placement of 
dental implant, maxillofacial injury, jaw defor-

mity surgery, and cyst or tumor removal) that pre-
ceded and is thought by the patient to be the cause 
of the onset of the sensory complaint, the date of 
its occurrence, the symptoms, their progress or 
change in the interval since onset, and any per-
ceived impairment of orofacial functions. This 
information is obtained by posing the following 
few screening questions: (1) What happened to 
initiate the onset of your symptoms? (2) Who 
performed the procedure or operation? (3) When 
(date) did it happen? (4) When did your primary 
symptom (numbness and/or pain) begin (date)? 
(5) What is the progress or change in your 
symptom(s) since onset? (6) What is the esti-
mated amount of impairment or interference with 
orofacial functions in your everyday life? (7) 
Does anything make the symptoms better or 
worse? (see Appendix  10.A.1 , items #5, 6, 7). 

 The incident or operation associated with the 
onset of sensory symptoms is often helpful in 
localizing the site of the nerve injury. For instance, 
if, after the removal of the mandibular left third 
molar tooth, a patient complains of left tongue 
numbness, there has most likely been an injury to 
the left lingual nerve (LN) in its location on the 
medial surface of the left mandible adjacent to 
the location of the removed tooth. The patient 
who complains of left lower lip and chin numb-
ness after a similar operation probably sustained 
an injury to the left inferior alveolar nerve (IAN) 
adjacent to the apical portion of the third molar 
socket, although this complaint could represent a 
local anesthetic mandibular block injury as well. 
If, after a facial fracture through the right inferior 
orbital rim, the patient complains of right midfa-
cial and upper lip numbness, the right infraorbital 
nerve (IFN) may surely have been involved within 
the inferior orbital canal or at its exit through the 
infraorbital foramen. Sensory changes in the 
lower lip or chin following posterior mandibular 
dental implant placement are generally caused by 
direct contact of the IAN or mental nerve (MN) 
with a rotating dental bur or by the implant itself. 
If the dentist or surgeon who performed the pro-
cedure is known, he or she might be contacted to 
obtain copies of the patient’s records, including 
operative reports that may contain information 
about the nature and location of an observed 
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nerve injury. It is also a professional courtesy to 
send a report of the patient’s nerve injury evalua-
tion to that practitioner, whether or not a direct 
referral for care of the nerve injury was made. 

 Of special interest is the patient whose onset of 
altered sensation is without an associated incident 
or procedure. This patient requires the evaluation 
presented in this chapter to rule out the presence 
of pathology or a causative factor in the oral and 
maxillofacial regions (e.g., metastatic tumor to 
the mandible) (Fig.  10.1 ). Failing to  fi nd a cause 
there, it is incumbent upon the clinician to refer 
the patient to a neurologist for further evaluation 
to determine the reason for the patient’s spontane-
ous onset of symptoms (CNS tumor, vascular 
anomaly, infection, metabolic disorder, etc.).  

 The date of the incident and/or onset of sensory 
changes is pertinent because there is a timetable for 
the pathophysiologic response of a peripheral nerve 
to injury (Wallerian degeneration)  [  7 ,  61  ] . 
Progressively, the axons distal to the injury location 
undergo necrosis and phagocytosis. As this process 

is completed, repair is begun by outgrowth of axonal 
sprouts from the proximal nerve stump. If the distal 
nerve superstructure is not recannulated by new 
axons within a reasonable period of time, it is 
replaced by scar tissue and becomes incapable of 
repair, either spontaneously or by surgical interven-
tion. Although there is some uncertainty regarding 
the timing of surgical repair of nerve injuries  [  64  ] , it 
is generally accepted that there is a window of 
opportunity of about 6 months from the time of 
injury when surgical repair of an injured nerve pro-
vides the best chance of improvement or restoration 
of sensory function  [  2 – 5  ] . After that, the chance of 
successful outcome of nerve repair decreases with 
each passing month until a critical mass of distal 
nerve tissue is replaced by scar tissue that lacks the 
potential for restoration of nerve function; addition-
ally, there is ganglion cell death in the trigeminal 
ganglion that decreases the total percentage of pos-
sible sensory recovery. In humans, this time has 
been estimated at 12 months or  longer, depending 
on the age and general health of the patient and 

a

d

b

c

  Fig. 10.1    Spontaneous    numbness and pain in the facial 
region: ( a ) a 36-year-old male with right facial pain and 
swelling ( arrow ) and numbness of the right upper lip; ( b ) 
panorex shows lesion of right maxilla and sinus ( white 
arrows ). Biopsy revealed transitional cell carcinoma. 
Microscopic examination showed tumor invasion of the 

right infraorbital nerve. ( c ) A 41-year-old female with 
right mandibular pain and numbness of right lower lip and 
chin ( outlined ); ( d ) panorex reveals lytic lesion ( white 
arrows ) involving right mandible and IAN. Biopsy showed 
metastatic adenocarcinoma, due to primary tumor in 
uterus       
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other factors not yet fully understood  [  42  ] . In any 
case, it behooves the clinician who initially attends 
the patient with a sensory nerve injury to note the 
date of injury so that surgical intervention that might 
be indicated for non-resolving sensory dysfunction 
can be done within a favorable time frame. 

 Numbness or pain may not begin concomi-
tantly with the incident or operation associated 
with the nerve injury. For example, seepage of 
root canal medicaments from the tooth apex fol-
lowing over-instrumentation during root canal 
preparation may take one or more days to reach 
the adjacent inferior alveolar canal (IAC) and 
cause a chemical burn of the IAN. Similarly, after 
bone preparation for insertion of dental implants, 
edema secondary to heat generated by the drill 
may develop slowly within the IAN, producing 
delayed compression of the nerve with the onset 
of lower lip numbness and/or pain not noticed by 
the patient for up to 24 h after the procedure. Also, 
if the IAN is not directly injured, but the bony 
wall of the IAC is disrupted during elevation and 
removal of a mandibular third molar, or during 
any other procedure (e.g., mandibular fracture or 
mandibular osteotomy), excessive bone may be 
regenerated during the healing process  [  9  ] . Thus, 
the IAC diameter is narrowed, and delayed com-
pression of the IAN occurs one to several months 
later with the onset of symptoms at that time. 
Such instances help to explain why, although most 
sensory nerve injuries result in immediate onset 
of symptoms, in some patients sensory dysfunc-
tion might occur later and render the association 
between cause and effect somewhat obscure. 

 The progression of sensory symptoms is 
signi fi cant because, over an interval of days, 
weeks, or months after the injury, the patient 
might show improvement or deterioration of sen-
sory function or undergo no change  [  18  ] . The 
patient is seen at regular intervals (i.e., every 
2–4 weeks) for repeated evaluations to ascertain 
any evolution of sensory status. In patients who 
are improving, an  expectant  course can be taken; 
serial examinations are repeated as long as they 
continue to show documented subjective and 
objective improvement at each subsequent visit. 
A patient who fails to show improvement of 
 neurosensory status from one evaluation to the 
next (especially beyond 3 months following nerve 

injury) will generally not resume improvement at 
some future date. This patient is assumed to have 
reached a plateau or end point. If his or her sen-
sory status is judged to be  unacceptable , a deci-
sion regarding surgical intervention should be 
considered at that time rather than continuing to 
follow the patient further in the vain hope that 
further improvement will occur in the future. 
Whether or not a patient is improving is based 
not only upon subjective information (the 
patient’s history) but also upon objective evi-
dence (the examination, see below). In the course 
of recovery from a sensory nerve injury, new 
symptoms may appear. Most commonly, numb-
ness is the patient’s initial complaint. Although 
there may be pain at that time as well, it often 
develops days or weeks after the injury, and it 
may increase in frequency, duration, and inten-
sity, be episodic initially and then become con-
stant, and be spontaneous or associated with 
various orofacial maneuvers or daily activities. 

 Aside from the unpleasant sensory symptoms, 
many patients experience interference with nor-
mal daily activities or functions (see 
Appendix  10.A.1 , item #7). Chewing food, drink-
ing liquids, toothbrushing, face washing, shav-
ing, applying lipstick and makeup, and speaking 
are examples of common acts that are performed 
almost without thinking in the person with nor-
mal orofacial sensory and motor function. Loss 
of sensory input adversely affects the coordina-
tion of the motor component of any activity. 
Therefore, accidental lip or cheek biting while 
chewing food, dribbling of liquids while drink-
ing, dif fi culty with toothbrushing or application 
of lipstick, and alterations of speech are common 
complaints of the patient with a peripheral 
trigeminal nerve injury and should be duly noted 
 [  27  ] . In some patients, interference with speech 
or the ability to play wind musical instruments 
may impact on their capacity to earn a living. 
Referral to a speech pathologist or other perform-
ing consultant may be indicated in order to prop-
erly document a loss of function and arrange for 
appropriate corrective therapy, if indicated. 

 Although not a primary complaint, the patient 
with a lingual nerve injury is often aware of 
alterations of taste sensation ( parageusia, dys-
geusia ) that may be characterized as a general 
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lessening or loss of taste, loss of one or more 
speci fi c taste senses (sweet, sour, salty, bitter), 
or a foul or unpleasant taste (e.g., metallic, rot-
ten, foul, rancid). The patient should be coun-
seled that taste sensation may improve along 
with spontaneous improvement in general sen-
sory function of the lingual nerve (LN) or as 
a result of the microsurgical repair of the LN 
 [  53  ] . However, it is further explained that taste 
sensation is transmitted by the chorda tympani 
 fi bers from the facial nerve (FN7) that travel 
with the lingual nerve but which send their 
impulses to the nucleus of the FN7 and have a 
potential for healing and recovery of function 
that is not as great as that of the LN. Therefore, 
recovery of taste may or may not occur to the 
same extent as that of the general sensory func-
tion of the LN, although some patients report 
normal or near-normal taste sensation after LN 
repair  [  6 ,  29 ,  53 ,  69  ] . 

 As important as is the history in the evaluation 
of a patient’s complaint, it has been shown that 

neurosensory problems can be over-reported by 
some patients  [  14  ] . Therefore, it behooves the cli-
nician to always complete a comprehensive neu-
rosensory examination of the patient regardless of 
the alleged severity of the subjective symptoms.  

    10.3   Equipment 

 The well-equipped practitioner’s of fi ce will 
already contain the supplies and instruments 
required for examination of the nerve injury 
patient. Sterile gloves, mouth mirror, tongue 
blades, cotton swabs, calipers, local anesthetic 
needles (27 gauge), anesthetic cartridges, and 
local anesthetic syringe are the basic armamen-
tarium used for nerve testing (Fig.  10.2 ). A pulp 
tester (vitalometer) is sometimes used as method 
of assessing response to pain when evaluating 
an IAN injury (Fig.  10.3 ). An algometer can be 
another way to assess pain response. Thermal 
discs are utilized by some clinicians to test 

  Fig. 10.2    Basic equipment for NST includes ( left to right ) syringe, local anesthetic cartridges, calipers, 27-gauge 
needle, tongue blade, cotton swabs, mouth mirror, and examination gloves       
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 sensory response to temperature change  [  17  ] . 
Semmes-Weinstein mono fi laments  [  63  ]  provide 
a more accurate and reproducible measure of 
contact detection (static light touch), although 

the use of a cotton swab as demonstrated below 
is adequate in the typical clinical situation.    

    10.4   Head, Neck, and Oral 
Examination 

 A regional examination is completed on all patients 
including the head, eyes, ears, nose, face, temporo-
mandibular joints, neck, oral cavity, pharynx, and 
neck. Speci fi c components of the screening evalu-
ation for the nerve injury patient are shown in 
Fig.  10.4 . Following recording of the patient’s vital 
signs, the next step is  inspection . If the patient is 
acutely injured, the examiner looks for evidence of 
maxillofacial trauma (missile wound, laceration, 
facial bone fracture, abrasion, or contusion). A 
nerve injury (transection, avulsion, partial tear, 
compression, or crushing) may be able to be 
directly visualized through an open wound or lac-
eration  [  2  ] . In other patients, the examiner searches 

  Fig. 10.3    A pulp tester can be used to assess pain response 
of the lower teeth in a patient with an IAN injury       

Inspection

Acute injury

Chronic injury

Chronic injury site

Chronic injury site

No response

Local response w/ radiation

Localized pain or tingling

No response

Nonpainful response +/– radiation

Localized pain w/ radiation

Localized pain

Self-induced trauma

Neurotrophic changes

Scars

Visible nerve injury

Palpation

Percussion

  Fig. 10.4    The initial part of the NST includes inspection, 
palpation, and percussion of the head, neck, and oral 
regions. Positive  fi ndings in this screening process may 

lead the clinician to the location of the nerve injury and 
provide important information about its severity       

 

 



174 R.A. Meyer and S.C. Bagheri

for signs of recent or past injury or surgery (e.g., 
sutured or healing incisions, scars) or neurotrophic 
changes of the skin (edema, erythema, ulcerations, 
hypohidrosis, loss of hair, hypokeratosis) that may 
develop following sensory loss in that area. The 
patient with long-standing sensory dysfunction 
may repeatedly traumatize insensate soft tissues, 
producing factitious (self-induced) injury 
(Fig.  10.5 ). In the neck, scars from previous injury 
or surgical incisions when stimulated by repeated 
gentle stroking with the examining  fi nger or a cot-
ton swab may respond with symptoms and signs 
of sympathetic nervous system hyperactivity 
(hyperesthesia, sweating, blanching,  fl ushing, skin 
temperature changes) in the cutaneous area sup-
plied by the injured nerve. Such  fi ndings may be 
diagnostic of  sympathetic-mediated pain  (SMP; 
also known as re fl ex sympathetic dystrophy or 
complex regional pain syndrome  [  26  ] ).   

  Palpation  or  percussion  is done directly over 
the mandibular retromolar area or the medial 
 surface of the mandible adjacent to the third 
molar tooth (for the LN), over the mental  foramen 
either on the skin surface or intraorally between 
the mandibular premolar teeth (for the MN), 
beneath the inferior orbital rim on the skin or 

transorally superior to the maxillary premolar 
teeth (for the IFN), and at the midpoint of the 
eyebrow (for the supraorbital nerve (SON)). One 
of three possible responses, each called a  trig-
ger , may be induced in the presence of a nerve 
injury (Fig.  10.6 ). First, a painful sensation 
(often characterized by the patient as an “electric 
shock”) is induced and is limited to the area of 
applied stimulation. Second, this painful sensa-
tion may radiate from the area of stimulation and 
proceed distally into the area supplied by the 
affected nerve (e.g., palpation of the lingual 
nerve causes ipsilateral painful sensations in the 
tongue and  fl oor of mouth). Third, nonpainful 
responses (tingling, crawling, itching) radiate 
from the area of nerve palpation. In some 
patients, palpation or percussion over the injured 
nerve induces no trigger response. Subsequent 
direct observations of the injured nerve during 
microsurgical repair usually con fi rm that the 
trigger area denotes the site of nerve injury  [  70  ] . 
A painful response without radiation frequently 
indicates a complete nerve severance with a 
proximal stump neuroma as the source of the 
pain. On other hand, a painful response, or a 
nonpainful response with radiation, in some 
patients is a sign of partial nerve transection or a 
neuroma-in-continuity. This sign has been 
referred to as the  Tinel’s sign , and it may indi-
cate regenerating nerve  fi bers present in the area 
of palpation, or it may indicate the presence of a 
neuroma. In other patients with complete nerve 
severance, there are distally radiating sensations 
from the trigger area which probably represent 
 phantom pain   [  33  ] . Occasionally, a patient with 
a signi fi cant nerve injury fails to give a trigger 
response to stimulation over the injury site. 
Therefore, a trigger response should be consid-
ered indirect evidence of a signi fi cant nerve 
injury, whereas a lack of response does not rule 
out the presence of injury.  

 Percussion of the mandibular teeth may invoke 
tingling or unpleasant sensations that may or may 
not radiate from the teeth to the lower lip or chin. 
Palpation, percussion, or gentle stroking of the 
lower lip or chin may also cause sensations that 
radiate to the lower teeth. The signi fi cance of 
these  fi ndings in relation to the extent or nature of 
the injury to the IAN is not well understood 

  Fig. 10.5    A 62-year-old  fi sherman with loss of sensation 
in lower lip and chin from injuries sustained from chronic 
lower lip biting for 20 years. The central portion of the 
lower lip, initially thought to show the results of self-
induced injury, on biopsy was found to be squamous cell 
carcinoma, while the rest of the lower lip showed precan-
cerous dysplastic changes       
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 [  24 ,  25 ,  41 ,  66  ] . The appearance of the nerve at 
 surgery does not always correlate well with the 
extent of injury implied by results of the clinical 

examination; examination and neurosensory test-
ing (see below) are less accurate at predicting the 
extent of IAN injury than that of LN injury  [  70  ] . 

a

b

c d

Left

Right

  Fig. 10.6    Palpation is done directly over a nerve con-
tained in soft tissue to check for a trigger response: ( a ) 
right LN is palpated on the lingual aspect of the mandibu-
lar third molar area; ( b ) the right mental nerve is palpated 
either intraorally in the mandibular buccal vestibule ( left ) 

or on the face ( right ); ( c ) the left infraorbital nerve is pal-
pated on the face beneath the inferior orbital rim, but it 
can be accessed intraorally as well; ( d ) the left supraor-
bital nerve is felt as it exits the orbit just superior to the 
superior orbital rim       
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 The evaluation of taste sensation requires 
special equipment (see below), it is a technically 
demanding endeavor  [  68  ] , and the results may 
be dif fi cult to interpret  [  28  ] . Most patients who 
have sustained an LN injury are primarily con-
cerned with lost, altered, or painful general 
tongue sensation and the sequelae of accidental 
tongue biting, dif fi culty chewing food, painful 
toothbrushing (if there is a trigger area), effects 
on speech, and interference with the playing of 
wind musical instruments. Whether or not the 
patient has altered taste sensation seldom, if 
ever, in fl uences the surgeon’s decision regarding 
surgical or other treatment for the injured LN  [  3 , 
 53  ] . Therefore, taste testing is not usually 
included in the routine evaluation of the patient 
with a peripheral trigeminal nerve injury. In the 
patient who develops a taste aberration in the 
absence of known peripheral nerve injury, taste 
testing may be helpful in documenting whether 
or not there is an anatomical cause for actual loss 
of taste function (which might represent a symp-
tom and sign of a brain tumor, for instance) 
rather than its being due to a side effect of medi-
cation (e.g., chlorothiazide diuretics) or to a 
strictly psychological aberration. The taste buds 
in the anterior two-thirds of the tongue receive 
special sensory supply from the chorda tympani 
 fi bers that originate in the nucleus of the FN7 
and join the LN peripherally before its course to 
the tongue. Taste buds in the posterior one-third 
of the tongue are supplied by the glossopharyn-
geal nerve (GP9). Therefore, application of sub-
stances must be carefully con fi ned to one or the 
other segments of the tongue, and crossover of 
the substances to the contralateral side must be 
prevented to allow valid interpretation of the 
results. Further complicating this special sense 
is that taste is greatly in fl uenced by the sense of 
smell (note the common loss of taste sensation 
during an upper respiratory af fl iction such as the 
common cold or rhinitis from allergies). During 
taste testing, olfaction must be blocked, or non-
aromatic substances must be used. Some patients 
have reported no change in taste sensation in 
instances of documented LN anesthesia  [  53  ] . 
Clinical testing has shown a “remarkable differ-
ence” between a patient’s stated impression of 

his taste perception and his true ability to taste 
speci fi c substances based on testing  [  29  ] . Some 
patients may not even be aware of signi fi cant 
de fi cits in taste perception  [  8  ] . The ability of the 
chorda tympani nerve nuclei to regenerate after 
severance of peripheral axons has been shown to 
be highly unpredictable and sometimes to a 
lesser degree than the general sensory nerve 
nuclei of the trigeminal nerve  [  23  ] . Psychological 
factors not presently known or understood may 
in fl uence a patient’s perception of taste, whether 
or not there has been an injury to one of the 
nerves carrying special sense impulses from the 
taste buds  [  52  ] . 

 If the clinician wishes to evaluate taste sensa-
tion, the examination may include either  regional 
testing  or  whole mouth testing   [  21  ] . Regional 
testing evaluates selected groups of taste buds 
(i.e., those on the anterior two-thirds or those on 
the posterior one-third of the tongue) and allows 
the clinician to differentiate between the special 
sensory input of the LN and the GP9  [  28  ] . 
Therefore, regional testing is more valuable 
when one desires to measure the function of a 
speci fi c nerve with regards to taste sensation 
 [  44  ] . Whole mouth testing gives a more global 
and nonspeci fi c overview of the integrity of taste 
rather than focusing on the speci fi c innervation 
of selected groups of taste buds. The sense of 
taste conducted from the taste buds supplied by 
the chorda tympani branch of the facial nerve via 
the LN can be tested by applying sweet (sucrose), 
sour (citric acid), salt (saline), and bitter (qui-
nine) substances to the anterior two-thirds of the 
tongue  [  8  ] . The substances are applied via an 
enclosed “surface chamber” to con fi ne them to 
an isolated and discrete area of the tongue  [  68  ] . 
The patient’s eyes are closed and the nares are 
occluded during the taste applications. The 
patient is requested to report whether they feel 
the application of the test substance on the tongue 
and to identify the speci fi c taste. Findings are 
graded on a 0–2 scale (2 = patient feels applica-
tion and correctly identi fi es its taste as sweet, 
sour, salt, or bitter; 1 = patient feels application, 
but has no taste identi fi cation; 0 = patient does 
not feel application and has no taste 
identi fi cation).  
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    10.5   Neurosensory Testing 

 Neurosensory testing (NST) includes a group of 
standardized clinical diagnostic maneuvers 
designed to evaluate general sensory function in 
as unbiased a manner as possible. Such testing, 
although the methods have been characterized as 
being subjective in that they are in fl uenced by the 
patient’s level of cooperation and interpretation 
 [  65  ] , is reproducible on serial repetition on the 
same patient by the same or other examiners. The 
patient    who is malingering, is considering a legal 
action against the practitioner who performed a 
procedure thought to be responsible for a nerve 
injury, or is attempting to embellish an applica-
tion for worker’s compensation for a job-related 
injury may be a challenge for the clinician who 
strives to gain an accurate assessment of the level 
of sensory dysfunction. In some instances, the 
patient may seek to exaggerate responses to NST 
(as well as overestimate the severity of symptoms 
in the history). A patient who complains of symp-
toms or functional impairment in distinct dispro-
portion to the results of the clinical examination 
should arouse suspicion that there is a “hidden 
agenda” involved with attempts to manipulate the 
results of the neurosensory testing. By randomiz-
ing the order, type, or location of stimulus appli-
cation (or in some instances not applying the 
stimulus at all) and carefully observing the 
patient’s nonverbal responses (e.g., promptness or 
lack of response or withdrawal from a stimulus) 
or “body language” (disinterested facial expres-
sion, grimacing or sneering, failure to make eye 
contact during the evaluation, nervous hand man-
nerisms, excessive facial sweating, facial  fl ushing 
or pallor), the astute examiner may be able to rec-
ognize inappropriate behavior and prevent patient 
attempts to distort or misrepresent the results. 

 The material presented below is a summary of 
methods used by clinicians experienced in the 
 fi eld of peripheral nerve injuries  [  16 ,  22 ,  36 ,  43 , 
 48 ,  49 ,  67  ] . The rationale for their use and the 
validity of their results have been established in 
various studies  [  19 ,  70  ] . 

 During the neurosensory examination, the 
patient is seated comfortably in a quiet room, and 
most maneuvers are performed with the patient’s 

eyes closed. When the patient’s lips are being 
tested, they should be separated so that pressure or 
vibration of applied stimuli is not transferred from 
the stimulated lip to the opposite lip. The speci fi c 
tests and responses are described in detail to the 
patient so that he understands and is able to make 
the appropriate responses during NST. The exam-
iner explains each step beforehand with reassur-
ance that the stimulus will be applied gently and 
with due concern for any areas of pain or hyper-
sensitivity that were described in the patient’s his-
tory or elicited in the general head, neck, and oral 
examination. The contralateral normal side is 
always tested  fi rst to determine the patient’s  nor-
mal  “ control ”  responses  in order to establish a 
baseline for examination of the abnormal side .  

 The NST begins by determining the area of 
altered sensation with the  marching needle  tech-
nique. A 27-gauge local anesthetic needle is 
advanced from a normal area adjacent to the area 
of sensory dysfunction indicated by the patient’s 
history. The needle contacts the surface mucosa 
or skin lightly at 1–2 mm intervals until the 
patient indicates (by raising the ipsilateral hand) 
the location where the sensation of the needle-
point begins to change. This process is repeated 
until the border of the entire area of altered sensa-
tion is determined. Within this area when the 
injured nerve has lost all ability to transmit 
impulses, there will be an  intermediate zone  adja-
cent to the border where there is a decrease in the 
appreciation of the stimulus ( hypoesthesia,  in 
which sharp becomes “dull,” but contact is still 
perceived by the patient)  [  11  ] . This is probably 
due to crossover sensory  fi bers from an adjacent 
or contralateral nerve  [  20  ] . Further into the 
affected area (usually within a few millimeters), 
the patient fails to feel the stimulus at all ( anes-
thesia ). If this area is on the skin, it is indicated 
with a colored erasable marking pen. The mark-
ings can later be easily removed with alcohol or 
orange solvent (Fig.  10.7 ). The NST then begins, 
 fi rst, on the contralateral normal side (e.g., the 
right lower lip to establish normal responses for 
that patient) and then on the ipsilateral side (the 
left lower lip with altered sensation) to ascertain 
the level of abnormal responses. In a patient with 
bilateral nerve injuries, an adjacent normal area 
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is chosen for control responses (e.g., for bilateral 
IAN injuries, the vermilion border of the normal 
upper lip for comparison with the abnormal lower 
lip; for bilateral IFN injuries, the normal lower 

lip vermilion border for comparison with the 
abnormal upper lip; for bilateral LN injuries, the 
normal lower labial mucosa for comparison with 
bilateral lingual gingiva and tongue numbness).  

 When performing NST, it is important to 
understand the concept of  threshold of response  
 [  60  ]  .  When a stimulus (such as a needle) is 
applied to the skin or mucosal surface, it is done 
initially with little minimal pressure and with  no 
indentation  of the surface tissue. If the patient 
responds to the stimulus (raised ipsilateral hand), 
it is noted that the response was at the  normal 
threshold . If the patient does not feel the stimu-
lus, then the stimulus is applied again with just 
enough additional pressure to produce indenta-
tion, but not piercing, of the skin or mucosa. If 
the patient now responds to the stimulus, this 
response is noted to be at an  increased threshold.  
This is an abnormal response indicating that the 
nerve has sustained injury but still has the ability 
to transmit electrical impulses from the periphery 
to the CNS. However, that ability is compromised 
in terms of the numbers of axons able to transmit 
and/or their speed of transmission (Fig.  10.8 ). If 
the patient still fails to respond at the increased 
threshold, it is noted that there is  no response 
(NR) , and no further additional pressure is applied 

  Fig. 10.7    The “marching needle” technique is used to 
determine the boundaries of the area of altered sensation 
in a patient with complaints of left lower lip and chin 
numbness after lower third molar removal. A 27-gauge 
needle is used beginning in an area of normal sensation, 
and multiple contacts are made ( red dots ) every few mil-
limeters until the patient reports a change in the sensation 
(e.g., “sharp” changes to “dull”). After these determina-
tions have been made from the left, right, and inferior to 
superior, the border of the affected area can be delineated 
( solid red line )       

a b

  Fig. 10.8    Grading the threshold of applied pressure nec-
essary to elicit a response. ( a ) A 27-gauge needle is placed 
in light contact with the skin of the left chin without 
indenting the skin surface. If the patient responds to the 
stimulus, this is a response at the  normal threshold . ( b ) If 

the patient does not respond at this threshold, additional 
pressure is applied to the needle suf fi cient to indent the 
skin without piercing it. If the patient now responds, this 
is a response at an  increased threshold        
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to the stimulus. To further increase the pressure 
applied to the stimulus (i.e., needle) at this junc-
ture will induce penetration of the skin or mucosa 
with bleeding and will add no helpful informa-
tion. This concept produces a simple, but accu-
rate and reproducible, measurement of responses 
to static light touch and pain (level B and level C 
testing, see below). Other methods will be 
described as well.  

 The NST of a patient with  decreased  altered 
sensation differs from that of the patient who 
complains of  unpleasant  altered sensation. The 
goals for diagnosis and treatment are not the same 
for these two categories of sensory nerve injury 
patients. In the former (decreased altered sensa-
tion), the clinical objective is to improve or 
restore lost sensory function, whereas, in the lat-
ter, reduction or relief of pain is the primary rea-
son for treatment. Therefore, the evaluation of 
each of these two types of sensory nerve injury 
patients is discussed separately. 

    10.5.1   Decreased Altered Sensation 

 Three levels of NST are available for the patient 
with decreased or altered sensation without pain. 
The objective of testing for this type of nerve 
injury patient is to assess the level of impairment 
of sensory function as  normal ,  mild ,  moderate , or 
 severe hypoesthesia,  or  complete  loss of sensa-
tion (i.e., anesthesia). The tests are done in the 
order discussed below, and one level of testing 
may or may not lead to another, depending on the 
patient’s responses. 

 Level A testing evaluates spatiotemporal per-
ception which is an indirect assessment of the 
function of the larger diameter, myelinated, 
slowly and rapidly adapting A-alpha sensory 
nerve  fi bers (5–12 um diameter). Directional dis-
crimination (moving brush stroke identi fi cation, 
MBSI), static two-point discrimination (2PD), 
and stimulus localization (SL, to assess for the 
presence or absence of  synesthesia ) are included 
in Level A. MBSI is evaluated by lightly apply-
ing a series of ten randomly directed moving 
strokes (on the skin or tongue only) with a cotton 
wisp, camel hair brush, or Semmes-Weinstein 
mono fi lament to the test area (always the normal 

side  fi rst). The strokes may be directed horizon-
tally, vertically, or diagonally (Fig.  10.9 ). After 
the application of each stroke, the patient is asked 
to indicate the direction verbally or to retrace it 
with a cotton swab. The normal response on the 
normal/control side is nine or ten out of ten cor-
rect directional identi fi cations. Eight or fewer 
correct identi fi cations on the abnormal side indi-
cate the level of sensory impairment for that test, 
which is recorded as 7/10, 3/10, and so forth, or 
0/10 or “no response (NR).”  

 Determination of 2PD is done routinely with 
calipers or a  fi ne-tip Boley gauge, although it is 
best to use tips that are not sharp and may evoke 
level C pinprick nociception. The Disk-Criminator 
 [  19 ,  37  ]  and the two-point pressure esthesiometer 
 [  19 ,  22  ]  are other devices used by some clinicians 
and researchers. Although control of the force of 
application of the stimulus might be a desirable 
advantage of the esthesiometer, 2PD responses 
may be independent of the force of application of 
the stimulus  [  34  ]  that renders the hand-held cali-
pers an acceptable clinical tool. More recent work 
indicates this may not be the case  [  15 ,  59  ] . 
However, the accuracy required for clinical eval-
uation of a sensory nerve and the information 
needed to make determinations regarding treat-
ment are not as great as that for data collection 
for research. This test is administered using the 
method of limits  [  19  ] , beginning with the tips of 

  Fig. 10.9    Level A testing for moving brush stroke 
identi fi cation: the  arrows  indicate horizontal, vertical, and 
diagonal directions of the stimuli that are applied ran-
domly by the examiner. After each stimulus, the patient is 
requested to duplicate the direction with a  fi nger or cotton 
swab       
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the calipers together (zero distance). Before con-
tact with the caliper tips is gently made on the 
skin or mucosal surface, the patient is asked to 
indicate when contact is felt and to identify (ver-
bally or with  fi ngers) whether that contact is of 
one or two points (Fig.  10.10 ). If the patient 
expresses uncertainty about the number of con-
tact points, the response is graded as “one.” The 
distance between the caliper tips for each subse-
quent contact is increased by 1 mm until the 
patient is able to identify two simultaneous points 
of contact (threshold distance). Further applica-
tions are made to overshoot this distance by 
2–3 mm; then the process is reversed from that 
point, again in 1 mm increments until the patient 
no longer is able to perceive simultaneous con-
tact with two points. Generally, in both the 
ascending and descending portions of the test, the 
threshold distance is the same or within one mil-
limeter. Occasionally, the examiner will apply 
only one caliper tip or fail to apply any stimulus 
to verify that the patient is not trying to manipu-
late the test results. Normal values for 2PD are 
provided in Table  10.1 .   

 Stimulus localization is a method of estimat-
ing the amount of synesthesia (the inability to 
determine the exact point of stimulus application) 
associated with a partial sensory loss or with a 
recovering sensory nerve injury. This estimation 

is done by lightly contacting the skin with the 
wooden end of a cotton swab stick and then ask-
ing the patient to touch the exact same location 
with another swab stick. A normal response is 
contact within 1–3 mm of the examiner’s point of 
application. Generally,  fi ve contacts are applied 
in each tested area (Fig.  10.11 ), and the patient’s 
response is graded by the number of normal 
responses (e.g., 5/5 and 3/5).  

 Patients complaining of decreased altered sen-
sation but who give normal responses to level A 

a b

  Fig. 10.10    Level A testing for two-point discrimination 
(static). ( a ) Initial contact is with calipers closed together 
(blunt tips are preferred). ( b ) Contact continues with 
incremental 1 mm additional separation of caliper tips 

with each subsequent application until patient indicates 
that two simultaneously applied caliper tips are felt as two 
discrete contact points       

   Table 10.1    Normal values for two-point discrimination a    

 Test area 

 Average normal 
threshold 
distance (mm) 

 Upper normal 
limit (mm) b  

 Forehead  13.5  22.0 
 Cheek (face)  9.0  17.0 
 Upper lip (skin)  4.5  8.0 
 Upper lip (mucosa)  3.0  6.0 
 Lower lip (mucosa)  3.5  6.5 
 Lower lip (skin)  5.0  9.0 
 Chin  9.0  18.0 
 Tongue (tip)  3.0  4.5 
 Tongue (dorsum)  5.0  12.0 

   a Values collated from the literature (as reported by Zuniga 
and Essick  [  67  ] ) 
  b Distance greater than upper normal limit is considered to 
be abnormal  
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testing are judged to be “normal,” and no further 
testing is necessary. The patient who gives abnor-
mal responses or no response to any of these tests 
has sensory impairment, and the examiner pro-
ceeds to level B testing. 

 Level B testing evaluates responses to static 
light touch (contact detection) and measures the 
function of medium diameter (4–8 um diameter), 
myelinated, rapidly adapting A-beta sensory 
nerve  fi bers. The test area is touched lightly 
 without indentation with the wooden end of a cot-
ton swab stick. The patient is asked to raise the 

ipsilateral hand when contact is perceived. 
Response to contact  without skin indentation  is at 
the normal threshold, and no further NST is nec-
essary for this patient. If the patient fails to 
respond, the stimulus is repeated with suf fi cient 
pressure to cause skin indentation (Fig.  10.12 ). 
If the patient now responds to contact, this is at 
an  increased threshold , which is an abnormal 
response. If the patient fails to respond at the 
increased threshold, this is graded as “no response.” 
Another method of testing for contact detection is 
with Semmes-Weinstein mono fi laments or von 

a b

  Fig. 10.11    Level A testing for stimulus localization. ( a ) 
Five contact points ( red dots ) are selected by the exam-
iner. ( b ) The examiner contacts the skin at each contact 
point in random order. After each stimulus application, 

the patient is instructed to contact the exact same point. 
The wooden end of a cotton swab or an appropriate-size 
mono fi lament can be used as the stimulus and the pointer 
for the patient       

a b

  Fig. 10.12    Level B testing for contact detection. ( a ) The 
skin in the test area is contacted lightly (without indenta-
tion). If the patient feels this stimulus, this is a normal 

response. ( b ) If the patient does not feel the stimulus at the 
normal application pressure, the skin is again contacted, 
this time with suf fi cient pressure to indent the skin       
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Frey hairs  [  19  ] . The mono fi laments are labeled 
with the manufacturer’s number or marking which 
corresponds to a force in grams of pressure appli-
cation that causes the mono fi lament to bend; the 
smallest number indicates the smallest force and 
lowest pressure required to de fl ect the 
mono fi lament. Each mono fi lament is placed 
against the skin or tongue and then additional 
pressure is applied until the mono fi lament bends 
slightly (Fig.  10.13 ). Using the normal control 
side  fi rst, the normal contact threshold is deter-
mined using ascending and descending sequential 
applications of successively larger and then suc-
cessively smaller, respectively, mono fi laments. 
The initial application of the ascending phase 
should be of a mono fi lament small enough to not 
be detected in the normal control area. Once a size 
of mono fi lament is reached in the ascendant phase 
in which contact is perceived, two additional larger 
mono fi laments are applied; then the mono fi laments 
are applied in descending order of size. The small-
est mono fi lament that the patient perceives is the 
 normal threshold for contact detection , and the 
size of that mono fi lament (manufacturer’s  number) 

is recorded. The test is then repeated on the abnor-
mal side, and the threshold size of mono fi lament 
(if the patient is able to respond) is recorded. An 
abnormal response is one that requires a 
mono fi lament delivering 2.5 times the force/pres-
sure of the threshold response on the normal side. 
If the responses to mono fi lament testing are nor-
mal, no further testing is required. However, for 
patients who respond at an  increased threshold  or 
have  no response  on the abnormal side, the NST 
proceeds to level C testing.   

 Level C testing measures nociception (the 
appreciation of painful stimuli). Some clinicians 
include temperature discrimination as well. These 
impulses are mediated by poorly myelinated 
A-delta or unmyelinated C small diameter (0.05–
1.0 um) sensory nerve  fi bers. The test area is con-
tacted lightly (without indentation) with the tip of 
a 27-gauge needle (Fig.  10.8 ). The normal 
response is that the patient raises the ipsilateral 
hand when sharp contact is applied and identi fi ed 
as sharp (vs. dull). If the patient gives no response, 
the test area is again contacted with the needle and 
the skin or mucosa is indented (but not pierced) 

a

b

  Fig. 10.13    ( a ) Semmes-
Weinstein mono fi laments 
used for testing static light 
touch. The number on each 
instrument corresponds to the 
force/application pressure 
required to bend the 
mono fi lament when placed 
against the skin. ( b ) The 
mono fi lament placed against 
the skin with suf fi cient force/
pressure to cause bending is 
the test stimulus       
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with the needle tip. If the patient responds only at 
this increased threshold, this is an abnormal 
response. If the patient fails to respond at the 
increased threshold, no additional increase in con-
tact pressure is applied to the needle tip, and the 
result is recorded as “no response.” Alternately, a 
sharp probe spring-loaded to a strain gauge 
(algometer) may be used, and the magnitude of 
the stimulus can be quanti fi ed  [  67  ] . Measurement 
of hot and cold temperature sensation can be per-
formed by the application of a heated probe and of 
ice cubes or frozen liquid-containing spray on a 
cotton-tipped applicator, respectively. Much eas-
ier to use and more accurate but of higher cost are 
the Minnesota Thermal Disks which con fi ne con-
tact to prevent spread of the stimulus to adjacent 
areas and provide a de fi nitive measurement of the 
patient’s response  [  17  ] . A vitalometer can be used 
to assess pain threshold in the mandibular teeth of 
a patient with an IAN injury (Fig.  10.3 ). 

 Depending upon the patient’s responses to level 
A, B, and C testing, the patient with decreased 
altered sensation will be diagnosed as normal, mild 
hypoesthesia, moderate hypoesthesia, severe hypo-
esthesia, or anesthesia (Fig.  10.14 ). It may be help-
ful to consider these  fi ve levels of results of the 
clinical NST to correlate with Sunderland’s 
classi fi cation of nerve injury, in the following man-
ner: normal (Sunderland grade I), mild (grade II), 

moderate (III), severe (IV), and complete anesthesia 
(V) (Miloro, 2012, personal communication). In the 
conscious and cooperative patient who has sus-
tained maxillofacial trauma (fractures, lacerations, 
missile injuries, blunt injuries), levels B and C test-
ing are done to screen for an injury to one or more 
branches of the trigeminal nerve  [  2  ] . Of course, 
evaluation for injuries to other cranial nerves in 
trauma patients is indicated as well. Having this 
information before the patient is taken to the operat-
ing room may modify the surgical approach to 
trauma repair, and it is a useful baseline of compari-
son for future follow-up, whether the injured nerve 
is repaired at the time of initial repair of the other 
traumatic injuries or at a later date.   

    10.5.2   Unpleasant Altered Sensation 

 Similar to the NST for decreased altered sensa-
tion, three levels of NST are performed on the 
patient who complains of unpleasant altered sen-
sation, but the tests and the goals of diagnosis and 
treatment differ from those of the patient with 
decreased altered sensation (Fig.  10.15 ). In con-
trast to the patient with decreased altered sensa-
tion, all levels of testing are completed in the 
patient with painful altered sensation, regardless 
of the responses at each level. The aims of these 

Decreased altered sensation

Level A testing
(spatiotemporal perception)

Level B testing
(contact detection)

Level C testing
(nociceptive perception)

Increased threshold
Severe hypoesthesia

No response
Anesthesia

Normal
(no further testing)

Abnormal or absent
responses

Increased threshold
or no response

Normal threshold
Mild hypoesthesia

Normal threshold
Moderate hypoesthesia

Increased threshold
or no response

  Fig. 10.14    Algorithm for 
steps in neurosensory testing 
(NST) of the nerve injury 
patient who complains of 
decreased altered sensation. 
Diagnoses are in bold type       
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tests are to elicit and characterize the types of 
abnormal pain responses to various stimuli 
( hyperesthesia ) that may have implications for 
diagnosis, treatment, and prognosis  [  24 ,  25  ].   

 Level A testing for the patient with painful or 
unpleasant sensation determines whether an 
innocuous mechanical stimulus (not normally 
interpreted by the patient as painful) evokes a pain 
response within the distribution of the injured 
nerve. In this level A test, the normal contralateral 
side is stimulated  fi rst with a gentle stroke from a 
cotton wisp, a camel hair brush, or a Semmes-
Weinstein mono fi lament applied to the skin or 
mucosal surface of the tongue as a control. Then 
this maneuver is repeated within the abnormal 
ipsilateral area. Pain evoked in response to this 
stimulus that is not painful on the control side, 
and which ceases when the stimulus is withdrawn, 
is termed  allodynia , frequently described by the 
patient as “hypersensitive.” The duration and 
intensity of the stimulus-evoked pain (patient’s 
description or use of a VAS) are recorded. 

 The aim of level B testing is to assess whether 
the patient has  hyperpathia , pain that has an onset 
delayed after the application of the stimulus, 
increases in intensity with repeated stimuli, and/
or continues (aftersensation, afterglow, over-
shoot) for some time (seconds or minutes) after 
withdrawal of the stimulus. Any one or more 
of these three phenomena is diagnostic of a 

 hyperpathic response. The stimulus is applied 
repeatedly by gently touching the test area with 
the wooden end of a cotton swab stick (up to ten 
applications at a rate of 1/sec). Alternately, the 
test area can be repetitively stimulated with a 
Semmes-Weinstein mono fi lament. 

 Level C testing evaluates responses to noxious 
mechanical or thermal stimuli. This test is per-
formed similarly to level C testing for the patient 
with decreased altered sensation (described above, 
Sect.  10.5.1 ). When the noxious stimulus is applied 
at the normal threshold and the increased thresh-
old, the patient describes a painful sensation (i.e., 
a light pinprick that seems like an “electric shock,” 
a “hot poker,” or a “stabbing” sensation) or dis-
plays a pain reaction (withdrawal, grimace, utter-
ance of an exclamation) out of proportion to the 
intensity of the applied stimulus. Such a reaction is 
classi fi ed as  hyperalgesia . Other than a 27-gauge 
needle, alternative methods of delivering a nox-
ious stimulus have been described above. 

 The patient who complains of both numbness 
and pain as a result of nerve injury and is found to 
be anesthetic to all levels of testing for decreased 
altered sensation also might fail to respond to any 
testing levels for unpleasant altered sensation dis-
cussed above. If pain is a prominent and long-
standing spontaneous symptom in an area of 
complete loss or marked reduction of sensory 
response, not initiated or aggravated by stimuli, 

Unpleasant altered sensation

Level A testing
(brush-stroke evoked pain)

No pain response

No pain response

Pain response:
Allodynia

Pain response:
Hyperpathia

Excessive pain response:
Hyperalgesia

No response:
Anesthesia dolorosa

Level C testing
(noxious mechanical stimuli)

Normal pain response

Level B testing
(repetitive stimulus-evoked pain)

  Fig. 10.15    Algorithm for 
neurosensory testing (NST) of 
the patient who complains of 
unpleasant/painful altered 
sensation. Pain diagnoses are 
shown in bold type       
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this patient is probably af fl icted with  anesthesia 
dolorosa   [  24  ] . Such pain has a central component 
and is often accompanied by phantom sensations 
(e.g., radiations of sensation or pain into the 
tongue even though the ipsilateral lingual nerve 
has been severed)  [  33  ] . 

 Some patients, following trauma or elective 
surgery to the face or neck in which a branch of 
the trigeminal nerve is injured, develop pain elic-
ited or enhanced in response to increased sympa-
thetic nervous system input, exposure to cold, 
emotional stimuli, and application of normally 
innocuous stimuli  [  26  ] . In such instances, a scar 
or healed incision when stimulated by gentle 
stroking with a cotton wisp or mono fi lament 
(level A testing) might exhibit blanching accom-
panied by the patient’s complaint of sudden onset 
of severe pain which might be brief or last beyond 
withdrawal of the stimulus. This reactive area is 
often outside the area of altered sensation sup-
plied by the injured trigeminal nerve branch. This 
is an example of  sympathetic-mediated pain , 
which is usually not favorably affected by surgi-
cal treatment of the TN5 (see below 
Sect.  10.5.4 ). 

 A diagnosis to be considered, only after all 
other causes have been ruled out, is that of  psy-
chogenic pain.  Psychogenic pain, however, 
should never be a “diagnosis of exclusion” or a 
waste-basket term into which patients whose pain 
from a nerve injury seems “excessive” or “out of 
proportion” to the examiner is assigned. This 
diagnosis should be based upon the clinician’s 
suspicion that the patient may have a psycho-
pathologic disorder underlying the complaint of 
pain. Although patients af fl icted with dysesthesia 
following a peripheral nerve injury may exhibit 
personality traits of depression, hypochondriasis, 
or hysteria when subjected to a personality pro fi le 
inventory, this does not necessarily mean that the 
patient’s pain is caused by psychological factors 
 [  62  ] . Rather, the patient who is suffering chronic 
pain may have developed the psychopathologic 
characteristics  in response  to the long-standing 
pain. In the patient with psychogenic pain, the 
complaints of pain are well out of proportion to 
any responses to NST; the pain seems to cross the 
midline or otherwise not conform to normal neu-
roanatomical boundaries; the pain is chronic (at 

least 6 months duration), constant, and not 
relieved by any previous treatment; the patient 
has consulted with numerous previous practitio-
ners without success; the patient may present 
with a “clinging” persona who praises the clini-
cian as the only one who can “save” him/her from 
a dread disease; and there are no physical or 
imaging  fi ndings indicative of pathology  [  1  ] . 
Such patients, if they can be convinced of the 
need, might  fi nd great bene fi t from psychiatric 
consultation and counseling.  

    10.5.3   Diagnostic Nerve Blocks 

 The patient who complains of unpleasant altered 
sensation and has documented abnormal responses 
to NST may be a candidate for a local anesthetic 
block of the injured peripheral nerve suspected of 
being the source of pain  [  10  ] . In all such instances, 
the clinician is attempting to establish whether the 
pain is emanating from the injured peripheral nerve 
(neuroma), from local collateralization, from 
regional sympathetic  fi bers, from the central ner-
vous system, or related to psychological factors 
(so-called psychogenic pain). In all but the  fi rst of 
these  fi ve possibilities, surgical repair of the periph-
eral nerve will have little or no likelihood of suc-
cessfully relieving the patient’s pain. Even when 
there is a peripheral nerve injury resulting in the 
development of a painful neuroma, for example, 
there may also be a central nervous system compo-
nent of pain due to the effects of deafferentation 
 [  24  ] . In this instance, removal of the neuroma 
would not result in complete resolution of the 
patient’s pain. If a successful local anesthetic block 
of the suspected nerve results in a substantial 
decrease or abolition of the patient’s pain for the 
duration of the block, this is signi fi cant evidence 
that peripheral factors (i.e., within the injured 
nerve) are likely the cause of the patient’s pain and 
that the pain  might  be relieved, or signi fi cantly 
reduced in its intensity, by exploration and repair of 
that nerve. Such is certainly the case with pain 
characterized as allodynia, hyperpathia, and hyper-
algesia, while the results on reduction in pain sever-
ity following peripheral nerve operations on 
patients af fl icted with anesthesia dolorosa and 
sympathetic-mediated pain are poor  [  24  ] . 
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Unfortunately, in many instances, peripheral nerve 
surgery performed after local anesthetic nerve 
blocks have failed to temporarily relieve pain has 
resulted in an increase in the frequency, duration, 
and intensity of the patient’s painful af fl iction. 

 When the decision is made to perform a diag-
nostic nerve block, the clinician should begin  fi rst 
with the more distal branch(es) of the nerve (e.g., 
the MN before the IAN; the anterior superior 
alveolar nerve before the IFN) before proceeding 
to block the more proximal branches. This proto-
col enables the examiner to more closely pinpoint 
the source of pain and if it is relieved by the block 
(Fig.  10.16 ). Small amounts of local anesthetic 
solution should be used initially (0.5–1.0 ml) in 
order to minimize diffusion to adjacent nerves 
whenever possible. The initial block should use a 
relatively short-acting anesthetic (e.g., 1 or 2 % 
lidocaine without epinephrine). After a reason-
able waiting period, the affected tissues should be 
tested (i.e., pinprick) to ascertain if anesthesia 
has been achieved. If the block is successful, it 
can be repeated using a longer-acting agent (e.g., 
0.5 % bupivacaine with 1:100,000 epinephrine) 
for production of several hours of pain relief, if 
the patient so desires.  

 If the pain is originating from an injury or pre-
vious operation in the face, neck, or upper extrem-
ity and the patient has shown localized signs of 
exaggerated sympathetic nervous system activity 
(see SMP, above), an ipsilateral stellate ganglion 
anesthetic block is indicated  [  30 ,  31  ] . Relief of 
pain after this block is diagnostic of SMP, 
although the block may have to be repeated more 
than once to achieve a satisfactory level of pain 
relief. If the examiner does not routinely perform 
stellate ganglion blocks, the patient is referred to 
an anesthesiologist trained in regional anesthesia 
techniques.  

    10.5.4   Mapping 

 Pictorial representation of the results of NST in 
the patient’s record serves as an excellent method 
of preserving the boundaries of the sensory de fi cit 
(so-called mapping). Along with the recording of 
the patient’s responses to the various evaluation 

maneuvers and NST, drawings of the patient’s 
face and oral cavity are used to impose outlines 
(often in red ink) of the area(s) affected by sen-
sory dysfunction (Fig.  10.17 ). Various schemes 
for doing this are reported in the literature  [  19 , 
 43 ,  51 ,  67 ,  70  ] , and the reader is referred to the 
“Nerve Injury Examination” form which appears 
in the Appendix  10.A.2 .  

 Additional documentation in the form of 
patient photographs with the area of sensory 
dysfunction outlined can be a valuable addi-
tion to the patient’s record for use for future 
comparisons of the change in the area affected 
 [  50  ] . It may be helpful to some patients to be 
able to visualize in retrospect an area of altered 
sensation that has decreased in size or com-
pletely resolved either spontaneously over time 
or as the result of surgical intervention 
(Fig.  10.18 ).    

    10.6   Imaging 

 No evaluation of a trigeminal nerve injury fol-
lowing a traumatic injury, dental procedure, or 
elective surgical operation in the oral and maxil-
lofacial regions is complete without appropriate 
imaging of the structures in the vicinity of the 
injury. Depending upon the indications and need 
for additional diagnostic information, plain  fi lms, 

  Fig. 10.16    Right IAN block to determine an effect on 
neuropathic pain in the right mandible. A right mental 
nerve block, administered just before this, failed to relieve 
the patient’s pain       
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Painful trigger
with radiation to
right upper lip

a

b

2-point

R L

Directional

4>20 0/51/10 10/10 5/5

Localization
Level B:

no response
Level C:

pain threshold increased

2-point

R L

Directional

5 NR

Localization

Level B: no response

Level C: no response

Level A:
2-point discrimination: no response
brush stroke I.D.: no response
stimulus localization: no response

10/10 NR 5/5 NR

  Fig. 10.17    The area of altered sensation and the results of 
NST are entered into the patient’s record. The printed dia-
grams are in Appendix  10.A.2 . ( a ) Patient with numbness 
and pain in the right face 6 months following a right ZMC 
fracture involving the right orbital  fl oor and inferior orbital 
rim. Affected areas of face and mouth contained within 
solid black line and there is severe hypoesthesia of the 
right infraorbital nerve. ( b ) Patient with loss of sensation 
in the left lower lip, chin, and left mandibular gingiva 
(affected areas contained within solid black line) 4 months 

after BSSO. Immediate postoperative sensory loss on the 
right side has resolved. There is anesthesia of the left IAN. 
( c ) Patient with numbness of the right tongue 3 months 
after removal of the mandibular right third molar. There 
are also complaints of pain in right tongue and lingual gin-
giva when chewing food and brushing the right lower 
teeth. Affected areas contained within solid black line. 
Note the trigger area on lingual aspect of right mandible. 
The patient has anesthesia of the right lingual nerve.  NR  
no response       
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a b

  Fig. 10.18    A 33-year-old male who sustained a left men-
tal nerve severance during a genioplasty. The nerve injury 
was not repaired at the time of surgery. ( a ) Area of total 
sensory loss outlined on left lower lip and chin 6 weeks 
following original surgery. ( b ) Subsequently, the left men-
tal nerve was repaired with a neurorrhaphy. Six months 

following nerve repair, only a small area of altered sensa-
tion remains. Within the outlined area, the patient 
responded normally to painful stimuli and to light touch at 
a threshold greater than the normal right side. Two-point 
discrimination threshold in the left lower lip was 10 mm, 
compared to 5 mm on the normal right side       

R L

NR

NR

NR

4

L RLingual

Painful trigger with
radiation into right
tongue

No response to pain
or light touch

Level A: no response
Level B: no response
Level C: no response

c

Fig. 10.17 (continued)
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panoramic imaging, computed tomography, or 
magnetic resonance imaging may be included in 
the radiographic evaluation. Basic imaging stud-
ies are often helpful in the assessment of the 
patient with a trigeminal nerve injury, and once 
an abnormality is seen on a plain  fi lm, additional 
images (e.g., cone-beam computed tomography 
(CBCT)) may be indicated. Examples of infor-
mation obtained from imaging studies that can 
be helpful in the assessment of nerve-injured 
patients are shown in Fig.  10.19 . These signi fi cant 
 fi ndings may include retained roots, retention of 
foreign bodies (e.g., broken instruments), man-
dible fracture,  fi xation plates and screws, and iat-
rogenic injuries from rotary instruments which 
may be in proximity to the IAN or LN. For fur-
ther discussion of imaging, the reader is referred 
to Chap.   11    .   

    10.7   Diagnosis and Classi fi cation 

 Following the data gathering and correlation of 
all the clinical information obtained from the 
initial NST evaluation presented above, the cli-
nician should be able to establish a diagnosis 
of the extent and severity of the sensory de fi cit. 
The level of sensory impairment is identi fi ed at 
the appropriate stage along a continuum from 
mild hypoesthesia to complete loss of sensa-
tion (anesthesia). Painful injuries are designated 
as being due to peripheral factors (and as such, 
potentially amenable to surgical intervention), 
to sympathetic nervous system input (SMP), to 
central nervous system conditions (e.g., deaffer-
entation), or to psychogenic factors. However, 
if the injured nerve was not directly observed at 
the time of injury, it may be necessary to see the 

a

b

c

  Fig. 10.19    ( a ) A patient with numbness and pain in the 
left lower lip and jaw several weeks following removal of 
a left mandibular third molar. The panoramic  fi lm shows a 
non-displaced fracture ( white arrow ) traversing the extrac-
tion socket and the left IAC (parallel interrupted  black 
lines ). The fracture was repaired, and the patient sponta-
neously regained normal left lower lip sensation within 
3 months. ( b ) After BSSO, this patient regained normal 
sensation in the left lower lip and chin within 6 weeks. At 
3 months after surgery, severe hypoesthesia and allodynia 
were observed in the right lower lip. Panorex shows three 

internal  fi xation screws superimposed over the right IAC. 
A CBCT is indicated to assess the relationship of the 
 fi xation screws to the right IAC. ( c ) Removal of a man-
dibular left third molar was incomplete, but the surgeon 
elected to leave the remaining root fragment in situ, and 
the patient experienced persistent numbness in the left 
lower lip after 1 year and sought another opinion. Plain 
 fi lm shows retained root fragment ( arrow ) superimposed 
upon the left IAC. A CBDT is indicated to ascertain the 
position of the root fragment in relation to the left IAC 
before deciding about the necessity for its removal       

 

http://dx.doi.org/10.1007/978-3-642-35539-4_11
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patient for subsequent re-evaluations to deter-
mine the classi fi cation of the nerve injury as it 
evolves over time. The classi fi cation of the injury 
is helpful to the clinician in making  timely deci-
sions  regarding treatment intervention. 

 One classi fi cation of peripheral nerve injuries 
that is useful to clinicians is the  Seddon  
classi fi cation. Sir Herbert J. Seddon (1903–1977) 
was a British orthopedic surgeon who gained 
extraordinary clinical experience in the treatment 
of missile-induced nerve injuries of the extremities 
during, and after, World War II  [  32  ] . His 
classi fi cation scheme is based upon clinical factors 
 [  54  ] . Re fl ecting his astuteness as a clinician, he 
emphasized the importance of timing in the surgi-
cal intervention of injured peripheral nerves, when 
he famously wrote in 1947, “If a purely expectant 
policy is pursued, the most favorable time for oper-
ative intervention will always be missed…”  [  55  ] . 

 Another frequently referenced classi fi cation 
system of peripheral nerve injuries is that of 
Sunderland, a contemporary of Seddon. 
Sunderland’s classi fi cation scheme is based upon 
histopathology of nerve injury and, as such, is of 
more interest to neuroanatomists, neurophysiolo-
gists, and researchers and includes  fi ve grades of 
nerve injury  [  57  ] . A sixth degree of injury that 
describes a mixed combination of Sunderland’s 
 fi ve degrees of injury was added subsequently 
 [  38  ] . The two classi fi cation systems are com-
pared in Table  10.2 . For a complete discussion of 
the classi fi cation of trigeminal nerve injuries, the 
reader is referred to Chap.   2    .  

 After establishing a diagnosis of the nature 
and extent of the sensory de fi cit and assign-
ment of the appropriate classi fi cation to the 
nerve injury, the clinician will be able to make 

decisions regarding the need for treatment and 
the nature (surgical or nonsurgical) and timing 
of that treatment. A standardized classi fi cation 
system also permits clear communication 
between practitioners. Guidelines for treat-
ment of nerve injuries are fully explored in 
Chap.   20    .  

    10.8   Summary 

 This chapter has presented a method of clinical 
evaluation of the patient with a trigeminal nerve 
injury that is utilized by various surgical disci-
plines involved in nerve injury management. The 
diagnostic maneuvers presented have been 
shown by experience and investigation to be reli-
able and reproducible, and they are well within 
the capability of any clinician, regardless of 
whether or not he/she is a nerve injury specialist. 
The armamentarium required is readily available 
in most practitioners’ of fi ces. This method pro-
vides subjective, semi-objective, and objective 
neurosensory information that is used to arrive at 
a diagnosis (assessment of the degree of sensory 
dysfunction) and classi fi cation of the nerve 
injury that will enable the clinician to make 
appropriate and timely decisions regarding 
treatment. 

 Additional methods of evaluating nerve func-
tion are available, although these are used pri-
marily in basic science and clinical research 
rather than in clinical practice. The interested 
reader is encouraged to peruse the appropriate 
references for additional information on this 
important aspect of evaluation of peripheral nerve 
function  [  12 ,  19 ,  21 ,  35 ,  40 ,  46 ,  56 ,  65 ,  68  ] .       

   Table 10.2    Comparison of Seddon a  and Sunderland b  classi fi cations of peripheral nerve injuries   

 Seddon/Sunderland  Neurapraxia grade I  Axonotmesis II, III, IV  Neurotmesis V  VI c  

 Nerve sheath  Intact  Intact  Interrupted  Mixed injury 
 Axons  Intact  Some are interrupted  All are interrupted  Mixed injury 
 Wallerian degeneration  None  Yes, some axons  Yes, all axons  Yes, some axons 
 Conduction failure  Transitory (<4 weeks)  Prolonged (months)  Often permanent  Variable duration 

   a Seddon  [  54  ]  
  b Sunderland  [  57  ]  
  c Mackinnon and Dellon  [  38  ]   

http://dx.doi.org/10.1007/978-3-642-35539-4_2
http://dx.doi.org/10.1007/978-3-642-35539-4_20
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      Appendices 

    A.1  Nerve Injury History     

NERVE INJURY HISTORY

Patient: _____________________________  Age:  ________       Date: _______

Please complete answers to the following questions (pages 1-3).  Add any comments you -
feel are important.  This information will be reviewed with you by your surgeon and will 
be very helpful in evaluating your nerve injury.

1.  Do you have altered, abnormal, unpleasant or absent sensation (feeling) in your face, 
mouth, jaws or neck?  Circle which:  YES    NO     If YES, circle below all that apply:

Right              Left        Both sides

forehead                eyebrow               ear                    nose               tongue

upper lip                cheek                   face                   chin               teeth

lower lip                upper gums lower gums       palate            mouth

other ____________________________________

2.  What is your most distressing or bothersome symptom?  (circle which) 

LOSS of FEELING (numbness)          PAIN          BOTH (pain and numbness)

3. Which of the following symptoms describe(s) your complaint?  (Circle all that apply;

add any others which you feel are pertinent to your condition):

numb stretched itching tender

tickling swollen pricking sore

tingling wooden stinging painful

twitching crawling electric shock burning

wet vibrating icy cold excruciating

rubbery drawing hot

cool pulling

warm others? ___________________________________________

4.  If you have a painful condition, is it (circle which):

CONSTANT                  INTERMITTENT
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If it is INTERMITTENT, is it (check which) ??? 

(  ) Spontaneous in onset

(  ) Evoked or initiated by STIMULI (if so, circle which ones below):

touch brushing teeth drinking

face washing smoking speaking 

shaving kissing smiling

placing make-up or lipstick singing

playing wind musical instrument

others ___________________________________________

If the pain is intermittent, how long does it last?  (circle which):

seconds          minutes          hours          days

If you are in pain NOW, estimate how bad it is on the scale below (circle the number):

0_____1_____2_____3_____4_____5_____6_____7_____8_____9_____10

[0 = no pain; 5 = moderate pain; 10 = worst pain you have ever experienced]

Does anything relieve your pain?  If YES, what? _____________________________

5.  Was there dental or surgical treatment associated with the onset of your symptoms?

Circle which:  YES        NO        If YES, please indicate what was done:

(  )  Local anesthetic injections.  If so, was there severe pain or shock?  YES   NO

(  )  Removal of impacted wisdom teeth

(  )  Osteotomy or other surgery for jaw deformity

(  )  Dental implants

(  )  Root canal filling

(  )  Facial or jaw fractures or other facial injuries 

(  )  Other ________________________________

Name of surgeon or dentist _____________________________Address 

_________________________________________  Tele. no. ___________
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When did you symptoms begin (date)? ______________________

6.  Since the onset of your symptom, what has been your progress?   (check which):

(  )  No change

(  )  Minimal improvement

(  )  Marked improvement

(  )  Minimal worsening or increase

(  )  Marked worsening or increase

7.  Have you experienced or are you experiencing any of the following impairments 

because of your nerve injury?  If so, check all that apply ( x ) and note the level of  

impairmentusing the following scale:

1 = minimal interference with normal activity

2 = moderate (50%) interference

3 = total or nearly total interference

Impairment (1, 2, 3)

(  ) _____       Lip, cheek, tongue biting (circle which)
(  )      _____      Burning of lip or tongue (circle which) with hot liquids/food
(  )      _____      Drooling/dribbling of fluids, saliva, food
(  )      _____ Difficulty chewing food
(  )      _____      Difficulty drinking/swallowing liquids or food
(  )      _____      Loss, decreased, altered taste sensation
(  )      _____      Difficulty speaking/singing
(  )      _____      Difficulty smiling, laughing, frowning
(  )      _____      Difficulty sleeping
(  )      _____      Difficulty with toothbrushing, using dental floss
(  )      _____      Difficulty applying make-up, lipstick
(  )      _____      Difficulty shaving, washing your face
(  )      _____      Difficulty playing wind musical instruments  

Thank you for completing this evaluation form.  Your answers will be reviewed and 
discussed further with you by your surgeon during your examination.  Please sign your 
name below:

Name: ________________________________________                       Date ________

(patient/guardian or parent)

Reviewed by ___________________ ___________, MD, DMD, DDS   Date
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    A.2   Nerve Injury Examination       

Name ______________________________________

Referred by _____________________ _____________________
Tele. no. ____________________

Chief Complaint:

H.P.I:

Date

B.P: / P: /min /minR.: T: Wt. lbs. Ht. ‘ “

Head

TMJ’s

Eyes

Ears

Nose

Neck

Abnormal Cranial NervesWNL

Pain: ( ) normal; ( ) increased; ( ) NR

Allodynia  Hyperpathia  Hyperalgesia

Light touch:

Rt: _________Lt: _________

( ) ____________________________( )

( ) ____________________________( )

( ) ____________________________( )

( ) ____________________________( )

( ) ____________________________( )

( ) ____________________________( )

I: ___________________

II: ___________________

III: ___________________

IV: ___________________

V: ___________________

VII: ___________________

VIII: ___________________

IX: ___________________

X: ___________________

XI: ___________________

XII: ___________________

Address

___________
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R L

X-rays

L RLingual

Vitalometer

Tooth # Reading

2-point

R L

Directional Localization
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Nerve Injury Examination

( ) Sensory loss ( ) Unpleasant sensation

( ) mild
( ) moderate

( )  No further observations/treatment indicated
( )  Observation/reevaluation in weeks/months
( )  Sensory reeducation exercises for times daily x
( )  Medications:
( )  Microneurosurgery on
( )

( ) Report to be sent to Dr.

Examined by: ,DMD,DDS,MD Date

( ) dictated, ( date)

nerve(s)

months,

( ) severe

Hypoesthesia

Anesthesia

Allodynia
Hyperpathia

Hyperalgesia
Neuroma

Sympath Med
Anesth Dolor
Psychogenic

Local anesthetic block of

DIAGNOSIS

RECCOMMENDATIONS:

Anesth. Solution/amount

Classification (if known) PrognosisNerve

Mental

Inf. Alveolar

Lingual

Long buccal

Infraorbital

LR

LR LR

Result
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          11.1   Introduction 

 The clinical neurosensory testing of the patient 
who sustains an injury to the lingual nerve or 
inferior alveolar nerve is comprised of both 
objective tests and subjective tests. It has been 
suggested that there are no “purely” objective 
testing modalities available for the evaluation of 
iatrogenic injuries to the terminal branches of the 
trigeminal nerve, and this makes the clinical 
diagnosis and management of these conditions 
complex for the clinician. All available clinical 
neurosensory testing modalities require patient 
cooperation and are based upon a patient response, 
thus introducing a subjective component to the 
testing protocol. Furthermore, all testing is com-
monly performed following the nerve injury, so 
no individual baseline testing results are avail-
able for comparison and true determination of the 

magnitude of the resultant damage for each indi-
vidual patient. For objective radiographic assess-
ment, a number of imaging modalities are 
available to assist in the preoperative risk assess-
ment of the trigeminal nerve, as related the com-
monly performed procedures in the vicinity of 
the nerve, mostly third molar surgery. In addition, 
these studies may be applied for objective func-
tional monitoring of either spontaneous or surgi-
cally assisted recovery of the inferior alveolar 
(IAN) and lingual (LN) nerves. This chapter will 
provide a review of all currently available imag-
ing modalities and their clinical application rela-
tive to the preoperative nerve injury risk 
assessment, and post-injury and postsurgical 
repair status of the IAN and LN.  

    11.2   General Considerations 

 Since the LN and IAN are at risk for injury dur-
ing a variety of common oral and maxillofacial 
surgical procedures, including third molar 
removal, interest in documenting the position of 
these speci fi c nerves prior to surgery has been 
signi fi cant. Early attempts at documenting the 
position of the LN in the third molar region have 
included cadaveric dissections and clinical obser-
vations during third molar extraction surgery. 
These studies suffer from a variety of method-
ological problems including the potential for iat-
rogenic displacement of the nerves during the 
surgical dissection (in both the cadaveric studies 
and the clinical trials), as well as artifacts from 
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the cadaveric specimen  fi xation process. Despite 
these limitations, Kisselbach and Chamberlain 
reported the position of the LN in the third molar 
region in 34 cadaver specimens and 256 cases of 
third molar extraction. This study found that in 
17.6 % of cadaver specimens, and in 4.6 % of 
clinical cases, the LN was superior to the lingual 
crest, and in 62 % of cases, the LN was in direct 
contact with the lingual cortex. In another ana-
tomic study, Pogrel et al. examined the LN posi-
tion in the third molar region using reproducible 
landmarks in 20 cadavers (40 sides) and found 
the LN above the lingual crest in 15 % of cases 
and a mean horizontal distance from the lingual 
crest of 3.45 mm. Both of these anatomic studies 
con fi rmed the relative vulnerable position of the 
LN during third molar surgery. 

 Objective, noninvasive, radiologic imaging 
modalities in the preoperative assessment of the 
patient at risk for nerve injury as well as a method 
for monitoring following injury and post-repair 
phases of neurosensory recovery are clinically 
desirable. Radiologic assessment should be cate-
gorized with regard to the timing of the imaging 
period, that is, pre-injury, post-injury, and post-
repair phases. Pre-injury assessment refers to the 
documentation of the in situ position of a nerve 
prior to any surgical intervention that may place 
that nerve at risk for iatrogenic injury (e.g., third 
molar removal). Intraoperative monitoring of 
nerve function during a surgical procedure (e.g., 
sagittal split mandibular osteotomy) that involves 
a speci fi c nerve may also be used, most commonly 
with a functional assessment of nerve conduction 
and electrophysiological status, such as with 
somatosensory evoked potentials. These testing 
devices are not readily available and are generally 
reserved for research purposes and not routine 
clinical testing. Post-injury imaging may be 
divided into a primary phase (following nerve 
injury and allowing for spontaneous neurosensory 
recovery without microneurosurgical interven-
tion) and a secondary phase (following surgical 
nerve exploration and microneurosurgical repair). 
Primary post-injury imaging may be clinically 
signi fi cant if it can correlate objective (radiologic) 
 fi ndings with subjective (clinical examination) 
 fi ndings, and thereby guide the need for micro-
neurosurgical intervention, and possibly aid in 

 treatment planning (i.e., accurate determination of 
the length of altered neural anatomy and the need 
for an interpositional nerve graft or direct neuror-
rhaphy). In general, based upon clinical neurosen-
sory testing, an attempt is made to classify the 
injury according to one or more classi fi cation 
schemes. The classi fi cation systems of Seddon 
and Sunderland are based upon histological 
assessment of nerve injury and are intended to 
serve as prognostic indicators of the potential for 
spontaneous neurosensory recovery. 

 There have been several reports of intraopera-
tive nerve monitoring speci fi cally during LeFort 
osteotomy (V 

2
  division) and mandibular sagittal 

split ramus osteotomy (V 
3
  division) procedures. 

These studies have utilized somatosensory evoked 
potentials to document the transient increased 
latency and decreased amplitude of signal activ-
ity that occurs during surgical manipulation of 
the nerve during the osteotomy procedures. 
Somatosensory evoked potentials can be used as 
a post-injury or post-repair test, to document the 
degree of neural injury and to monitor the pro-
gression of neurosensory recovery over time.  

    11.3   Preoperative Radiologic Risk 
Assessment of the IAN and LN 

    11.3.1   Panoramic Radiography 

 The preoperative assessment of the position of 
the IAN during third molar consultation has been 
routinely performed with the use of a panoramic 
radiograph. Obviously, the information obtained 
from this study is limited due to the two- 
dimensional nature of the image, the variable 
magni fi cation of the bony anatomy (for the IAN), 
and the inability to visualize the position of the 
lingual nerve. It should be kept in mind that this 
radiograph demonstrates the position of the infe-
rior alveolar canal (IAC), and not the IAN, 
speci fi cally. Valuable information can be obtained 
from the panoramic radiograph as a sole imaging 
modality with regard to the relationship of the 
IAN in the vertical plane, but not in the horizon-
tal dimension. The most useful aspect of the pan-
oramic radiograph is in assessing increased 
potential for IAN injury during third molar 
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extraction based upon the presence of several 
radiographic predictors (Fig.  11.1 ).  

 Other types of plain radiographs such as peria-
pical (Fig.  11.2 ) or anteroposterior  fi lms and lat-
eral cephalograms are not routinely used for 
accurate preoperative routine risk assessment for 
IAN injury. Superimposition and wide variations 
in magni fi cation of the structures based on their 
location do not allow for reliable and reproduc-
ible information to be obtained with plain  fi lms. 
Furthermore, even if the IAN could be visualized 
in the third molar region, only a rough outline of 
tooth and root anatomy would be obtained mak-
ing these images of limited if any value for nerve 
injury appraisal.   

a

c

b

  Fig. 11.1    ( a ) Panoramic radiograph of impacted third 
molar showing increased potential for nerve injury with 
loss of superior cortical outline of the IAC (inferior alveo-
lar canal) in the region of the tooth roots. ( b ) Panoramic 
radiograph of impacted third molar with radiographic pre-
dictors of nerve injury, including loss of superior cortical 

outline of the IAC, and darkening of the tooth roots. ( c ) 
Panoramic radiograph of left mandible fracture associated 
with an impacted third molar, showing mild displacement 
and discontinuity of the IAC. No information is provided 
about the status of the IAN itself       

  Fig. 11.2    Periapical radiograph showing proximity of 
third molar roots to the IAC, with root darkening       
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    11.3.2   Computerized Tomography 

 The use of computerized tomography (CT) in 
the assessment of nerve injuries is very limited, 
although it has been used more recently for 
assessment of the inferior alveolar canal with 
regard to the position of the third molar. An 

evaluation of bone window attenuation images 
may indicate violation of the cortical outline of 
the inferior alveolar canal, either from the roots 
of the third molar, iatrogenic implant placement, 
or following facial trauma (e.g., posterior man-
dible fracture) (Fig.  11.3 ), but yields little infor-
mation regarding the condition or integrity of 

  Fig. 11.3    ( a ) CBCT scan with coronal soft tissue win-
dow images showing the IAC displaced inferiorly and the 
roots of the tooth perforating the lingual plate, with the 
inability to discern any components of the inferior alveo-
lar neurovascular bundle. ( b ) CBCT scan sagittal image 
with improved detail resolution of the position of the IAC. 

( c ) CT scan images with coronal bony window images 
showing mandibular fracture involving the IAC ( arrow-
head ). ( d ) CT scan with axial soft tissue window images 
in a patient with a cystic lesion of the mandible showing 
the inferior alveolar neurovascular bundle without 
signi fi cant detail ( arrowhead )         

a

c

b 
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the IAN itself or the neurovascular bundle. The 
use of soft tissue window CT images for the LN 
or IAN is compromised by very poor detail res-
olution that precludes its routine application in 
neural assessment. Furthermore, dental artifacts 
often pose severe limitations in obtaining accu-
rate information regarding the position of the 
LN to the lingual cortex of the mandible in criti-
cal areas, even in the soft tissue window views, 
and despite the current use of high-resolution 
image acquisition.  

 In 1998, CT cone beam (CBCT) technology, 
previously used only in angiographic imaging, 
was employed in the United States as a potential 
imaging modality for the maxillomandibular 
complex. The presurgical evaluation of impacted 
mandibular third molar relationship to the IAN 
has gained popularity over conventional CT 
scanning and plain panoramic radiographs 
among oral and maxillofacial surgeons. The need 
for accurate imaging with the lowest possible 
dose of radiation (i.e., ALARA rule, as low as 
reasonably achievable) seems to be satis fi ed 
acceptably with this technology. CBCT provides 
the desirable three-dimensional representation 
of the anatomic location of interest, with mini-
mal distortion compared to traditional plain  fi lms 

and by simpler acquisition compared to tradi-
tional CT systems. Similar to the panoramic 
radiograph, CBCT can be used for preoperative 
risk assessment in various dentoalveolar proce-
dures such as third molar surgery or dental 
implants and preprosthetic surgery. A major lim-
itation, of course, remains the inability to visual-
ize the IAN itself (within the inferior alveolar 
canal), or the LN, since no accurate soft tissue 
information can be obtained with use of CBCT 
(Fig.  11.4 ).   

d

Fig. 11.3 (continued)

a

b

  Fig. 11.4    ( a ) CBCT image in the mandibular third molar 
region showing buccal displacement of the IAC ( asterisk ) 
and thinning    of the lingual plate near the third molar roots 
( arrow ). Neither the IAN nor LN is visible on these 
images. ( b ) Three-dimensional CBCT reconstruction 
showing position the course of the inferior alveolar canal 
between the impacted third molar roots. This is merely a 
reconstruction of the inferior alveolar canal without any 
information about the IAN itself       
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    11.3.3   High-Resolution Magnetic 
Resonance Imaging (HR-MRI) 

 Magnetic resonance imaging (MRI) is the method 
of choice for radiographic visualization of all cra-
nial nerves (CN), and each nerve segment can be 
seen and examined in detail with speci fi c MRI 
sequences. Due to the complexity of the course f 
the CNs and surrounding anatomic structures, 
detailed examination of the CNs is made possible 
only with careful planning and selection of the 
speci fi c MRI technique. The imaging plane, coil 
selection, slice selection, in-plane resolution, and 
use of special techniques can be tailored based 
upon the individual CN, and the segment of interest 
so that the highest possible image quality may be 
obtained. The trigeminal nuclei (intra-axial), cister-
nal portion (preganglionic), and Meckel’s cave 
(intradural) segments contain both the motor and 
sensory components of the trigeminal nerve and 
can be visualized with high-resolution T1- or 
T2-weighted MRI images. At the anterior aspect of 
the Gasserian ganglion, the sensory root divides 
into the ophthalmic (V1), maxillary (V2), and man-
dibular (V3) divisions and each may be followed 

and examined separately based upon their known 
course peripherally. The course of the LN and IAN 
branches of the mandibular division, after exiting 
from foramen ovale, can be followed with high-
resolution, contrast-enhanced, T1-weighted (T1W), 
or T1W three-dimensional, fast- fi led echo (T1W 
3D FFE) sequences in the axial, coronal, and sagit-
tal, or parasagittal, planes. Although detailed infor-
mation can be obtained with the use of MRI, routine 
presurgical evaluation of the route and integrity of 
the LN and IAN is not standard practice. Rather the 
MRI is employed as the preferred imaging modal-
ity for examination of the status of the CNs most 
commonly in the presence of a disease process or 
following brain or nerve injury. 

 Miloro et al. have used high-resolution MRI 
(HR-MRI) in an attempt to document the in situ 
position of the LN in the third molar region 
directly, without surgical manipulation or tissue 
distortion artifact as in the studies by Kisselbach 
and Pogrel. Ten patients (20 sides) without prior 
dental surgery were imaged using an HR-MRI 
sequence (PETRA-phase encode time reduction 
acquisition) that enabled direct visualization of 
the LN (Fig.  11.5 ). This study documented that 

a b

  Fig. 11.5    ( a ) High-resolution MRI (HR-MRI) image in 
the third molar region showing minimal detail of the 
 inferior alveolar neurovascular bundle ( arrow ). ( b ) 

 High-resolution MRI (HR-MRI) image in the third molar 
region.  Arrow  indicates lingual nerve in direct contact 
with the lingual cortical plate ( arrow )       
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the lingual nerve position, while variable, was 
indeed vulnerable during third molar surgery, and 
the LN was found to be superior to the lingual 
crest in 10 % of cases, and in direct contact with 
the lingual plate in 25 % of cases. Kress and col-
leagues have been able to image the IAN using 
T2-weighted MRI imaging to visualize the IAN 
in the in situ position as well as in cases of man-
dibular fractures (Fig.  11.6 ); yet there is still lack 
of detailed resolution of the fascicular anatomy 
of the IAN itself.    

    11.3.4   Ultrasonography 

 Several reports have described the use of ultrasonog-
raphy (US) and high-resolution ultrasound tech-
nology primarily for the assessment of peripheral 
nerve lesions. This real-time advanced technology, 
with recently available high-resolution probes, can 
offer compound imaging without radiation and in 
a relatively inexpensive manner. Although US has 
not been employed or investigated as a potential 
preoperative risk assessment tool for the trigemi-
nal nerve, it has been demonstrated to be valu-
able in identi fi cation and safe advancement of the 
needle in brachial plexus and sciatic nerve blocks. 
It would be reasonable though to anticipate limita-
tions with the use of US in examination of the IAN 
in the third molar region due to the presence of 
bone and teeth that might affect the echogenic sig-
nal. Visualization and documentation of the course 
and integrity of the LN on the other hand should 
be relatively easy with US, requiring only minimal 
training and familiarity of the operator with the 
regional oral anatomy (Fig.  11.7 ).    

a

b

  Fig. 11.6    ( a ) Sagittal mandibular MRI image of a nor-
mal inferior alveolar nerve ( arrows ) (Adapted from Kress 
et al.  [  17  ] , p. 1636) .  ( b ) Sagittal mandibular MRI image of 
a mandible fracture associated with the mesial aspect of 
the impacted third molar ( A ), showing continuity of the 
inferior alveolar nerve ( B ) but lack of detailed fascicular 
anatomy (Adapted from Kress et al.  [  17  ] , p. 1636)       

a

b

  Fig. 11.7    ( a ) High-resolution ultrasound image of sciatic 
nerve in cross section. Note ability to visualize fascicular 
pattern ( arrows ). ( b ) High-resolution ultrasound image of 
sciatic nerve in longitudinal section ( arrows ) (Adapted 
from Graif et al.  [  10  ] )       
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    11.4   Post-Injury Radiographic 
Assessment of the IAN and LN 

 The majority of current interest is in document-
ing the post-injury condition of the nerve by 
objective means, since the information gathered 
by clinical and radiologic examination could be 
useful in staging the degree of neural injury, 
determining the prognosis for recovery, and plan-
ning microneurosurgical intervention. With 
increased image resolution, the precise degree of 
architectural disruption of the nerve could be 
visualized, and surgical intervention could be 
planned accordingly. Additionally, this informa-
tion could be used to document the exact location 
of the injury prior to surgical exploration for 
repair. For example, this documentation could 
help to avoid surgical nerve exploration in the 
third molar region if the injury occurred in the 
pterygomandibular space as a result of a man-
dibular block injection injury. The information 
may also be used to determine the size and extent 
of the neuromatous segment and the possible 
need for a nerve graft. Finally, radiologic tech-
niques could be used to objectively monitor neu-
rosensory progression, in conjunction with 
clinical examination, either after nerve injury or 
in the post-repair phases of neural recovery. 

    11.4.1   Panoramic Radiography 

 The post-surgery assessment of the nerve-injured 
patient usually includes a panoramic radiograph 
that may demonstrate a variety of clinically 
signi fi cant  fi ndings. The presence of a foreign 
body in the region of one or both nerves must be 
ruled out; and these may include metallic foreign 
bodies from rotary instruments or amalgam par-
ticles from neighboring teeth, as well as retained 
tooth or root fragments following third molar sur-
gery. Also, the presence of iatrogenic surgical dis-
turbances of the nerves may be indicated by 
evidence of bone removal in proximity to the infe-
rior alveolar neurovascular bundle or the lingual 
nerve (Fig.  11.8 ). A panoramic radiograph, or any 
other plain  fi lm, is rarely used though to monitor 
progression following nerve injury or repair.   

    11.4.2   Computerized Tomography 

 Postoperative investigation of the surgical site for 
examination of the integrity of the IAN canal or 
presence of foreign material, such as tooth or root 
fragments within the canal, could be more reli-
ably performed with CT or CBCT imaging rather 
than using traditional panoramic imaging. Direct 
investigation of the integrity of the LN cannot be 
reliably examined with either modality due to the 
fact that there is not bony conduit surrounding 
the nerve. Disruption of the lingual cortex of the 
mandible at the third molar region, which may be 
noted on a postoperative panoramic radiograph 
and which may imply iatrogenic injury in the 
region, can be reviewed in more detail with CT or 
CBCT (Fig.  11.3 ). Direct comparisons of pre- 
and postoperative images can be made and add to 
the information gathered from the clinical exami-
nation, and potentially assist in the decision-
making process for surgical or nonsurgical 
management.  

    11.4.3   Magnetic Source Imaging (MSI) 

 One of the few objective radiologic studies that 
are capable of documenting IAN injuries 
involves the use of magnetic source imaging 
(MSI), which combines magnetoencephalogra-
phy (MEG) with high-resolution magnetic reso-
nance imaging (HR-MRI). MEG technology 
uses magnetic  fi elds to measure electrical brain 
activity, and is in fl uenced less by intervening 
soft tissues than electroencephalography (EEG), 
and therefore produces a more detailed image 
with higher resolution. Similar to somatosen-
sory evoked potentials, a stimulus is applied 
peripherally (to the lower lip or tongue), and a 
signal is recorded centrally over the somatosen-
sory cerebral cortex devoted to that particular 
area; this enables measurement of signal latency, 
conduction velocity, and action potential ampli-
tude. The information obtained from MEG is 
combined with HR-MRI images to produce a 
structural and functional magnetic source image 
(MSI) of a particular region of the brain 
(Fig.  11.9 ). McDonald et al. used MSI on six 
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patients with unilateral IAN injury and demon-
strated that MSI technology may be able to dif-
ferentiate various grades of neural injury based 
upon signal readings. The  fi ndings on clinical 

examination and MSI  imaging were correlated 
with surgical  fi ndings, and neural continuity 
defects were identi fi ed as radiographically dif-
ferent from intact nerves. Despite some limita-
tions of the study design (e.g., small, lack of 
blinded examiners and surgeons), there is poten-
tial for MSI to be applied in the post-injury and 
post-repair phases in order to monitor the pro-
gression of neurosensory recovery. Of course, 
this would require expensive equipment and 
individuals trained on its use and interpretation.   

    11.4.4   High-Resolution Magnetic 
Resonance Imaging (HR-MRI) 

 The application of HR-MRI modality to the 
assessment of the nerve following injury is in 

a

c

b

  Fig. 11.8    ( a ) Panoramic    radiograph post-extraction, 
showing evidence the presence of radiographic predictors 
of potential IAN injury. ( b ) Panoramic radiograph show-
ing retained root tips following third molar extraction 

( arrows ) that may impede neural regeneration. ( c ) 
Panoramic radiograph showing evidence of bone removal 
distal to the third molar socket ( arrow ) in a patient with a 
left lingual nerve injury       

Left index
finger

Right index
finger

Left lip

No signal

  Fig. 11.9    Magnetic source image (MSI) in a patient with 
a right IAN injury showing lack of cortical signal ( arrow-
head ). The right and left index  fi ngers serve as controls 
(Adapted from McDonald et al.  [  20  ] , p. 1070)       
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the early phases of clinical trials. The expecta-
tion is that with improved image resolution, a 
variety of detailed anatomic changes in the 
nerve may be visualized. First, a change in 
nerve diameter may be visualized in cases of 
nerve injury with Wallerian degeneration of 
the nerve segment distal to the site of injury, 
with an acute or gradual decrease in nerve 
diameter noted from proximal to distal nerve. 
Second, an acute change in nerve position may 
be seen, for example, where the lingual nerve 
is retracted into the region of the third molar 
socket with the formation of a lateral adhesive 
or exophytic neuromatous segment. Third, a 
change in nerve shape, for example, in a case 
of a fusiform neuroma-in-continuity, with a 
change in shape of the nerve and/or increase in 
nerve diameter for a certain distance with 
return to normal shape distal to the neuroma, 
may be able to be visualized, and, thereby, the 
length of nerve resection required can be deter-
mined, and the possible need for indirect nerve 
grafting using either a sural nerve or possibly a 
cadaveric nerve allograft can also be assessed 
preoperatively. 

 The application of HR-MRI to post-injury 
neural assessment is currently hindered by a 
variety of factors. The degree of image resolu-
tion and magni fi cation signi fi cantly limits pre-
cise anatomic examination of the individual 
neural elements. The ability to image the inter-
nal architecture of neural anatomy will require 
dramatic improvements in resolution from cur-
rently available techniques. Also, while the 
LN lies within soft tissue and its course is 
unaccompanied, other than by the chorda tym-
pani branch of the facial nerve, the IAN lies 
within a cortical bony conduit and is accompa-
nied by an artery and a vein throughout its 
intrabony course. Preliminary studies with 
HR-MRI have allowed gross visualization of 
the LN since it is the sole structure in the area, 
but examination of the IAN has been compli-
cated by the presence of the vessels, although 
attempts to attenuate the image signal may be 
able to overcome this problem, possibly with 
the use of magnetic resonance neurography 
(MRN). Depending upon the plane of image 

section, HR-MRI may miss several anatomic 
indicators that a nerve injury has occurred. 
Individual transverse (or coronal, in the case 
of the LN in the third molar region) sections of 
the nerve may not visualize a short discontinu-
ity, or abrupt alteration in course, of the nerve 
depending upon the distance between the 
images. This problem may be avoided with the 
use of a sagittal, or longitudinal, image ori-
ented along the course of the individual nerve 
 fi bers. However, this is dif fi cult since the posi-
tion of the nerve varies normally in the unin-
jured patient, and may change signi fi cantly in 
the injured patient, thereby requiring either 
patient repositioning or redirection of the 
imaging plane. 

 The use of a noninvasive HR-MRI, with the 
lack of radiation exposure, for the nerve-injured 
patient would provide the advantage of correlat-
ing the results of clinical neurosensory testing 
and subjective patient evaluation, with an objec-
tive assessment of the anatomy of the injured 
nerve site. While it may seem that a transection 
injury (Sunderland grade V) might be visualized 
easily with HR-MRI, the less severe injuries 
(Sunderland grades III and IV) may be extremely 
dif fi cult to discern and quantify radiographi-
cally. Future study designs with HR-MRI should 
include an experimental group of post-nerve 
injury patients who undergo clinical neurosen-
sory testing and HR-MRI, and then microneuro-
surgical nerve exploration and repair, if 
indicated. This would then allow correlation of 
post-injury radiologic results and  fi ndings at the 
time of nerve repair surgery to determine the 
ability of HR-MRI to accurately predict the 
actual degree of anatomic nerve injury. HR-MRI 
might also prove useful in monitoring the pro-
gression of anatomic neurosensory recovery 
(correlated with clinical signs and subjective 
symptoms) following nerve injury and/or 
microneurosurgical repair. As mentioned, Kress 
et al. have used MRI imaging in cases of man-
dible fractures and following third molar 
removal to assess individual nerve  fi ber disrup-
tion in cases of mandible fracture, and changes 
in signal intensity following third molar extrac-
tions (Fig.  11.10 ).   
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    11.4.5   Magnetic Resonance 
Neurography (MRN) 

 Following the application of MRI technology to 
blood vessels, or magnetic resonance angiogra-
phy (MRA), direct imaging of nerves with mag-
netic resonance neurography (MRN) was a logical 

technological progression. The MRN images are 
obtained using axial, coronal, and longitudinal T1 
and T2 image acquisition with customized phased 
array coils and imaging protocols. The applica-
tion of MRN relies upon its ability to distinguish 
nerves from surrounding structures such as blood 
vessels, lymph nodes, ligaments, adipose tissue, 

a

b

  Fig. 11.10    ( a ) Sagittal MRI images of mandibular angle 
fracture ( A ), with IAN ( N ) discontinuity (note signi fi cant 
difference in the position of the IAN in each view), and 
possibly individual ruptured nerve  fi bers ( B ) (Adapted 
from Kress et al.  [  17  ] , p. 1636). ( b ) Sagittal T1 MRI 

images following third molar removal with IV contrast 
injection to distinguish the IAN ( N ) from the artery ( A ). 
There is evidence of signal increase in the IAN near the 
third molar extraction site ( E ) (Adapted from Kress et al. 
 [  16  ] , 1419)       
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and salivary ducts. These advantages would allow 
isolation of the IAN from the neighboring artery 
and vein contained within the inferior alveolar 
canal. The MRN studies to date have documented 
the ability to distinguish intraneural from perineu-
ral masses, demonstrate nerve continuity vs. dis-
continuity at the fascicular level, and localize 
extraneural nerve compression prior to nerve 
exploration. The majority of research has focused 
on larger, peripheral motor nerves including the 
brachial plexus, sciatic nerve, peroneal nerve, and 
femoral nerve. Filler et al. documented nerve 
compression and signal hyperintensity of an IAN 
in a patient with a lymphoma of the pterygoman-
dibular space (Fig.  11.11 ). MRN has been able to 
document an increased diameter of injured nerves, 
as well as increased signal intensity, and longitu-
dinal variations associated with nerve injury and 
recovery. There does not seem to be any correla-
tion between the amount of hyperintensity and 
the degree of neural injury, and its signi fi cance 
has not yet been clearly de fi ned. The  fi nding of 
signal hyperintensity has been demonstrated for a 
transient period following neural anastomosis, as 
well as distal to a nerve graft site. The remarkable 
ability of MRN to depict fascicular architecture is 
based upon the difference in  fl uid composition of 
the neural elements. The fascicles contain a pre-
ponderance of endoneurial  fl uid and axoplasmic 
water, while the interfascicular space is largely 
composed on  fi brofatty connective tissue. In a 
sense, these images may be able to de fi ne radio-
graphically the histological characteristics of dif-
ferent grades of nerve injuries set forth by 
Sunderland. Similarly, sequential images over 
time could be used to monitor nerve recovery at 
the fascicular level. One of the most advantageous 
characteristics of MRN images is the ability to 
image the nerve in a longitudinal plane. In a tech-
nique similar to that of an MRA used to image the 
anatomy of an abdominal aortic aneurysm, these 
MRN images can easily be assessed for variations 
in nerve anatomy, diameter, location, disconti-
nuity, and signal intensity which may indicate 
areas of nerve injury, and thereby guide surgi-
cal intervention as well as monitor neurosensory 
recovery.   

    11.4.6   Ultrasonography (US) 

 Some promising  fi ndings were reported with the 
use of ultrasonography (US) for visualization of 
lingual trauma in the pig cadaver head. In the 

Maxillary
sinus

Mandible Inferior alveolar
nerve

  Fig. 11.11    Magnetic resonance neurogram (MRN) 
showing increased signal in the pterygomandibular space 
from a lymphoma ( arrow ) and delineation of the inferior 
alveolar nerve ( IAN ), submandibular gland ( SmG ), and 
premolar ( PrM ) (Adapted from Filler et al.  [  5  ] , p. 306)       
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study by Olsen et al., the iatrogenic injuries cre-
ated were successfully categorized in 17 out of 
27 attempts once the examiners became familiar 
with visualization of the LN (Fig.  11.12 ), indicat-
ing that with any new application of technology, 
there is a learning curve to be overcome. 
Therefore, one of the major remaining limiting 
factors in the use of US for such application is the 
lack of training and familiarity with the US tech-
nology and imaging among surgeons and radiolo-
gists. The possibility of incorporating US for 
investigation of the integrity of LN postopera-
tively together with clinical evaluation seems like 
a promising endeavor. The potential for US 
examination in several subsequent visits in a non-
invasive manner, without the need for radiation, 
additional cost, or discomfort, with the ability to 
document  fi ndings of every exam for comparison 
and evaluation of progression, makes this modal-
ity a valuable one to investigate further.    

    11.5   Post-Injury Functional 
Assessment of the IAN and LN 

 Among the imaging modalities discussed thus 
far, it should be evident that the only few that 
could potentially contribute to the functional 
assessment of the post-nerve repair patients are 
the MRI-HR functional MRI or MRN, and US 

technology. Success or failure of post-nerve 
repair grafting or direct anastomosis can be 
assessed only after several months have elapsed 
and is generally based upon the  fi ndings of the 
neurosensory examination. The use of MRN has 
been proven valuable to evaluate the repair site 
for neuroma formation, or problems with the 
suture repair when there is no recovery post-
repair, and this information can help to direct the 
need for intervention. The few limitations that 
may be introduced by the presence of a hema-
toma in the early stages post-repair initially dis-
cussed in the literature are no longer a major 
factor with the current advances in the MRN. 
Finally, nerve continuity after direct repair or 
interpositional grafting can be examined with 
US, but more details may be obtained with MRN. 
Once again, a major limitation with the use of US 
is the lack of training and familiarity among sur-
geons with the acquired images for appropriate 
interpretation. 

 The current advances in MRI technology 
with high-resolution, functional, or metabolic-
based images (BOLD, blood oxygenation 
level- dependent images) certainly allow for 
detailed examination of the neural structures, 
nerve pathology, and nerve injury. Perhaps 
the main potential limitations in routine use of 
these advanced applications for investigation 
of IAN and LN injuries and recovery would 
be the cost associated with the studies, and 
the lack of familiarity of the neuroradiologists 
and surgeons regarding their applications and 
interpretations. 

 Although our current ability to image the 
IAN and LN with precision, detail, and accu-
racy is limited, with the current rapid develop-
ment of technological advancements and 
improvements in imaging modalities, there will 
certainly be three-dimensional imaging capa-
bilities that will effectively image both the IAN 
and LN, allowing precise evaluation of fascicu-
lar disruption. Also, functional neural and brain 
imaging will allow correlation of the clinical 
neurosensory examination with direct anatomic 
and physiologic functional parameters of the 
IAN and LN.      

  Fig. 11.12    Ultrasound image showing the echogenic 
shadow of the lingual nerve ( upper arrow ) above the lin-
gual crest of the mandible ( lower arrow ) (Adapted from 
Olsen et al.  [  22  ] , p. 2299)       
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  12

    12.1   Introduction 

 The most signi fi cant complications from dental 
and oral surgical interventions are iatrogenic 
trigeminal nerve injuries that can result in perma-
nent altered sensation and pain causing signi fi cant 
functional and psychological disability  [  1  ] . These 
injuries are best prevented, and management is 
complex and currently often inadequate  [  1  ] . 
Dependent upon the mechanism and duration of 
trigeminal nerve injury, results on relatively few 
patients undergoing reparative surgery, this chap-
ter aims to provide an outline of the nonsurgical 
management of these injuries. The trigeminal 
nerve is the largest peripheral sensory nerve in 
the body with representation occupying over half 
of the sensory cortex. Altered feedback from a 
sensory nerve can cause permanent changes in 
the sensory cortex after 3 months  [  2  ]  and, in addi-
tion, results in signi fi cant functional and affective 
problems. Since the face and mouth are rather 
“important” parts of a human being, challenges 
and changes to the orofacial area are likely to 
have a high psychological impact and altered 
self-perception  [  3  ] . 

 Altered sensation and pain in the orofacial 
region may interfere with speaking, eating, 

 kissing, shaving, applying makeup, toothbrush-
ing, and drinking, in fact just about every social 
interaction we take for granted on a daily basis 
 [  4  ] . Usually after oral rehabilitation, the patient 
expects and experiences signi fi cant improve-
ments, not only regarding jaw function, but also 
in relation to dental, facial, and even overall body 
image. Thus, these injuries have a signi fi cant 
negative effect on the patient’s self-image and 
quality of life and may lead to signi fi cant psycho-
logical effects  [  5  ] . 

 Iatrogenesis is damage to the patient caused 
by surgical or medical intervention. Surprisingly 
very little research attends to this unfortunate 
side of surgery and medicine. 

 It is well known that chronic pain causes stress 
and anxiety in over 50 % of affected patients  [  6  ]  
and postsurgical sensory neuropathy is often 
associated with chronic neuropathic pain  [  7  ] . As 
50–70 % of patients presenting at a specialist 
clinic present with neuropathic pain  [  3  ]  that does 
not respond to surgery  [  8,   9  ] , there is a huge 
demand for nonsurgical management for these 
patients. 

 Current management of these nerve injuries 
is inadequate. The World Health Organization’s 
model of health suggests that nerve injury out-
comes should be assessed in terms of impairment, 
activity limitations, and participation restrictions 
 [  6  ] . The focus for trigeminal nerve injury man-
agement misguidedly remains on surgical cor-
rection or laser therapy of the nerve itself with 
little or no attention to the patient’s complaints. 
A more holistic approach, such as medical or 
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 counseling intervention with consideration for 
the patients’ psychological, functional, or pain-
related complaints, is required. The fault partly 
rests with how we assess these patients clini-
cally. Neurosensory assessment tends to show 
little regard for the functional or pain evaluation, 
with the main focus remaining on basic mecha-
nosensory evaluation, which is not necessarily 
re fl ective of the patients’ subjective dif fi culties. 
Oral and maxillofacial surgery specialists assess-
ing these injuries should therefore follow guide-
lines from the World Health Organization, which 
suggests that nerve injury assessment should 
focus on level of impairment, activity limitations, 
and participation restrictions  [  9  ] . Guidelines for 
management of chronic neuropathic pain are set 
out by NICE, the International Association for 
the Study of Pain, and the American Academy of 
Neurology  [  10–  12  ] . 

 Speci fi c recommendations have been made 
with regard to the assessment of trigeminal neu-
ropathy using qualitative sensory testing (QST), 
pain pro fi ling, and quality of life (QoL) question-
naires containing psychometric scales re fl ecting 
the important criteria by which we should assess 
the effectiveness of our therapeutic interventions 
 [  13  ] . These recommendations, without excep-
tion, are holistic when compared with current 
reports evaluating the management of trigeminal 
nerve injuries. 

 To date, as dental clinicians, we have mistak-
enly applied a sit and wait observation policy to 
these iatrogenic trigeminal nerve injuries based 
upon research regarding lingual access for third 
molar surgery (mostly now only of historic inter-
est) causing predominantly temporary lingual 
nerve injuries, with approximately 90 % resolv-
ing by 8 weeks post-surgery  [  14,   15  ] . This expect-
ant approach is not applicable to other trigeminal 
nerve injuries or indeed to other causes. More 
recently, researchers have taken a more holistic 
approach to assessing patients with these nerve 
injuries and they have identi fi ed signi fi cant neu-
ropathic pain incidence, functional problems with 
related psychological problems that require man-
agement of the type not usually corrected or 
addressed by surgical intervention  [  3  ] . 

 A priority in managing these patients is reas-
surance and an honest opinion as to whether the 
nerve injury is likely to be temporary or perma-
nent. This approach will  fi rst provide the patient 
a realistic platform on which to decide on future 
treatment and secondly whether pain control and 
rehabilitation need to be instituted as early as 
possible. Reparative surgery may be indicated 
when the patient complains of persistent prob-
lems related to the nerve injury, is important for 
optimal physiologic and functional recovery, and 
is generally undertaken within 3 months post-
injury  [  17  ] ; however, there remains a signi fi cant 
de fi ciency in evidence-based research to support 
this practice pattern. 

 The presenting complaints of patients may 
include functional problems due to the reduced 
sensation, or intolerable sensations or pain, with 
the latter being predominantly intransigent to 
surgery. Frequently, poorly expressed psycho-
logical problems relating the iatrogenesis of the 
injury to the chronic pain are overlooked  [  18  ] . 
Generally for lesions of the peripheral sensory 
nerves in man, the gold standard is to repair the 
nerve as soon as possible after injury  [  2  ] . 
However, the relatively few series of reports on 
trigeminal nerve repair on human subjects relate 
mainly to repairs undertaken at signi fi cantly more 
than 6 months after injury, which is unsatisfac-
tory. This phenomenon is peculiar only to den-
tistry and may be based upon the misconception 
that the majority of trigeminal nerve injuries 
resolve, when, in fact, it is only lingual nerve 
injuries related to lingual access for third molar 
surgery that usually resolve at 10 weeks in 88 % 
of cases  [  14,   15  ] . 

 It is evident from a review of the literature that 
there needs to be a cultural and philosophical 
change in the choice of intervention, timing, and 
outcome criteria that should be evaluated for ther-
apeutic modalities for trigeminal nerve injuries. 
To date, there have been a very limited number of 
prospective randomized studies to evaluate the 
effect of treatment delay, as well as the surgical, 
medical, or counseling outcomes for trigeminal 
nerve injuries in humans; this is probably due to 
the ethical dif fi culties in initiating such a study.  
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    12.2   Trigeminal Nerve Injury 
Management Protocols 

 Management of nerve injuries should be consid-
ered in terms of immediate early interventions 
and later delayed interventions. 

    12.2.1   Early/Immediate Interventions 

 Early/immediate interventions would be repair of 
a known nerve transections or severely damaged 
nerves. Endodontic- and implant-related nerve 
injuries may also warrant early intervention  [  19  ] . 
A strategy for management of trigeminal nerve 
injuries based upon the mechanism (Fig.  12.1 ) 
and duration of the injury (Table  12.1 ).   

 High-dose corticosteroids and/or nonsteroidal 
anti-in fl ammatory medications administered in 
the early days following nerve injury should 
reduce local in fl ammation and, in theory, should 
minimize further damage to the injured nerve, but 
paradoxically these medications could interfere 
with the neural healing process. To date, there is 
little or no evidence that this pharmacologic 
intervention will minimize the extent and dura-
tion of trigeminal nerve injury  [  20  ] . 

 The clinician responsible for the nerve injury 
must be honest and caring with the patient and 
show concern with a home check, or a phone call 
to the patient within 6–24 h post-surgery, to 
ensure that the clinician knows if there is any 
extreme pain or neuropathy that may be associ-
ated with the nerve injury and avail the patient of 

IANI = inferior alveolar nerve injuries

LNI = lingual nerve injuries

TMS = third molar surgery 

LA = local anesthestic injuries
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  Fig. 12.1    Etiology of IANI and LNI  [  16  ] . The majority 
of IANI and LNI are caused by third molar surgery, fol-
lowed by local anesthetics (LA). Only IANIs were also 

caused by implants and endodontics.  IANI  inferior alveo-
lar nerve injuries,  LNI  lingual nerve injuries,  TMS  third 
molar surgery,  LA  local anesthetic injuries       
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the appropriate intervention options, if required. 
Poor management by the clinician, extreme 
defensive behavior, and/or ignoring the patient’s 
complaints will only add to the frustration and 
anger of the patient, compounding the injured 
patients’ experience, so these injuries must be 
managed empathetically.  

    12.2.2   Later or Delayed Management 

 Later or delayed management of nerve injuries 
will depend upon the mechanism and the dura-
tion of the event (Table  12.1 )  [  16  ] . The patient’s 
ability to cope with the neuropathy and pain, 
functional problems, and their overall psycho-
logical status will drive the need for therapeutic 
intervention. Considering that the majority of 
these patients present with neuropathic pain, 
most are managed with reassurance and medica-
tions; however, psychological techniques are 
being developed for these patients. Many inju-
ries have limited bene fi t from surgical interven-
tion and should be managed symptomatically 
using medication or counseling. In order to 
manage the patient appropriately, you must 
assess what is causing the patient’s problems. It 
is important to identify key symptoms including 
pain or altered sensory perception that may be 
impairing the patient’s functional abilities. 
Secondly, it is critical to inquire about func-
tional problems (Fig.  12.2 ) in order to identify 

what speci fi cally is most responsible for the 
patient’s distress. Symptoms like numbness with 
pain with light touch (mechanical allodynia) or 
pain with cold stimuli (cold allodynia) often 
confuses and distresses the patient. An explana-
tion of these symptoms by the clinician often 
alleviates the patient’s anxiety in most cases. 
Therapeutic interventions may include the 
following: 
    1.    Consultation, reassurance, and understanding 

will assist many patients in dealing with these 

   Table 12.1    Management strategies for iatrogenic trigeminal nerve injuries  [  16  ]    

 Mechanism  Duration  Treatment 

 Known or suspected nerve transection  Immediate nerve exploration 
 TMS IANI – retained roots  <30 h  Immediate nerve exploration 
 Implant  <30 h  Remove implant 
 Implant  >30 h  Treat patient therapeutically 
 Endodontic  <30 h  Remove tooth/over fi ll 
 Endodontic  >30 h  Treat patient therapeutically 
 TMS IANI – large neuropathic area, pain, and disability  <3 months  Consider nerve exploration 
 TMS LNI – large neuropathic area, pain, and disability  <3 months  Consider nerve exploration 
 TMS IANI  >6 month  Treat patient therapeutically 
 TMS LNI  >6 month  Treat patient therapeutically 
 Local anesthesia, jaw fracture, orthognathic, other surgery  Treat patient therapeutically 

  Adapted from Renton    and Yilmaz  [  16  ]  
  TMS  third molar surgery,  IANI  inferior alveolar nerve injury,  LNI  lingual nerve injury  

Anaesthesia
6

Paraesthesia
6

17 10

18.5

32

Pain
5.5

  Fig. 12.2    Incidence (%) of pain, anesthesia, and par-
esthesia among all patients  [  16  ]        
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nerve injuries. Education about their condition 
and reassurance that the damaged nerves will 
not lead to more serious diseases probably is 
the  fi rst and most powerful intervention for the 
patient. Psychological intervention is recom-
mended for irreversible injuries and injuries 
that cannot be surgically recti fi ed (e.g., 
LA-related, endodontic chemical damage, and 
gross surgery) in patients who are challenged 
by coming to terms with the permanent non-
operative nerve injury.  

    2.    Medical pharmacologic symptomatic therapy 
may be indicated for patients with pain or dis-
comfort. Medications for chronic pain may 
include:

   Topical agents for pain  • 
  Systemic agents for pain     • 

    3.    Surgical exploration (as discussed in other 
chapters)

   Immediate repair if nerve transection is • 
known or suspected  
  Removal of an implant or endodontic  fi lling • 
material within 30 h  
  Exploration of IAN injuries through the • 
extraction socket (less than 4 weeks)  
  Exploration of LN injuries before 12 • 
weeks        

 The surgical management for trigeminal nerve 
injuries is discussed in the other chapters of this 
book, and this chapter addresses several nonsur-
gical strategies that can be used to assist the prac-
titioner in preventing and managing complications 
related to some common dental surgical proce-
dures. In a recent study, surgery with no other 
form of treatment was a management option for 
only 22 % of all patients presenting with trigemi-
nal nerve injuries  [  16  ] . 

 The planned treatment must address the 
patient’s concerns appropriately, and the aims of 
treatment would ideally include the reduction of 
pain and discomfort and ultimately provide 
improved neurosensory function. It is important 
to stress that treatment may not completely 
restore function, such as eating, drinking, speak-
ing, and sleeping; in addition, any treatment will 
not restore normal sensation in the neuropathic 
area, including general sensory (i.e., mecha-
nosensory function) or special sensory function 

(i.e., taste). Escalation of a patient’s symptoms 
from intermittent pain to persistent pain would be 
a signi fi cant negative outcome, as would causing 
a patient to have discomfort or pain when previ-
ously they only reported anesthesia. Therefore, 
particularly with surgery, each patient must be 
warned of the potential risk of escalating their 
neuropathic symptoms, which in this study  [  16  ]  
resulted in 40 % of patients declining offered 
reparative nerve surgery.   

    12.3   Nonsurgical Management 
of Trigeminal Nerve Injuries 

 The strategy for selecting the mode and timing 
of intervention must be based upon the etiology 
of the injury, the patient’s current symptoms, 
the extent and permanency of the injury, and 
 ultimately the patients’ choice of treatment fol-
lowing informed consent and education by the 
clinician. The key management strategies include 
counseling and reassurance, medication, and 
surgery. 

 In order to successfully manage patients with 
nerve injuries, the clinician must consult with the 
patient in an in-depth fashion, provide realistic 
expectations by reaf fi rming the nerve injury is 
permanent if the patient has had their symptoms 
for more than 3 months, and provide reassurance 
that these injuries do not predispose them to other 
disease processes (e.g., cancer), and indeed will 
likely not worsen. Such reassurance can success-
fully manage patients who can manage their pain 
but cannot cope with the consequences of their 
nerve injury and have associated functional 
chronic neuropathic pain and resultant psycho-
logical dif fi culties that signi fi cantly impact upon 
their social life or professional life, or usual 
activities of daily living. 

    12.3.1   Functional Morbidity 

 Despite recognition that lingual nerve injuries 
can cause signi fi cant de fi ciencies in pronuncia-
tion  [  21  ] , there is no evidence that patients suffer-
ing with speech problems due to their nerve 
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injury may also bene fi t from speech therapy. A 
patient with a nerve injury that complains of dis-
ability associated with altered sensation, severe 
discomfort, pain and/or numbness, or a large neu-
ropathic area may also complain of interference 
with daily functions, such as eating and drinking 
(Fig.  12.2 )  [  3  ] . Taste is also a function that may 
be impaired with some lingual nerve injuries due 
to involvement of the chorda tympani branch of 
the facial nerve as it courses with the lingual 
nerve. Inability to perform functional activities of 
daily life, such as applying lipstick, toothbrush-
ing, kissing, or shaving due to an inferior alveolar 
nerve injury, may also occur. Also, sleep patterns 
may be affected (Fig.  12.3 ).   

    12.3.2   Pain Management 

 Neuropathic pain is de fi ned as “pain arising as a 
direct consequence of a lesion or disease affecting 
the somatosensory system”  [  11  ] . Unlike nocicep-
tive pain, neuropathy is associated with “shoot-
ing” or “burning” pains, sensations similar to 

electric shocks, and abnormal responses to touch, 
heat, or cold. This type of pain typically does not 
respond to anti-in fl ammatory analgesics. 

 Neuropathic pain is reported to be present in 
50–70 % of patients attending specialist nerve 
injury clinics  [  3,   16,   22  ] . Despite the additional 
presence of anesthesia and/or paresthesia, a sim-
ilar cohort of patients was reported to have a 
45 % incidence of dysesthesia (Robinson,  JOMS  
2011   ). Neuropathy was evident in all patients 
with varying degrees of mechanosensory func-
tional loss, paresthesia, dysesthesia, allodynia, 
and hyperalgesia. Patients with chronic neuropa-
thy were treated by one or more of the following 
three key modalities: counseling, medical inter-
vention usually for pain (antiepileptics or antide-
pressants), the application of topical 5 % 
lidocaine patches, and/or lastly surgery 
(Table  12.2 )  [  11  ] . In order to make the correct 
choice of management of patients with nerve 
injury, the clinician must discern what he/she is 
attempting to treat; is it poor mechanosensory 
function, or, more pertinently, should it be the 
patient’s chief complaint? Therefore, a thorough 
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assessment of the patient is vital before making 
such an important decision.  

 Nonsurgical interventions for pain include 
medications that may be topical or systemic 
 analgesic agents, or psychological interventions. 

Psychological interventions include reassurance, 
counseling, and cognitive behavioral therapy. 
Patients suffering from chronic neuropathic pain 
and for whom surgical and pharmacological 
interventions did not provide satisfactory pain 

   Table 12.2    Medical management of neuropathic pain  [  11  ]    

 Drug  Starting dose 
 Maximum 
dose 

 Cost of 4 week 
treatment  Comments 

  Oral agents :  refer to product literature for full list of doses ,  cautions ,  contraindications and drug interactions  
 Amitriptyline  10 mg/day  75 mg/day  10 mg/day = £1.12  Higher doses could be consid-

ered in consultation with a 
specialist pain service 

 25 mg/day = £1.13 
 75 mg/day = £2.39 

 Duloxetine  60 mg/day  120 mg/day  60 mg/day = £27.72  Maximum of 120mg daily in 
divided doses  120 mg/day = £55.44 

 Gabapentin  300 mg/day (see 
comments) 

 3.6 g/day  900 mg/day = £4.19  300 mg once daily on day 1, 
then 300 mg twice daily on day 
2, then 300 mg three times daily 
(approx. every 8 h) on day 3 or 
initially 300 mg 3 times daily on 
day 1, then increased according 
to response in steps of 300 mg 
daily (in three divided doses) 
every 2–3 days to max. 3.6 g 

 1.8 g/day = £8.38 
 2.7 g/day = £12.57 

 3.6 g/day = £15.12  The titration above has been 
recommended by the BNF 59. 
Local expert opinion suggests 
that a slower titration than the 
BNF recommendation may 
improve tolerance to gabapentin 

 Pregabalin  150 mg/day in two 
divided dosed 

 600 mg/day  150 mg/day = £64.40  A lower starting dose may be 
appropriate for some  200 mg/day = £64.40 

 300 mg/day = £64.40 
 600 mg/day = £64.40 

 Tramadol  50–100 mg not more 
often than every 4 h 

 400 mg/day  400 mg/day = £6.38  There is a possible interaction 
between duloxetine and 
tramadol: possible increased 
serotonergic effects when 
duloxetine given with trama-
dol—use with caution 

 Prices based on the Drug Tariff August 2010 
 Full range of doses not listed under cost. Costs based on 4 week treatment and is stated for information purposes 
only 

  Topical agents :  refer to product literature for full list of doses ,  cautions ,  contraindications and drug interactions  
 Lidocaine Patch  Apply patch to skin 

once daily for up to 
12 h followed by a 
12 h plaster free 
period 

 Up to 3 
plasters may 
be used to 
cover large 
areas 

 1 patch daily = £67.57  Apply to intact, dry, non-hairy, 
non-irritated skin once daily for 
up to 12 h, followed by a 12-h 
plaster-free period; discontinue 
if no response after 4 weeks 

 3 patch daily = £202.72  Up to 3 plasters may be used to 
cover large areas; plasters may 
be cut 

 Prices based on the BNF 59 March 2010 
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relief may bene fi t from a psychological approach 
to pain management. Therapies with the best 
evidence for improvement in chronic pain are 
cognitive behavioral therapy (CBT) and accep-
tance and commitment therapy (ACT). These 
therapies are not intended to lower the patient’s 
perceived pain levels, but enable the patient to 
better cope with their pain, and this therapy often 
includes the patient’s acceptance of a chronic 
condition. 

    12.3.2.1   Topical Analgesia 
 Novel strategies that include a combination of 
topical 5 % lidocaine patches, topical clonaze-
pam, and botulinum toxin injections may be 
effective for managing posttraumatic trigeminal 
neuropathic pain. 

 Patches containing lidocaine have success-
fully reduced the pain experience among patients 
with postherpetic neuralgia (PHN), painful dia-
betic neuropathy, and low back pain  [  23,   24  ] . A 
small proportion of IANI patients experiencing 
neuropathic pain in a recent study were managed 
by applying topical 5 % lidocaine patches to the 
area in which they were experiencing pain, and 

this therapy provided signi fi cant pain relief  [  16  ] . 
However, clinicians prescribing these topical 
patches should warn the patients to discontinue 
use of the patch if they develop a rash, since the 
patches are applied overnight on a 12-h-on and 
12-h-off cycle. This modality is very useful for 
patients suffering from sleep interruption due to 
mechanical allodynia. The combined application 
of topical 5 % lidocaine patches with other 
modalities is potentially a simple useful strategy 
for patients with permanent inferior alveolar 
nerve injury suffering from neuropathic pain 
(Fig.     12.4 ).  

 Some evidence has shown that botulinum 
toxin injections are useful in managing periph-
eral extraoral or intraoral sensory neuropathic 
pain  [  25  ] ; however, evidence of its effective use 
for posttraumatic trigeminal pain remains 
limited. 

 Clonazepam (used topically as a crushed 
300 mg tablet) applied to the mucosa for 3–5 min, 
and not swallowed, followed by rinsing, may 
reduce oral mucosal neuropathic pain, but evi-
dence is weak for widespread application of this 
technique.  
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    12.3.2.2   Systemic Analgesia 
 Guidelines for the medical management of 
chronic neuropathic pain have been made by 
NICE, set out by the International Association 
for the Study of Pain and the American Academy 
of Neurology  [  10–  12  ] . A  fl ow chart summarizes 
the NICE guidelines for the medical management 
of neuropathic pain (Fig.     12.5 ).  

 Low-dose antidepressants (amitriptyline, nor-
triptyline) and/or antiepileptic agents (carbam-
azepine, oxcarbazepine, gabapentin, pregabalin) 
can be used to manage pain experienced by 
patients with posttraumatic neuropathy  [  12  ] . 
However, such systemic medications can cause a 
multitude of side effects that the patients would 
 fi nd hard to cope with in addition to their other 
symptoms, and only 8 % of patients treated medi-
cally for posttraumatic trigeminal nerve pain 
were compliant with the medication despite the 
side effects  [  16  ] . In contrast, many patients in this 
study reported that they were reluctant to take 
medication because they had previously tried 
multiple chronic pain medications prior to being 
referred to the clinic without any success in 
reducing their pain. In some cases, the level of 
pain was not signi fi cant enough to justify the use 
of medication  [  16  ] . 

 Currently recommended neuropathic pain 
management strategies include systemic pregab-
alin, oxcarbazepine, venlafaxine, and nortrip-
tyline as illustrated in Fig.  12.5  and Table  12.2 . 
The primary outcomes assessed included pain 
relief, improved functionality, and ability of the 
patient to cope with their iatrogenic posttraumatic 
neuropathy  [  26  ] .   

    12.3.3   Psychological Morbidity 

 Many patients  fi nd acceptance or coping with 
even minimal iatrogenic nerve injuries very 
dif fi cult. This may be due to the unexpected 
nature of the injury, poor informed consent (or 
lack of recall), poor postoperative management 
of the patient, and an overall lack of information 
regarding their injury. 

 Patients with iatrogenic posttraumatic neu-
ropathy of the trigeminal nerve not only often 

have to face a future of chronic altered sensation 
or pain af fl icting their orofacial region with the 
attendant severe compromised daily function but 
also have to come to terms with the fact that it has 
been caused by someone whom they trusted. This 
iatrogenic factor does have a signi fi cant psycho-
logical effect on many of these patients who often 
become fearsome of dental or medical practitio-
ners and of fi ce visits. Empirically, many patients 
seen in specialist clinics have signi fi cant psycho-
logical distress, as indicated by hospital anxiety 
and depression scale (HADS) scores higher than 
15. A recent study reported that a limited number 
of patients were treated with individualized cog-
nitive behavioral therapy (CBT), and early signs 
of fear and avoidance of attending their general 
dental practitioner indicate that this group may 
be suffering from a form of posttraumatic stress 
disorder (PTSD)  [  16  ] . This situation is often 
compounded by lack of prior informed consent 
(or, at least, lack of recall of the informed 
consent discussion) and poor postoperative 
 management by the practitioner subsequent to 
the nerve injury. There is a need for research into 
the psychological effects of these iatrogenic inju-
ries, and the bene fi ts of nonsurgical interventions 
for these patients. 

    12.3.3.1   Psychiatric and Psychological 
Therapies 

 It is well established that patients who develop 
chronic orofacial pain conditions undergo marked 
negative psychological and personality changes 
 [  27,   28  ]  and display increased levels of anxiety, 
depression, and psychosocial distress  [  29  ] . 
Signi fi cantly, a number of recent studies have 
reported reduced quality of life, impaired psycho-
social functioning, and elevated levels of anxiety 
and depression in patients suffering from orofa-
cial pain with a neuropathic component, such as 
patients diagnosed with trigeminal neuralgia and 
idiopathic continuous orofacial pain  [  30  ] . 

 Assessment and treatment by a psychiatrist 
and clinical psychologist can help in the manage-
ment of these psychological changes in these 
patients. The iatrogenic nature of many nerve 
injuries can compound preexisting mental health 
problems, and, interestingly, evidence suggests 
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Care pathway for the management of neuropathic pain in adults in
non-specialist settings including primary care

This flow diagram was adapted from the NICE Neuropathic Pain Guideline and is used for the
management of neuropathic pain for adult patients within ***(change accordingly)***

Discuss aims of pharma-
cological treatment. Advise
patient that it may not
be possible to be pain free
with treatment and that the
aim of treatment is to
achieve pain reduction.

After the diagnosis of neuropath ic pain and appropriate
management of the underlying condition(s)

Early clinical review
• After starting or changing
a treatment, perform an
early clinical review of dosage
titration, tolerability
and adverse effects to assess
suitability of chosen
treatment.
• Local expert opinion suggests
4 weeks as a trial
period for treatment before
considering another agent.

People with painful diabetic neuropathy

First-line treatment
  Offer oral duloxetine
  Offer oral amitriptyline- if duloxetine is contraindicated

Second-line treatment
  Offer treatment with another drug instead of or
in combination with the original drug, after informed
discussion with the person:
– if first-line treatment was with duloxetine,
switch to amitriptyline or pregabalin or gabapentin*,
or combine with pregabalin or gabapentin
– if first-line treatment was with amitriptyline,
switch to or combine with pregabalin or gabapentin

Second-line treatment
  Offer treatment with pregabalin or gabapentin'
   instead of or in combination with the amitriptyline
   after informed discussion with the person

*Please note:
• Gabapentin is outside of
NICE guidance, however,
it is still a viable agent.
• Local expert opinion
suggest slower titration
than recommended in the
BNF may improve tolerance.

**Please note:
There is a possible
interaction between
duloxetine and tramadol:
possible increased
serotonergic effects when
duloxetine given with
tramadol.

***Please note:
Under current Joint formulary
guidance the initiation
of topical lidocaine patches
for unlicensed indications
should be initiated following
recommendation from a
consultant with interest in
pain.

Third-line treatment
  Refer the person to a specialist pain service
and/or a condition-specific service.
  While waiting for referral:
– consider oral tramadol ** instead of or in combination
with second-l ine treatment
– consider topicallidocaine*** for treatment of
localised pain for people who are unable to take
oral medication because of medical conditions
and/or disability.

Regular clinical reviews
Perform regular clinical reviews to assess and monitor
effectiveness of chosen treatment. Include assessment of:
• pain reduction
• adverse effects
• daily activities and participation (such as ability to work
   and drive)
• mood (in particular, possible depression and/or anxiety)
• quality of sleep
• overall improvement as reported by the person.

Referrals
Consider referring the person to a specialist pain service
and/or a condition-specific service at any stage, including
at initial presentation and at the regular clinical reviews, if:
• they have severe pain or
• pain significantly limits their daily activities and participation or
• their undertying health condition has deteriorated.

People with other neuropathic pain conditions

First-line treatment
  Offer oral amitriptyline
  If satisfactory pain reduction is obtained with
   amitriptyline but the person cannot tolerate the
   adverse effects, consider oral imipramine or
   nortriptyline as an altemative

Approved <<<insert month 2010>>>
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•

  Fig. 12.5    Algorithm for medical intervention for neuropathic pain  [  11  ]        
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that treating concomitant anxiety and depression 
can lead to a decrease in pain  [  31  ] . 

 Therapies with the best evidence for chronic 
pain are cognitive behavioral therapy (CBT) and 
acceptance and commitment therapy (ACT). 
These therapies are not intended to lower the 
patients perceived pain levels, but enable the 
patient to better cope with their pain. This often 
includes the acceptance by the patient of the pres-
ence of their chronic condition. 

      CBT 
 CBT currently has the largest amount of research 
carried out on its effectiveness and is recom-
mended by NICE for a wide variety of mental 
health and behavioral conditions  [  32  ] . CBT 
focuses on what people think, how those thoughts 
affect them emotionally, and how they ultimately 
behave as a result. When a patient is distressed or 
anxious, the manner in which they see and evalu-
ate themselves can become negative. CBT thera-
pists work alongside the patient to help them 
begin to see the link between negative thoughts 
and mood. This empowers patients to assert con-
trol over negative emotions and to change or 
modify their behaviors. 

 CBT can be delivered at a number of levels in 
a stepped care model. In the lower levels of the 
stepped care model, techniques such as guided 
self-help are used, placing emphasis on the 
patient to maintain diary sheets and other inter-
ventions with the support and guidance of a 
trained worker. Self-help patient resources are 
often CBT-based and are suitable for a range of 
conditions and can be carried out over the phone 
or face-to-face by a trained therapist. 

 Further up the stepped care model is pure 
CBT, for problems of a more complex and long-
standing nature. CBT is delivered by a trained 
therapist, usually in a clinical setting. During 
CBT, the therapist will  fi rst assist in identifying 
the problem (along with the behavior, thoughts, 
and feelings that may be linked to the problem). 
Once the problem has been explored, the thera-
pist will help to examine the thought and behav-
ior patterns and help to work on ways of 
changing these patterns. If the patient accesses 
this type of therapy, they will often be provided 

a set number of sessions that typically last 
50 min per session. Therapists will usually set 
“homework tasks” that are completed between 
sessions. Homework tasks may include carrying 
out activities such as thought monitoring and 
entering these into a thought diary, or practicing 
speci fi c behaviors through what is known as 
“behavioral exposure.” 

 Cognitive behavioral approaches are delivered 
in a number of clinical settings, with various dif-
fering protocols.    While the cognitive elements of 
the program are usually the province of psychol-
ogists, other staff working alongside them, such 
as physiotherapists, occupational therapists, 
nurses, and doctors, are required to improve their 
psychological understanding and skills to enable 
them to contribute to the treatment regimen. Not 
surprisingly, the outcomes vary greatly between 
individual patients, with some subjects  fi nding 
the ideas life-changing in their relevance and 
applicability, while others struggle to make even 
small changes. Studies demonstrate that although 
there is some diminution in effect with time, most 
patients never return to their previous levels of 
distress or disability  [  33  ] . 

 Delivering effective CBT in the group format 
described above requires considerable skill, an 
effective team, and signi fi cant organization and 
resources. As a result, it is easy to administer 
CBT in an improper manner. Limitations of train-
ing, therapist availability, and lack of resources 
are barriers to the penetration of these techniques 
into the current health-care system; therefore, it 
is often easier to write a prescription, or repeat an 
injection, than to engage the person in a compre-
hensive program of CBT. 

 Numerous studies attest to the ef fi cacy of 
CBT, but many questions remain about the essen-
tial processes involved, and the most rational and 
effective modes of delivery. Research continues 
to shed light on this fascinating area of clinical 
medicine. In any event, it is likely that the CBT 
approach to pain with its humanistic emphasis, 
practical utility, and demonstrable ef fi cacy is here 
to stay  [  34  ] . 

 Cognitive behavioral therapy (CBT) alone, 
or within the context of an interdisciplinary 
pain rehabilitation program, has the greatest 
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empirical evidence for success in patients with 
chronic pain conditions  [  34  ] , and there is emerg-
ing evidence that CBT-based treatment methods 
can improve both short-term and long-term out-
comes in patients with chronic orofacial pain 
 [  31,   36  ] . However, thus far, there is no evidence 
of the bene fi ts of CBT for patients with IANI- or 
LNI-induced neuropathic pain. The majority of 
patients in these studies were successfully man-
aged with psychiatric support and psychological 
therapies, without any additional topical analge-
sia, medical, or surgical intervention in a recent 
study  [  16  ] . 

 There are an increasing number of studies 
qualifying the role of CBT in the management of 
chronic pain; however, more recently, several 
novel techniques are gaining credibility in this 
 fi eld including ACT  [  35  ] .  

      Acceptance and Commitment Therapy (ACT) 
 Acceptance and commitment therapy is a third 
wave behavioral therapy (along with dialectical 
behavior therapy and mindfulness-based cogni-
tive therapy) that uses mindfulness skills to 
develop psychological  fl exibility and help clarify 
and direct values-guided behavior. ACT, pro-
nounced “act” and not by the initials “A-C-T,” 
does not attempt to directly change or stop 
unwanted thoughts or feelings, but aims to develop 
a new mindful relationship with those experiences 
to free a person up to be open to take action that is 
consistent with their chosen life values. Thus, val-
ues clari fi cation is a key component to ACT. 

 Evidence suggests that ACT can help to 
improve mental health  [  36  ] . In a comparative trial 
with CBT, ACT was shown to have comparable 
outcomes  [  35  ] . There is increasing evidence to 
support its use with chronic pain in both a group 
and individual setting   [  36  ] .  

      Other Nonsurgical Interventions 
 Other nonsurgical interventions (Table  12.3 ) 
include education, TENS, peripheral nerve stim-
ulation, massage, acupuncture, and exercise/
reconditioning. These strategies have mainly 
been explored for chronic pain management 
applicable to many patients with permanent 
trigeminal nerve injuries   [  31  ]  .  

      Combined Therapies 
 Combined therapies include CBT, surgery, medi-
cation with 5 % lidocaine patches, and/or botuli-
num toxin (Fig.  12.4 )  [  16  ] .     

    12.4   Summary 

    12.4.1   Improved Management 
of These Injuries 

 Commonly the patient’s anger and frustration 
due to the iatrogenic injury is compounded by 
poor immediate management by the clinician 
involved. After causing the injury, many patients 
complain that the treating clinician refuses to 
even communicate with the patient or remains in 
denial about the injury. Furthermore, particularly 
in secondary care, patients are seen for many 
months or even years, by consecutive junior staff 
providing them with unrealistic false hope and 
reassurance that their nerve injury will resolve 
spontaneously. Most importantly, prevention is 
preferable to the inadequate treatment modalities 
we currently possess to treat posttraumatic 
trigeminal neuropathy. However, if the damage 
occurs, earlier recognition and referral of trigem-
inal injuries are fundamental to the improved 
treatment of these patients. A suggested strategy 
for management of these patients is summarized 
in Table  12.1 . 

 In conclusion, the frequent incidence of pain, 
in patients with lingual nerve and inferior alveo-
lar nerve injuries, indicates that consent should 
highlight the likelihood of hyperesthesia and 
pain, rather than numbness, prior to high-risk 
procedures. Attention should also be directed to 
the misconception that IAN injuries resolve simi-
larly to LN injuries, which is not the case, and 
they often require more urgent management strat-
egies. The pain-associated functional dif fi culties 
present in these cases explain the signi fi cant psy-
chological distress seen in these cases. Possibly, 
the psychological distress is compounded by the 
iatrogenic injury, inadequate or unrecalled 
informed consent, and poor management in most 
cases. This chapter highlights several strategies 
that may be used to assist the practitioner in 
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   Table 12.3    Nonsurgical (medical) interventions for chronic pain   

 Intervention  De fi nition  Purpose/goals  Examples of uses 

 Stretching  Gentle exercise to improve 
 fl exibility 

 Improve ROM, function, 
comfort 

 Arthritis, LBP,  fi brmyalgia, 
myofascial pain syndrome 

 Exercise/
reconditioning 

 Reconditioning exercises can 
improve strength and endurance 
as well as combat stiffness and 
weakness associated with 
pain-related inactivity 

 Useful in regaining muscle 
and tendon strength, as well 
as improving ROM, 
endurance, comfort, and 
function Transforms painful 
activities into more easily 
tolerated ones 

 Arthritis, LBP,  fi bromyalgia, 
CRPS 

 Minimizes atrophy, deminer-
alization, and deconditioning 

 Gait and posture 
training 

 Appropriate attention to gait and 
posture, including preventive and 
therapeutic erogonomics 

 Relieve pain and restore 
function; prophylax is against 
further pain 

 LBP, neck pain, tension HA 

 Applied heat or 
cold 

 Application of cold (cryotherapy) 
to decrease pain and swelling and 
improve function; later applica-
tion of heat (thermotherapy) to 
augment performance and 
diminish pain 

 Application of cold produces 
local analgesia, slows nerve 
conduction, and promotes 
tendon  fl exibility 

 Acute trauma (e.g., injury, 
surgery); repetitive trauma, 
arthritis, muscle pain or 
spasm, acute LBP 

 Application of heat produces 
local analgesia, dilates 
(widens) blood vessels, and 
promotes  fl exibility 

 Immobilization  Reduction of activity and 
avidance of strain for certain 
duration; may involve brace to 
assist, restrict, or limit function 
of joint 

 May be needed to maintain 
proper alignment during 
post-injury repair but is 
generally harmful for patients 
with CNCP 

 Some postoperative, injury 
(e.g., fracture) 

 TENS  Selective stimulation of 
cutaneous receptors sensitive to 
mechanical stimuli (mechano-
receptors) by applying low-
 intensity current via skin 
electrodes a  

 TENS can reduce pain and 
analgesic use and improve 
physical mobility, presumably 
by interfering with transmis-
sion of nociceptive impulses 
in nerve  fi bers 

 Trauma, postoperative, labor, 
abdominal pain; neuralgias, 
other neuropathic pain, PVD, 
angina, musculoskeletal pain 

 PNS  Electrical stimulation of selected 
regions of the nervous system via 
implantable devices b  

 The goal of electrical 
stimulation is to disrupt 
nociceptive signaling 

 Chronic pain of the trunk and 
limbs (e.g., PVD), neuro-
pathic pain (deafferentation, 
poststroke pain), cancer pain 

 SCS 
 IC 

 Massage  Rubbing of painful or nonpainful 
adjacent area 

 Facilitates relaxation and 
decreases muscle tension and 
pain 

 Postoperative pain, arthritis, 
 fi bromyalgia 

 Acupuncture  Old Chinese healing technique 
involves insertion of  fi ne needles 
into the skin at varying depths; 
application of pressure at 
acupuncture sites is called 
acupressure 

 Acupuncture may cause the 
secretion of endorphins and 
interfere with transmission of 
nociceptive information to 
relieve pain 

 Postoperative, radiculopathy, 
chronic LBP,  fi bromyalgia 

  From the American Academy of Pain 
  CNCP  chronic noncancer pain,  CRPS  chronic regional pain syndrome types I and II,  HA  headache,  IC  intracerebral 
stimulation,  LBP  lower back pain,  PNS  peripheral nerve stimulation,  PVD  peripheral vascular disease,  ROM  range of 
motion,  SCS  spinal cord stimulation,  TENS  transcutaneous electrical nerve stimulation 
  a TENS appears to work best when applied t skin close to the pain’s site of origin and when sense of touch and pressure 
are preserved 
  b The implanted portion of the device consists of a pulse generator and leads connected to electrodes located in fascia in 
close proximity to a peripheral nerve (PNS), the spinal canal (SCS), or brain (IC). The patient or clinician controls 
stimulation using non-implanted system components  
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 managing trigeminal nerve injuries while, at the 
same time, reaf fi rming that there is no one ideal 
treatment option in treating these patients.       
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  13

          13.1   Introduction 

 The lingual nerve (LN) is a branch of the man-
dibular division of the trigeminal nerve, which 
is formed from afferent branches from the body 
of the tongue that travel along the lateral surface 
of the tongue  [  1  ] . Injury to the LN may cause 
signi fi cant patient morbidity and is one of the 
leading causes of litigation in dentistry and oral 
and maxillofacial surgery. Injury to the LN can 
occur during a multitude of surgical procedures 
including third molar extraction, local anesthetic 
injections, preprosthetic surgery, placement of 
dental endosseous implants, orthognathic sur-
gery, excision of maxillofacial pathology, and 
penetrating trauma to the  fl oor of mouth and 
tongue. There have also been infrequent reports 
of LN injury secondary to laryngoscopy for intu-
bation and placement of a laryngeal mask airway 
 [  2,   3  ] . The vast majority of LN injuries that are 
routinely seen by trigeminal nerve microsurgical 
specialists are those that are iatrogenic in nature 
occurring with mandibular third molar extractions 
and dentoalveolar surgery. During mandibular 
third molar surgery, the LN is not generally visu-
alized  intraoperatively and is usually  protected 

through the judicious placement of incisions and 
subperiosteal plane  fl ap elevation. With anatomi-
cal aberrancy, iatrogenic injury to the LN can 
occur even in the most skilled surgeon’s hands. 
Injury to the LN can occur in situations where 
the nerve is located in a “high-risk” position, 
namely, at or above the level of the lingual crest 
or medial and contiguous with the lingual cor-
tical plate (Fig.  13.1 )  [  4  ] . Numerous anatomic 
studies have reported on the variable position of 
the LN with regard to third molar extraction. In 
a study by Pogrel and colleagues, the LN was 
located above the lingual crest in 15 % of cadav-
ers within a 3.45 mm mean horizontal distance 
from the lingual crest in the third molar region 
 [  5  ] . Miloro and colleagues using magnetic reso-
nance imaging (MRI) identi fi ed the LN above the 
lingual alveolar crest in about 10 % of specimens, 
and in direct contact with the lingual plate in 
approximately 25 % of specimens  [  6  ] . Therefore, 
medially directed crestal incisions, fractures, or 
perforations of the lingual cortex, aggressive dis-
section, and curettage on the medial tissues of 
the surgical site can all potentially result in an 
LN injury  [  4  ] . A frequently cited study using a 
questionnaire reported that LN injuries occur in 
11 % of cases involving the removal of a man-
dibular third molar  [  7  ] . In these cases, the authors 
reported that approximately 50 % of patients made 
full neurosensory recovery within 36 weeks, and 
all but 6 (0.5 %) of the cases ultimately recovered 
sensation. There is a wide range of LN injury 
incidence reported in the literature, dependent 
upon varying measurements and classi fi cations 
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of injury  utilized. Unfortunately, most of the past 
literature has been retrospective in nature with no 
standardization in measuring sensory levels until 
more recent publications utilizing the British 
Medical Research Council Scale (MRCS)  [  8  ] . 
The British MRCS was developed for grading 
sensation subsequent to peripheral nerve injuries 
since neurosensory function cannot be assessed 
directly  [  8–  10  ] . This scale takes into account 
the sensations of vibration, pinprick, light touch, 
two-point discrimination, and temperature and 
is ranked on scale of S0–S4 (functional sensory 
recovery de fi ned as greater than S3).  

 When evaluating patients with LN injuries, 
the microsurgeon must be prepared for potential 
patient frustration and anxiety that often accom-
pany these injuries. Patients will question whether 
it was poor surgical technique or the nature of 
their anatomy or pathology that contributed to 
their neurosensory de fi cit. For instance, in the 
case of the inferior alveolar nerve (IAN), it is 
standard of care for most surgeons to obtain a 
preoperative panoramic radiograph that enables 
visualization of the course of the inferior alveolar 
canal (IAC) and its proximity to the area of surgi-
cal interest. There are statistically validated 
radiographic signs that indicate increased risk of 
IAN injury  [  11  ] . If there is radiographic evidence 
of potential for nerve injury, the surgeon has the 

option to obtain a preoperative computed tomog-
raphy (CT) scan or cone beam CT (CBCT). With 
this technology, the surgeon is able to better visu-
alize the course of the IAC in preoperative plan-
ning of extraction of impacted teeth, placement 
of dental endosseous implants, evaluation of jaw 
lesions, and designing jaw osteotomies. A major 
additional advantage of CT is that it allows the 
surgeon to better educate the patient regarding 
the potential risk of injury to the IAN and prepar-
ing the patient for such an event should it occur. 
However, with regard to the LN, no practical 
imaging modality exists for the visualization of 
the LN and its course other than possibly high-
resolution MRI scans. Therefore, the combina-
tion of the variant course of the LN and lack of 
easily obtainable and reproducible imaging of the 
nerve makes the planning for potential LN inju-
ries more dif fi cult as well as postoperative dis-
cussions with patients regarding this potential 
complication should it occur. 

 The evaluation and surgical management of 
patients with LN injuries is a challenging task 
that requires a sound treatment philosophy based 
upon experience with careful outcome analysis to 
re fi ne surgical procedures in order to maximize 
patient bene fi t. This chapter shall discuss the 
anatomy of the LN, microsurgical treatment 
options, and present a case series.  

  Fig. 13.1    Clinical 
photograph showing a 
“high” left lingual nerve 
which was injured during 
extraction of tooth #17, 
requiring external neurolysis 
of the nerve       
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    13.2   Surgical Anatomy 

 The trigeminal nerve is the  fi fth and largest cra-
nial nerve that is considered a mixed motor and 
sensory nerve. The afferent (sensory) component 
provides general sensation to the skin of the face, 
teeth, oral cavity, and tongue. The efferent (motor) 
component provides innervation to the muscles of 
mastication and other cranial muscles. The oph-
thalmic (V1) and maxillary (V2) divisions carry 
only sensory nerves, while the mandibular divi-
sion (V3) carries both sensory and motor nerves. 
The LN is a branch of the mandibular division of 
the trigeminal nerve, and it is formed from affer-
ent branches from the body of the tongue that 
travel along the lateral surface of the tongue and 
 fi nally the posterior  fl oor of mouth  [  1  ] . 

 As the LN descends into the oral cavity, it is 
located medial to the mandibular ramus, coursing 
superior to Wharton’s duct. An understanding of 
the relationship of the LN to the adjacent 
Wharton’s duct is critical during a transoral 
exploration of the  fl oor of the mouth. The LN 
courses from lateral to medial, and crosses 
Wharton’s duct in the area of the  fi rst and second 
molars, and lateral to the hypoglossal nerve. Once 
the LN loops around Wharton’s duct, it then 
passes upward onto the genioglossus muscle as it 
enters the substance of the tongue. The position 
of the LN at the third molar region is dependent 
upon the  fl are of the mandible, but generally 
courses below the lingual alveolar crest and sev-
eral millimeters medial to the lingual cortex. As 
described previously, this is an area of anatomic 
variability that can make the LN susceptible to 
injury during third molar surgery regardless of 
the speci fi c surgical technique utilized.  

    13.3   Indications for Surgical 
Management 

 The key to accurate repair of LN injuries is estab-
lishing a precise diagnosis. During the initial 
examination, the surgeon must establish the nature 
of the sensory disturbance including the affected 
area, degree of sensory de fi cit, and presence or 
absence of any neuropathic pain component  [  4  ] . 

Indications for LN microsurgery are generally 
accepted to include (1) observed nerve transec-
tion, (2) development of pain due to nerve entrap-
ment, (3) no improvement in spontaneous sensory 
regeneration for greater than 3 months, (4) pro-
gressively worsening hypoesthesia or dysesthesia, 
and (5) hypoesthesia that is intolerable to the 
patient and amendable to surgical improvement. 
Of note, some patients seek microsurgical inter-
vention for mild sensory de fi cits that would not be 
signi fi cantly improved to warrant surgical explo-
ration considering the potential risks of general 
anesthesia  [  12  ] . Contraindications to LN micro-
surgery can include any of the following scenar-
ios: (1) clinical evidence of spontaneous improving 
neurosensory function, (2) development of central 
neuropathic pain, (3) a level of hypoesthesia that 
is acceptable to the patient, (4) severely medically 
compromised patient unable to tolerate general 
anesthesia, and (5) excessive time elapsed since 
the initial injury based upon current understand-
ing of timing issues as they relate to trigeminal 
nerve microsurgery  [  12,   13  ] .  

    13.4   Surgical Approach 
and Techniques 

 Operating magni fi cation is recommended for dis-
section and mobilization of the proximal and dis-
tal portions of the LN, with nasal endotracheal 
intubation and muscle relaxation to enable unham-
pered access to the oral cavity to facilitate intraoral 
surgery. Once the endotracheal tube is secured, a 
properly sized pharyngeal pack is placed and the 
patient’s oral cavity is subsequently prepped with 
0.12 % chlorhexidine solution or other such solu-
tion. The patient is prepped and draped in a sterile 
fashion consistent with other oral surgical proce-
dures. It is helpful if the patient is placed in slight 
reverse Trendelenburg position which facilitates 
venous drainage and results in less intraoperative 
bleeding. Mouth opening can be accomplished 
with a rubber bite block or a Molt mouth gag with 
silicone tips. One must consider undue stress on 
the temporomandibular joint during these proce-
dures, which can last up to several hours, espe-
cially in cases where extensive dissection is 
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needed to identify the proximal and distal por-
tions of the nerve; therefore, the mandible should 
not be maintained in a fully open position for the 
duration of surgery  [  4  ] . Finally, a local anesthetic 
with vasoconstrictor is injected in the operative 
site, allowing adequate time to ensure adequate 
vasoconstriction. Of note, nerve blocks should be 
avoided under general anesthesia due to risk of 
accidental intraneural injection with the patient 
being unable to respond to this incident resulting 
in possible additional chemical or mechanical 
injury to the LN or IAN. 

 Exploration and repair of the LN can generally 
be accomplished with a transoral approach using 
either a paralingual mucosal incision or lingual 
gingival sulcus incision (Fig.  13.2 ). The advan-
tages of the paralingual mucosal incision is the 
direct visualization of the LN it provides with a 
smaller incision; however, the proximal and distal 
nerve trunks may have a tendency to retract from 
the surgical  fi eld on exposure and blunt dissection 
for complete injuries. The lingual gingival sulcus 
incision requires a larger incision with both disto-
buccal release and lingual crevicular incision; 
however, this will not result in retraction of the 
nerve during surgical dissection or retraction. 
Furthermore, the lingual gingival sulcus incision 
is technically more familiar to surgeons with the 

elevation of a subperiosteal  fl ap that requires a 
lateral release along the external oblique ridge 
similar to an extended incision utilized for third 
molar surgery with extension along the lingual 
sulci of posterior teeth to approximately the area 
of the canine tooth. With the lingual gingival sul-
cus incision, one must handle the gingival tissues 
gently to prevent gingival recession and/or loss of 
interdental papilla, especially distal to the second 
molar, if present, that could result in potential 
gingival recession and root sensitivity. This  fl ap is 
then gently elevated in a subperiosteal plane to 
allow placement of a lateral retractor, preferably 
an Obwegeser toe-out retractor, and lingual retrac-
tion by the assistant with consideration for place-
ment of silk suture to the contralateral rubber bite 
block to allow passive lingual  fl ap retraction. This 
surgical approach allows for close inspection of 
the alveolar ridge and residual dental socket, if 
applicable. In particular, the microsurgeon should 
observe the level of the lingual alveolar crest, 
integrity of the lingual plate, presence of perfora-
tions from rotary instrumentation, or any other 
bony irregularities. These pertinent positive or 
negative intraoperative  fi ndings should be 
included in the  fi nal operative dictation report. In 
some instances, the surgeon may  fi nd a lingually 
oriented residual socket where the bony lingual 
ridge was obliterated by the former dental crown 
of the third molar tooth. This is very relevant in 
describing the position of the LN relative to where 
the ridge might have been anticipated if not for 
the aberrant position of the impacted tooth.  

 Most surgeons will utilize either an operating 
microscope or loupe magni fi cation to expose and 
repair the injured lingual nerve. If using an oper-
ating microscope, the operating room table must 
be turned 90° relative to the anesthesiologist to 
facilitate placement of the surgical microscope 
with the affected side away from the anesthesiolo-
gist. The microscope should be calibrated and set 
up prior to surgeon scrubbing. A multi-head scope 
is particularly useful to allow the assistant surgeon 
to have visual access during the surgical proce-
dure. There is a steep learning curve involved with 
mastering indirect hand-eye coordination in the 
microsurgical repair of nerve injuries; however, 
once mastered, the operating microscope has 
become indispensable in our management of these 

  Fig. 13.2     Dashed line  depicting transoral approach to 
lingual nerve using a paralingual mucosal incision, and 
 straight line  depicting a lingual gingival sulcus incision 
(Must Redraw Picture with Tongue Retracted Away from 
Incision Design)       
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injuries. This skill generally requires practice out-
side of the operating room with suture boards in 
the cadaver laboratory. 

 The initial step in the microsurgical repair of 
LN injuries is external neurolysis, which sim-
ply involves the release of the nerve from its 
tissue bed without penetrating the epineurium 
or entering the substance of the nerve. During 
external neurolysis, all soft tissue restrictions 
should be externally removed from the nerve 
that could potentially lead to conduction block-
ade or prevent neurosensory recovery  [  12  ] . For 
the described LN technique, the periosteum and 
associated perineural scar tissue is excised to 
allow blunt dissection and exploration of the 
proximal and distal nerve. In rare circumstances, 
the nerve may be directly visualized within the 
 fl ap once elevated indicating a super fi cial loca-
tion of the LN. Evaluating the bony alveolar 
anatomy in the region may provide a guide to 
the position of the injury and nerve within the 
 fl ap. Many times in microneurosurgery, “less 
is more,” meaning aggressive and wide dissec-
tion can induce scar tissue formation leading to 
a potential postoperative compressive neuropa-
thy. For some patients, external neurolysis is the 
only procedure required, especially in cases of 
moderate sensory disturbance without neuroma 
formation and when nerve continuity is present 
(Fig.  13.3 ).  

 Internal neurolysis is another microsurgi-
cal technique indicated when there is evidence 
of nerve  fi brosis, constriction, or expansion. 
Internal neurolysis requires opening of the 
epineurium to examine the internal substance of 
the nerve. This can be performed under micro-
scopic guidance using a Beaver blade creating 
a longitudinal incision in a procedure referred 
to as an epineural epineurotomy. As previously 
discussed, the surgeon must be vigilant in creat-
ing an ideal healing environment by minimizing 
postoperative scarring in the surgical  fi eld. In 
the case of internal neurolysis, due to the sparse 
amount of epineurium normally present with the 
trigeminal nerve, any manipulation could poten-
tially lead to further scar formation and adverse 
effect on outcome  [  12  ] . In the presence of mild-
moderate degrees of nerve  fi brosis, LN neurosen-
sory recovery may occur with the simple release 
of epineural  fi brosis indicated by subsequent 
nerve expansion observed intraoperatively. If 
no nerve expansion is visualized, consideration 
should be given to remove the affected  fi brotic 
segment back to the level of healthy-appearing 
nerve segments. An uncommonly performed 
procedure, epineural epineurectomy, involves 
the circumferential removal of the epineurium to 
expose the underlining nerve fascicles. This pro-
cedure can lead to signi fi cant iatrogenic injury 
and scarring and is not generally recommended. 

  Fig. 13.3    Right lingual 
nerve after external 
neurolysis       
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Although such  procedures have been utilized in 
the past when dealing with nerve involvement 
resulting from benign maxillofacial pathology, 
in most cases today, a nerve pull-through and 
re- anastomosis technique or nerve graft would 
more likely be utilized  [  12  ] . In cases where no 
expansion is observed and severe nerve  fi brosis 
exists such as occurs with chemical injuries, 
excision of the affected segment of nerve would 
be indicated with primary tension-free neuror-
rhaphy at the level of the epineurium using 7-0 to 
8-0 non-resorbable nonreactive sutures. A simi-
lar approach could be utilized for excision of a 
neuroma prior to primary direct neurorrhaphy. In 
cases of nerve discontinuity, both the proximal 
and distal nerve segments must be prepared by 
excising the neuroma/scar tissue to the level of 
healthy nerve prior to performing the neuror-
rhaphy procedure. In general, three to four sutures 
are optimally placed circumferentially for satis-
factory neurorrhaphy of the LN. Tension-free 
primary neurorrhaphy is critical to allow for any 
meaningful sensory recovery; if there is tension 
on the repair site, consideration should be given 
toward utilizing an allogeneic or autogenous 
nerve graft (Figs.  13.7 ,  13.8 , and  13.9 ). 

 It is the author’s preference to wrap the LN 
with a resorbable conduit irrespective of whether 
external neurolysis, internal neurolysis, or com-
bination of these procedures was performed. 
Moreover, it has been our experience that the 
use of conduits after microsurgical repair of 
the LN has been helpful in reducing postopera-
tive recurrent scarring with documented sensory 
improvement  [  17  ] . In this study, Ziccardi and 
colleagues reported on the role of type I collagen 
nerve conduit in the repair of LN injuries with 
the results indicating a greater level of functional 
sensory recovery in patients treated with the 
nerve conduit compared to those without the use 
of a conduit. Once repair of the LN is complete, 
meticulous intraoperative hemostasis must be 
achieved in order to prevent postoperative hema-
toma formation. Residual clotted blood not only 
possess a risk for infection or wound dehiscence, 
but if it remains in proximity to a nerve repair, 
can result in compression-induced ischemia and 
further scarring potentiating demyelination and 

lack of a successful nerve repair  [  12  ] . In cases 
where the nerve is extremely friable and not con-
ducive to multiple suture neurorrhaphy, consider-
ation should be given toward nerve grafting, use 
of conduits, or possibly  fi brin glue, which is an 
area of future research and clinical interest. In 
conclusion, the goal of the surgical repair of LN 
injuries is to release the nerve from scar tissue, 
remove nonviable tissue, and achieve a tension-
free repair to allow normal mechanisms of nerve 
healing to occur.  

    13.5   Outcomes 

 As previously discussed, LN injuries are a source 
of signi fi cant patient morbidity and medicolegal 
litigation. Therefore, the surgeon interested in 
managing these injuries, as with any other recon-
structive procedure, must formulate a sound 
treatment algorithm starting with an accurate 
diagnosis. Microsurgical repair of LN injuries 
has been shown to provide signi fi cant improve-
ments in clinical neurosensory function  [  13–  16  ] . 
The surgical pearls and techniques previously 
described are preferred by the authors and gained 
from several years of experience. 

 While other chapters in this textbook review the 
literature regarding the etiology, diagnosis, out-
comes, and adjunctive technologies (i.e., nerve 
guidance conduits), timing of repairs remains a 
critical issue. A retrospective analysis of 41 cases of 
LN injuries treated in our surgical unit identi fi ed 
that the most prognostic factor in the repair of LN 
injuries is the injury-to-surgery interval  [  17  ] . The 
signi fi cance of surgical intervention prior to 6 
months since the time of injury is consistently cited 
as the most signi fi cant indicator of neurosensory 
recovery  [  18  ] .  

    13.6   Case Presentations 
of LN Repair 

 Case 1—21-year-old man S/P extraction of 
tooth #32 sustaining numbness on the right 
side of his tongue. Intraoperatively, the patient 
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was found to have a signi fi cant amount of scar 
tissue present around the nerve causing com-
pression. The patient underwent external neu-
rolysis and entubulization with a type I collagen 
conduit (Neuragen®, Integra, Plainsboro, NJ) 
(Fig.  13.3 ). 

 Case 2—39-year-old woman S/P extraction 
of tooth #32 sustaining anesthesia of the right 

side of tongue. Intraoperatively, the patient was 
found to have complete transection of the right 
LN (Fig.  13.4 ). The patient underwent primary 
neurorrhaphy after preparation of the proximal 
and distal stumps with nerve entubulization using 
a porcine extracellular matrix-derived nerve 
conduit (Axoguard®, Axogen, Alachua, FL) 
(Figs.  13.5  and  13.6 ).    

  Fig. 13.5    Primary 
neurorrhaphy of right 
lingual nerve       

  Fig. 13.4    Complete 
transection of right lingual 
nerve       
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 Case 3—33-year-old man S/P extraction 
of tooth #32 sustaining anesthesia of the right 
side of tongue. Intraoperatively, the patient was 
found to have complete transection of right 
LN (Fig.  13.7 ). A tension-free primary neur-
orrhaphy could not be achieved, so a  cadaveric 

allogeneic nerve graft (Avance®, Axogen, 
Alachua, FL) was used to reconstruct the nerve 
in a tension-free manner (Fig.  13.8 ). A type 
I collagen conduit was used subsequently to 
entubulize the reconstructed segment of the LN 
(Fig.  13.9 ).         

  Fig. 13.7    Complete 
transection of right lingual 
nerve       

  Fig. 13.6    Entubulization 
of right lingual nerve repair 
site using a porcine 
extracellular matrix-derived 
nerve conduit (Axoguard®, 
Axogen Inc., Alachua, FL)       
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 Injuries to the inferior alveolar nerve (IAN) occur 
from multiple causes including trauma, tumor 
(benign and malignant) involvement or surgery, 
and iatrogenic causes including orthognathic sur-
gery (usually the sagittal split osteotomy), 
implant-related procedures in the posterior man-
dible, as well as dentoalveolar surgery including 
third molar removal  [  1  ] . Less common causes 
include root canal treatment in the posterior man-
dible and as a result of an IAN block-type injec-
tion  [  1–  3  ] . 

 Fortunately, in most cases, the IAN has good 
regenerative potential and recovers spontane-
ously better than the lingual nerve (LN), particu-
larly in the short term. This is probably because 
the nerve is encased in a bony canal which guides 
recovery  [  4  ] . Estimates vary, but it is felt that for 
traumatic injuries, including fractures, injuries 
from orthognathic surgery, injuries from dentoal-
veolar surgery, and injuries from local anesthesia, 
the spontaneous recovery rate is in excess of 
50 % and, in some cases, may reach 80 % or 
higher  [  4  ] . The situation is a little different with 
root canal therapy since if an overextended root 
canal sealant comes in contact with the IAN and 
causes physicochemical damage, if the sealant is 

not removed within a day or two, the damage is 
likely to be permanent  [  2  ] . 

    14.1   Criteria for Surgical 
Intervention 

 Unfortunately, at the present time, imaging by 
plain radiographs or CT scanning is rarely help-
ful in determining the etiology or prognosis for a 
nerve injury, and even MRI scanning, utilizing 
magnetic resonance neurography  [  5,   6  ]  (MRN), 
is generally not helpful, although it may identify 
large neuromas. Therefore, surgery is generally 
exploratory, to determine the site of injury, type 
of injury, and type of repair that might be required. 
In general, early repairs are felt to provide better 
results than late repairs, but there is no consensus 
on what constitutes “early” or “late,” especially 
since most nerve injuries recover spontaneously. 
However, some general rules do seem to apply, 
including the following:
    (a)    If there has been a witnessed transection of 

the IAN (e.g., when removing a third molar 
or during orthognathic surgery), it is best 
repaired immediately, and, in fact, if it is 
repaired at the same time as the surgery that 
damaged it, patients can make a virtually full 
recovery.  

    (b)    When root canal sealant is radiographically 
within the con fi nes of the inferior alveolar 
canal (Fig.  14.1 ) and the patient is symp-
tomatic (anesthesia or dysesthesia), surgical 
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 intervention should be carried out as soon as 
possible and certainly within 48–72 h of the 
injury. After this time, nerve injuries tend to 
become permanent  [  2  ] .   

    (c)    If there was no witnessed transection, yet the 
patient is completely anesthetic or has qual-
ity of life-altering dysesthesia 2–3 months 
after injury, surgery is likely indicated.  

    (d)    If, after 4–6 months, the patient still does not 
have protective re fl exes (cannot feel when 
hot or cold substances come in contact with 
the area innervated by the IAN or are in dan-
ger of biting their lip continuously), then sur-
gery may be indicated. Protective re fl exes are 
felt to be present when a patient has 30 % or 
more of normal feeling (usually measured 
with a combination of Von Frey’s hairs and 
two-point discrimination)  [  7  ] .  

    (e)    Surgery has not been shown to be helpful at 
any time with injuries related to an IAN local 
anesthetic block  [  8  ]   

    (f)    Nerve repairs performed after 1 year are felt 
to provide poor results, but some authors 
have shown reasonable results with LN 
repairs, even after as long as 4 years post-
injury  [  9  ] .      

    14.2   Surgical Approaches to the IAN 

 The IAN can be approached surgically from an 
extraoral approach or by an intraoral approach. 
To a certain extent, this may depend upon sur-
geon preference, patient preference, and the site 
of the nerve injury. 

 Advantages of the extraoral approach are 
superior surgical access and visualization and, 
therefore, an increased opportunity to carry out 
an effective nerve repair. This is particularly true 
since a surgeon can use the operating microscope 
at right angles to the mandible, and also bring his/
her arms in from the sides, which is the ideal 
position for carrying out microsurgery. The dis-
advantages of the extraoral approach are the 
obvious occurrence of a facial scar (though it is 
beneath the jaw line), and the possibility of facial 
nerve involvement, which would add to the origi-
nal injury. 

 The intraoral approach is obviously preferable 
from a cosmetic point of view, but from a surgical 
standpoint, it is very dif fi cult to use the operating 
microscope at an oblique angle to the mandible 
and also dif fi cult to get one’s hands in at the same 
time. A long focal-length lens is necessary on the 
operating microscope, and a lens of at least 250 
mm focal length should be utilized. Many sur-
geons prefer to carry out intraoral exploration 
and repair with surgical loupe magni fi cation, 
usually in the range of four to  fi ve times 
magni fi cation. As far as the actual approach to 
the IAN is concerned, a number of possible 
approaches have been described including the 
following:
    1.    A block decortication of the mandible  [  10  ] . 

This is the author’s personal preference since 
it does allow isolation and visualization of the 
IAN over a long portion of its length, allow-
ing visualization of any neuromas, and appro-
priate mobilization of the nerve to carry out 
any surgery required. The approach is 
 normally performed with a combination of a 
reciprocating saw and chisels to fracture off 
a suf fi ciently long section of the buccal cor-
tex, revealing the underlying marrow. Care 
must be taken to avoid penetrating too 
deeply through the buccal plate with the 

  Fig. 14.1    Panorex  fi lm showing endodontic sealant in 
the inferior alveolar canal below the lower left  fi rst molar. 
If symptomatic, the material should be debrided 
promptly       
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 reciprocating saw so as not to cause further 
iatrogenic nerve trauma. If necessary, the 
inferior border-reciprocating saw can be used 
to score the inferior border of the mandible to 
facilitate the splitting of the buccal plate. With 
careful manipulation of the marrow, the IAN 
can be identi fi ed and isolated and hopefully 
the site of injury identi fi ed. Efforts should be 
made to remove the buccal cortical plate in 
one piece, so that it is then stored moist in 

saline, and at the end of the surgery, it can be 
drilled out on the inner surface to avoid trau-
matizing or compressing the nerve and reat-
tached with one screw for rigid stabilization. 
It is felt to be important that the IAN be cov-
ered on its buccal aspect by bone so that it is 
not in direct contact with the soft tissues of 
the cheek. One must be careful with the place-
ment of the screw that it does not in itself iat-
rogenically damage the IAN (Fig.  14.2 ).   

a b

c d

  Fig. 14.2    ( a ) A buccal plate ostectomy outlined with a 
reciprocating saw. ( b ) Buccal plate removed to show the 
inferior alveolar nerve. ( c ) The buccal plate is stored in 
saline and hollowed out on its inner aspect to avoid 

 compressing the IAN when the buccal plate is replaced. 
( d ) The buccal plate replaced to protect the IAN and 
secured with one screw. ( e ) Radiographic appearance of 
the screw securing the buccal plate following IAN repair         

 



242 M.A. Pogrel

    2.    The IAN may be approached via a sagittal 
split osteotomy, and this can provide quite rea-
sonable access to the nerve. The main compli-
cation of this technique is the possibility of a 
resulting malunion or malocclusion that would 
add to the patient’s concerns, in addition to the 
need to use bone screws or plates.  

    3.    A third approach is to drill directly through 
the buccal plate to the position of the IAN as 
identi fi ed from cone beam CT scanning 
(Fig.  14.3 ). Although the nerve can be 
approached in this way, it is located at the 

bottom of a trough, which does not lend itself 
to adequate exposure and visualization for 
nerve repair.   

    4.    If the injury is in the region of the mental 
foramen, then the mental foramen must be 
identi fi ed and dissected out. This is nor-
mally done by means of the “donut” tech-
nique whereby the buccal cortex is perforated 
circumferentially about 3 mm from the men-
tal foramen, and then, the perforations are 
joined together, and the resulting “donut” of 
bone is removed without injury to the nerve 

  Fig. 14.3    The inferior 
alveolar nerve ( arrow ) 
approached directly through 
an isolated buccal plate 
decortication with a drill       

e

Fig. 14.2 (continued)
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(Fig.  14.4 ). At this point, the IAN can be 
identi fi ed from the mental foramen and 
exposed appropriately. In many cases, when 
performing a mental nerve repair, the inci-
sive branch of the IAN must be sacri fi ced.   

    5.    It is sometimes recommended to perform a 
nerve repair through a tooth socket when the 
nerve has been injured or transected during 
removal of a tooth. In the author’s experience, 
this has been virtually impossible to achieve, 
and the best that can be carried out through a 
tooth socket is to reposition the two ends of 
the nerve as close as possible at the base of 
the socket and cover them with an inert bar-
rier that can be resorbable or non-resorbable.      

    14.3   Surgical Procedures of the IAN 

 After having exposed, identi fi ed, and isolated 
the IAN via any of the above techniques, it must 
now be examined to determine the type of injury 
and the possibility of performing an adequate 
nerve repair. Conceptually, when visualized, the 
injury may be a crush-type injury or a partial 
transection or complete transection, which is 
usually relatively easy to identify. Stretch-type 
injuries and injuries from possible intraneural 
hematomas are more dif fi cult to identify and 
tend to involve a greater length of the nerve. 

Iatrogenic injuries caused by a scalpel or other 
sharp instrument are often quite clean in nature, 
whereas those caused by a dental drill are often 
quite ragged  [  11  ] . Where the injury is more pro-
found, and the time from injury to surgical inter-
vention is increased, there is a higher possibility 
that neuroma formation has taken place. 
Depending upon the type of injury, this can be a 
lateral neuroma over a partial transection or a 
terminal neuroma over a complete transection 
 [  12  ] . Neuromas normally form on the proximal 
side of an injury, but smaller neuroma type 
lesions can also develop on the distal aspect of a 
nerve injury site. One of the advantages of oper-
ating early is that there is less possibility of neu-
roma formation, since it is generally felt that 
neuroma formation does not commence for 6–8 
weeks after an injury and are not fully formed 
for several months. If there is a complete transec-
tion, or a neuroma has to be excised, it may be 
dif fi cult to perform an end-to-end anastomosis 
since the IAN will only stretch a few millime-
ters, in contrast to the lingual nerve that can often 
be stretched 1–2 cm. Therefore, if a nerve gap of 
over 7 or 8 mm develops in the IAN, it probably 
cannot be reapproximated directly and will likely 
need an interpositional graft of some type. 

 In addition to the possibility of neuroma for-
mation, another sequelae of delayed repair of a 
transection injury is that the nerve ends tend to 
retract away from the site of injury, and the gap 
may be  fi lled with  fi brous tissue, making surgical 
dissection dif fi cult. There is also often some atro-
phy of the distal portion of the nerve, such that 
after several months, it may only be a  fi brous 
strand of tissue (Fig.  14.5 ) and therefore very 
dif fi cult to anastomose, with a predictably poor 
result. This may be due in part to the Wallerian 
degeneration that has occurred in the distal stump, 
and, in order for an effective repair to be per-
formed, will require distal dissection to locate 
normal nerve fascicles for repair with an interpo-
sitional graft.  

 In general, the sequencing of surgery is to  fi rst 
isolate the IAN, then examine it to determine the 
site and type of injury, and  fi nally determine the 
type of repair that is necessary (direct vs. indirect 
(gap) repair). 

Mandible Donut

Mental foramen

  Fig. 14.4    Diagram of the “donut hole” marked out 
around the mental foramen to gain access to the IAN       
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 Possible repair procedures include the 
following:
    1.    If there is a clean transection with a sharp 

instrument, and the repair is carried out 
within 6–8 weeks, then a direct end-to-end 
anastomosis can often be carried out quite 
successfully, and, in fact, the fascicles can be 
lined up correctly (i.e., coaptation) on many 
occasions offering a better prognosis.  

    2.    If there is a partial transection, then it is 
sometimes possible to perform a direct 
repair on the partial transection by approxi-
mating the arms of the “V defect” together 
(Fig.  14.6 ).   

    3.    If there is a crush injury that can be clearly 
identi fi ed, or a neuroma that has to be excised, 
then the nerve should be mobilized as much 
as possible to perform a tension-free anasto-
mosis following resection of the damaged 
segment, but, if this is not possible, an inter-
positional graft will be required, as will be 
described.  

    4.    Implant-related injuries of the IAN can be 
variable (Fig.  14.7 ). If the nerve injury is 
caused by the implant itself, it will usually take 
the form of a crush-type injury requiring 

removal of the implant from the area and pos-
sible excision of the crushed area of the nerve 
with a possible reanastomosis. In the author’s 
experience, if the patient has an implant-related 
IAN damage, immediate removal of the 
offending implant leads to neurosensory recov-
ery in about 20 % of cases. However, most 
implant-related IAN injuries are likely caused 
by the initial drilling process involving the 
pilot twist drills. In this case, the injury to the 
nerve is often ragged and quite severe  [  11  ]  and 
may be too extensive for a direct anastomosis 
and therefore may require an interpositional 
graft, with a subsequently lower success rate.   

    5.    If the injury is caused by a root canal sealant 
material, the sealant should be removed from 
the canal itself by vigorous irrigation, and 
then, the epineurium should be entered 
 longitudinally and the individual fascicles 
irrigated thoroughly to remove all sealant 
from the vicinity of the nerve fascicles. If 
carried out within 48–72 h of the injury, a 
good result is normally obtained  [  2  ] .  

    6.    Regarding mental nerve involvement, the men-
tal nerve normally splits into three branches as 
it exits from the mental foramen, and if the 
three branches can be successfully reanasto-
mosed to the main trunk at the point of transec-
tion, a reasonable result can be obtained. If 
only one or two branches can be repaired, it is 
preferable to repair the two posterior branches 
since they supply most of the feeling to the lip 
itself, particularly the outer aspect of the lip. 
The anterior branch supplies mainly the ante-
rior intraoral mucosa. Mental nerve repairs 
need to be carried out as soon as possible after 
injury since with delay the branches become 

  Fig. 14.6    Nerve specimen showing a partial transection 
injury leaving a V-shaped defect, amenable to epineurial 
repair       

  Fig. 14.5    Diagram of a 
transected    IAN showing a 
neuroma at the proximal end 
(on  left ), and atrophy of the 
distal end (on  right ), making 
any nerve repair more dif fi cult       
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dif fi cult to identify in the surrounding scar 
 tissues. Mental nerve repairs carried out within 
4 weeks may be more successful than later 
repairs. Any attempts at mental nerve repair 
should be done with caution because the nerve 
 fi bers are very delicate and repair may lead to 
scar formation in the area that may adversely 
affect the nerve repair.     

 IAN repairs are normally performed with an 
inert, non-resorbable, suture material, com-
monly using a mono fi lament nylon (Ethilon) or 
polypropylene (Prolene) suture to evoke as min-
imal in fl ammatory reaction in the site of the 
nerve repair. De fi nitive repairs are best carried 
out with an 8-0 or 9-0 nylon suture; although 
preliminary repair with stay sutures can be done 
with one or two 6-0 or 7-0 nylon sutures, in 
order to  approximate the nerve ends primarily, 
and then the 8-0 or 9-0 suture could be used for 
de fi nitive repair and the 6-0 or 7-0 suture(s) can 
be removed at the end of the case. In general, 
four epineurial sutures are adequate for the main 
trunk of the nerve, although for the terminal 
branches of the mental nerve, only one or two 
sutures may be all that can be placed due to the 
decreased diameter of these mental nerve  fi bers. 
If four sutures can be placed to repair the IAN, 
they should be placed opposite each other at the 
12 and 6 o’clock and 3 and 9 o’clock positions. 
All repairs for the IAN (and LN) are epineurial 
repairs only, since fascicular repairs actually 
give poorer results in the trigeminal nerve due to 
the excessive manipulation of the fascicles nec-
essary  [  13  ] . 

 On occasion, no site of injury can be identi fi ed 
upon examination of the nerve after exposure, in 
which case no repair can be carried out, and the 

wound is either closed or occasionally a neurec-
tomy may be performed. In these cases of  fi nding 
a normal nerve at exposure, the injury is more 
likely to be the result of a stretch-type injury or 
an intraneural hematoma that have resolved or an 
injection-related injury of the IAN occurring in 
the pterygomandibular space and not at the third 
molar or implant site. 

 When the repair of the IAN is complete, it is 
preferable to place an inert barrier over the repair 
to protect it from the surrounding tissues. If the 
nerve has been exposed by lateral decortication 
or by sagittal split osteotomy, then the nerve can 
be covered by the buccal cortical bone replace-
ment. However, if the nerve has been approached 
by a direct drilling technique, then it may lie 
exposed at the bottom of a trench and may need 
to be covered with an inert membrane so that it 
does not come in contact with, or even adherent 
to, the soft tissues of the cheek. 

    14.3.1   Interpositional Grafts 

 When direct anastomosis of a nerve is not possi-
ble because the gap is too large to achieve a ten-
sion-free closure, then an interpositional graft is 
required. There is no consensus on the most 
appropriate grafting material, but the options 
include the following:
    1.    Autogenous nerve grafts have been the “gold 

standard,” but there are few descriptions of 
results, which make comparisons of out-
comes dif fi cult  [  14  ] . A nerve should be 
selected of approximately the same diameter 
as the IAN and with approximately the same 
number of fascicles ( fi ve to seven is ideal). 

  Fig. 14.7    Panorex showing 
implants encroaching on the 
inferior alveolar canal 
and IAN       
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Nerves that have been used for IAN (and LN) 
repairs include the sural nerve (normally 
taken just behind the lateral malleolus of the 
ankle) (Fig.  14.8 ), the great auricular nerve 
(easy to access if an extraoral approach to the 
mandible has been used and more problem-
atic if an intraoral approach has been used 
since a second extraoral incision is required), 
and the medial antebrachial cutaneous nerve 
of the forearm  [  15  ] . Of the three, the sural 
nerve is preferable since it is easy to obtain 
an appropriate length of nerve, its size and 
diameter is approximately equal to the IAN 
(and LN), and the resulting anesthesia over 
the lateral aspect of the foot can normally be 
well-tolerated by the patient (Fig.  14.9 )  [  16  ] . 
In theory, it does not matter in which  direction 

the nerve graft is inset between the proximal 
and distal nerve stumps during the repair 
since one is only using the graft as an inert 
tube(s). But, in practice, most microsurgeons 
prefer to place it with the proximal end placed 
proximally. The greater auricular nerve does 
not require a second surgical incision if the 
extraoral approach to the mandible has been 
used, but it does leave the patient with an 
additional area of anesthesia over the angle 
of the mandible and part of the cheek and 
lower ear which can be problematic, particu-
larly if they also remain partially or fully 
anesthetic over the distribution of the IAN. 
For this reason, as well as the smaller diam-
eter, it is probably better to avoid the greater 
auricular nerve for trigeminal nerve grafting.    

    2.    Vein grafts have been utilized as an inert tube 
down which a new nerve can grow. The vein 
normally employed is the facial vein, but the 
saphenous vein has also been utilized. If the 
saphenous vein is utilized one should try and 
employ a section with no valves within it, and 
just in case there is a valve, it should be placed 
with the distal end of the vein to the proximal 
end of the nerve (Fig.  14.10 ). In general, it is 
easy to place a vein graft if it is stretched later-
ally at each end with a pair of forceps and then 
placed gently over the ends of the nerve at 
each end and tacked into place with two 
sutures (Fig.  14.11 ). Vein grafts have shown 
reasonable results for the IAN but not for the 
lingual nerve  [  17  ]  (Fig.  14.12 )  [  18  ] . This 

  Fig. 14.9    The resulting scar 
and sensory de fi cit on the 
lateral aspect of the foot 
( outlined ) following sural 
nerve harvest       

  Fig. 14.8    The sural nerve isolated below and posterior to 
the lateral malleolus of the ankle       
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 difference is probably a mechanical issue since 
the vein is held still with the IAN repair in the 
inferior alveolar canal, whereas for the lingual 
nerve, it is constantly being  fl exed and 
extended with mouth opening and tongue 
movement. Veins contain nerve growth factors 
within the wall of the vein that may help nerve 
growth, and, in fact, it has been shown that 
nerve growth factors are more prominently 
present on the outer aspect of the vein rather 
than the inner aspect, and therefore, it has been 
suggested that an inverted vein graft may be 
preferable  [  19  ] . However, numbers are small 
and there are no controlled studies, and it is 
also technically dif fi cult to invert a vein graft.     

    3.    Alloplastic nerves (Axogen, Alachua, FL), 
which are human homografts, are FDA-
approved and have been used on a few occa-
sions for repair of the IAN and LN with some 
success, but more studies are required to 

assess their usefulness  [  20  ] . Again, these 
nerve grafts provide the form of an inert tube 
down which new neurons could grow, follow-
ing Wallerian degeneration.  

  Fig. 14.10    A saphenous vein graft specimen showing a 
valve within the lumen of the vein ( arrow )       

a

b
  Fig. 14.11    Diagram of a 
vein graft used to replace a 
damaged section of an IAN. 
The vein is expanded with 
forceps ( a ) and placed over 
the stump of the nerve ( b ) 
and secured with two sutures 
at each end (Reprinted from 
Pogrel and Maghen  [  17  ] , 
p. 985, with permission   )       

  Fig. 14.12    A completed vein graft ( arrows ) to the right 
IAN placed via an extraoral approach       
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    4.    Synthetic alloplastic tubes have not proven 
successful as interpositional grafts, and a 
number of studies have shown that nerves do 
not appear to grow through Dacron or    Goretex 
(expanded polytetra fl uoroethylene, e-PTFE) 
tubes even though they are easy to obtain and 
easy to place on each end of the nerve. 
Although there has been some success in 
using e-PTFE in the animal model  [  21  ] , they 
are not clinically applicable  [  22,   23  ]  
(Fig.  14.13 ).      

 Nerve growth factors are becoming available 
clinically and, in the future, could show promise 
in improving the success rates of interpositional 
grafts of various kinds. Basement membrane 
laminin (matrigel) is commercially available and 
has been used on isolated occasions inside a vein 
graft or an inert graft to try and encourage nerve 
regrowth, but the results appear variable  [  24  ] . 
This material is not, however, FDA-approved for 
this purpose.  

    14.3.2   Inferior Alveolar Nerve 
Neurectomy 

 On some occasions, it is either not possible to 
carry out a nerve repair, a nerve repair may have 
failed, or the patient may be having so much dys-
esthesia that they do not want to attempt a nerve 
repair. In these cases, a complete neurectomy of 
the IAN may be justi fi ed. However, patients 
should realize the possible side effects and conse-
quences of this procedure. In particular, it is pos-
sible that if dysesthesia is the main concern, then 
the pain may have “centralized” such that even 
complete transection of the nerve may result in a 
“phantom limb” type phenomenon whereby the 
patient is totally numb over the area of the nerve 
transection but still has centrally mediated or neu-
ropathic pain  [  25,   26  ] . To a certain extent, the suc-
cess of a diagnostic IAN block injection 
administered preoperatively can help to determine 
whether a neurectomy would be successful. This 
type of dysesthesia does not normally centralize 
for at least 4 months such that the earlier the 
neurectomy is carried out to some extent, the bet-
ter the result. Another problem with a neurectomy 
is that some patients adapt poorly to permanent 

and complete anesthesia of the lower lip and chin. 
They often think preoperatively that it will be 
preferable to the symptoms that they are having at 
present, but it is not unknown for patients to regret 
this decision afterwards. Therefore, they do need 
to be administered a long-acting IAN block to 
provide them some idea of what a neurectomy 
procedure will feel like in the long term. 

 Although there are various techniques 
described for an IAN neurectomy, the author’s 
belief is that if it is to be carried out, it should be 
performed adequately and using sound surgical 
principles. The technique employed is to identify 
the IAN at the lingula by means of a 2 cm inci-
sion over the external oblique ridge with blunt 
medial dissection back to the lingula. Similarly, 
the IAN is identi fi ed at the mental foramen, and 
the mental nerve is sectioned, as well as the inci-
sive branch, which is sectioned blindly via the 
mental foremen utilizing a number 11 pointed 
scalpel blade. Having been sectioned, the cut 
ends of the mental nerve are then ligated securely 
with a non-resorbable suture. Black silk sutures 
are still largely employed for this procedure. 
Once the IAN has been separated from the men-
tal nerve, it is then pulled from the lingula such 
that one can normally pull out the entire IAN 
from the inferior alveolar canal so that one has 
5 or 6 cm of nerve at the lingula (Fig.  14.14 ). This 
nerve is then cut and discarded, and the proximal 
cut end of the IAN is now double ligated with 
black silk and buried into adjacent muscle tissue. 

  Fig. 14.13    A Goretex tube used as an inert conduit in an 
attempt to repair the IAN from an extraoral approach. 
This repair was not successful in achieving signi fi cant 
neurosensory recovery       
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The  muscle utilized is the medial pterygoid mus-
cle, and the technique is to leave the most distal 
of the two ties on the nerve with one long end, 
and a blunt pair of forceps are passed through the 
medial pterygoid muscle from its medial aspect, 
picks up the end of the suture laterally, and pulls 
the suture and the nerve into the body of the 
medial pterygoid muscle where it is left in posi-
tion (Fig.  14.15 ). The reason for this is that mus-
cle is rich in laminin which coats the end of 
the IAN and may minimize the possibility of 
 neuroma formation. To try to ensure that nerve 
regrowth cannot occur, the inferior alveolar canal 
is blocked at the lingula and at the mental fora-
men with bone wax.    

    14.3.3   Results of IAN Repair Surgery 

 It is dif fi cult to assess the results of IAN surgery 
since reports are few, and the patient demograph-
ics are heterogeneous, including the fact that the 

timing of repair is different in the studies, and the 
success is measured in different ways  [  14  ] . 
Nevertheless, it does appear that overall, if repairs 
are carried out within 2–3 months, then over 
50 % of patients will recover over 50 % of sensa-
tion, although some authors do publish higher 
success rates. When repairs are carried out later, 
results are less satisfactory, and results utilizing 
interpositional grafts appear to be less successful, 
probably because a regenerating neuron must 
negotiate two neural anastomosis sites. Patients 
need to take these less than satisfactory results 
into account when determining whether to 
undergo surgery or not. 

 It has been noted from recent cone beam com-
puted tomography (CBCT) studies that up to 5 % 
of the population may have a bi fi d IAN  [  23  ]  
(Fig.  14.16 ) which could certainly help to explain 
some of the atypical responses noted with some 
injuries when it may be assumed that only one of 
two branches of the nerve may have been injured 
and the other branch is intact.  

  Fig. 14.14    The IAN pulled out of the mandible from the 
lingula as part of an IAN neurectomy procedure       

Mandible
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nerve
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  Fig. 14.15    Diagram of a stump of the IAN pulled into 
the medial pterygoid muscle       
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 A recent long-term study of patients who did 
not undergo nerve repair surgery shows that 
with time most patients do get some improve-
ment and are generally less troubled by the 
injury. This may be due to a natural process of 
adaptation but certainly should be factored into 
the equation of whether or not to proceed with 
surgery  [  24  ] .       

   References 

    1.    Pogrel MA, Thamby S (1999) The etiology of altered 
sensation in the inferior alveolar, lingual, and mental 
nerves as a result of dental treatment. J Calif Dent 
Assoc 27(7):531, 534–538  

    2.    Pogrel MA (2007) Damage to the inferior alveolar 
nerve as the result of root canal therapy. J Am Dent 
Assoc 138(1):65–69  

    3.    Pogrel MA (2007) Permanent nerve damage from 
inferior alveolar nerve blocks – an update to include 
articaine. J Calif Dent Assoc 35(4):271–273  

    4.    Alling CC 3rd (1986) Dysesthesia of the lingual and 
inferior alveolar nerves following third molar surgery. 
J Oral Maxillofac Surg 44(6):454–457  

    5.    Chau A (2012) Comparison between the use of mag-
netic resonance imaging and cone beam computed 
tomography for mandibular nerve identi fi cation. Clin 
Oral Implants Res 23:253–256  

    6.    Terumitsu M et al (2011) Morphologic evaluation of 
the inferior alveolar nerve in patients with sensory 
disorders by high-resolution 3D volume rendering 
magnetic resonance neurography on a 3.0-T system. 

Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
111(1):95–102  

    7.    Pogrel MA (2002) The results of microneurosurgery 
of the inferior alveolar and lingual nerve. J Oral 
Maxillofac Surg 60(5):485–489  

    8.    Pogrel MA, Thamby S (2000) Permanent nerve 
involvement resulting from inferior alveolar nerve 
blocks. J Am Dent Assoc 131(7):901–907  

    9.    Robinson PP, Smith KG (1996) A study on the ef fi cacy 
of late lingual nerve repair. Br J Oral Maxillofac Surg 
34(1):96–103  

    10.    Miloro M (1995) Surgical access for inferior alveolar 
nerve repair. J Oral Maxillofac Surg 53(10):
1224–1225  

    11.    Pogrel MA, Le H (2006) Etiology of lingual nerve inju-
ries in the third molar region: a cadaver and histologic 
study. J Oral Maxillofac Surg 64(12):1790–1794  

    12.    Gregg JM (1992) Abnormal responses to trigeminal 
nerve injuries. Oral Maxillofac Surg Clin North Am 
4:339–351  

    13.    Zuniga JR (2001) Principles of neurosurgery. Oral 
Maxillofac Surg Clin North Am 13:331–342  

    14.    Gregg JM (2001) An outcome analysis of clinical 
 trials of surgical treatment of traumatic trigeminal 
 sensory neuropathy. Oral Maxillofac Surg Clin North 
Am 13:377–381  

    15.    McCormick SU et al (1994) Microanatomic analysis 
of the medial antebrachial nerve as a potential donor 
nerve in maxillofacial grafting. J Oral Maxillofac 
Surg 52(10):1022–1025; discussion 1026–1027  

    16.    Miloro M, Stoner JA (2005) Subjective outcomes 
 following sural nerve harvest. J Oral Maxillofac Surg 
63(8):1150–1154  

    17.    Pogrel MA, Maghen A (2001) The use of autogenous 
vein grafts for inferior alveolar and lingual nerve 
reconstruction. J Oral Maxillofac Surg 59(9):
985–988; discussion 988–993  

  Fig. 14.16    Panorex 
showing two inferior alveolar 
canals ( arrows ) in a patient 
with a bi fi d IAN       

 



25114 Surgical Management of Inferior Alveolar Nerve Injuries

    18.    Miloro M (2001) Discussion: the use of autogenous 
vein grafts for inferior alveolar and lingual nerve 
reconstruction. J Oral Maxillofac Surg 59(3):
988–993  

    19.    Wang J, Goodger NM, Pogrel MA (2003) A method 
of invaginating the facial vein for inferior alveolar 
nerve repair. J Oral Maxillofac Surg 61(7):
848–849  

    20.    Shanti RM, Ziccardi VB (2011) Use of decellularized 
nerve allograft for inferior alveolar nerve reconstruction: 
a case report. J Oral Maxillofac Surg 69(2):550–553  

    21.    Miloro M, Macy JM (2000) Expanded polytetra-
 fl uoroethylene entubulation of the rabbit inferior 
 alveolar nerve. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod 89(3):292–298  

    22.    Pogrel MA, McDonald AR, Kaban LB (1998) Goretex 
tubing as a conduit for repair of lingual and inferior 

alveolar nerve continuity defects: a preliminary report. 
J Oral Maxillofac Surg 56(3):319–321; discussion 
321–322  

    23.    Pitta MC et al (2001) Use of Goretex tubing as a con-
duit for inferior alveolar and lingual nerve repair: 
experience with 6 cases. J Oral Maxillofac Surg 
59(5):493–496; discussion 497  

    24.    Kim SM, Lee SK, Lee JH (2007) Peripheral nerve 
regeneration using a three dimensionally cultured 
Schwann cell conduit. J Craniofac Surg 18(3):
475–488  

    25.    Campbell R (1992) Neuroablastive procedures in the 
management of traumatic trigeminal neurolgia. Oral 
Maxillofac Surg Clin North Am 4:465–472  

    26.    Gregg JM (2001) Medical management of traumatic 
neuropathies. Oral Maxillofac Surg Clin North Am 
13:343–363      



253M. Miloro (ed.), Trigeminal Nerve Injuries, 
DOI 10.1007/978-3-642-35539-4_15, © Springer-Verlag Berlin Heidelberg 2013

  15

 Facial expressions provide unique insight into 
an individual’s emotions, and distinct, universal 
facial expressions have been identi fi ed for a mul-
titude of emotions  [  23  ] . The anatomy involved 
with facial expression has been the interest of 
many investigators over the years. Ekman and 
Friesen de fi ned 46 action units that correspond 
to independent facial movements. Darwin, a 
student of Charles Bell, sought to anatomically 
describe the musculature involved in speci fi c 
facial expressions  [  24  ] . Rubin  [  74  ]     studied the 
active, dominant facial musculature and its vec-
tor of pull during smiling and described the three 
main smile types. This anatomical interest in 
facial expression holds particular importance to 
the reconstructive surgeon treating facial nerve 
injuries. Subtle recreation of native anatomy is 
the ultimate goal, one that is most challenging 
for dynamic expression. 

 Facial nerve injuries or dysfunction can have 
devastating sequelae. Facial expression is integral 
to human communication and plays an important 
role in human perceptions of self and others. 
Functional de fi cits, such as eye irritation or cor-
neal ulceration, speech de fi cits, nasal  collapse, 

and oral incompetence, may result. Facial nerve 
pathology may result from a multitude of eti-
ologies, affecting all age ranges. The treatment 
of facial nerve pathology also varies, accord-
ing to the individual circumstance. This chapter 
describes the processes of facial nerve dysfunc-
tion, the principles of surgical management, and 
possible future endeavors for additional treatment 
techniques. 

    15.1   Facial Nerve Anatomy 

 As with all surgery, appropriate anatomical 
knowledge facilitates diagnosis and manage-
ment of pathology. The facial nerve is com-
posed of motor  fi bers, which innervate the 
muscles of facial expression, and the nervus 
intermedius, which is composed of somatosen-
sory and visceral motor  fi bers, supplying taste 
to the anterior two-thirds of the tongue, taste 
to soft palate, and parasympathetic innervation 
to the submandibular, sublingual, and lacrimal 
glands. The course of the facial nerve and its 
central connections is divided into anatomical 
segments. 

 Signaling along the facial nerve pathway 
originates in the cerebral cortex and passes 
via the corticobulbar tracts and posterior limbs of 
the internal capsule to the brainstem. En route, 
the corticobulbar tracts to the upper face cross 
twice, while the corticobulbar tracts to the 
lower face cross only once. The facial nucleus 
is located within the pontine tegmentum in the 
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lower third of the pons. Postsynaptic motor 
 fi bers exit the cerebellopontine angle after con-
tributing to the facial colliculus of the fourth 
ventricle and passing the abducens nucleus. 
The facial nerve is accompanied by the nervus 
intermedius and the vestibulocochlear nerve as 
it exits the cerebellopontine angle. These nerves 
then enter the meatal segment at the internal 
auditory canal, with the facial nerve traveling 
more cephalad. The intratemporal course of 
the facial nerve consists of three segments: the 
labyrinthine, tympanic (horizontal), and mas-
toid (descending) regions (Fig.  15.1 )  [  63,   68, 
  69  ] . The facial nerve travels through the petrous 
portion of the temporal bone in a canal called 
the fallopian canal. The labyrinthine segment 
extends for 3–5 mm from the internal acoustic 
meatus to the facial hiatus ( [  69  ] ; summarized in 
 [  65  ] ). This segment is the  narrowest section of 

the facial nerve’s course and also lacks anasto-
mosing arterial cascades, making this portion of 
the nerve most susceptible to various pathologic 
states  [  36,   45,   69  ] . The nerve course then makes 
a sharp angle, or genu, at the geniculate gan-
glion. The geniculate ganglion results from the 
joining of the facial nerve and the nervus inter-
medius  fi bers into a common trunk. The chorda 
tympani also contributes to this ganglion, which 
then branches into the petrosal nerves. The 
geniculate ganglion marks the start of the tym-
panic segment. The tympanic segment spans 
8–11 mm to the pyramidal eminence and hori-
zontal semicircular canal. A second genu lies in 
this region, between the posterior auditory canal 
wall and the lateral semicircular canal. The sta-
pedial portion of the tympanic segment marks 
the second narrowest region of the facial nerve’s 
intratemporal course  [  45  ] . The mastoid segment 
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  Fig. 15.1    Intratemporal course of the facial nerve. The 
intratemporal course of the facial nerve consists of three 
segments: the labyrinthine, tympanic, and mastoid 
 segments. The narrow bony con fi nes of the labyrinthine 

segment combined with the absence of anastomosing arte-
rial cascades make this segment most vulnerable to isch-
emic insult       
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extends 10–14 mm vertically from the second 
genu to the stylomastoid foramen, where the 
facial nerve exits the temporal bone. The mas-
toid segment marks the longest portion of the 
facial nerve’s intratemporal course ( [  69  ] ; sum-
marized in  [  65  ] ). The facial nerve has variable 
internal topography within its intratemporal 
portion, complicating surgical repairs along this 
portion.  

 From the stylomastoid foramen, the facial 
nerve passes between the digastric and sty-
lohyoid muscles and enters the parotid. Branches 
supplying the posterior auricular muscles as 
well as the stylohyoid and posterior belly of the 
digastric exit the facial nerve before it enters 
the parotid. The facial nerve courses between 
the super fi cial and deep parotid lobes. At the 
pes anserinus, the facial nerve divides into the 
temporofacial and cervicofacial trunks. Further 
branching of the facial nerve results in the tem-
poral, zygomatic, buccal, marginal mandibu-
lar, and cervical divisions ( [  69  ] ; summarized 
in  [  65  ] ). Many of these branches have variable 
branching patterns that may differ between the 
two sides of the face within the same individ-
ual. The facial nerve also demonstrates frequent 
interconnections among branches, resulting in 
redundant motor function  [  100  ] , allowing trans-
fer of a contralateral redundant branch for surgi-
cal reconstruction. 

 Pathology at any point along this pathway 
may result in facial nerve dysfunction. With 

knowledge of the facial nerve anatomy, a careful 
history and physical examination, occasionally 
combined with appropriate diagnostic studies, 
may identify the location of the nerve pathology 
and better guide management.  

    15.2   Etiopathology of Facial 
Paralysis 

 Facial paralysis (FP) may occur due to a mul-
titude of processes, which are summarized 
in Table  15.1 . The palsy may be complete or 
incomplete, congenital or acquired, bilateral or 
unilateral, and central or peripheral. Causes of 
facial nerve dysfunction differ between pedi-
atric and adult patients, although Bell’s palsy 
is  frequently causative in patients of all ages 
 [  16,   25,   80,   81,   102  ] .  

 Bell’s palsy refers to idiopathic facial paral-
ysis, which accounts for 30–70 % of reported 
cases of acquired facial palsy  [  7  ] . Herpes sim-
plex virus (HSV) is now believed to account 
for this phenomenon. The virus is latent within 
the geniculate ganglion cells. At autopsy, poly-
merase chain reaction (PCR) has con fi rmed the 
presence of HSV genomic material in human 
geniculate ganglia  [  87  ] . In addition, facial 
paralysis has been induced by HSV infection in 
animal models  [  99  ] , with a small percentage of 
animals exhibiting transient paralysis upon HSV 
reactivation  [  86  ] . Viral replication after reactiva-

   Table 15.1    Etiologies of facial paralysis   

 Congenital  Syndromic, non-syndromic, vascular malformation, Möbius syndrome, hemifacial microsomia, 
Goldenhar, Poland, Melkersson-Rosenthal (episodic) 

 Birth related  Traumatic or dif fi cult delivery, instrumentation 
 Bell’s  Idiopathic, HSV 
 Traumatic  Temporal bone fracture, blunt force to cheek 
 Infectious  Acute otitis media, Lyme disease, VZV (Ramsay Hunt), HSV, EBV, mycoplasma, mastoiditis 
 Neoplastic  Central, parotid, or acoustic tumors 
 Iatrogenic  Brain, middle ear, and facial surgery 
 Ischemic 
 Neurogenic  Guillain-Barre 
 Hematologic  Leukemia, hemophilia 
 Hypertension 
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tion causes facial nerve demyelination, resulting 
in neural edema. This edema may cause facial 
nerve compression within the fallopian canal, 
resulting in a cycle of neural damage (Fig.  15.2 ). 
While this phenomenon can occur at any age, 
the mean age of occurrence is 40–44 years 
(reviewed in  [  35  ] ). A review of the emergency 
room visits for children with facial palsy in 
Taiwan determined that 50 % of cases resulted 
from Bell’s palsy  [  102  ] .  

 In the pediatric population, Bell’s palsy, infec-
tious etiologies, and trauma are the most common 
causes of facial palsy  [  16,   25,   80,   102  ] . In a review 
of 157 pediatric patients with facial palsy, Cha et al. 
 [  16  ]  determined 66 % of cases resulted from Bell’s, 
while 14 % had infectious and 13 % traumatic eti-
ologies. In their comparison to adult patients with 
facial palsy treated at the same institution, pediat-
ric patients displayed higher rates of Bell’s palsy 
(66 % compared to 55 %) and traumatic (16 % 
compared to 5.9 %) etiologies. Shih et al.  [  80  ]  
described Bell’s in 78 % of their 56 cases of pedi-
atric FP. A review of 35 cases of pediatric facial 
nerve palsy at Boston Children’s demonstrated 
37 % of cases resulted from an infectious etiology, 
20 % from trauma, and only 9 % from Bell’s. There 
was a bimodal distribution of ages of patients with 
traumatic and infectious causes of facial palsy at 2 
years and 11.5 years  [  25  ] . In pediatric patients with 
an infectious etiology for FP, acute otitis media and 
varicella-zoster virus (VZV)  [  33,   67  ]  are common 
instigators. Acute otitis media accounted for 10 % 
of the emergency room visits for FP in children, all 

under the age of 2 years, at Chang Gung Memorial 
Hospital  [  102  ] . Lyme disease is the most common 
cause of acute pediatric facial paralysis in endemic 
areas and should be considered in cases of bilateral 
paralysis and recent exposure to endemic areas in 
the summer months  [  81  ] . In general, the pediatric 
population with FP displays a greater incidence 
of trauma, neoplasm, and congenital anomalies 
compared to adult patients with FP  [  80,   102  ] . The 
facial nerve is positioned more laterally in infancy, 
making it more susceptible to trauma, including 
birth-related trauma  [  81  ] . When evaluating the 
pediatric patient with acquired facial paralysis, it 
is important to consider that facial palsy may be an 
early sign of systemic disease. Rarely, hematologic 
disorders, such as leukemia and hemophilia, and 
neoplastic processes may present with acute facial 
paralysis  [  81  ] . 

 A knowledge of the etiology of facial paraly-
sis provides valuable information regarding 
management, such as antibiotic and steroid 
administration and surgical intervention, but 
also may help delineate prognostic expecta-
tions. In the setting of Bell’s palsy, 10–15 % of 
patients regain no or poor function and 5–29 % 
have residual sequelae (such as spasm or syn-
kinesis), which varies in severity  [  70,   71  ] . The 
overall recovery rate is related to the severity 
of paralysis. House-Brackmann grades of I or II 
often result in recovery rates of ~90 %  [  16  ] , and 
good recovery may be expected if neurodegen-
eration is <90 %  [  35  ] . Conversely, more severe 
paralysis with higher House-Brackmann scores 
carries a worse prognosis for recovery  [  49  ] . 
Age is inversely related to the recovery rate in 
patients with Bell’s palsy  [  22  ] , and recovery is 
worse in patients greater than 50 years of age 
 [  49  ] . In pediatric patients with facial palsy, Evans 
et al.  [  25  ]  noted faster recovery with infectious 
etiologies (~1 month) compared to traumatic 
etiologies (~8 months). Recovery rates range 
from 81 to 100 % for Bell’s palsy, 73–91 % for 
infectious etiologies, and 43–90 % in traumatic 
etiologies in the pediatric population  [  16,   25, 
  26,   83  ] . Prognosis is poorer in paralysis due to 
congenital and neoplastic processes  [  97,   102  ] . 
Adults demonstrate similar recovery rates of 
89 % for infectious etiologies and 64 % from 

Demyelination
(due to viral replication)

Edema and neural
compression 

  Fig. 15.2    Pathophysiology of Bell’s palsy. Herpes sim-
plex viral replication results in nerve demyelination and 
edema which cause neural compression within the fallo-
pian canal, creating a cycle of neural injury       
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traumatic injury  [  16  ] . In general, prognosis is 
more favorable in cases with younger patient 
age, House-Brackmann score < III, normal 
nerve excitability testing, and a normal stape-
dial re fl ex  [  49,   84  ] .  

    15.3   Evaluation 

 Careful evaluation of the patient with facial palsy 
is required to establish a proper diagnosis. 
Management of the patient with facial paralysis 
differs depending on the diagnosis. There is a 
fundamental difference in the natural history and 
pathology between acquired and congenital FP, 
for example. Acquired FP includes sequelae of 
reinnervation and may have a progressive or 
improving course. Congenital cases, however, 
may have absent or hypoplastic structures, a static 
course, and absence of reinnervation sequelae. 
Establishing the correct diagnosis for facial 
paralysis is essential to effective management. 

 A detailed history provides immense diagnos-
tic information. The onset of symptoms should 
be discussed to determine the temporal pattern of 
onset. It is important to note that FP beginning 
from the time of birth does not automatically 
indicate a congenital etiology, as birth-related 
trauma, particularly use of instrumentation such 
as forceps, may result in facial nerve injury begin-
ning at the time of birth. Birth history including 
birth weight, duration and dif fi culty of labor, and 
requirement for instrumentation can help to eluci-
date these different etiologies. In traumatic nerve 
injury, the mechanism of injury is important. The 
chronicity of onset is also important. An abrupt 
onset of FP may indicate an infectious, traumatic, 
or ischemic etiology, while an insidious, progres-
sive onset of FP is more suggestive of a neoplastic 
process. The presence of any additional symptoms 
occurring simultaneously with the facial paraly-
sis should also be noted. Simultaneous abducens 
nerve palsy suggests localization of the etiologic 
process to the region of the facial nucleus at the 
cerebellopontine angle, while hearing dif fi culties 
may indicate a process within the middle ear. For 
acquired cases of FP, the elapsed time from onset 
is important to determine potential for improve-

ment and the possibility of reinnervation of native 
musculature. 

 The functional consequences of facial paraly-
sis should also be elicited during initial evalu-
ation. Protection of the cornea is paramount, 
particularly in acquired cases as patients with 
congenital FP tend to maintain corneal protec-
tion. The history should investigate frequent 
tearing, eye irritation, and the presence of lago-
phthalmos during sleep. Patients may describe 
dif fi culties with oral incompetence, speech 
(bilabial sounds), and altered taste sensation. 
Nasal breathing dif fi culties due to external valve 
collapse are often overlooked and should be 
discussed during the patient interview. The psy-
chosocial impact of the patient’s FP should also 
be investigated. 

 A complete head and neck examination, 
including full cranial nerve evaluation, should be 
documented. Ocular examination should include 
assessment of extraocular movements, Bell’s 
re fl ex, and corneal sensation. Any abnormali-
ties in corneal sensation necessitate ophthalmo-
logic referral. Each facial nerve branch should 
be independently evaluated via brow elevation, 
forced eye closure, relaxed eye closure, maximal 
smile, lip elevation (show teeth), pucker, lower 
lip depression, and platysmal contraction. Facial 
symmetry is assessed both at rest and with ani-
mation. Particular note is made of midline shift of 
the mouth and asymmetries in oral commissure 
position at rest and with movement. Synkinetic 
and dyskinetic movements are also noted. 
Documentation of initial facial function at the time 
of presentation serves as an important baseline 
for outcomes assessment. The functional status 
of facial movements can be classi fi ed according 
to the House-Brackmann scale  [  48  ]  (Tables  15.2  
and  15.3 ). While this scale is not ideal for isolated 
paralysis of a facial nerve branch or congenital 
cases, it is user friendly and is the accepted scale 
of the Facial Nerve Disorders Committee of the 
American Academy of Otolaryngology—Head 
and Neck Surgery. In addition to grading, facial 
function should be documented photographi-
cally as well as with video with a standardized 
set of movements. Quanti fi cation of facial move-
ments may also be assessed and documented in a 



258 A. Snyder-Warwick et al.

 number of ways ranging from measurements with 
a simple handheld ruler  [  4,   62  ]  to complex video-
graphic systems  [  32  ] . Bray et al.  [  14  ]  have devel-
oped software that utilizes the standard reference 
of iris diameter to normalize smile measurements 
on still digital photographs  [  38,   41  ] , providing an 
easy to use standard to determine oral commis-
sure excursion that is universally applicable.   

 While not universally utilized, speci fi c diag-
nostic studies may occasionally be useful adjuncts 
in the management of facial nerve injury. In the 
setting of acute FP, electroneuronography 
(ENOG) can predict which patients will have a 
poor outcome. ENOG records a compound action 
potential of facial muscle after a maximal electri-
cally evoked transdermal stimulus near the stylo-
mastoid foramen by measuring the movement of 
the facial muscles with a surface electrode at the 
nasolabial fold or perioral region. The recorded 
amplitude is proportional to the number of axon 
 fi bers that have a conduction block proximally at 

the level of the lesion that could still be stimu-
lated (neurapraxia)  [  34  ] . Those axons that have 
undergone Wallerian degeneration (axonotmesis, 
neurotmesis) are unable to propagate electrically 
generated evoked potentials distal to the lesion. 
Results from the injured facial nerve are com-
pared to the uninjured side, and de fi cits are 
expressed as a percentage of the action potential 
of the uninjured side. Patients with <90 % loss of 
function demonstrate satisfactory spontaneous 
recovery  [  35  ] . The timing of Wallerian degenera-
tion may also be of prognostic value. Axons with 
a neurotmetic lesion undergo Wallerian degener-
ation early (3–5 days) and have no chance of 
recovery. An axonotmetic lesion will result in 
Wallerian degeneration later (14–21 days) and 
can still recover as regeneration occurs through 
the intact neural sheaths. Degeneration between 6 
and 14 days will have variable degrees of 
 axonotmesis versus neurotmesis and therefore 
recovery will be less predictable. ENOG is useful 

   Table 15.2    The House-Brackmann facial nerve grading scale   

 Grade  Description 

 I  Normal 
 II  Mild dysfunction, slight weakness noticeable only on close inspection, good to moderate forehead 

function, complete eye closure with minimal effort, slight smile asymmetry with maximal effort, 
synkinesis barely noticeable 

 III  Moderate dysfunction, obvious but not dis fi guring difference between sides, slight to moderate 
forehead movement, complete eye closure with effort, strong but asymmetric mouth movement, 
noticeable but not severe synkinesis 

 IV  Moderately severe dysfunction, obvious weakness and/or dis fi guring asymmetry, normal rest symmetry 
and tone, inability to lift brow, incomplete eye closure, mouth asymmetry with maximal effort, severe 
synkinesis 

 V  Severe dysfunction, motion barely perceptible, rest asymmetry, no forehead motion, incomplete eye 
closure, slight movement corner mouth, synkinesis usually absent 

 VI  No movement, no synkinesis 

  House and Brackmann  [  48  ]   

Facial nerve grading scale 1.0

Gross

Slight

Slight-mod Full effort

Incomplete

Incomplete

None

None

Total paralysis: no movement

Normal function

Normal

Normal

Normal

Mod-good Minimal effort Slight asymm

Slight movement

Slight weak

Asymmetric

Asymmetric

Obvious

Disfiguring

Barely perceptible

Resting tone Forehead Eye closure Mouth Grade

I

II

III

IV

V

VI

   Table 15.3    Modi fi ed House-
Brackmann facial grading 
system       

  From Henstrom et al.  [  47  ]   
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from days 3 to 21 after nerve injury/symptom 
onset. Beyond day 21, electromyography (EMG) 
is more useful  [  35 ,  81  ] . Fibrillations on EMG indi-
cate neuronal injury, while motor unit potentials 
(MUPs) indicate recovery. EMG may also be 
bene fi cial to evaluate possible donor nerves in 
cases of multi-nerve dysfunction.  

    15.4   Treatment 

 The management goals of facial nerve injuries are 
to restore normal function, establish facial symme-
try both at rest and with animation, minimize any 
donor de fi cit, and achieve normal facial contour 
through reliable and safe procedures. The path-
way through which these goals are achieved varies 
depending upon the etiology and degree of facial 
paralysis, duration of denervation, and patient’s 
health, age, and goals. Multiple algorithms have 
been described to re fl ect this decision-making 
process  [  28,   35,   39,   65,   77,   89  ] . Regardless of the 
treatment pathway, corneal protection is of para-
mount importance and should be emphatically 
reviewed with patients. 

 Duration of denervation guides management. 
In cases of acquired facial nerve pathology, 
reinnervation of native facial musculature is 
ideal. After prolonged denervation, native mus-
culature is no longer capable of reinnervation, 
and alternative reconstructive techniques must 
be employed. The duration of the acceptable 
denervation period has been somewhat debated 
but is generally agreed to be ~12–18 months. 
Following nerve injury, Wallerian degenera-
tion occurs distally. In this process, Schwann 
cells,  fi broblasts, myocytes, and injured axons 
express neurotrophic factors as neural elements 
are degraded. In addition to the degeneration 
process, regeneration is also supported. After 
prolonged denervation (>6 months), however, 
distal Schwann cells provide less neuroregen-
erative support and may even undergo apoptosis 
 [  29,   76  ] , providing a suboptimal environment for 
neuroregeneration. During denervation, changes 
occur not only in the nerve but also in the den-
ervated muscle, a sequence of events termed 
denervation atrophy. Proteases cause myo fi bril 

reabsorption, myosin and actin  fi lament catabo-
lism, and increased collagen deposition  [  55  ] . 
Capillaries are lost, creating regions of avascular 
muscle  [  9  ] . Normally, acetylcholine receptors 
and neural cell adhesion molecules are upregu-
lated to help guide neural ingrowth. Once the 
regenerating nerve reaches the target muscle, 
a neuromuscular junction is formed, and these 
growth factors are less ubiquitously expressed 
 [  55  ] . With increasing periods of denervation, 
the state of high af fi nity between the regener-
ating nerve and muscle diminishes. Eventually, 
the muscle becomes refractory to synaptic for-
mation; it can never be reinnervated, regardless 
of neuroregeneration status. Motor reinnerva-
tion, then, is time-sensitive. Given the rate of 
neuroregeneration of 1 mm daily, lesions distant 
from end-target muscles may not be amenable to 
repair at the point of injury. Similarly, a cross-
face nerve graft (CFNG) from the contralateral 
VIIth nerve may not be a viable solution for 
direct muscle reinnervation at 12 months post-
injury. Nerve transfers provide a solution of 
providing motor input to the denervated muscle 
in a more timely manner as the transfer can be 
performed in closer proximity to the target than 
the nerve injury. 

 Facial nerve de fi cits are not always best man-
aged surgically. In Bell’s palsy, improved recov-
ery has been noted in patients receiving steroids 
and antivirals in close proximity to symptom 
onset  [  44,   85,   101  ] . Physiotherapy and biofeed-
back exercises are effective management tools 
for enhancement of facial movement and sup-
pression of synkinesis. Neuromuscular reedu-
cation is also imperative in the postoperative 
rehabilitation after nerve transfer procedures. 
Rehabilitation techniques are effective and con-
tinue to bene fi t patients even up to 3 years after 
facial nerve injury  [  57  ] . Chemodenervation also 
plays an important role in reducing synkine-
sis and improving facial symmetry  [  10,   30,   39, 
  53,   77  ] . The optimal treatment of facial nerve 
injuries requires a multimodality approach  [  39  ] , 
and the importance of these techniques should 
not be underestimated, although they are not 
the focus of this chapter and are not thoroughly 
discussed. 
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    15.4.1   Surgical Management of Acute 
Facial Nerve Lesions 

 Direct facial nerve repair should be completed 
when possible. Nerve repair within 72 h from 
the time of injury allows stimulation to aid 
identi fi cation of distal nerve ends  [  103  ] . After 
72 h from injury, motor end-plate depolariza-
tion is not possible as neurotransmitter stores are 
depleted in the absence of antegrade axoplasmic 
transport. Repairs should always be performed 
without tension. If a tensionless repair is not 
possible, nerve autografts should be utilized. 
Common donors are the sural, great auricular, 
cervical plexus, medial antebrachial cutaneous, 
and lateral antebrachial cutaneous nerves. The 
neurorrhaphy should be performed with healthy 
nerve ends. An elegant nerve repair or recon-
struction performed within the zone of injury 
has no functional value. Facial nerve repair 
should be completed with meticulous technique, 
by surgeons with experience in neurorrhaphy, 
in an appropriate setting with proper lighting, 
magni fi cation, and instruments. 

 Depending upon the mechanism of injury, the 
facial nerve may be in continuity but incur injury 
due to external compression. Neural edema 
within the bony con fi nes of the intratemporal 
segment can impair function. Facial nerve decom-
pression was  fi rst described as a treatment for 
Bell’s palsy by Balance and Duel in 1932  [  6  ]  and 
is controversial. Proponents claim the usefulness 
of decompression when performed within 12–14 
days of traumatic injury or the onset of Bell’s 
palsy in patients who will have a poor recovery or 
who have an unfavorable electrodiagnostic pro fi le 
 [  35,   46  ] . Poorer recovery has been reported when 
decompression was performed more than 2 weeks 
after nerve injury  [  46  ] . Multiple potential sites of 
compression exist, although differences in func-
tional recovery by region of decompression have 
not been shown  [  46  ] . Opponents of facial nerve 
decompression also cite the dif fi culty in predict-
ing which patients will have a poor outcome, 
although this task is aided with ENOG, and note 
few differences in recovery for patients who have 
undergone decompression compared to those 
with spontaneous recovery  [  1  ] . The authors have 

not utilized this procedure in the management of 
facial nerve injuries. 

 In the setting of acute facial nerve injuries 
when a proximal facial nerve stump is not avail-
able (damaged in trauma, resected with tumor, 
etc), an alternative neuronal source should be 
used to reinnervate the native mimetic muscula-
ture. The contralateral facial nerve or other nearby 
cranial nerves can provide neuronal input. 

 If available, the contralateral facial nerve in 
combination with a cross-face nerve graft (CFNG) 
(typically the sural nerve) may be used to inner-
vate the affected facial muscles. First described 
by several authors in the early 1970s  [  2,   78,   82  ] , 
this technique has the bene fi t of borrowing nerves 
of like function to reconstruct facial movement 
and therefore allows spontaneous and emotional 
facial expression without dyskinesis. In addition, 
the need for motor reeducation is eliminated. Due 
to redundancy of facial nerve branches and com-
plex facial muscle innervation patterns, a branch 
of the contralateral facial nerve can be harvested 
after careful facial nerve mapping with minimal 
to no donor de fi cit. The downside of this tech-
nique is that the innervation source is not as 
robust as some other cranial nerves, such as 
branches of the trigeminal. The reconstruction 
requires neuroregeneration across a lengthy 
CFNG and two coaptation sites. The increased 
time for neuroregeneration allows greater muscle 
atrophy and a poorer neuronal trophic environ-
ment  [  52  ] . Through a preauricular incision with 
caudal extension just posterior to the mandible on 
the unaffected side of the face, the healthy facial 
nerve branches are meticulously mapped. For 
smile reconstruction, a buccal or zygomatic 
branch is identi fi ed, typically at a point half the 
distance between the tragus and the oral commis-
sure (Zuker’s point). Nerve branches are identi fi ed 
and then stimulated to determine function. The 
branch that provides oral commissure, upper lip, 
and alar elevation, with redundant function, is 
selected as the donor. Use of a donor branch that 
produces the intended motion may decrease syn-
kinesis and involuntary motion as the donor has 
similar cortical origins as the injured side. Care is 
taken to ensure redundancy and preservation of 
periocular muscle function. The injured facial 
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nerve segment is exposed through an identical 
preauricular incision on the injured side of 
the face. A subcutaneous tunnel is created in the 
upper lip, and a nerve graft is passed between 
the two sides of the face. Tensionless neural 
coaptations are then performed between the 
donor facial nerve and the nerve graft and between 
the downstream nerve graft and the distal seg-
ment of the injured facial nerve. Return of facial 
nerve function is often noted 6–9 months after 
reconstruction. Neuroregeneration may be fol-
lowed by an advancing Tinel’s sign across the 
CFNG. This technique may also be performed in 
two stages: donor branch selection and coapta-
tion with CFNG, followed by coaptation of the 
CFNG to the distal target nerves in a second pro-
cedure approximately 6–12 months later. 

 If the contralateral facial nerve is unavailable 
and the native facial musculature remains appro-
priate for reinnervation, an alternative neural 
source may be utilized for direct muscle reinner-
vation. The ipsilateral masseter branch of the 
trigeminal nerve provides a robust axonal source, 
often without the need for an intervening nerve 
graft and therefore with only a single coaptation. 
Use of this neuronal source was initially described 
by Zuker et al.  [  108  ]  for free segmental muscle 
transplantation to the face for patients with 
Möbius syndrome,    but this nerve transfer can 
also be used for direct mimetic muscle neurotiza-
tion  [  21  ] . The motor nerve to the masseter muscle 
can be identi fi ed along the deep surface of the 
masseter muscle coursing obliquely from the 
posterior-superior to the anterior-inferior muscle 
borders  [  51,   108  ] . It is located approximately 
3 cm anterior to the tragus and 1 cm inferior to 
the zygomatic arch  [  11  ] . Because of the close 
proximity between the facial and trigeminal 
nuclei in the pons, motor reeducation after this 
procedure is often rapid, even in the absence of 
formal therapy, for both adult and pediatric 
patients. The ability to smile without active biting 
has been reported in 66–82 % of patients 
 [  51,   61,   75,   105  ] . The motor branch to the masseter 
provides a robust innervation source with greater 
axonal numbers compared to the buccal branch of 
the facial nerve, with clinical facial movement 
often noted 3 months postoperatively  [  21  ] . No 

donor de fi cit has been reported after use of the 
motor branch to the masseter  [  21,   61,   108  ] . 

 If both the contralateral VII and the motor 
branch to the masseter are unavailable for mimetic 
muscle reinnervation, alternative nerve transfers 
such as the spinal accessory ( fi rst completed by 
Drobnick in 1879, as cited by Griebie  [  37  ] ), 
hypoglossal  [  20  ] , partial spinal accessory  [  13  ] , 
partial hypoglossal  [  3,   64  ] , phrenic  [  73,   106  ] , and 
C7  [  90  ]  nerves have been successfully used. 
These alternative nerve sources, however, have 
increased donor morbidity and often result in 
dyskinetic facial motions (reviewed in  [  72  ] ). 
Today, none of these procedures are considered 
 fi rst-line donor nerve selections by our group. 

 The babysitter technique, described by Terzis 
 [  88,   95  ] , utilizes the concept of reinnervation 
while waiting for de fi nitive neuroregeneration 
with use of a partial hypoglossal nerve transfer. 
The theory is that immediate reinnervation will 
protect motor end plates within the target muscle 
and prevent denervation atrophy. The question of 
whether two separate reinnervation procedures 
are more harmful than a single denervation period 
followed by a single reinnervation transition has 
been raised in the literature  [  107  ] .  

    15.4.2   Surgical Management of 
Established Facial Nerve 
Lesions 

 With prolonged muscle denervation (approxi-
mately 12–24 months), changes within both the 
target nerve and muscle preclude further reinner-
vation of native musculature. As a result, surgi-
cal intervention may establish static or dynamic 
reconstructions depending upon associated patient 
factors, such as physical health, psychological 
state, psychosocial support, and preference. 

    15.4.2.1   Static Slings 
 Dynamic facial reanimation is generally preferred, 
but static techniques still have a role in selected 
patients. Static procedures are short and relatively 
straightforward and therefore ideal for patients 
who are elderly and have signi fi cant medical 
issues that prohibit a complex and long dynamic 
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reconstruction. They may also be preferred by 
some young patients who do not initially desire 
an extensive dynamic reconstruction and reha-
bilitation. Finally, static slings may also be useful 
for temporary but prolonged paralysis when func-
tional recovery is ultimately expected. While they 
do not provide a smile, they do improve cosmetic 
appearance and symmetry at rest and can improve 
functional impairment  [  56  ] . 

 A variety of materials are available for use as 
slings. These include autologous fascia lata, acel-
lular cadaveric dermis, animal-based dermal col-
lagen, and prosthetic materials such as expanded 
polytetra fl uoroethylene (Gore-Tex). Each has 
advantages and disadvantages. Fascia lata is the 
most commonly preferred donor site because of 
the amount and length of tissue available, but it 
may stretch with time and has associated donor 
morbidity. Cadaveric or animal-based dermis 
is readily available without donor-site issues. 
Because it is revascularized and incorporated, it 
is more resistant to infection but also may 
undergo variable degrees of resorption, and long-
term stretching may be more extensive and 
unpredictable. Prosthetic materials also avoid 
donor morbidity, and there is much less stretch-
ing over time but with higher rates of infection 
and extrusion. 

 The standard approach includes a preauricu-
lar or post-tragal incision and incisions lateral to 
the lip on the nasolabial fold and at the vermilion 
border of the upper and lower lip near the mid-
line for lip extensions. The sling is positioned 
subcutaneously from the lateral zygomatic arch 
to the oral commissure and then split longitudi-
nally to extend through the upper and lower lip 
towards the midline. The tension is set with some 
degree of overcorrection based on the type of 
material that is being used. Stretching and lax-
ity make up the most common long-term com-
plication, and revisions may be necessary and 
are more easily undertaken compared to dynamic 
reconstructions.  

    15.4.2.2   Regional Muscle Transfer 
 Regional muscle transfers provide satisfactory 
dynamic facial reanimation with shorter opera-
tive time and recovery period. They provide 

 advantages especially in the elderly patient popu-
lation in which a longer procedure is risky or oth-
erwise less desirable, and microvascular surgery 
is less optimal due to vessel disease, or in fl ow 
vessels are not available. The temporalis muscle is 
the most commonly used pedicled regional mus-
cle transfer. Originally described as a turndown 
transfer of the entire muscle belly over the zygo-
matic arch to the oral commissure  [  17  ] , it is associ-
ated with a signi fi cant donor-site deformity with 
hollowing of the temporal region and excessive 
bulkiness over the zygomatic arch. Modi fi cations 
have included transfer of only the central portion 
of the muscle belly  [  92  ]  and the use of autologous 
or cadaveric grafts or prosthetic implants in the 
temporal fossa with variable long-term success 
(Fig.  15.3 ). The most recent modi fi cation has 
been the orthodromic temporalis tendon transfer 
(TTT)  [  15  ] , involving transfer of the insertion 
onto the coronoid process to the oral commis-
sure. The advantages of this procedure are an 
immediate result and lack of a donor-site defect. 
The approach may be transoral, which is more 
straightforward, or transfacial, which is techni-
cally more dif fi cult but minimizes oral contami-
nation  [  8  ] . The most recent modi fi cations have 
included extensions using fascia lata or tendon 
grafts through the upper and lower lips towards 
the midline to address the orbicularis oris paraly-
sis and asymmetry  [  27  ] .  

 The masseter muscle has also been described 
for treatment of facial palsy  [  5  ] . Its origin is from 
the inferior aspect of the zygomatic arch, and it 
inserts onto the body and ramus of the mandible. 
For transfer, its insertion inferiorly is released, 
and the muscle is mobilized and transposed 
anteriorly to the oral commissure and lips with a 
vector that is similar to the temporalis muscle, 
although with a more lateral vector of pull. 
Another disadvantage in comparison to the tem-
poralis muscle is a short excursion, and it is there-
fore considered only when the temporalis muscle 
is not available.  

    15.4.2.3   Free Functional Muscle Transfer 
 Since Harii et al.  [  41  ]  described the  fi rst free 
functional muscle transfer (FFMT) to the face for 
smile reconstruction in 1976, FFMT has become 
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the standard for dynamic reconstruction of facial 
expression. FFMT is most commonly used for 
dynamic midface reconstruction. Reconstructive 
goals include achievement of a natural, spontane-
ous, and symmetric smile via a reliable surgical 
technique. A spectrum of muscles has been uti-
lized for this purpose, including gracilis  [  41  ] , 
latissimus dorsi  [  58,   105  ] , pectoralis minor  [  43  ] , 
and serratus anterior  [  104  ] . Challenges and con-
siderations with donor muscle selection include 
pedicle length and reliability, muscle bulk, and 
muscle  fi ber orientation. The gracilis muscle is 
the authors’ donor of choice due to its ease of dis-
section, minimal donor-site morbidity, lengthy 
and reliable pedicle, and ability to be segmentally 
transferred (Fig.  15.4 ).  

 Excess bulk can be a disadvantage of FFMT. 
Transplant of large muscles to the face, such 
as the latissimus dorsi or the entire gracilis 
muscle, results in suboptimal aesthetics. In his 
early experience with FFMT, Chuang reported 
bulkiness in up to one third of patients  [  18  ] . In 
1984, Manktelow and Zuker  [  60  ]  introduced 
the concept of functional muscular anatomy. 
They noted that individual nerve fascicles sup-
ply independent muscle territories and could 
be individually stimulated. Transplant of only 
a segment, or single fascicular territory, of the 
gracilis muscle was therefore possible without 

functional  compromise, and their results are 
superior. The gracilis, then, can be split into 
thirds without damage to the muscle and then 
trimmed to the appropriate length for transfer 
to the face. Others have advocated trimming the 
gracilis in speci fi c manners  [  18  ] , but this also 
requires detailed knowledge of the neurovascu-
lar pedicle to avoid damage to the transferred 
muscle. When debulking the muscle, careful 
attention must be directed at hemostasis prior 
to ischemia time to avoid hematoma risks in the 
face after transfer  [  66  ] . 

 Donor nerve selection involves consideration 
of the native contralateral smile (if applicable), 
axonal load, and donor nerve availability, as 
summarized in the acute injury section. Ideally 
nerve donors are synergistic and must be dispens-
able. Patients with unilateral facial paralysis and 
robust, contralateral oral commissure excursion 
require robust excursion of the affected commis-
sure to achieve  fi nal symmetry, which is observed 
with use of the motor nerve branch to the masseter 
muscle  [  4,   21,   51  ]  due to its increased axonal load 
 [  21  ] . Alternatively, the patient requiring less oral 
commissure movement for symmetry may be bet-
ter served with the use of the contralateral facial 
nerve and a CFNG. Classically, this technique 
results in a more spontaneous smile, with less 
requirement for motor reeducation (as outlined 

a b  Fig. 15.3    Postoperative 
photographs of 70-year-old 
male with left facial palsy 
secondary to previous 
resection of parotid tumor, 
now after left temporalis 
muscle turndown  fl ap, 
insertion of gold weight in 
left eyelid, and placement of 
AlloDerm into left    temporal 
donor-site defect. ( a ) At rest 
and ( b ) smiling       
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in the previous section). Axonal dropout occurs 
with neuroregeneration across neural coaptations 
 [  31 ,  43  ] . Because the CFNG requires regenerat-
ing neuronal  fi bers to cross two separate coapta-
tions, fewer axons are available to power the free 
muscle  [  50  ] , although Terzis observed that donor 
nerve  fi ber counts, rather than downstream nerve 
graft  fi ber counts, correlated with functional out-
come  [  96  ] . Shorter neuroregeneration periods also 
follow from ipsilateral donor cranial nerves due 
to the shorter distance traveled. Results may vary 
among individuals, and the selection of a donor 
nerve is dependent upon availability of additional 
cranial nerves, the patient’s native smile, and the 
duration of injury. 

 Free tissue transfer may occur in one or two 
stages. The  fi rst stage consists of donor nerve 
selection with coaptation to a nerve graft if 
required. After allowing time required for neu-
roregeneration to the distal end of the nerve graft 

(follow Tinel’s sign, 6–12 months later), the free 
muscle may be transferred and coapted to the 
donor nerve/nerve graft. Alternatively, donor 
nerve selection ± nerve graft may occur simulta-
neously with muscle transfer, although the delay 
in muscle neurotization may have suboptimal 
results. The authors’ preferred technique for 
FFMT is the two-staged method to optimize 
functional results (Fig.  15.5 ).  

 Free tissue transfer provides a reliable method 
for dynamic midface reconstruction, but results 
for dynamic reconstruction in other facial regions 
are variable. The evaluation and management of 
the patient with facial palsy should follow a sys-
tematic regional investigation to ensure assess-
ment of all regions of the face and not just areas 
of obvious pathology or asymmetry. Five speci fi c 
facial regions have been proposed for evalua-
tion in the management of facial nerve injuries: 
the brow, the ocular region, the midface and 

a

c

b

  Fig. 15.4    ( a ) Gracilis muscle harvest. Mobilization prior to harvest with isolation of neurovascular pedicle. ( b ) Harvest 
and ( c ) transfer to the face prior to insetting       
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 nasolabial fold, the oral commissure, and the 
lower lip  [  39  ] . Management of the face as a whole 
may require multimodality treatment involving 
the use of a combination of static and dynamic 
techniques. In general, symmetry is achieved by 
either augmentation of de fi cient motion or weak-
ening of intact motion. For example, in cases of 
unilateral depressor muscle dysfunction in the 
lower lip, improved symmetry may be estab-
lished via regional or free muscle transfer to the 

affected side or via depressor muscle weaken-
ing on the healthy side via chemodenervation, 
myectomy, or transection of the healthy marginal 
mandibular nerve  [  42  ] . Injection of long-acting 
local anesthetics into muscles allows the patient’s 
temporary assessment of outcome following 
muscle weakening  [  59  ] . Multiple procedures for 
static reconstructions improve symmetry and are 
relatively simple to perform and are reviewed in 
Hadlock et al.  [  39  ] .    

a b

c d

  Fig. 15.5    Preoperative 
photographs of 12-year-old 
male with Möbius syndrome 
and incomplete right facial 
paralysis. ( a ) At rest and ( b ) 
attempting to smile. ( c ,  d ) 
Postoperative photographs 
after single-stage free 
functional gracilis muscle 
transfer innervated by 
masseteric motor branch. At 
rest and smiling       
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    15.5   Complications and Prognosis 

 Reconstruction of facial expression or symmetry 
is a complicated process that requires skill and 
meticulous attention to detail. Even with careful 
planning and execution, complications do occur. 
Dynamic reconstructions may be nonfunctional 
or have a less optimal result due to synkinesis. 
Hematoma, seroma, infection, muscle disinser-
tion, muscle tethering, and asymmetric smile 
are possible complications. It is important to 
discuss the expected and potential courses with 
patients thoroughly as part of the informed con-
sent process. 

 Synkinesis, or innervation of unintended tar-
gets in addition to intended targets during rein-
nervation, differentiates cases of congenital and 
acquired facial palsy. In cases of congenital 
FP, structures required for facial expression are 
absent, a pattern of reinnervation cannot occur, 
and synkinesis is not observed. In contrast, native 
innervation patterns have been established in 
cases of acquired FP, and therefore, synkinesis 
may ensue after nerve injury. Synkinesis is more 
likely to occur with a lesion that is proximal on the 
facial nerve  [  19  ] . To avoid this sequela, Chuang 
practices a radical technique of excavation of all 
regional native facial musculature prior to inset of 
the FFMT, negating the possibility of synkinesis 
 [  18  ] . For most others, synkinesis is treated not by 
prevention but with biofeedback and neuromus-
cular retraining  [  12  ] . Chemodenervation is also 
an effective therapeutic modality for unwanted 
facial movement  [  10,   30,   39,   53  ] . 

 The failure rate for FFMT to the face is vari-
able. Upon review of 17 patients who had under-
gone 19 FFMT procedures, Hadlock et al.  [  40  ]  
reported muscle failures, which they de fi ned as 
lack of >2 cm movement, in 11 % of pediatric 
patients and in 21 % of an adult cohort. Similarly, 
a review of 100 FFMTs in a population of both 
adult and pediatric patients demonstrated a mod-
erate or better result in 80 % of patients  [  91  ] . 
A 9 % failure rate was reported in a long-term 
retrospective review of 23 adults undergoing 
FFMT for facial paralysis  [  92  ] . A long-term 
review of 47 patients undergoing dynamic facial 
reconstruction with FFMT revealed an 11 % 

 failure rate, indicating no resultant muscle 
motion, and an additional 15 % did not have 
facial motion that was independent from the con-
tralateral side  [  66  ] . 

 Long-term follow-up of patients after FFMT 
for facial paralysis is positive. A review of 24 
patients who had undergone CFNG followed by 
free gracilis transfer with a minimum of 5-year 
follow-up demonstrated gains in muscle excur-
sion for over 2 years with no clinical or electrodi-
agnostic evidence of diminishing function  [  93  ] . 
A similar long-term follow-up of pediatric 
patients after CFNG and free functional gracilis 
transfer also demonstrated stable muscle function 
and no evidence of negative effects on facial skel-
etal growth  [  94  ] . Overall results have been 
recorded as excellent or good in ~50 % of adult 
and pediatric patients, and patients’ self-reported 
assessments of overall outcomes are more posi-
tive  [  66  ] . A small percentage of patients may 
request or require revisionary surgery for severe 
facial contracture  [  19,   66  ] .  

    15.6   Future Directions 

 Reconstruction of facial animation is challenging 
but also life changing for patients. While the  fi eld 
has been revolutionized by technical advances, 
there remains room for improvement. One limi-
tation that has limited progress is the absence of a 
universal outcome measure, limiting multicenter 
comparisons and meta-analyses. While this 
limitation still remains a challenge for the  fi eld, 
Hadlock and colleagues have contributed a mea-
surement tool for analysis of facial movements 
 [  14 ,  38  ] , which provides a standardized, accurate, 
and ef fi cient method of quantifying facial move-
ment. A standardized method of facial move-
ment quanti fi cation allows longitudinal outcome 
analysis not only for individual patients but also 
within a practice and among institutions. Because 
the patient population requiring operative inter-
vention for facial paralysis is relatively small, 
trends in outcomes can be dif fi cult to measure. A 
centralized database of patients with facial paral-
ysis can speed outcome analysis to bene fi t both 
patients and  clinicians. Basic science research 
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pursuits to investigate methods to enhance neu-
roregeneration, focus end target speci fi city, and 
maintain and protect native musculature continue. 
In addition, new pursuits involving biomedical 
engineering and other disciplines have shown 
applicability to facial movement. Electroactive 
polymer arti fi cial muscle may be useful to 
facilitate eyelid blink in patients with FP  [  79, 
  98  ] . Functional electrical stimulation channeled 
from the unaffected contralateral face has shown 
potential for clinical applicability  [  54  ] . The  fi eld 
of facial animation and reanimation is entering an 
exciting era of continued technological advance-
ment and collaboration among practitioners and 
different disciplines. With a team approach, the 
future is bright for facial paralysis.      
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 Injuries to the peripheral nervous system affect 1 
in 1,000 individuals each year. The implications 
of sustaining such an injury are considerable, 
with loss of sensory and/or motor function  [  34  ] . 
Some nerve injuries require repair in order to 
regain sensory or motor function. Although this 
chapter focuses primarily on trigeminal nerve 
(TN) injuries and repairs, the facts presented may 
apply to any peripheral nerve repair. The primary 
indications for nerve repair or grafting include the 
following: (1) an injury or continuity defect in a 
nerve, as a result of trauma, pathology, surgery, 
or disease, which cannot regain normal func-
tion without surgical intervention, and (2) loss of 
normal neurologic function, resulting in anesthe-
sia, paresthesia, dysesthesia, or paralysis, which 
cannot be corrected by nonsurgical treatment. In 
some nerve injuries (e.g., neuropraxia), the nerve 
regains sensory or motor function unless irre-
versible compression, neuroma  (axonotmesis), 

or transection (neurotmesis) occurs. In more 
severe injuries, there may be signi fi cant loss of 
nerve substance (continuity defect), or a section 
of nerve may need to be removed to expose nor-
mal nerve tissue in preparation for nerve repair. 
Thus, nerve repair and nerve grafting procedures 
may be required to provide continuity between 
the proximal and distal portions of the nerve. 

 The three major branches of the TN that can be 
involved in injuries are the inferior alveolar nerve 
(IAN), lingual nerve (LN), and infraorbital nerve 
(ION). The most common types of injury to the 
IAN and LN are iatrogenic, related to removal 
of impacted teeth (Fig.  16.1 ), orthognathic sur-
gery (Fig.  16.2a, b ), periodontics, endodontics 
(Fig.  16.3 ), dental implants (Fig.  16.4 ), curettage 
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  Fig. 16.1    A large traumatic neuroma ( N ) is seen 1 year 
after removal of a third molar. Note the signi fi cant atrophy 
of the distal ( D ) portion of the nerve and the mismatch in 
size compared with the proximal ( P ) portion of the nerve       
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of intrabony lesions, partial or total resection of the 
mandible or tongue in tumor removal, and other 
surgical procedures as well as trauma. Injuries to 
the ION are more commonly caused by trauma 
to the middle third of the face (Fig.  16.5a ), par-
tial or total maxillectomy and orbital exenteration 
during resection of benign or malignant tumors, 
or inadvertent nerve injury during maxillary 
and midface osteotomy procedures. Nerve inju-
ries which are more dif fi cult to manage include 
severe stretch-type injuries and chemical injuries 
such as those that occur when alcohol, steroid, or 
other caustic agents are injected into or around 
nerves (Fig.  16.3 ). The nature and extent of the 

nerve pathology will in fl uence the type and qual-
ity of repair  [  54,   55  ] .      

    16.1   Considerations for Direct 
Nerve Repair 

 When surgical repair is required for a transected 
nerve or a nerve injury requiring excision, the 
best results, when conditions permit, are achieved 

a

b

  Fig. 16.2    ( a ) A posteriorly directed lateral osteotomy for a 
sagittal split procedure    injured the IAN causing a large neu-
roma that created a bone defect in the buccal cortical plate 
( arrows  outline bone defect). ( b ) The neuroma (outlined by 
 arrows ) is observed through an extraoral approach       

  Fig. 16.3    A root canal procedure was performed on a 
mandibular molar with Sargenti paste injected into the root 
canals with extravasation ( arrows ) into the IAN canal. This 
caustic material causes severe nerve damage that adversely 
affects the nerve beyond the extent of the material       

  Fig. 16.4    This nerve injury resulted from placement of a 
dental implant that crushed the IAN. The injured IAN is 
between the  arrows . Note the atrophy of the distal nerve 
segment       
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with a direct nerve repair, without grafting. There 
are basically three types of nerve repair. 

 Perineural repair involves repairing the indi-
vidual fascicles and placing sutures through the 
perineurium. Complications of this technique 
include trauma to the nerve in dissecting out each 
fascicle and  fi brosis that develops because of the 
dissections and numerous sutures placed. The 
IAN and LN may have 9–21 fascicles depending 
on the location of the injury, so this perineurial 
repair method is impractical. 

 Group funicular repair involves repairing 
grouped fascicles with sutures placed through 
the intraneural epineurium, aligning groups of 

 fascicles. Since the TN branches have non-grouped 
fascicles, this technique is not applicable. 

 Epineurial repair involves aligning the nerve 
ends and placing sutures through the epineu-
rium only. Since the TN branches are polyfas-
cicular (multiple, different-sized fascicles) and 
non-grouped, the epineurial technique is the 
most logical choice of repair method for the TN 
(Fig.  16.6a, b ).   

    16.2   Considerations for Autogenous 
Nerve Grafts 

 When continuity defects are present in the injured 
nerve or created in preparation of nerve repair, a 
nerve graft procedure may be indicated. An addi-
tional indication includes nerve sharing, where 
the proximal end of a nerve is severely damaged 
and nonfunctional, but the distal aspect can be 
salvaged. A portion of another nerve is isolated, a 
nerve graft attached, and anastomosed to the dis-
tal end of the injured nerve (Fig.  16.7a–c ). There 
are various types of donor nerve grafts avail-
able including the following:  Autogenous nerve 
graft  is transplanted from one site to another 
in the same recipient;  isograft  is transplanted 
between genetically identical and nearly  identical 

a

b

  Fig. 16.5    ( a ) This illustration shows a crush injury to a 
right infraorbital nerve from a previous zygomatico-or-
bital fracture. ( b ) The nerve has been repaired with nerve 
grafts obtained from the greater auricular nerve as a cable 
graft       

a

b

  Fig. 16.6    ( a ) Since the trigeminal nerve is polyfascicular 
and the fascicles are non-grouped, ( b ) the epineurial repair 
is the preferred technique for neurorrhaphy       
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a

c

b

  Fig. 16.7    ( a ) Diagram showing injury to the infraorbital 
nerve and loss of the proximal branch of the IAN from 
severe facial trauma, but the mental nerve was still pres-
ent. ( b ) The infraorbital nerve was divided with short sural 
nerve grafts used to reanastomose the distal branches of 

the infraorbital nerve and a long graft from the other part 
of the proximal infraorbital nerve and ( c ) to anastomose to 
the mental nerve. In this case of nerve sharing or nerve 
transfer, the patient did regain some sensibility to the dis-
tribution of these nerve branches       

 



27516 Nerve Grafts and Conduits

 individuals;  allograft  is transplanted between 
genetically nonidentical individuals of the same 
species; and x enograft  is transplanted from a 
donor of one species and grafted into a recipient 
of another species.  

 The two most common autogenous donor 
nerves for TN repair are the sural and the greater 
auricular nerves. Selection of a donor nerve is pred-
icated in part on ease of harvesting and on mini-
mizing postsurgical symptoms associated with the 
donor nerve and its functional distribution. Both 
the sural and greater auricular nerves are relatively 
easy to harvest but yield localized areas of sensory 
de fi cit after surgery. Other potential donor nerves 
include the saphenous dorsal cutaneous branch of 
the ulnar nerve, the medial antebrachial cutaneous, 
lateral antebrachial cutaneous, super fi cial branch 
of the radial,  intercostal, and other nerve branches 
of the cervical plexus  [  24,   47  ] . Several factors that 
are important to consider when selecting a donor 
nerve are as follows. 

    16.2.1   Diameters of Donor 
and Host Nerves 

 Ideally, the diameter of the nerve graft should cor-
relate exactly with the diameter of the proximal 
and distal ends of the prepared host nerve. The 
average diameter of the IAN is 2.4 mm  [  43  ] ; LN, 
3.2 mm  [  1  ] ; sural nerve, 2.1 mm  [  8  ] ; and greater 
auricular nerve, 1.5 mm  [  43  ] . For IAN grafting, 
the sural nerve is generally considered the best 
cross-sectional match because its diameter is 
87 % that of the IAN, but only 66 % that of the 
LN. The greater auricular nerve diameter is about 
63 % of the IAN and 47 % of the LN diameter. 
The greater auricular nerve works best if placed 
as a cable graft (Fig.  16.8 ), with two or more par-

allel graft strands, so the combined diameter of 
the two strands would be adequate (125 % of the 
IAN and 94 % of the LN diameter).   

    16.2.2   Length of Nerve Graft Required 

 It may be dif fi cult to obtain a graft longer than 
2–4 cm from the greater auricular nerve. Since 
the greater auricular nerve (Fig.  16.9a ) is gener-
ally half the diameter of the IAN and LN, a two-
strand cable graft usually works best for diameter 
match (Fig.  16.8 ). Therefore, it may be dif fi cult 
to graft a defect larger than 1–1.5 cm if the graft 
is harvested unilaterally. The sural nerve is larger 
in diameter, and a 20- to 30-cm length can be har-
vested without much dif fi culty (Fig.  16.9b ). Since 
a longer graft will usually be necessary for nerve 
sharing techniques, the sural nerve would be the 
autogenous donor choice (Fig.  16.7a, b ).   

    16.2.3   Number of Fascicles 

 The number and size of fascicles should correlate 
between the donor and host nerves. The IAN usu-
ally has 18–21 fascicles in the third molar area 
(Fig.  16.10a ), decreasing to about 12 fascicles just 

  Fig. 16.8    The cable grafting technique may be indicated 
to improve the match of graft to host nerve in cross-
sectional diameter, number of fascicles, and fascicular 
pattern       

a

b

  Fig. 16.9    ( a ) The greater auricular nerve provides a 
shorter length of graft, and the diameter is signi fi cantly 
smaller than the trigeminal nerve branches. ( b ) A 
signi fi cantly longer graft can be harvested from the sural 
nerve, and it has a larger diameter than the greater auricu-
lar nerve       
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proximal to the mental foramen area (Fig.  16.10b ) 
 [  43  ] . The LN in the third molar area usually has 
15–18 fascicles  [  1  ] , decreasing to 9 fascicles as it 
enters the tongue  [  48  ] . The sural nerve usually has 
11–12 fascicles  [  8  ] , which is 54 % of the number 
of fascicles in the IAN and 69 % of the number 
in the LN. The greater auricular nerve usually has 
8–9 fascicles  [  47  ] , which is signi fi cantly less than 
the number in the IAN (44 %) and LN (52 %). 
However, if a cable graft with two parallel nerve 
graft strands is used (Fig.  16.8 ), the combined num-
ber of fascicles correlates more closely with those 
of the IAN (87 %) and LN (104 %). Sometimes, 
the greater auricular nerve is even smaller, and the 
transverse cervical nerve may be considered. If the 
nerve graft is signi fi cantly smaller in diameter than 
the proximal host nerve stump, useful fascicles 
are lost, and a neuroma may form from collateral 

axonal microsprouting. If the graft is too large at 
the distal host nerve stump, then some of the regen-
erating nerve fascicles in the graft will be lost. If 
the distal portion of the graft is smaller than the 
distal portion of the host nerve, then a number of 
the fascicles in the distal portion of the host nerve 
will not regenerate.   

    16.2.4   Fascicular Pattern 

 The IAN and LN have polyfascicular patterns; 
the fascicles have various sizes from small to 
large diameter, but without fascicular group-
ing  [  1,   43  ] . The sural nerve has an oligofas-
cicular (uniform size) pattern, but with 
small-diameter fascicles  [  8  ] . The greater 
auricular nerve is a polyfascicular nerve with 
grouping, a pattern that more closely approxi-
mates the fascicular pattern of the IAN and LN 
than the sural nerve  [  44  ] . The axons in the 
sural nerve are much smaller and fewer in 
number than those in the IAN and LN, creat-
ing another signi fi cant mismatch.  

    16.2.5   Cross-Sectional Shape and Area 

 The IAN and LN are round  [  1,   43  ] , whereas the 
sural nerve is basically  fl at or elliptical. The 
greater auricular nerve is round-oval, and 
therefore, it more closely resembles the IAN 
and LN than does the sural nerve. The approxi-
mate total cross-sectional area of the IAN is 
4.6 mm 2 ; the LN, 5.2 mm 2 ; the sural nerve, 
3.5 mm 2 ; and the greater auricular nerve, 
1.8 mm 2 . There is no signi fi cant difference in 
fascicular pattern and total nerve areas among 
the IAN, LN, and greater auricular nerve 
 [  1,   43  ] . The sural nerve has signi fi cantly 
smaller axonal size and number of axons per 
unit area (50 % less) than the others  [  16  ] .  

    16.2.6   Patient Preference 

 Harvesting the sural nerve results in numbness of 
the heel and lateral aspect of the foot (Fig.  16.11 ). 

a

b

  Fig. 16.10    ( a ) This cross-sectional histological view of 
the IAN at the third molar area shows the polyfascicular 
pattern. ( b ) Just proximal to the mental foramen, the num-
ber of fascicles in the IAN decreases signi fi cantly       
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Harvesting the greater auricular nerve results in 
numbness to the ear, lateral neck, and skin overly-
ing the posterior aspect of the mandible (Fig.  16.12 ). 
An additional risk at the donor area in addition to 

the cervical scar is development of a painful neu-
roma that may require additional treatment. 
Patients may prefer that their numbness and/or 
potential complications be in the foot rather than 
in the head and neck area, therefore favoring the 
sural nerve as the preferred donor nerve, and, in 
fact, improved IAN or LN recovery following 
nerve repair correlates well with less patient-per-
ceived morbidity from the nerve harvest site  [  33  ] .     

    16.3   Factors Affecting Nerve 
Graft Success 

 The success and ultimate outcome of a nerve 
repair or grafting procedure are based on a num-
ber of factors, and the more favorable the factors, 
the better and more predictable the outcome. 

    16.3.1   Time Since the Injury 

 In general, peripheral nerve injuries requiring 
surgical intervention will have better results the 
earlier the nerve is repaired after injury. Therefore, 
repairs with or without grafting performed imme-
diately after the injury have better results, with 
progressively worsening results if done 3, 6, 9, or 
12 months or longer after the injury. Wietholter 
and colleagues reported best results for IAN and 
LN repair if reconstruction was done within 3 
weeks of the injury  [  53  ] . Early repair circumvents 

  Fig. 16.11    The sural nerve 
may be harvested through 
multiple small incisions in 
the lower leg       

  Fig. 16.12    The greater auricular nerve is harvested from 
the neck through a horizontal incision       
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major problems encountered with elapsed time 
such as Wallerian degeneration, atrophy, and 
 fi brosis in the distal portion of the nerve 
(Fig.  16.1 ). Atrophy creates a signi fi cant size 
match discrepancy between the nerve graft and 
either or both nerve stumps. The time factor 
re fl ects the rate and extent of degeneration and 
atrophy of the distal fascicles prior to nerve repair. 
However, if the injury is primarily a traumatic 
neuroma without atrophy or degenerative neuro-
logic changes in the distal portion of the nerve, 
the time factor may not be as important; that is, 
whether the repair is done at 3 weeks or 2 years 
may not make a difference in functional 
outcome.  

    16.3.2   Type and Extent of Injury 

 The more localized and con fi ned the injury to the 
nerve, the less trauma to the nerve, and the shorter 
the required nerve graft (or possibility of repair 
without grafting), then the better the outcome. 
Stretch-type injuries or injuries caused by the 
injection of alcohol, steroid, or other caustic 
chemical into or adjacent to a nerve (Fig.  16.3 ) 
can cause signi fi cant irreversible damage to the 
nerve, which can extend proximally into the gan-
glion cell bodies, beyond a surgically accessible 
area, thus rendering peripheral nerve repair inef-
fective. In addition, signi fi cant ganglion cell 
death from nerve trauma may occur early (within 
90 days) following axotomy injuries, and this 
further supports the hypothesis that early repairs 
have improved outcomes.  

    16.3.3   Vascularity in Host Bed 

 For a nerve graft to be successful, it must be 
revascularized rapidly. Therefore, having the 
graft and the areas of neural anastomosis exposed 
to adjacent healthy soft tissues will help in this 
regard. The importance of the access of the nerve 
repair site to the surrounding vasculature must be 
weighed against the risk of cicatricial contraction 
of the soft tissues around the nerve repair site. 
Therefore, placing a membrane or covering over 
the nerve repair site to protect the repair or plac-

ing the graft inside a bony canal or in an area of 
signi fi cant scar tissue may have poorer results 
because of delayed revascularization of the nerve 
repair site and nerve graft if utilized.  

    16.3.4   Orientation of Nerve 
Graft Placement 

 It is important to place a nerve graft so that it is 
oriented in the same functional direction from 
which it was harvested. That is, the proximal end 
of the nerve graft should approximate the proxi-
mal end of the host nerve, and the distal end of the 
graft should anastomose with the distal end of the 
host nerve. Axoplasmic  fl ow should be maintained 
in the same direction. Therefore, when a nerve 
graft is harvested, the orientation should be care-
fully noted. It is also believed that the direction of 
axoplasmic  fl ow is not important since the nerve 
graft essentially functions as a conduit, and antero-
grade and retrograde  fl ow will be reestablished 
regardless of the orientation of the nerve graft 
between the proximal and distal nerve stumps.  

    16.3.5   Length of Nerve Graft Required 

 In general, the shorter the nerve graft required, the 
better the result, and the longer the nerve graft, 
the less predictable the result. This is due in part to 
the amount of time it takes for regeneration 
to occur across each anastomosis area (7–14 days) 
and along the length of the nerve (0.2–3.0 mm/
day). The longer the nerve graft, the more time that 
is required for regeneration to reach the distal anas-
tomosis of the graft, increasing the risk of atrophy 
and  fi brous ingrowth into the distal anastomosis 
area, resulting in a poorer outcome (Fig.  16.7 ).  

    16.3.6   Quality and Type of Repair 

 Quality of repair is particularly sensitive to the 
surgeon’s skill and experience. Obviously, the 
highest quality repairs yield the best results. 
A high-quality repair includes atraumatic 
 management of the proximal and distal ends of 
the host and graft nerves and meticulous 
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 neurorrhaphy techniques. The TN branches are 
polyfascicular without grouping and have a large 
number of fascicles, so epineurial repair is the 
most logical and appropriate technique (Fig.  16.6 ). 
Depending on the situation, 8-0 to 10-0 
mono fi lament nylon suture can be used for the 
repairs. Minimizing the number of sutures (3–6 is 
optimal) is helpful as long as the approximation 
of the nerve graft to the nerve stumps is accurate. 
It is important to attempt to suture only the 
epineurium and not pass the needle and suture 
through the fascicles, since this can create more 
fascicular damage and scarring, yielding a poorer 
result.  

    16.3.7   Tension on Repaired Nerve 

 The nerve should be repaired or grafted with no 
tension on the nerve segments and areas of 

 anastomosis (Fig.  16.13a, b ). Excessive tension can 
cause breakdown at the area of anastomosis with 
scar tissue formation, resulting in a poor outcome. 
The host nerve should be prepared prior to harvest-
ing the graft so that graft length can be determined 
as accurately as possible. It must be remembered 
that the sectioned host nerve segments will retract, 
yielding a larger defect. Additionally, a harvested 
nerve graft shrinks in length by approximately 
20 %, and additional length may be lost in  fi nal 
preparation of host and nerve graft ends. Therefore, 
the nerve graft harvested should be at least 25 % 
longer than the initially measured host nerve defect 
to compensate for these predictable changes.   

    16.3.8   Preparation of the Host Nerve 

 A good outcome requires complete removal of the 
area of injury and assurance of healthy, viable 

a b

  Fig. 16.13    ( a ) Lingual nerve with a large neuroma 
(between  arrows ) as a result of an impacted third molar 
removal. ( b ) The nerve has been repaired with a sural 

nerve graft without any tension on the nerve segments. 
The distal and proximal anastomoses are delineated by 
 arrows        
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nerve tissues at the proximal and distal stumps. 
Frozen sections for histological assessment of the 
proximal and distal stumps may be helpful to 
determine when good, viable nerve tissue has been 
reached  [  51  ] . In the distal end, there may be degen-
erative changes (Wallerian degeneration) involv-
ing the fascicles. However, it is important to be 
sure that no signi fi cant  fi brosis or other obstruc-
tions remain in the distal portion of the host nerve 
(Fig.  16.14a, b ). The proximal and distal nerve 
stumps should be prepared with 1.0-mm resections 
until healthy fascicles are encountered. Of course, 
with continued incremental resection, the need for 
nerve grafting, or defect management, increases 
signi fi cantly, but this is a necessary step to ensure 
that scar tissue does not remain at the host nerve 
stumps since this would result in a poor outcome.   

    16.3.9   Age of Patient and Other 
Health Factors 

 In general, younger patients have the best 
results, and elderly patients have the poor-
est results following nerve repair or grafting. 

Children have a greater ability to centrally adapt 
to altered nerve programming, greater regenera-
tive capabilities, and greater healing and meta-
bolic rates than older patients. Systemic factors 
that can adversely affect outcome include con-
nective tissue and autoimmune diseases (e.g., 
scleroderma, mixed connective tissue disease, 
rheumatoid diseases, and systemic lupus ery-
thematosus), diabetes mellitus, vascular and 
bleeding disorders, inherited or acquired neu-
ropathies, alcoholism, smoking, and others. 
These factors must be considered when coun-
seling patients about risks, complications, and 
expected outcomes following nerve repair.   

    16.4   Expected Outcomes 

 Many factors in fl uence the quality of results fol-
lowing nerve repair. If the donor nerve and other 
success factors are all favorable, then good results 
can be expected. The de fi nition of a successful 
and acceptable outcome varies widely among 
patients and surgeons, since there is no accepted 
standard assessment protocol. The quality of 

a b

  Fig. 16.14    ( a ) Frozen section of an injured proximal nerve segment shows signi fi cant  fi brosis and no viable fascicles. 
( b ) Frozen nerve section further proximal demonstrates viable nerve tissue       
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 outcome for a given patient may not be predict-
able, but the more favorable the factors affecting 
success, the greater the potential for a good out-
come. It must be understood that the best result 
may not be able to restore function to the pre-
injury level. With LN injury, return of taste sen-
sation is unpredictable and should not be 
expected. 

 Wietholter and colleagues found better results 
for IAN repair with end-to-end anastomosis than 
with nerve grafting  [  53  ] . This has been the senior 
author’s experience as well. Therefore, with IAN 
injuries, the possibility of decortication of the 
mandible over the distal portion of the IAN 
should be evaluated, and the distal portion of the 
IAN and mental nerve should be posteriorly repo-
sitioned to facilitate end-to-end repair before 
considering a nerve graft. Hessling et al. reported 
that only 40 % of patients who underwent IAN 
reconstruction and 35 % who underwent LN 
reconstruction have good results. They recom-
mended reconstruction of these nerves only if the 
patient has pain in addition to loss of sensitivity 
 [  21  ] . Bagheri and colleagues found an 81 % IAN 
restoration of acceptable levels of neurosensory 
function. They report that the likelihood of 
regaining neurosensory function threshold drops 
signi fi cantly at 12 months after nerve injury and 
at 51 years of age  [  4  ] . Zuniga reported on out-
comes of nerve repair in ten patients; both patients 
and surgeon rated the overall outcomes as mostly 
good, although there were differences in speci fi c 
outcome ratings by surgeon and patients  [  57  ] . 
Donoff and Colin reported improvement in 63 % 
of their patients who underwent LN repair (31 
nerves): 77 % in the anesthesia group and 42 % in 
the pain-paresthesia group. Overall, improve-
ment was seen in 77 % of patients who under-
went IAN repair  [  15  ] . 

 Less favorable results in some studies may 
be related to unfavorable factors affecting out-
come. Assessment of the literature indicates that 
LN repairs are less successful than other nerve 
repairs. Perhaps dif fi culty in surgical access and 
constant mobility of the area after surgery (i.e., 
eating, swallowing, and speaking) may contrib-
ute to the lower success rate. Also, the LN is the 
largest branch of the trigeminal system. Most sur-
geons use only a single-strand graft for repair of 

any of the TN branches, resulting in a signi fi cant 
mismatch in size and fascicular characteristics, 
which may contribute to a less satisfactory out-
come. Use of cable grafting may improve the 
results for some patients  [  54,   55  ] . Bagheri and 
colleagues performed a chart review of 222 
patients receiving a LN repair with a follow-up 
of at least 1 year. They found that the microsur-
gical repair of LN injury has the best chance of 
successful restoration if done within 9 months of 
injury, and the likelihood of recovery after nerve 
repair decreases progressively when the repair 
occurred more than 9 months after injury and 
with increasing patient age (5.5 % decrease in 
the chance of recovery for every year of age in 
patients 45 years old or older  [  3  ] ).  

    16.5   Nerve Grafting with Other 
Tissues 

 Alternative tissues such as veins, collagen conduits 
and  fi laments, and perineurial tubes have been used 
in the past for nerve repair. The majority of human 
and animal studies have involved vein grafts. Pogrel 
and Maghen  [  37  ]  and Miloro  [  31  ]  (rabbit model) 
(2001) showed that vein grafts may be useful for 
TN repair. Tang and colleagues reported on a tech-
nique in which a vein was taken from the forearm 
and reversed to bridge digital nerve defects  [  45  ] . 
For nerve defects >2.0 cm, normal nerve slices 
were inserted inside vein conduits. Follow-up 
revealed excellent recovery in two digital nerves, 
good in nine, fair in  fi ve, and poor in two. 

 Chiu and Strauch reported a prospective 
comparative clinical study evaluating direct 
nerve repair, nerve grafting, and vein grafting 
for distal sensory nerve defects <3 cm. A total 
of 34 nerves were repaired: 15 with a venous 
nerve conduit, 4 with a sural nerve graft, and 
15 with direct repair. Signi fi cant symptom relief 
and satisfactory sensory function return were 
observed in all patients. Two-point discrimina-
tion measurements indicated the superiority of 
direct repair, followed by conventional nerve 
grafting, and then vein grafting. However, the 
universally favorable patient acceptance and 
the return of measurable two-point discrimina-
tion indicated the effectiveness of autogenous 
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vein grafts as nerve conduits when selectively 
applied to bridge a small nerve gap (<3 cm) on 
nonessential peripheral sensory nerves  [  12  ] . 

 Walton and colleagues reported a retrospec-
tive study on the use of autogenous vein grafts 
in 22 digital nerve repairs. Two-point discrimina-
tion averaged 4.6 mm for 11 acute digital nerve 
repairs using vein conduits 1–3 cm in length. 
Delayed digital nerve repair with vein conduits 
yielded poor results. Comparing end-to-end digi-
tal nerve repairs and digital nerve grafting sug-
gests that repair of 1- to 3-cm gaps in digital 
nerves with segments of autologous vein grafts 
appears to give results comparable to those of 
nerve grafting  [  49  ] . Some investigators have sug-
gested that the vein graft should be used in an 
inside-out fashion since the outer surface of the 
vein contains the neurotrophic and neurotropic 
factors to help promote and support nerve growth 
from the proximal nerve stump. 

 However, a major concern with autogenous 
vein grafts is that they have little mechanical 
resistance to kinking and collapse  [  51  ] . Tang 
and colleagues demonstrated that repair of digi-
tal nerves with gaps ranging from 4 to 5.8 cm 
using vein conduits yielded no detectable recov-
ery of sensibility in autonomous areas of these 
nerves and no sign of recovery of the innervated 
muscles during follow-up  [  45  ] . Re-exploration 
revealed that the vein conduits used for repair 
of the median nerves were constricted by 
 surrounding scar tissue; axon regeneration was 
precluded  [  46  ] .  

    16.6   Allograft Nerve Grafts 

 The cadaveric nerve allograft provides an unlim-
ited graft source acting as viable nerve conduits 
without the morbidities associated with autoge-
nous nerve harvesting. This grafting method has 
the advantage of harvesting the same nerve from 
the host to be grafted to the recipient site provid-
ing the best nerve graft characteristics (nerve 
diameter, fascicular pattern, etc.). Host motor and 
sensory axons grow to reach the host target via 
those conduits. Function is provided by the regen-
erating autologous nerves, and this regeneration 

is supported by allogeneic cells. To ensure 
Schwann cell viability and minimal  fi brosis, the 
allograft must be revascularized in an early post-
transplant period  [  40  ] . 

 These allogeneic nerve grafts are rapidly 
rejected unless appropriate immunosuppression 
is achieved. The toxicity associated with immu-
nosuppression required to promote graft accep-
tance must be compared with relative bene fi ts 
of reinnervation before nerve allotransplantation 
can be safely applied in routine practice  [  40  ] . 
Mackinnon and colleagues treated seven patients 
with allograft nerve transplantation, up to 37 cm 
in length, to the extremities with immunosup-
pression therapy started several days before 
surgery. The average time of immunosuppres-
sive therapy was 18 months with no posttreat-
ment evidence of adverse reactions, and only one 
nerve graft was rejected. The other patients at 
longest follow-up had light touch, hot and cold, 
as well as pain sensations, but no two-point dis-
crimination  [  27  ] . Optimal treatment methods for 
nerve allograft transplantation must minimize or 
prevent rejection and permit nerve regeneration 
at the same time. 

 One option is the use of processed allografts 
such as AxoGen Avance ®  (AxoGen Inc., Alachua, 
FL), a human decellularized allograft product 
(Fig.  16.15 ). Processed allografts retain the scaf-
fold of nerve tissue but are made to be non-immu-
nogenic and inert in the body by a variety of 
processing methods. Examples of processing 
techniques include the following: repeated freeze-
thaw cycles, exposure to radiation, extended stor-
age in cold University of Wisconsin solution, and 
decellularization with detergents. Processed 
allografts provide a biological substrate for nerve 
regeneration without the requirements for immu-
nosuppression  [  40  ] .  

 Whitlock and colleagues used a rat model to 
compare isograft, NeuraGen (type I collagen 
conduit), and processed rat allografts comparable 
to AxoGen Avance ® . In the long sciatic nerve gap 
model (28 mm), isograft was superior to pro-
cessed allograft, which was superior to NeuraGen 
conduits at 6 weeks postoperatively. The authors 
conclude that in the long-gap model, nerve graft-
ing alternatives fail to deliver the regenerative 
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advantages of an isograft. However, in the short 
sciatic nerve gap model (14 mm), there was no 
signi fi cant difference between the three groups 
relative to nerve regeneration at 22 weeks  [  52  ] . 
Although the use of processed decellularized 

cadaveric allografts look promising for nerve 
injury repair, there is only one study (abstract) 
available to determine the ef fi cacy of using this 
graft system for repair of LN or IAN nerve inju-
ries  [  19  ] . In 8 patients (5 LN and 3 IAN) who had 
an Axogen Avance ®  nerve graft, 4 patients had 
some recovery, 1 had minimal recovery, and 3 
patients had no recovery of sensation. At best this 
could be seen as a 50 % success with the use of 
this technique, but more data is needed for ade-
quate interpretation of the usefulness of this graft 
option.  

    16.7   Alloplastic Nerve Grafts 

 End-to-end suture neurorrhaphy of nerves and 
autologous nerve graft are the “gold standard” for 
repair and reconstruction of peripheral nerves. 
However, this treatment may be associated with a 
variety of clinical complications, such as donor-
site morbidity, limited availability, nerve site mis-
match, and the formation of neuromas  [  42  ] . Nerve 
conduits provide a channel for direction of axonal 
sprouts from the proximal stump to the distal 
nerve stump. In addition to this, they allow diffu-
sion of neurotrophic and neurotropic factors 
secreted by the Schwann cells of the distal stump 
and minimize in fi ltration of  fi brous scar tissue. 
A variety of synthetic materials are available (e.g., 
silicone, polyglycolic acid, glycolide trimethyl-
ene carbonate, and poly lactide- co- caprolactone   ) 
 [  10  ] . This section will present the alloplastic 
options to treat nerve defect injuries. 

    16.7.1   Nonresorbable Materials 

 Silicone is a permanent conduit material that has 
been used for nerve grafting. However, long-
term entubulization of a nerve produces localized 
compression with resultant decreased axonal 
conduction, although the total number of nerve 
 fi bers and size of the axons remain constant. 
However, alterations in the blood-nerve barrier 
occur, followed by demyelination of the nerve 
 fi bers  [  25,   26  ] . Silicone tubes used for neural 
conduits must be removed in order to achieve 

a

b

c

  Fig. 16.15    ( a ) Left IAN neuroma. ( b ) The neuroma has 
been excised. ( c ) The IAN has been repaired with an 
Avance decellularized cadaveric nerve. A 3–4-mm diam-
eter × 30-mm Avance nerve graft was trimmed to span the 
10-mm defect. The  arrows  delineate the graft (Photos 
courtesy of Martin Steed, DDS, Atlanta, Georgia)       
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a positive outcome  [  14  ] . Similar  unfavorable 
 outcomes occur when using Gore-Tex (expanded 
polytetra fl uorethylene) grafts (WL Gore and 
Associates, Inc, Flagstaff, AZ) as a nerve graft 
conduit (Fig.  16.16a, b ). Although animal studies 
have shown promise in the use of Gore-Tex for 
a nerve continuity defect  [  32  ] , the clinical stud-
ies indicate that Gore-Tex tubing is not effective 
and therefore not recommended in the repair of 
continuity defects of IAN and LN. The Gore-
Tex tubing collapses following surgery since it 
has little inherent strength which impedes neural 
regeneration  [  36,   38  ] . Other nondegradable mate-
rials with poor results are elastomer hydrogel or 
porous stainless steel. These arti fi cial materials 
have the disadvantage of engendering chronic 
foreign body reactions due to scar formation, 
in fl exibility, and lack of stability  [  41  ] , and these 
are not used for TN repair.   

    16.7.2   Biodegradable Synthetic 
Materials 

 The biodegradable or resorbable nerve tubes are 
an alternative for repairing peripheral nerve 
defects in order to avoid the problems associated 
with nondegradable polymeric conduits, such as 
foreign body reactions. 

    16.7.2.1   Polyglycolic Acid 
 Polyglycolic acid (Dexon, American Cyanamid 
Co, Wayne, NJ) is a bioabsorbable substance that 
is currently used as a suture material  [  20  ]  and in 
mesh form to invest internal organs injured as a 
result of trauma  [  28  ] . It is absorbed in the body 
via hydrolysis, begins to breakdown at 3 months, 
and is resorbed within 6–8 months. A bioabsorb-
able polyglycolic acid conduit has been devel-
oped for nerve grafting in which the nerve gap 

a b

  Fig. 16.16    ( a ) Gore-Tex conduit used for nerve recon-
struction, demonstrating the distal repair ( arrow ). Due to 
distal nerve atrophy, the distal end of the graft has been 
narrowed to conform to the diameter of the distal nerve 

segment. This modi fi cation can be used for other conduit 
products. ( b ) The proximal repair is seen ( arrow ). 
However, Gore-Tex grafts are not recommended for repair 
of trigeminal nerve branches       
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is  ³ 8 mm but  £ 3 cm (Neurotube, Synovis Life 
Technologies Inc., St.Paul, MN) (Figs.  16.17  and 
 16.18a–g ). Characteristics of this tube include 
the following: (1) porosity, which provides an 
oxygen-rich environment for the regenerating 
nerve; (2)  fl exibility, to accommodate movement 
of joints and associated tendon gliding; (3) corru-
gation, to resist the occlusive force of surrounding 
soft tissue; and (4) bioabsorbability, eliminating 
the need for removal at a subsequent operation. 
This corrugated tube has available internal diam-
eters from 2.3, 4.0, to 8 mm and lengths from 2 
to 4 cm  [  5,   18  ] .   

 Weber and colleagues reported a prospective 
study on 136 nerve repairs in the hand, divided 
into two groups: group 1 consisted of standard 
repair with either end-to-end anastomosis or 
nerve graft and group 2 consisted of nerve repair 
using a Neurotube conduit (Fig.  16.17 ). Although 
there were no statistical differences between the 
two groups overall, two-point discrimination was 
better in the Neurotube group (6.8 ± 3.8 mm) than 
in the direct anastomosis or nerve graft group 
(12.9 ± 2.4 mm). The Neurotube conduit pro-
vided superior results and eliminated donor-site 
morbidity  [  50  ] . Mackinnon and Dellon reported 
good to excellent results in 86 % of digital nerve 
repairs in 15 patients using Neurotube  [  29  ] . Also, 
it is recommended to  fi ll the tube with heparinized 
saline. Casanas et al. studied 17 patients with dig-
ital nerve defects ranging from 2 to 3.5 cm grafted 

with Neurotube with good results  [  9  ] . Navissano 
and colleagues reported on using Neurotube to 
repair facial nerve defects from 1 to 3 cm with 
good results in  fi ve of seven patients  [  35  ] . 

 Few articles have been published on Neurotube 
as an alloplastic material for TN repair. Crawley 
and Dellon reported an isolated case in which a 
2.0-mm diameter Neurotube conduit was used in 
a 51-year-old woman to repair a right IAN 16 
months following injury. The Neurotube conduit 
was  fi lled with autologous serum to prevent blood 
clot formation. At 12 months after surgery, pres-
sure and vibratory perception were similar to 
those of the contralateral lip and chin area  [  13  ] . 

 The authors have utilized the Neurotube con-
duit for IAN and LN grafting with good prelimi-
nary results. The technique includes preparation 
of the proximal and distal ends of the host nerve 
and of a conduit graft that is at least 1 cm longer 
than the size of the defect. Three to four 8-0 to 
10-0 nylon sutures are passed through the tube 
5 mm from the end, through the epineurium of 
the proximal nerve stump, and back out through 
the tube in a horizontal mattress fashion. After all 
sutures are passed, the sutures are then gently 
pulled to deliver the proximal end of the nerve 
within the tube several millimeters (Figs.  16.17  
and  16.18 ). The same horizontal mattress proce-
dure is carried out for the distal end of the nerve. 
If there is a discrepancy in the sizes of host nerve 
end and tube diameter, the tube can be slit at the 

  Fig. 16.17    Neurotube is a 
bioabsorbable polyglycolic 
acid tube with porosity, 
 fl exibility, and corrugation to 
resist occlusive forces          
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end to allow expansion or contraction to correlate 
with the host nerve diameter. The arti fi cial nerve 
conduit is then  fi lled with a solution containing 

1,000 U of heparin per 100 mL of isotonic saline 
to help prevent blood clot formation, which could 
impede axonal regeneration.  

  Fig. 16.18    ( a ) Radiograph shows foreign material 
( arrow ) in the IAN canal following root canal treatment 
resulting in a painful dysesthesia to the distribution of the 
IAN. ( b ) Following decortications of the mandible, the 
IAN has been lateralized from the mandible. The  arrow  
points to the nerve lesion. ( c ) An incision into the nerve 
shows a foreign body within the nerve ( arrow ). ( d ) The 

IAN lesion has been resected, and the foreign body 
removed. ( e ) The nerve has been repaired with a 2.3-mm 
diameter Neurotube with the distal repair observed 
( arrow ). ( f ) The lateral cortical bone that was removed for 
access to the IAN is replaced in position. The holes placed 
in the bone are to aid in revascularization of the repair site. 
( g ) Radiograph shows the replaced buccal cortical bone         

a b

c d
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    16.7.2.2   Polyesters and Copolyesters 
 Poly(DL-lactide-e-caprolactone) Neurolac nerve 
guide (Polyganics Inc. Groningen, NL) is another 
synthetic nerve conduit with a 3.5-cm length and 
a variable 1.5- to 10-mm internal diameter. The 
tube is less  fl exible, tends to swell, and takes 
16–24 months to resorb. Bertleff and colleagues 
reported results in 54 patients with digital nerve 
injuries with controls using direct repair or nerve 
grafting and the experimental group treated with 
Neurolac conduits  [  7  ] . Interim results showed 
comparable outcomes, but at longer follow-up, the 
Neurolac group did not show better function and 
had signi fi cantly more complications related to 
the initial stiffness of the conduits but subsequent 
collapse during the absorption phase  [  30  ] . Chiriac 
and colleagues treated a series of 23 patients in 
a total of 28 nerve lesions (arm, forearm, wrist, 
palm, and  fi ngers). Defects averaged 11.03 mm 
and were repaired using Neurolac. After an aver-
age of 21.9 months, they observed eight complica-
tions with the most serious being two  fi stulizations 
of the Neurolac device close to a joint and one neu-
roma. They concluded that the results do not sup-
port its use in repairing hand nerve defects  [  11  ] . 
Alternatively, Battiston and colleagues reported on 
28 digital nerve repairs with Neurolac with 93 % 
good to excellent results  [  6  ] . No studies have been 
done on the use of Neurolac in TN repair.  

    16.7.2.3   Collagen 
 Semipermeable collagen type 1 nerve guides 
have been developed (Collagen NeuraGen Nerve 

Guide, Integra NeuroSciences, Plainsboro, NJ). 
Type 1 collagen-based implants support and guide 
tissue regeneration in vivo, have low immunoge-
nicity, and are biocompatible (Fig.  16.19a, b ). 
Tube lengths are 2 to 3 cm with internal diame-
ters ranging from 1.5 to 7 mm with an absorption 
rate of 4–8 months. Ashley and colleagues used 
NeuraGen nerve conduits in patients with brachial 
plexus birth injuries with four of  fi ve patients 
showing good recovery at 2 years post-surgery 
 [  2  ] . Lohmeyer and colleagues used NeuraGen 
grafts in hand surgery reporting four of six patients 
with excellent results at 1 year post-surgery  [  23  ] . 
Farole and Jamal described the results of using 
NeuraGen cuffs placed around nerve repair sites 
in eight patients with nine repairs. Following pri-
mary nerve repair, a NeuraGen conduit was split 

g

Fig. 16.18 (continued)

a

b

  Fig. 16.19    ( a ) A collagen NeuraGen nerve guide can be 
used for nerve repair. ( b ) The NeuroGen tube has been 
used to repair the IAN. The  green arrow  shows the proxi-
mal nerve end. The  white arrow  shows where the IAN 
inserts into the NeuroGen tube. The  blue arrow  points at 
one of the three sutures used to deliver the IAN within the 
conduit and stabilize it in place       
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longitudinally and encased around the repair site 
with at least 1.5 cm of margin. At 1–2.5 years 
follow-up, four repairs were found to have good 
improvement, four had some improvement, and 
one had no improvement  [  17  ] . NeuroMatrix and 
Neuro fl ex (Collagen Matrix Inc., Franklin Lakes, 
NJ) also make a nerve cuff that is described as 
nonfriable, crimped, semipermeable, tubular 
membrane matrix with type 1 collagen. The 
length is 2.5 cm and internal diameters from 2 to 
6 mm with 4 to 8 months for absorption.  

 Since these absorbable conduits disintegrate, 
the problems associated with permanent tubing 
(i.e., Silastic, Gore-Tex), including compression 
and demyelination, are eliminated. The superior 
results achieved with nerve graft conduits are 
related to the elimination of the problems asso-
ciated with harvested nerve grafts, host-donor 
differences in diameter, mismatches in number 
and pattern of fascicles and cross-sectional shape 
and area, as well as morbidity of the donor area. 
However, absorbable conduit grafting results will 
still be affected by such factors as time since 
injury, type and extent of injury, vascularity, graft 
size match, length of nerve graft required (results 
are good for defects <3 cm), quality of the repair 
(surgical skill), tension on the repair site, prepa-
ration of the host nerve, age of the patient, and 
other health factors. 

 Meeks and Coert recommend Neurotube as 
the preferred resorbable conduit for nerve repair 
following their extensive review of the various 
options  [  30  ] . Shin et al. performed a rat study 
creating 10-mm gaps in the sciatic nerve with 
four groups: Group I had reversed autografts, 
Group II had Neurolac conduits, Group III had 
NeuraGen conduits, and Group IV had Neurotube 
conduits. Groups I and II had the best results with 
no signi fi cant difference between them. Group 
VI had the poorest results but in part due to the 
diameter of the sciatic nerve was 1.5 mm, and the 
smallest Neurotube was 2.3 mm, while the other 
conduits were the appropriate size  [  39  ] . This 
study further supports the importance of having 
a coordinated diameter size of the conduit to the 
host nerve.    

    16.8   Molecular and Cell Therapy 

 Experimental studies have shown that the use 
of conduits seeded with cultured Schwann cells 
improves nerve regeneration. The use of fetal 
and adult progenitor neuronal cells and bone 
marrow stem cells are alternative techniques to 
the use of Schwann cells. Liu and colleagues 
investigated the effect of the adipose-derived 
stem cells (ADSCs) on peripheral nerve repair. 
They evaluated nerve regeneration across a 
15-mm lesion in the sciatic nerve by using an 
acellular nerve injected with allogenic ADSCs. 
Results showed that the recovery of the ADSC-
treated group was signi fi cantly better than that of 
the control group ( p  < 0.05). They conclude that 
the ADSC transplantation represents a powerful 
therapeutic approach for peripheral nerve injury, 
although the detailed mechanism by which the 
ADSCs promote peripheral nerve regeneration 
is being investigated  [  22  ] . Zhao and colleagues 
studied eighteen mice divided into three groups 
( n  = 6 for each group) for nerve repair with nerve 
autograft, acellular nerve graft, and acellular 
nerve graft supplemented with bone marrow 
mesenchymal stromal cells (MSCs) and  fi brin 
glue around the graft. The mouse static sciatic 
index was evaluated by walking-track test-
ing every 2 weeks. The results showed that the 
nerve repair by the nerve autografting obtained 
the best functional recovery of the limb. The 
nerve repair with acellular nerve graft supple-
mented with MSCs achieved better functional 
recovery and higher axon number than that with 
the acellular nerve graft alone at 8 weeks post-
surgery  [  56  ] . 

 Another approach that has been studied is 
the incorporation of neurotrophic and neuro-
tropic factors (e.g., basement membrane lami-
nin) into nerve conduits in order to support 
nerve growth and improve the nerve regenera-
tion process. The use of these techniques has 
been largely experimental to date. Cell therapy 
is limited by the technical and logistical 
dif fi culties in culturing and expanding these 
cells in vitro  [  10  ] .  
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    16.9   Summary 

 Nerve repairs and nerve grafting techniques have 
been around for many years. Autogenous nerve 
grafts have worked reasonably well in the right 
circumstances but are associated with dif fi culties 
in achieving a proper donor-host match as well as 
adverse postsurgical sequelae at the donor site. 
Vein grafts appear to work almost as well as 
autogenous nerve grafts in digital nerve repairs 
that require a graft <3 cm in length, but not with 
TN repairs. Currently, nerve graft materials such 
as polyglycolic acid tubes and processed decel-
lularized allografts have shown reasonable results 
without the morbidity of autogenous nerve grafts. 
However, more research studies using these 
materials for TN repairs are needed to validate 
the usefulness and applicability of these proce-
dures. Molecular and cell therapy applied to vari-
ous nerve grafting techniques will certainly be 
the future for this challenging  fi eld of addressing 
the peripheral nerve gap.      
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 Injuries to the terminal branches of the  trigeminal 
nerve often heal spontaneously without medi-
cal or surgical intervention. In those patients 
that require treatment, there are a number of 
 complications that may arise from care of these 
nerve injuries. These adverse sequelae may be at 
the site of nerve injury, at the nerve graft donor 
site, or related to the side effects of medications 
used for neuropathic pain or dysesthesia. In addi-
tion, the failure to achieve patient expectations of 
outcome, or surgeon expectations of success, is 
also a potentially avoidable but unfortunately a 
common complication. This chapter will attempt 
to address adverse outcomes of trigeminal nerve 
treatment including surgical site complications, 
donor site complications, and complications 
of medical management including systemic 

 medications, local injections, or neuroablative 
techniques. 

    17.1   Failure to Achieve Expected 
Outcomes 

 The failure to achieve patient or surgeon 
 expectations of outcomes is a common complica-
tion associated with trigeminal nerve injury repair 
irrespective of the treatment modality. Patient edu-
cation with a thorough discussion of all potential 
outcomes, complications, and treatment options, 
including no treatment, is essential in avoiding or 
minimizing this complication and unexpected out-
comes. As an example, patients with dysesthesia 
may be willing to accept anesthesia as an outcome 
of treatment rather than endure their chronic pain; 
however, there are patients in which anesthesia is 
more bothersome than the dysesthesia for which 
the patient initially sought treatment. In addition, 
depending upon the length of time of chronic neu-
ropathic pain, neuroablative procedures may be 
ineffective in reducing or eliminating the pain or 
dysesthesia due to central cortical reorganization 
of the peripheral information. Patients need to be 
informed clearly regarding expected success rates 
for treatment based upon the literature as well as 
personal surgeon experience, and understand how 
success is de fi ned since this can vary greatly in the 
literature, and in fact, there is little consensus on a 
de fi nition of functional sensory recovery following 
nerve repair. Also, the de fi nition of success may 
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vary from that of the patient and the treating sur-
geon. As a general rule, it is unlikely a patient will 
achieve 100 % return of objective sensation follow-
ing any nerve injury requiring surgical intervention, 
and this should be discussed prior to beginning an 
irreversible  treatment plan.  

    17.2   Surgical Site Complications 

    17.2.1   Mandible Fracture 

 The incidence of mandibular fracture speci fi c to 
inferior alveolar nerve (IAN) repair is not 
reported in the literature; however, in third molar 
surgery, the incidence of mandibular fracture 
ranges from 0.00490 to 0.00003 %. Depending 
upon the location of the injury and the method of 
surgical access, the possibility of mandibular 
fracture will vary. Speci fi cally for surgical access 
to the IAN  [  4  ]  (Fig.  17.1 ), bone removal for nerve 
exposure may compromise the integrity of the 
mandible and result in a pathologic fracture fol-
lowing treatment of an IAN injury (Fig.  17.2 ).    

    17.2.2   Malocclusion 

 If the IAN exposure technique involves a sagittal 
split ramus osteotomy (SSRO), then a malocclu-
sion may result following IAN repair (Fig.  17.3 ). 
In addition, a pathologic mandible fracture fol-
lowing IAN repair also carries the risk of maloc-
clusion as well as nonunion or malunion.   

    17.2.3   Iatrogenic Nerve Injury 

 Injury to the IAN or lingual nerve (LN) from an 
SSRO access is associated with the same compli-
cations as an SSRO for orthognathic surgery. 
Injury to the IAN from the SSRO procedure itself 
is associated with >80 % immediate postoperative 
and 0–89.5 % long-term neurosensory impair-
ment. Lingual nerve impairment ranges from 1 to 
11.7 % long-term paresthesia. Other complications 
and concerns associated with the SSRO exposure 
technique for the IAN include failure of  fi xation 
(8 %), bad splits (inadvertent osteotomies), the 

possible need for postoperative maxillomandibular 
 fi xation, and TMJ dysfunction (29 %)  [  7   ,  9  ] . 

 In fact, any surgical approach to the IAN or LN 
places the nerves at risk for iatrogenic injury. For 
the LN, the exposure should begin with a lateral 
distobuccal release from the second molar tooth, 
and then, the incision should extend into the lin-
gual gingival sulcus of the molar and premolar 
teeth anteriorly to the canine tooth (Fig.  17.4 ). 
While this is a similar incision for third molar 
surgery so it may place the long buccal nerve at 
risk for iatrogenic injury, it will help protect the 
LN from injury from surgical access.  

 Any of the access approaches to the IAN place 
the nerve at risk for iatrogenic injury. Lateral deco-
rtication may damage the nerve from direct injury 
from the bur, so a diamond bur or piezosurgery 
may be advantageous to minimize this risk. The 
removal of a block of the lateral cortex of the man-
dible to expose the IAN widely also places the 
IAN at risk for injury during the vertical osteot-
omy cuts, so these should be made only through 
the cortex and not extend deep into the marrow 
space. The osteotomy should be completed with 
osteotomes. Despite attempts to prevent iatrogenic 
IAN injury, the fact remains that the nerve is cer-
tainly at risk during surgical exposure through any 
of the various osteotomy techniques  [  4  ] .  

    17.2.4   Trismus 

 Due to the location of the IAN and LN for expo-
sure in the posterior region of the oral cavity, 
surgical access often requires dissection in or 
around one or more of the muscles of mastica-
tion. Trismus due to dissection of the masseter, 
medial pterygoid, and/or temporalis muscle is 
not uncommon in the immediate postopera-
tive period. Treatment with nonsteroidal anti-
in fl ammatory drugs (NSAIDs), massage, heat, 
and physical therapy may be all that is required 
during the healing process.  

    17.2.5   Inappropriate Choice of Surgery 

 It may be possible to perform a nerve resec-
tion with neurorrhaphy or nerve graft when 
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 decompression or external neurolysis would 
have been adequate to allow for neural regen-
eration   . The potential for neurosensory recov-
ery is generally better with only decompression 
or external neurolysis, unless the degree of 
intraneuronal  fi brosis is extensive and pre-
vents axonal migration following release of 
the nerve from the surrounding tissues. This 
complication is simply the performance of 

more surgery than is necessary to accomplish 
the intended goals. The inexperienced surgeon 
should consider decompression as a primary 
treatment option, with a tentative plan to 
return to the operating room for a more inva-
sive surgical procedure (internal neurolysis 
or neuroma resection) if neurosensory recov-
ery from the external neurolysis procedure is 
incomplete.  

a b

  Fig. 17.1    ( a ) Surgical access to the IAN via lateral corti-
cal window. The drilling procedure places the IAN at risk 
for iatrogenic injury. ( b ) Surgical access to the IAN via a 

buccal corticotomy approach that may also injury the IAN 
iatrogenically       
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    17.2.6   Transcervical Approach 
Morbidity 

 The transcervical approach to the lateral cortex 
of the mandible for IAN repair is associated with 
potential additional complications beyond that of 
a transoral approach. A visible incision scar will 
always be present to a varying degree and may or 
may not be acceptable to the patient. In addition, 

patients who have developed a neuroma from 
trigeminal nerve injury may be at increased risk 
for incisional neuropathic pain from the cutane-
ous nerves. Injury to the marginal mandibular 
branch of the facial nerve (VII) may occur due to 
its location in proximity to the incision and surgi-
cal dissection. The decision regarding surgical 
access depends upon many factors including 
patient anatomy, patient preference, the site of 

  Fig. 17.2    Mandibular angle 
fracture sustained follow-
ing exposure of the IAN via 
decortication for surgi-
cal access, stabilized with 
monocortical plate and screw 
 fi xation       

  Fig. 17.3    Sagittal split 
ramus osteotomy approach to 
the IAN, with possible 
decortication to the mental 
foramen for improved IAN 
mobilization if necessary. 
This technique has the risk of 
iatrogenic nerve injury as 
well as malocclusion       
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nerve injury, planned microsurgical procedures, 
and the surgeon’s skill and experience.  

    17.2.7   Development of Neuropathic 
Pain 

 Surgical repair of the trigeminal nerve following 
injury is nothing more than a controlled injury to 
the affected nerve, with careful direct repair or 
indirect repair. As a result, the same outcomes 
associated with the initial injury can occur follow-
ing trigeminal nerve surgery. As discussed else-
where, failure to achieve signi fi cant sensory 
recovery following surgery is a possibility. The 
length of time from injury to repair, patient age, 
and degree of injury in fl uence the likelihood of 
recovery. A patient with dysesthesia or  neuropathic 

pain may have already developed a central neuro-
pathic pain syndrome prior to an attempted surgi-
cal repair, and care must be taken to recognize 
these patients prior to any surgery, since little to 
no improvement would be expected. Even com-
plete resection of a large segment of the nerve 
without any repair or additional methods to pre-
vent neuroma formation (e.g., bone graft between 
nerve stumps or nerve stump redirection into a 
muscle) can fail to improve neurosensory func-
tion in these patients. Patients without dysesthesia 
prior to nerve repair surgery can potentially 
develop painful dysesthesia or allodynia follow-
ing surgery, and all patients should be made aware 
of this potential adverse outcome. Of note, the 
development of dysesthesia following trigeminal 
nerve repair in a patient without preexisting dys-
esthesia is an uncommon outcome according to 
the literature as well as personal experience.   

    17.3   Donor Site Complications 

    17.3.1   Sural Nerve Harvest Morbidity 

 The most common nerve utilized for indirect or 
gap repair of the trigeminal nerve is the sural 
nerve or, more appropriately, the medial sural 
cutaneous nerve. Complications associated with 
sural nerve graft harvest include paresthesia in the 
area of the sural nerve distribution, cold or pres-
sure sensitivity, pain, cutaneous scar, and possi-
ble disturbance with physical activity involving 
the ankle (Fig.  17.5 )  [  5  ] . In a review of outcomes 
following sural nerve harvest for orthopedic use, 
at a mean follow-up period of 2 years, there was 
no area of anesthesia in 50 % of the patients, with 
a mean area of anesthesia of 12 cm 2  and mean 
area of reduced sensation of 55 cm 2 . In this study, 
25 % of patients were dissatis fi ed with the appear-
ance and esthetics of the scar  [  6  ] . Up to 20 cm of 
sural nerve graft was harvested by a single lon-
gitudinal incision in this series, and this is much 
more than commonly used for trigeminal nerve 
repairs. Miloro reported on subjective outcomes 
following sural nerve harvest speci fi c to trigem-
inal nerve repair, and in 96 % of subjects, the 
subjective area of decreased sensation was less 

  Fig. 17.4    Surgical access to the LN should include a dis-
tobuccal releasing incision extending into a lingual gingi-
val sulcus incision to avoid iatrogenic injury to the LN       
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than or equal to the size of a quarter dollar, and 
no subjects experienced pain or cold sensitivity 
at long-term follow-up. In this study, 15 % stated 
that there was an effect on their activities of daily 
living, and 85 % of patients were satis fi ed with 
the scar appearance. It must be noted that in this 
series of patients, one single 5–10 mm transverse 
incision posterior and just superior to the lateral 
malleolus was used to harvest nerve segments 
2.5–4.0 cm in length (Fig.  17.6 )  [  5  ] .   

 It is interesting to note that in the senior 
author’s experience patients with dysesthesia of 
the trigeminal nerve are more likely to develop 
dysesthesia following sural nerve harvest since 
the individual patient response to nerve injury 
has already shown healing with dysesthesia. 
It may be necessary to treat a neuroma of the 
sural nerve if it develops following sural nerve 
harvest (Fig.  17.7 ). It is also interesting to note 
that patients are not likely to develop dysesthe-
sia of the IAN or LN following nerve repair if 
dysesthesia did not exist prior to the nerve repair 
procedure.   

    17.3.2   Greater Auricular Nerve Harvest 
Morbidity 

 Reports on the complications of greater 
auricular nerve harvest in relation to trigemi-
nal nerve repair are sparse in the literature. 
The most obvious complication is permanent 

 neurosensory disturbance in the area of inner-
vation (Fig.  17.8 ). As a branch of the cervical 
plexus, the greater auricular nerve provides 
sensory innervation for the skin overlying the 
parotid gland, mastoid process, and lower third 
of the ear. Following harvest, impaired sensa-
tion to this area is expected and may or may not 
be an acceptable trade-off for the patient with 
impaired sensation in another region of the face 
or tongue due to trigeminal nerve injury. Injury 
to the spinal accessory nerve, although rare, is 
an additional possible complication of greater 
auricular nerve harvest. A highly visible sur-
gical scar along the posterior lateral neck and 
incisional neuropathic pain can also result from 
this approach  [  3  ] .    

    17.4   Medical Management 
Complications 

 Pharmacologic treatment of trigeminal nerve 
injury with dysesthesia or allodynia or neuro-
pathic pain and trigeminal neuralgia should be 
managed in consultation with an individual expe-
rienced in the treatment of facial pain, such as 
a neurologist or facial pain specialist or anesthe-
siologist. Numerous medications can be utilized 
in varying doses and combinations to improve or 
ameliorate patient symptoms. Several medica-
tions for neuropathic pain and their potential side 
effects can be found in Table  17.1 .  

  Fig. 17.5    Sensory distribu-
tion of the sural nerve outlined 
on the lateral foot and ankle       
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a b

  Fig. 17.6    ( a ) Landmarks for left sural nerve graft harvest. 
The 5–7 mm transverse incision is made between the lat-
eral malleolus ( LM ) and the gastrocnemius tendon ( G ) 
just cephalad to the lateral malleolus to avoid the terminal 
branching of the sural nerve. ( b ) Harvest of the left sural 

nerve (approximately 4–5 cm through the 5–7 mm inci-
sion) showing the distal branching; this area of the nerve 
is not useful for trigeminal nerve grafting due to the large 
size mismatch       

a b

  Fig. 17.7    ( a ) Sural nerve amputation (or stump) neuro-
mas of the proximal and distal nerve ends several months 
following sural nerve harvest. ( b ) Following excision of 

sural nerve amputation neuromas, the nerve defect is 
repaired using a polyglycolic acid conduit (Neurotube, 
Synovis Life Technologies Inc, St. Paul, MN)       
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 There are a variety of medications that can be 
used for the patient with trigeminal nerve dyses-
thesia including topical anesthetic agents, neuro-
peptides (capsaicin cream), NSAIDs, clonidine, 
steroids, antidepressants, narcotics, anticonvul-
sants (carbamezepine), tricyclic antidepressants 
(TCA), muscle relaxants (baclofen,  fl exeril), ben-
zodiazepines, and antisympathetic agents. Each 
of these medications has inherent side effects that 
may be signi fi cant and may lead to patient non-
compliance and drug discontinuation.  

    17.5   Other Treatment 
Complications 

 Although not commonly performed for trigemi-
nal nerve injury and often not performed by 
the oral and maxillofacial surgeon, injection 

of  medicaments, microvascular decompres-
sion, radiofrequency rhizotomy procedures, and 
gamma knife surgery can be utilized in selected 
patients for treatment of dysesthesia or neu-
ropathic pain as well as trigeminal neuralgia 
management. 

 Glycerol or alcohol injections are associated 
with a 0.73–3 % rate of complications, including 
swelling, pain, infection, skin or mucosal irrita-
tion or erythema or necrosis, trismus, rare aller-
gic reactions, and dysesthesia due to further 
neural damage from tissue damage from the 
caustic solutions used. In addition, these injec-
tions are not a permanent solution and must be 
repeated frequently since there is a high recur-
rence rate of pain  [  1   ,  8  ] . 

 Microvascular decompression (MVD, Janetta 
procedure) is a common procedure used for 
debilitating trigeminal neuralgia and involves 
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  Fig. 17.8    Cutaneous  sensory 
distribution of the greater 
auricular nerve including the 
skin in the cervical region, 
angle of the mandible, and 
preauricular and postauricu-
lar regions including the pos-
terior ear extending to the 
helix. Labels 1,2,3 represent 
the distribution of the opthal-
mic, maxillary and mandibu-
lar branches of trigeminal 
nerve respectively          
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exposure of the trigeminal nerve at the base of the 
skull (via craniotomy), and insertion of a Te fl on 
pad between the arteries thought to be compress-
ing the nerve. Complications of MVD include 
neck pain and stiffness, intracranial bleeding and 
vascular injury (stroke), infection, cerebrospinal 
 fl uid (CSF) leakage, damage to the VIII cranial 
nerve with hearing loss (since the  fi fth, seventh, 
and eight cranial nerves are typically dissected), 
and facial paralysis (VII nerve injury), and over-
all, the procedure is associated with a 10 % mor-
tality rate. 

 The technique of gamma knife radiosurgery is 
a noninvasive treatment modality that targets 
focused radiation beams at the trigeminal nerve 
at the brainstem. Gamma knife treatment has a 
reasonable success rate in resolving neuropathic 
symptoms, but it takes several weeks to months 
to have an effect of the treatment. Gamma knife 
therapy is associated with typical side effects of 
radiation as well as headaches, nausea, dizziness, 
fatigue, and facial numbness or tingling. 

 With radiofrequency rhizotomy thermocoagu-
lation, electrode is inserted through the cheek to 

access the trigeminal nerve, and heat is used to 
damage the nerve and, like gamma knife surgery, 
to selectively injure the nerve  fi bers responsible 
for pain and temperature sensation (A-delta and 
C  fi bers). The reported complications of radiofre-
quency thermal neurolysis include limited cheek 
pain, anesthesia dolorosa, motor paresis, and 
ocular problems such as corneal anesthesia. In 
addition, at one year there is a 68 % recurrence of 
pain with radiofrequency treatment  [  2 ].      
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       18.1   Introduction    

 Every year in the USA millions of people suffer 
from somatosensory de fi cits caused by acute 
injury to the peripheral nervous system (PNS). 
Because of the broad scope of the specialty with 
procedures ranging from trauma to dentoalveolar 
and orthognathic surgery, oral and maxillofacial 
surgeons will likely encounter patients who expe-
rience such an injury. These injuries result in 
symptoms that range from a loss of sensation 
(hypoesthesia), to nonpainful tingling sensations 
(paresthesia), to increased sensitivity to touch or 
pressure with or without numbness or discomfort 
(dysesthesia), to peripheral neuropathic pain. The 
symptoms of somatosensory injury are not con-
stant over time and may include only an abnor-
mal reaction to a stimulus and/or spontaneous 

pain in the affected area  [  60,   83  ] . Treatment 
options for individuals with persistent altered 
sensation following peripheral nerve injury 
remain limited. Microsurgical nerve decompres-
sion and repair can be bene fi cial in some patients 
but is costly and not indicated for all patients who 
have persistent, bothersome altered sensation. 
Recently, two noninvasive therapies have been 
identi fi ed that improve patients’ perception of 
residual altered sensation (sensory retraining) or 
accelerate functional recovery (vitamin B12 
administration). Evidence supporting the use of 
these therapies in patients with trigeminal nerve 
injuries will be presented in this chapter.  

    18.2   Orthognathic Surgery: 
An Experimental Model 
of Posttraumatic Nerve Injury 

 Evaluating the ef fi cacy of any putative therapy for 
improving the extent or rate of recovery from acute 
trigeminal nerve injury is dependent upon the 
identi fi cation of a suitable clinical model. Ideally, 
the subjects would be otherwise healthy and avail-
able for neurosensory assessment before the injury. 
In contrast to other possible human models of 
nerve injury from repetitive motion, accidental or 
iatrogenic trauma, patients scheduled to have 
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orthognathic surgery in conjunction with ortho-
dontics for the correction of a severe skeletal dis-
harmony or severe malocclusion are healthy 
without medical comorbidities before surgery and 
have a lengthy course of treatment over several 
years. This allows time for “pre-injury” testing 
without delaying treatment and for “post-injury” 
assessments with a decreased likelihood of loss to 
follow-up because of ongoing treatment relation-
ship with an orthodontist. Patients having a man-
dibular osteotomy (sagittal split osteotomy) alone 
or in conjunction with a maxillary osteotomy pre-
dictably have an injury to the inferior alveolar nerve 
(IAN) as evidenced by (1) abnormal electrophysi-
ological testing (nerve conduction or evoked poten-
tial studies)  [  34,   40,   57,   59,   80  ]  and (2) abnormal 
neurosensory testing (e.g., abnormal tactile detec-
tion or thermal thresholds)  [  21–  23,   39,   82  ] . In 
some patients, axonal damage is severe, requiring 
reconnection of axonal sprouts to target tissues, 
reconstitution of axonal diameter, and remyelina-
tion of myelinated afferents  [  40,   58  ] . As such, the 
iatrogenic injury of the IAN activates neural 
recovery pathways common to all peripheral 
nerve injury  [  58,   88  ] . For the majority of patients, 
altered sensation, documented by sensory testing 
and patient report, persists for 1–2 years after sur-
gery  [  23,   40,   57,   62,   83  ] . The characteristics of 
the neural response to the injury and the nerve 
recovery pattern associated with mandibular 
osteotomy provide an excellent experimental 
clinical model for the assessment of the ef fi cacy 
of treatments for traumatic/iatrogenic peripheral 
sensory nerve injury.  

    18.3   Biological Response 
to Nerve Injury 

 Any novel therapy targeted on improving sensory 
function after injury should enhance the natural 
course of recovery of a nerve injury. Following 
peripheral nerve injury, a complex of cellular and 
molecular signaling alterations is immediately 
initiated, and the quality of functional nerve 
recovery tightly correlates to the molecular 
responses that attempt to repair and restore the 
nerve to its pre-injury state. After resolution of 

in fl ammation and edema, the residual sensory 
de fi cits can be attributed to anatomical or func-
tional changes within the peripheral nerve and 
the often underappreciated accompanying 
changes induced in the central nervous system by 
the nerve injury  [  4,   18,   35  ] . Several temporally 
overlapping phases may be used to describe this 
biological response: the fate of the nerve cell 
body which is located central to the site of the 
injury; the restoration of any loss in the continu-
ity of the proximal and distal segments of the 
axon including axonal diameter and myelination; 
and remodeling in the central connections of the 
nerve, i.e., the cortical representation of the tis-
sues innervated by the damaged axon  [  58  ] .  

    18.3.1   Peripheral Neural Response 
to Nerve Injury 

 Virtually all of the existing recovery data is 
derived from transectional or crush injuries in ani-
mal models. In these types of injuries, axonal 
regrowth, reconstitution, and remyelination are 
essential. It is reasonable to assume that non-
transecting nerve injuries in patients activate simi-
lar pathways  [  3  ]  and that even without transection, 
axonal damage can require that axonal sprouts 
reconnect to target tissues followed by remyelina-
tion of nerve afferents  [  40,   58  ] . Once injury occurs 
in the clinical setting, it can be assumed that the 
surviving cell body actively intensi fi es its tran-
scriptional machinery heightening the synthesis 
of structural proteins for axonal repair and regen-
eration followed over time by electrical conduc-
tion from the tissues and restoration of nerve 
function  [  1,   8,   33,   36,   52  ] .  

    18.3.2   Assessment of Nerve Response 

 Sensory testing methods are derived from the  fi eld 
of psychophysics and are generally used to quan-
titatively estimate the extent of nerve injury by the 
patient’s responses to stimuli applied to the skin 
or mucosa. Contact detection and two-point dis-
crimination are characterized by an unequivocally 
correct or incorrect response to each stimulus.    In 
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contrast, for tasks such as two-point perception 
and thermal perception, no correct answer exists; 
the response is dependent on the patient’s cogni-
tive response to the stimulus which may vary even 
for noninjured nerves. The contact (touch) detec-
tion threshold (CDT) assesses the functional integ-
rity of the large diameter A b  mechanoreceptors in 
the nerve trunk and has been shown to be one of 
the most sensitive and useful, noninvasive indica-
tors of trigeminal nerve injury  [  10,   11,   19,   82  ] . 
Estimates of the CDT responses obtained postsur-
gery correlate signi fi cantly with objectively 
assessed nerve injury during surgery  [  81  ]  and 
with patient report of altered sensation for up to 1 
year after surgery  [  21,   82  ] . 

 Thermal perception tests are used to assess the 
functional integrity of small diameter A d  myeli-
nated thermoreceptors and unmyelinated C- fi ber 
thermoreceptors in the nerve trunk  [  19,   20  ] . The 
warmth perception threshold is thought to be the 
most sensitive of the thermal indicators of nerve 
injury. Repair of the small diameter  fi bers, if it 
occurs, takes longer than the large diameter  fi bers, 
and the warmth perception measure will remain 
abnormal longer during the recovery process than 
other threshold measures of sensory function 
 [  10,   19,   81,   85  ] . A small, but signi fi cant, percentage of 
patients after orthognathic surgery develop increased 
sensitivity (allodynia) to cold, detected clinically by 
a pain response at a temperature higher than tempera-
tures that usually are identi fi ed as “cold”  [  18  ] .  

    18.3.3   Central Neural Response 
to Nerve Injury 

 Although not as easy to detect clinically, almost 
all injury-associated alterations in the peripheral 
nerve induce changes in neural substrates at both 
subcortical and cortical levels within the CNS 
 [  46,   88  ] . The underlying mechanisms of this cen-
tral plasticity are largely unknown, but a height-
ened excitability is often observed in cortical 
regions that are remodeling in response to nerve 
injury  [  58  ] . In a sense this neuroplasticity re fl ects 
competition between afferent inputs for connec-
tions in the sensory cortex. Microelectrodes 
implanted in the cortex and the subcortical relay 

stations along the sensory path from the face in 
rats showed the cortex responding to new input 
detected from other facial areas within minutes of 
the deactivation of the usual sensory input fol-
lowing a peripheral nerve injury  [  24  ] . 

 This cortical reorganization is re fl ected in 
altered symptoms experienced by individuals after 
sensory nerve injuries. In the normal state, stimula-
tion of the face or lips activates the sensory recep-
tors and a pro fi le of neural impulses follows. These 
impulses impact upon the sensory cortex and are 
associated with previous memory of similar experi-
ences. After a nerve injury, the pro fi le differs: The 
same contact (the same stimulus) elicits a different, 
altered pro fi le of neural impulses  [  14  ] .  

    18.3.4   Assessment of Cognitive 
Changes 

 If complete presurgery nerve function is unlikely 
after nerve injury or if the patient is bothered or 
concerned by the altered sensation, then an 
important clinical consideration becomes the 
patient’s accommodation to the altered sensitiv-
ity. In this case, stimulus perception measures 
such as two-point perception or patient self-re-
port of recovery may be preferred to a battery of 
more objective measures. Two-point perception 
is the subject’s interpretation of two versus one 
point of contact and is heavily in fl uenced by cog-
nitive factors as well as subjects’ discriminative 
capacities  [  85,   86  ] . And patient self-report has 
been shown to be quite reliable. Given the same 
instructions by multiple examiners, patients pro-
vided identical responses when requested to 
describe alterations that occur spontaneously or 
were elicited by touch  [  6,   7,   25,   53,   61  ] .  

    18.4   Sensory Retraining Alters 
the Central Neural Response 
to Nerve Injury 

 Sensory retraining (also referred to as sensory 
reeducation) is a cognitive behavioral therapy 
technique that helps the patient with a nerve 
injury to interpret the neural impulses reaching 
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his conscious level after the injured area has been 
stimulated  [  14  ] . The repetitive neural input from 
sensory retraining exercises is thought to produce 
plasticity changes in the somatosensory cortex 
via the same mechanisms as those invoked by 
altered input from the original nerve damage. 
This central reorganization gained by retraining 
over time can compensate, in part, for some of 
the impairments associated with nerve injury 
 [  12,   15,   17,   31,   54,   87,   93  ] . 

 Animal studies have shown that behavioral 
sensory training alters the central neural repre-
sentation of the involved skin sites, alters the 
response of individual somatosensory cortical 
cells to tactile stimulation, and increases syn-
apse to neuron ratios and improves behavioral 
function after induced brain damage more than 
simple repetitive exercise  [  28,   42,   44,   45,   68–  70  ] . 
Neuroimaging studies indicate that similar 
changes occur in human subjects following 
sensory denervation and sensory training  [  50  ] . 
Sensory experience or retraining results in 
somatosensory cortical maps that exhibit higher 
sensory resolution and greater topographical 
organization which facilitate better interpreta-
tion of sensory inputs. In contrast to the cen-
tral neural changes, sensory retraining does not 
alter the course of nerve regeneration or the 
absolute thresholds to touch  [  5,   22,   23,   45  ] , but 
does improve both the patient’s cognitive and 

adaptive response to stimulation of the affected 
skin region  [  13,   14,   61–  63,   72  ] .  

    18.5   Sensory Retraining After 
Injuries to the Hand 

 Sensory retraining as a rehabilitative approach 
has been used extensively over the past several 
decades for patients who have had nerve inju-
ries affecting the hand. The emphasis of the 
sensory retraining exercises for hand injury and 
stroke patients has been to teach the patient to 
interpret the percepts of objects manipulated by 
the  fi ngers in a meaningful and functional way 
 [  14,   55,   77,   92,   94  ] . 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 (e.g., a key 
vs. a coin). Although touch perceptions produced 
by the objects remain abnormal after retraining, 
patients become more comfortable with, and 
accepting of, the situation since the clinical situa-
tion is no longer functionally disabling. 

 Historically, in the early phase of sensory 
retraining (Table  18.1 ), the intent is to reeducate 
for constant and moving touch perceptions. That 
is, a patient must relearn what constant touch 
feels like compared to moving touch and where 

   Table 18.1    General concepts of sensory reeducation training   

 Two phases  Early phase: constant vs. moving touch 
 Late phase: directionality 

 Frequency  Three or four times a day for a couple of minutes 
 General strategies  1. Quiet surroundings 

 2. Concentration is important 
 3. Use stimulus (cloth, cosmetic brush, cotton swab), not  fi nger 
 4.  Using a  fi nger would create two sets of sensory information for the patient which 

would confuse the already distorted sensory picture 
 Components of retraining  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 con fi rmation 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 

  Adapted from Phillips et al.  [  64  ]   
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on the skin the touch is actually occurring. In the 
early phase of retraining, a greater stimulus inten-
sity may be necessary for the patient to differenti-
ate constant from moving touch, but the intensity 
should never be so great as to evoke pain. If 
hyperesthesia or dysesthesia occurs, desensitiza-
tion with gentle stroking using different textures 
or gentle tapping is recommended  [  9,   38,   55,   91  ] . 
In the late phase of retraining (Table  18.1 ), the 
intent is to reeducate for the directionality of 
movement of the stimulus. For example, is the 
movement of an external object across the skin 
from left to right or right to left?  

 The process of sensory retraining can be 
thought of as similar to the brain learning a new 
language with progressive, increasing phases of 
dif fi culty. Initially when learning a language, use 
of words is slow, challenging, and error prone. 
With time and practice, language  fl uency may be 
acquired. Unfortunately, no research has been 
conducted to determine the optimal number of 
phases or the exercises required to obtain the 
maximum bene fi t to patients with orofacial nerve 
injuries. The potential to acquire the “second lan-
guage” by sensory retraining does decrease with 
age  [  51,   62,   63  ] , varies with the verbal learning 
capacity and visuospatial cognitive skills of the 
patient, and depends on motivation and positive 
reinforcement  [  50  ] .  

    18.6   Sensory Retraining After 
Injuries to the Orofacial Region 

    18.6.1   Initial Clinical Observations 

 The question of whether sensory retraining exer-
cises could be used effectively with patients with 
altered orofacial sensation was  fi rst raised in the 
1992 literature by Gregg  [  32  ] . 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 follow-up was available. 
A nonrandom sample of patients had been given 
facial sensory exercise instructions that incorpo-
rated some of the early-stage components of sen-
sory retraining with the expectation that sensory 

retraining would help patients with altered orofa-
cial sensation following nerve injury by (1) 
improving patients’ ability to interpret lip/chin 
sensations and movements, (2) improving perio-
ral motor function subjectively and objectively, 
and (3) lessening the objectionable impression of 
numb/paresthetic sensations in the lip and chin 
by decreasing the subjective differences between 
affected and unaffected skin areas  [  55  ] . The per-
centage of patients who achieved a useful sensory 
recovery on the Medical Research Council Scale 
(MRCS), 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  fi nal level of sensory recovery much sooner, 
on average 3 months earlier  [  55  ] .  

    18.6.2   Findings from a Randomized 
Clinical Trial 

 In order to assess the ef fi cacy of sensory retrain-
ing for facial altered sensation, a multicenter 
double-blind parallel two-arm strati fi ed block 
randomized clinical trial (RCT) was conducted at 
an academic center and a community-based cen-
ter with enrollment of 191 subjects  [  61  ] . 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 conjunc-
tion with standard opening exercises than when 
the opening exercises were performed alone. The 
subjects were patients with a developmental dis-
harmony who were scheduled for bilateral sagit-
tal split osteotomy with or without maxillary 
osteotomy. 

 The emphasis in the RCT on patient-report 
was motivated by two factors: (1) the assumption 
that sensory retraining would not affect actual 
nerve recovery including objective sensory test-
ing measures of nerve function and (2) the recog-
nition of the difference in function of the sensory 
innervations to the facial as compared to skin in 
other anatomic areas like the  fi ngers. The termi-
nal distribution of the inferior alveolar nerve, i.e., 
the mental nerve, innervates skin functionally 
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more like the back of the hand (radial nerve) than 
the palm side of the hand (median and ulnar 
nerves)  [  16,   84  ] . Thus, the receptors in 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 prop-
rioceptive role including a conscious awareness 
of facial expressions  [  16,   30  ] . 

 The sensory retraining protocol in the RCT had 
three time-dependent levels of instructions that 
were given to patients at 1 week, 1 month (4–6 
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  [  94  ]  
and in clinical studies of sensory impairment 
in patients following orthognathic surgery 
 [  29,   48,   85,   96  ] . The three levels of sensory retrain-
ing were designed to increasingly challenge 
patients congruent with the early and late phases 
of sensory education used for the hand: constant 
versus moving touch, orientation of moving touch, 
and direction of moving touch (Table  18.2 ). (Three 
videos demonstrating each exercise at each level 
are available online at   http://www.oralmaxsur-
geryat las . thecl in ics .com/ar t ic le /S1061-
3315(10)00065-X/abstract    , 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 exer-
cises only  [  61  ] . 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  [  61  ] . 
In addition to patient-reported outcomes, two-
point perception, two-point discrimination, and 
contact detection thresholds were measured as 
secondary outcomes. The sensory retraining 
patients were more adept at discerning touch, 
indicating accommodation, even though there 
was no improvement in the ability to discrimi-
nate two distinct points of contact from one or to 
detect the presence of tactile stimulation (nerve 
recovery)  [  22  ] . 

 The positive effect of the sensory retraining 
persisted even after the exercise protocol was 
completed (Fig.  18.1 ). Although the likelihood 
that a subject would report altered sensation 
steadily decreased in both groups over a 2-year 
follow-up protocol, the difference between the 
groups was relatively constant. Even at 2 years 
after surgery, patients who received only the 
opening exercises were about two times more 
likely to report an altered sensation than patients 
who used the sensory retraining exercises after 
surgery (Fig.  18.1 )  [  62  ] . And patients in the sen-
sory retraining group were less likely to report 
interference in daily life activities from numb-
ness or loss of lip sensitivity (Fig.  18.2a, b )  [  63  ] . 
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  [  22,   23  ] . Two years after sur-
gery, patients who received sensory training dur-
ing the initial 3-month period still exhibited 
greater sensitivity on tests of two-point percep-
tion, i.e., sensory retraining subjects reported 
perceiving two-point contact from a one-point 

   Table 18.2    Synopsis of instructions for sensory 
 reeducation training   

 Visit  Sensory retraining exercises 

 1 week  Alternate simple touch and stroke with 
cosmetic brush (motion training) 
 Feedback from mirror 
 Visualization with eyes closed 

 1 month  Alternate up/down and side/side strokes 
(orientation training) 
 Feedback from mirror 
 Visualization with eyes closed 

 3 months  Alternate up → down and down → up 
strokes (directionality training) 
 Feedback from mirror 
 Visualization with eyes closed 

  Adapted from Phillips et al.  [  61  ]   

http://www.oralmaxsurgeryatlas.theclinics.com/article/S1061-3315(10)00065-X/abstract
http://www.oralmaxsurgeryatlas.theclinics.com/article/S1061-3315(10)00065-X/abstract
http://www.oralmaxsurgeryatlas.theclinics.com/article/S1061-3315(10)00065-X/abstract
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  Fig. 18.1    Estimated 
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 (Data from Phillips 
et al.  [  62  ] )       

contact at a shorter separation between the points 
(Fig.  18.3 )  [  23  ] .    

 The results at 6 months and the longer-term 
analyses at 24 months suggest that for patients 
who experience an acute nerve injury, as is highly 
likely during a mandibular osteotomy, the simple, 
noninvasive sensory retraining facial exercises, 
which require only an inexpensive cosmetic 
brush and a mirror, are an effective therapy to 
promote accommodation to a sensory de fi cit on 
the face. Perhaps the desired outcome for 
“retrained” patients was best stated by Callahan, 
“If sensory re-education results in a person’s 
increased ability to better enjoy the tactile sensa-
tions of everyday living, then reeducation has 
been meaningful and successful”  [  9  ] . 

 For orofacial sensory retraining, an important 
component of the retraining 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 experi-
mental studies have shown that viewing a body 
surface can directly enhance tactile perception 
and detection  [  27,   79  ]  even when the “touch” is 
not physical but a mirrored re fl ection  [  71,   74  ] . 
The frequency of the  repetitiveness with which 

the exercises are performed each day is much 
more important than the length of time spent at 
any given point in time. It may be that encourag-
ing patients to perform orofacial sensory retrain-
ing exercises with a small handheld mirror for a 
short period of time, perhaps 1–2 min, four to six 
times per day would be more effective than a lon-
ger time in a less frequent protocol.   

    18.7   Vitamin B12 Alters the 
Peripheral Neural Response 
to Nerve Injury 

 Vitamin B12 is a potential pharmacological treat-
ment for the restoration of nerve function after 
acute peripheral nerve injury. The neurodegenera-
tive effects of vitamin B12 de fi ciency and the reso-
lution of these effects with vitamin B12 
supplementation are well documented  [  35,   76  ] . 
Vitamin B12 supplementation has been suggested 
as an ameliorative treatment for conditions such as 
amyotrophic lateral sclerosis, diabetic neuropathy, 
Bell’s palsy, carpal tunnel syndrome, and dialysis-
induced neuropathy  [  37,   41,   47,   49,   73,   75,   78,   95  ] . 
These studies involving patients with chronic 
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conditions associated with accompanying periph-
eral nerve damage indicate that vitamin B12 sup-
plementation to therapeutic levels improves nerve 
function with a decrease in pain. 

 In vivo studies in non-B12-de fi cient animal 
models have shown that vitamin B12 treatment 
after acute peripheral nerve injury increases the 
production of neurotrophic factors that impede 
nerve degeneration and promotes nerve regenera-
tion  [  43,   56,   89,   90  ] . In addition to the experimen-
tal animal peripheral nerve injury models 
 [  43,   56,   89,   90  ] , an open randomized control trial 
reported shorter recovery times from Bell’s palsy 
with intramuscular methylcobalamin or methyl-
cobalamin plus prednisone (ca 2 weeks) than with 
prednisone alone (ca 10 weeks)  [  41  ] . However, 
clinical studies to assess the effect of vitamin B12 
supplementation on sensory nerve recovery after 
acute peripheral nerve injury in otherwise healthy 
human subjects are limited  [  65,   66  ] .  

    18.8   Vitamin B12 After Injuries 
to the Orofacial Region 

 Unlike sensory retraining, vitamin B12 was 
expected to have an effect on the restoration of 
peripheral nerve function. For this reason, con-
tact detection and thermal threshold were used as 
objective primary outcomes in our two explor-
atory B12 studies.  

    18.8.1   Intranasal Vitamin B12 
Is Well Tolerated 

 Initially, we demonstrated the tolerability of 
weekly intranasal vitamin B12 spray applications 
beginning 2–3 weeks before surgery and continu-
ing for 6 months after surgery in healthy, non-
B12-de fi cient patients having orthognathic 
surgery with nasal intubation. The total serum 
cyanocobalamin levels reached therapeutic levels 
(above normal range) in the majority of patients 
by 1 month after surgery. A particularly encour-
aging  fi nding of the tolerability study was that 
those patients who exhibited higher increases in 
B12 serum levels from baseline were less 

impaired in touch detection (a large diameter 
nerve  fi ber function) than those patients who 
exhibited lower increases in B12 levels  [  65  ] .  

    18.8.2   Intranasal Vitamin B12 Alters 
the Course of Sensory 
Impairment 

 Subsequently, pilot data on the effect of B12 on 
small diameter (thermal thresholds) as well as 
large diameter nerve  fi ber functions were obtained 
in an exploratory randomized clinical trial com-
paring the sensory impairment following orthog-
nathic surgery of intranasal B12 spray administered 
in conjunction with sensory retraining exercises 
compared to sensory retraining alone. Sensory 
retraining does not alter the course of nerve 
regeneration or the absolute thresholds to touch 
at the injured nerve site  [  5,   22,   23,   45  ] , but only 
improves the patient’s cognitive and adaptive 
response to stimulation of the affected skin region 
 [  14,   61,   62,   64  ] . For these reasons, we reasoned 
that the combination of vitamin B12 and sensory 
retraining might provide a noninvasive means for 
patients to achieve optimal recovery of sensory 
function following trigeminal nerve injury. 

 Although only a small trial, a parallel random-
ized block design was used, and the two treat-
ment groups (vitamin B12 with sensory retraining 
vs. sensory retraining only) were quite similar at 
enrollment with respect to sex, type of surgery, 
and average ages at the time of surgery. The aver-
age threshold values of the two groups did not 
differ signi fi cantly for any of the threshold mea-
sures before surgery, i.e., before the initiation of 
any therapy  [  66  ] . At the time of surgery (approxi-
mately 3 weeks after initiation of the intranasal 
B12 spray in the SR + B12 group) and at 6 months 
after surgery, the average serum B12 levels were 
signi fi cantly different for the two groups, while 
the average change in serum B12 levels from sur-
gery to 6 months was not statistically signi fi cant 
in either group (Fig.  18.4 ). As expected, the aver-
age serum B12 levels were substantially higher at 
both visits in the SR + B12 group, approximately 
40 % higher at the time of surgery and 35 % 
higher at 6 months. This indicates that the increase 
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in B12 levels in the SR + B12 group had been 
reached by the time of surgery and then was 
maintained during the postsurgery time frame.   

    18.8.2.1   Contact Detection 
 Since vitamin B12 supplementation for vita-
min B12 de fi ciency appears to impact both 
axon and myelin structures of large diameter 
A b  nerve  fi bers  [  2 ,  26,   67  ] , we hypothesized 
that the CDTs would be less impaired in the 
SR + B12 group than in the SR-only group. Both 
the data of this study and the previous study 
 [  65  ]  support this hypothesis. In the B12 toler-
ability study, patients who experienced greater 
increases in B12 serum levels (>400 pg/ml) at 
the time of postsurgical tactile testing compared 
to the presurgical baseline levels exhibited less 
impairment in touch detection associated with 
the mandibular osteotomies than patients who 
experienced lesser increases in B12 serum lev-
els. The data from the exploratory RCT addi-
tionally indicated that the largest difference 
between groups occurred early (1 month) after 
nerve injury (Fig.  18.5 ). The better tactile detec-

tion sensitivity at 1-month  postsurgery in the 
SR + B12 group may indicate faster remyelina-
tion in the SR + B12 group than in the SR-only 
group since a higher proportion of traumatically 
injured nerves likely experience demyelination 
damage than partial axonal laceration damage 
and recovery from demyelination occurs more 
quickly  [  40   ,    83  ] .  

 Alternatively, since B12 supplementation was 
initiated 2–3 weeks before the injury, the earlier 
recovery in the SR + B12 group may indicate a 
neuroprotective effect. This would be important 
clinically if a nerve injury is anticipated to 
occur.  

    18.8.2.2   Two-Point Perception 
 Because sensory retraining serves to compensate 
for the altered sensation experienced by patients 
in response to mechanical stimulation, we 
hypothesized that sensory retraining plus vita-
min B12 might not improve two-point perception 
beyond that achieved from sensory retraining 
alone. Consistent with this hypothesis, there 
was little or no difference between the SR + B12 
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and SR-only groups in the adjusted estimates 
of two-point perception at 1, 3, and 6 months 
postsurgery. Moreover, the levels of impairment 
postsurgery were similar to those observed in our 
previous study of sensory retraining.  

    18.8.2.3   Thermal Sensibility 
 For all four threshold measures, less impairment 
was observed for the SR + B12 group than the 
SR-only group. However, a greater difference 
was observed for the warm and heat discomfort 
perception thresholds than for the cool and cold 
discomfort perception thresholds. Moreover, at 3 
and 6 months, subjects on average exhibited 
hypersensitivity to cold, but less so for those who 
received vitamin B12 than those who did not. 
Although a possibility, the difference in instruc-
tional protocol (cold at threshold uncomfortable 
vs. cold at threshold perceived to be burning, 
pricking, or stinging) prohibits us from suggest-
ing that vitamin B12 may potentially reduce the 
likelihood or severity of cold allodynia. The large 
difference between the two groups in the warm 
perception threshold and heat discomfort percep-
tion threshold is consistent with a difference in 
the functional innervation  densities of the 

 unmyelinated afferents that serve these two ther-
mal sensibilities. Even at 6 months postsurgery, 
subjects who did not receive vitamin B12 required 
temperatures to be about 4.5 °C hotter than before 
surgery to experience heat discomfort (Fig.  18.6 ) 
 [  66  ] . In contrast, subjects who received vitamin 
B12 required temperatures to be only about 
1.5 °C hotter.  

 In summary, vitamin B12 and sensory retraining 
show potential as noninvasive treatment options 
for acute peripheral nerve injuries. Further investi-
gation is needed to document the effectiveness of 
different temporal applications of sensory retrain-
ing relative to the time of injury and to clarify pro-
cedural and dosage applications of vitamin B12. 
Such noninvasive therapies could reduce the need 
for subsequent surgical treatment of posttraumatic 
nerve injury in patients with annoying or disabling 
outcomes related to altered sensation.      
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          19.1   Introduction 

 This chapter describes the outcomes of trigemi-
nal nerve repair at two European centres, one 
in Shef fi eld, UK, and the other in Copenhagen, 
Denmark, and compares results with those 
reported in the published literature. We will 
compare outcomes with those reported in stud-
ies undertaken elsewhere and address a series of 
speci fi c questions. We will focus on outcomes 
of surgery to the lingual nerve (LN) and infe-
rior alveolar nerve (IAN), as most information 
is available for these trigeminal nerve branches. 
The analysis reveals that LN repair using direct 
reapposition by epineurial suture is a worth-
while procedure for most patients. It does not 
reduce the number of patients who report pain 
or spontaneous paraesthesia, although the level 

of severity of these symptoms may decline. LN 
repair within 6 months of the injury may be 
associated with better recovery than later repair, 
but late repair can still result in signi fi cant neu-
rosensory improvement. IAN decompression 
and neurolysis is a single procedure. It results in 
signi fi cant reduction in the level of dysaesthesia 
as well as improvement in sensation. However, 
as the overall level of improvement is small, and 
some patients do not improve at all, the proce-
dure should only be offered to patients who are 
signi fi cantly affected by their symptoms.  

    19.2   Outcomes of Lingual 
Nerve Repair 

    19.2.1   Introduction 

 Many of the early descriptions of LN repair 
included little information about outcome 
 [  12,   18,   33  ]  or about the methods used to assess 
a successful result  [  36  ] . The  fi rst published 
reports on outcome evaluated by sensory testing 
appeared in the late 1980s and 1990s  [  5,   19,   22, 
  43,   48,   72  ]  and, while some results were encour-
aging, the number of patients assessed was small 
or they were treated by a range of different surgi-
cal techniques. The largest report was from a ret-
rospective postal questionnaire appraisal of 205 
lingual nerve repairs at seven units in the USA 
 [  27  ] . The operations included decompression, 
direct suturing, or nerve grafting, and although 
the authors reported an 80 % success rate, their 
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primary  conclusion was ‘it is apparent that 
there is need for a detailed prospective study of 
speci fi c injury conditions and their response to 
standardised microneurosurgical interventions’. 
A subsequent critical appraisal of publications 
con fi rmed that view  [  11  ] . Therefore, most of 
the outcomes described in this chapter are based 
upon the results of prospective studies under-
taken at one centre in the UK, using a consistent 
repair method for all patients. For comparison, 
and to show the similarity of the outcomes in 
different centres with different surgeons, some 
results from a centre in Denmark will also be 
illustrated. 

 Our UK approach to the management of 
patients with persistent LN sensory disturbance 
is based upon the results of an extensive series 
of animal investigations. Using a combination 
of electrophysiological and ultrastructural tech-
niques, we have assessed the extent of functional 
recovery of each of the nerve  fi bre groups in the 
lingual branch of the trigeminal nerve and the 
chorda tympani branch of the facial nerve after 
a range of manipulations and recovery periods. 
These studies allowed assessment of the func-
tional characteristics of mechanosensitive, ther-
mosensitive, and gustatory  fi bres that had 
regenerated after injury, as well as quanti fi cation 
of the recovery of the autonomic  fi bres respon-
sible for salivary secretion and vasomotor 
effects. These data showed that permanent sen-
sory abnormalities were more likely to result 
from nerve section than from a crush injury 
 [  23,   45,   46  ] , that repair by epineurial suture was 
more effective than entubulation  [  24,   55,   56  ] , 
that repair of a gap was better achieved by 
mobilisation of the stumps than by sural nerve 
grafts or autologous frozen skeletal muscle 
grafts  [  57,   58  ] , and that a 3-month delay before 
repair had little effect on the outcome  [  59,   60  ] . 
Attempts to improve recovery by the application 
of neurotrophic agents to the repair site were 
unsuccessful  [  61  ] . We have taken the principles 
derived from all of these studies and applied 
them to the clinical management of our patients. 
We have prospectively established protocols for 
a series of sensory tests performed before and 
after nerve repair surgery, to allow statistical 

comparisons and to speci fi cally address the 
 following questions:

   Is lingual nerve repair worthwhile?  • 
  Do some neurosensory functions recover • 
 better than others?  
  Does nerve repair surgery reduce dysaesthesia?  • 
  Is early repair more effective than late repair?  • 
  Do other factors in fl uence the outcome?     • 

    19.2.2   Patients and Methods 
for UK Analysis 

 The series comprised 53 of the patients referred 
to our nerve injury clinic in Shef fi eld over an 
8-year period  [  50  ] . All the injuries had occurred 
during removal of third molars, and the patients 
had been selected as appropriate for operation 
because they showed little or no evidence of 
recovery by 3 months after the injury  [  4  ]  or very 
limited recovery at later stages. There were 15 
men and 38 women, mean age 30 years (range 
16–54), and the injuries were on the left side in 
30 patients and on the right side in 23. The delay 
before nerve repair ranged from 4 to 47 (mean: 
15) months, and all patients were followed up for 
at least 1 year. 

 All of the repairs were performed under general 
anaesthesia by one of the authors (PPR, KGS), 
and the technique was similar for each patient. 
The LN was exposed by elevating a lingual 
 fl ap, dividing the lingual periosteum, and using 
careful blunt dissection to identify the proximal 
and distal nerve stumps. At the injury site, the 
LN was usually adherent to the lingual perios-
teum, always trapped in dense surrounding scar 
tissue, and sometimes expanded to form a neu-
roma (Fig.  19.1a ). In about half of the patients, 
there was evidence of some degree of continu-
ity between the proximal and distal stumps of 
the nerve, but in the others, the nerve seemed to 
have been completely divided, and the two ends 
had retracted apart from one another. Small frag-
ments of metal were sometimes found embedded 
within the epineurium and scar tissue, and these 
had presumably been shaved from the edge of 
a metal instrument by the bur during the initial 
third molar operation. The segment of nerve that 
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appeared damaged under the operating micro-
scope was excised; the nerve resection was 4–14 
(mean: 9.5) mm in length and, where possible, 
included all of the expanded neuroma. None of 
the nerves were grafted, so the length of excised 
segment was restricted by the extensibility of the 
two nerve stumps. Repair was accomplished with 
5–10 (mean: 7) epineurial sutures (Fig.  19.1b ) 
with 8/0 mono fi lament polyamide (Ethilon, 
Ethicon Ltd, UK). The wound was closed with 
polyglactin 910 (Vicryl), and all patients were 
administered systemic prophylactic antibiotics 
and dexamethasone (8 mg preoperatively and 
12 h postoperatively).  

 In all patients, sensation on the affected side 
of the tongue was assessed preoperatively and 
at approximately 1, 4, and 12 months or more 
(median: 13 months) postoperatively. Initially, 
each patient was asked a series of standard ques-
tions from a proforma including the following: 
whether the affected part of the tongue was com-
pletely numb, whether it was painful, whether they 
had tingling (paraesthesia) spontaneously or initi-
ated by touching or moving the tongue, whether 
they tended to bite the tongue by accident, and 
whether they thought that their speech or taste 
was affected. We then made an examination to 
establish the presence of fungiform papillae on 
each side of the tongue, the presence of a palpable 
neuroma in the third molar region, or sensation 
in the tongue evoked by palpation in this region. 

A series of neurosensory tests was then admin-
istered by one of the authors (PPR or KGS) in a 
quiet room with the patient’s eyes closed and the 
tongue protruded. These tests included evaluation 
of light touch sensation using von Frey hairs, pin-
prick (pain) sensation, two-point discrimination, 
and taste sensation using both gustatory stimuli 
and electrogustometry. Full details of the methods 
used are described elsewhere  [  49,   50  ] . Finally, 
at the last testing session only, the patients were 
asked to give a subjective score to the value of the 
operation on a scale of 0–10. They were told that 
0 indicated that the operation had been a waste 
of time and that 10 indicated a perfect outcome. 
They were told to consider this only from their 
own perspective, ignoring the results of the sen-
sory testing and the perception of the surgeons. 

 Statistical comparisons between the results of 
tests at different stages were made with the chi-
square test or Mann-Whitney U test as appropri-
ate, unless otherwise stated. The effect on 
outcome of delay between injury and repair was 
assessed with Pearson’s correlation coef fi cient.  

    19.2.3   Outcome of UK Analysis 

    19.2.3.1   Responses to Questions 
 A comparison between the responses to questions 
asked preoperatively and at the  fi nal test is shown 
in Table  19.1 . There was a highly signi fi cant 

a b

  Fig. 19.1    ( a ) A large neuroma on the lingual nerve 
( arrows ) at the site of damage during the removal of an 
impacted third molar 18 months earlier. ( b ) The neuroma 

has been excised, and the nerve ends mobilised and 
repaired using epineurial sutures ( arrow ) (From Robinson 
et al.  [  50  ] ; reproduced with kind permission of Elsevier)       
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reduction in the number of patients who thought 
that the affected part of the tongue was com-
pletely numb (34 to 6,  p  < 0.0001). A substan-
tial proportion of the patients ( n  = 16) initially 
reported pain from the affected part of the tongue, 
and almost half of them ( n  = 25) had spontaneous 
paraesthesia. There was no signi fi cant change in 
the number reporting these problems at the  fi nal 
assessment, and although some patients reported 
a reduction in the intensity of these symptoms, 
we did not attempt to quantify this difference. 
There was a small but insigni fi cant increase in 
the number of patients who reported paraesthesia 
initiated by touching or moving the tongue, sug-
gesting abnormal properties of the reinnervated 
receptors on the tongue. Accidental tongue bit-
ing was initially a problem for 39 patients, but 
there was a signi fi cant reduction in this number 
at the  fi nal assessment ( n  = 26,  p  < 0.02). A large 
proportion of patients reported disturbances of 
speech ( n  = 30) and taste ( n  = 34), and these pro-
portions had not changed signi fi cantly at the  fi nal 
assessment.   

    19.2.3.2   Observations 
 There appeared to be fewer fungiform papillae on 
the affected side of the tongue in 34 (74 %) of the 
patients preoperatively and in 24 (45 %) at the 
 fi nal assessment ( p  < 0.01). An expanded swell-
ing, thought to be a neuroma, could be detected 
by palpation in  fi ve patients preoperatively and in 
four patients after the nerve repair operation 
( p  = 1). Palpation in the lingual sulcus at the site 
where the nerve injury was expected to have 
occurred evoked a sensation in the tongue in 

31 patients (58 %) before the operation and in 
29 (55 %) after the operation.  

    19.2.3.3   Neurosensory Tests 
 On the normal, uninjured (control) side of the 
tongue, all patients were able to detect light touch 
stimuli with a 20 mN von Frey hair, pinprick 
stimuli of up to 150 mN, and the electrical stimuli 
used for electrogustometry. The two-point dis-
crimination thresholds ranged from 2 to 10 mm 
(median: 4), and the ability to identify correctly 
the gustatory stimuli ranged from 1 to 8 (median: 
6) out of eight trials. 

 The results of the neurosensory tests on 
the side of injury are shown graphically in two 
ways. Firstly, for the responses to light touch 
and pinprick stimuli, the number of patients who 
responded in some way to these stimuli at each 
assessment interval is shown in Fig.  19.2a, b . In 
each case, these charts show a reduction in the 
number of patients who responded in the early 
postoperative period, followed by a progressive 
increase beyond the initial numbers, until 42 
(79 %) and 47(89 %), respectively, responded at 
the  fi nal test.  

 A more critical appraisal of the outcome is 
demonstrated by a comparison of the quantitative 
scores recorded at the preoperative and  fi nal post-
operative assessments. These data are shown for 
the responses to light touch stimuli in Fig.  19.3  
and indicate that 27 (51 %) of the patients 
responded to tests in most or all areas at the  fi nal 
assessment, with a highly signi fi cant improve-
ment in the pooled responses ( p  < 0.0001). 
Equivalent data for the responses to pinprick 

   Table 19.1    A comparison between the responses to questions asked preoperatively and at the  fi nal test for patients 
who had undergone lingual nerve repair in the UK study   

 Preoperatively  Postoperatively   p  value 

 Complete numbness?  34 (64 %)  6 (11 %)  <0.0001 
 Pain?  16 (30 %)  14 (26 %)  0.8 
 Spontaneous tingling?  25 (47 %)  24 (45 %)  1 
 Touch-evoked tingling?  9 (17 %)  15 (28 %)  0.3 
 Movement-evoked tingling?  10 (19 %)  17 (32 %)  0.2 
 Tongue biting?  39 (74 %)  26 (49 %)  <0.02 
 Speech affected?  30 (57 %)  30 (57 %)  1 
 Taste disturbance?  34 (64 %)  30 (57 %)  0.6 

  Data are number (%) of patients ( n  = 53)  
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stimuli are shown in Fig.  19.4 ; 41 of the patients 
(77 %) responded to tests in most or all areas at 
the  fi nal test, again with a highly signi fi cant 
improvement in the pooled responses ( p  < 0.0001). 
Due to the size of the tongue, two-point discrimi-
nation thresholds could be recorded for each side 
only if they were less than 14 mm, and the results 
are shown in Fig.  19.5 . The pooled data again 

show a highly signi fi cant reduction in thresholds 
( p  < 0.0001). Figure  19.6  indicates the extent of 
recovery of gustatory responses: 11 patients 
(21 %) could detect some taste solutions preop-
eratively and 33 (62 %) postoperatively 
( p  < 0.0001). Electrogustometry evoked responses 
from 13 patients preoperatively, with a mean 
(SEM) threshold of 497 (31)  m A. Postoperatively 
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  Fig. 19.2    ( a ) The number of 
patients who could detect 
some light touch stimuli with 
a 20 mN von Frey hair on the 
affected side, at various stages 
before and after operation. ( b ) 
The number of patients who 
could detect some pin prick 
stimuli of up to 150 mN on 
the affected side, at various 
stages before and after 
operation (From Robinson 
et al.  [  50  ] ; reproduced with 
kind permission of Elsevier)       

 



322 P.P. Robinson et al.

42

11 10

15

1

18

9

0
0

5

10

15

20

25

30

35

40

45

10 2
Score

N
o.

 o
f p

at
ie

nt
s

3

Pre -repair

Post -repair

  Fig. 19.3    The level of 
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with a 20 mN von Frey hair, 
subdivided on a four-point 
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those on the unaffected side. 
Preoperative data are shown in 
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postoperative test are shown in 
 red . The difference between the 
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data is highly signi fi cant 
( p  < 0.0001)       

26

6

9

6

18

21
20

0
0

5

10

15

20

25

30

10 2
Score

N
o.

 o
f p

at
ie

nt
s

3

Pre -repair

Post -repair

  Fig. 19.4    The level of 
responses to pinprick stimuli 
of up to 150 mN, subdivided 
on a four-point scale: 0, no 
response; 1, response at the 
tip only; 2, response in most 
areas but with an increased 
threshold; and 3, responses 
apparently similar to those on 
the unaffected side. 
Preoperative data are shown 
in  blue , and responses at the 
 fi nal postoperative test are 
shown in  red . The difference 
between the preoperative and 
postoperative data is highly 
signi fi cant ( p  < 0.0001)       

Threshold (mm)

N
o.

 o
f p

at
ie

nt
s

Pre -repair

Post -repair

0

4

0

12

3

11

4
7

11

7

2 2 1
0

32

10

0

5

10

15

20

25

30

35

2 4 6 8 10 12 14 >14

  Fig. 19.5    The two-point 
discrimination thresholds 
measured preoperatively 
(in  blue ) and at the  fi nal 
postoperative test (in 
 red ). Because of tongue 
size, a threshold of more 
than 14 mm could not be 
reliably assessed, and 
these patients have been 
placed in the >14 mm 
column. The difference 
between the preoperative 
and postoperative data is 
highly signi fi cant 
( p  < 0.0001)       

 

 

 



32319 Outcomes of Trigeminal Nerve Repair

responses were evoked in 42 patients ( p  < 0.0001) 
with a mean (SEM) threshold of 312 (27)  m A 
( p  < 0.001, student’s t test).      

    19.2.3.4   Subjective Assessment 
 The patients’ subjective assessment of the value 
of the operation, taking all aspects of their experi-
ence into consideration, is shown in Fig.  19.7 . 
The scores covered the full range from 0 to 10, 
with four patients reporting a score of 0 and 42 
patients reporting a score of 5 or more. The 
median score reported by all patients was 7.   

    19.2.3.5   Effect of Delay in Repair 
 The relationship between the  fi nal outcome of the 
nerve repair operation and the period between 
injury and repair was assessed for all neurosen-
sory tests as well as the patients’ subjective 
scores. In no case was there any signi fi cant cor-
relation, and an example is shown in Fig.  19.8  
which shows the difference between two-point 
discrimination thresholds on each side of the 
tongue at the  fi nal test, as a good indicator of the 
level of recovery, plotted against the delay in 
repair.    
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    19.2.4   Patients and Methods for the 
Denmark Analysis 

 This series comprised 67 LN injuries of the 
patients seen in a nerve injury clinic in Copenhagen, 
Denmark, during the period of 1987–2005  [  21  ] . 
Signi fi cantly, more patients were females (47, 
70 %) than males (20, 30 %;  p  < 0.0001). Their 
median age was 30 years, with a range of 19–53 
years, with no difference related to gender. The 
LN injuries were all caused by third molar 
removal, and the mean delay between injury and 
surgery was 12 months (range: <1–57 months). 

 The surgical approach was similar to that 
described for the UK study, except that the proce-
dure was performed with a magnifying head 
loupe (3.5×) rather than an operating microscope. 
The neuroma on the proximal stump was resected 
to a level of visible fascicles, and the distal stump 
was cut at a level without scar tissue. From this 
point, a channel retractor resting on the medial 
cortex of the mandible was found useful to pro-
vide space for instrumentation. The nerve stumps 
were approximated with a holding suture if 
appropriate (7/0 mono fi lament nylon) to over-
come tension, and 6–8 epineurial 8/0 mono fi lament 
nylon sutures completed the repair. 

 In all patients, sensation on the affected side 
of the tongue was assessed preoperatively and 

 postoperatively at 1, 3, 6, and 12 months (if pos-
sible), using a standard protocol  [  20,   21  ] . Patients 
were questioned about sensory abnormalities 
(paraesthesia, dysaesthesia, etc.) and asked to rate 
their subjective level of sensory function on a four-
point scale (0–3). In addition, the perception of 
 tactile  (feather light touch, pinprick, pointed/dull 
discrimination),  thermal  (cold, 0–20 °C and warm 
45–50 °C), and  location  stimuli (location of touch 
and brush stroke direction) was assessed. 
Responses to each of these stimuli were rated on a 
four-point scale (0 = no perception of touch; 
1 = perception of touch with no ability to differen-
tiate (pointed/blunt, warm/cold, location of touch, 
brush stroke direction); 2 = perception with ability 
to differentiate less clear than normal; 3 = normal 
perception). The overall level of neurosensory 
function was characterised through the summation 
of all of these rating scores, therefore ranging from 
0 to 21. Thus, a score of 0 signi fi ed complete 
absence of sensation, a score of 21 denoted normal 
neurosensory function, and the sensory recovery 
was expressed by the sum score improvement. 

 Two-point discrimination thresholds were 
assessed at 5, 10, 15, and 20 mm. Pain perception 
on pinching with tissue forceps was assessed 
through the patient’s reported experience of pain, 
a blink re fl ex, or a protective reaction, and rated 
as present or absent. 
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  Fig. 19.8    The delay (months) 
between the nerve injury and 
repair plotted against the  fi nal 
outcome expressed as the 
difference between the 
two-point discrimination 
thresholds on the affected and 
unaffected sides of the tongue 
( p  > 0.2) (From Robinson et al. 
 [  50  ] ; reproduced with kind 
permission of Elsevier)       

 



32519 Outcomes of Trigeminal Nerve Repair

 As soon as perception of stimuli was demon-
strable, the patients were instructed to begin neu-
rosensory retraining exercises with continued 
stimulation of the injured and healthy side of 
their tongue with recognisable items such as 
metal, wood, fabric, paper, and so forth. 

 Statistical differences between categorical 
scores were tested with a  sign test ; Chi-square or 
Kruskal-Wallis tests were applied to test differ-
ences between distributions.  

    19.2.5   Outcome of Denmark Analysis 

 The outcomes of nerve repair in this analysis 
spanned the full spectrum, with seven patients 
(10 %) showing no evidence of recovery, but oth-
ers showing a fairly rewarding level of recovery 
of sensation. 

    19.2.5.1   Subjective Assessment 
of Sensation 

 Preoperatively, 38 patients (57 %) subjectively 
rated their sensory function in the affected area as 
0, and the remaining 24 patients provided an 
average rating of 0.9 (range: 0.5–2, no data in 5 
patients). Postoperatively, the subjective rating 
scores averaged 1.2 (range: 0–2.5). 

 Prior to LN repair, paraesthesia was experi-
enced by 39 patients (58 %), 11 patients (17 %) 
complained of dysaesthesia, and 2 patients (3 %) 
had allodynia. After nerve repair, paraesthesia 
was still the most prevalent disturbance, felt by 

40 patients (60 %), followed by 8 patients (12 %) 
with dysaesthesia, and 1 patient with allodynia 
(2 %). In 29 patients, the sensory abnormality 
was persistent, while in 19 it was episodic, and 
only 11 patients (16 %) had no neuropathic sen-
sory disturbance (no data in 6 patients). Thus, the 
incidence of neurogenic discomfort was unaf-
fected by the nerve repair. 

 Preoperative palpation in the lingual sulcus 
at the site where the nerve injury would have 
been expected evoked a sensation in the tongue 
in 55 patients (82 %), suggesting the presence of 
a traumatic neuroma. At the  fi nal examination, 
a similar response was observed in 51 
patients (76 %).  

    19.2.5.2   Tactile Perception 
 Preoperative sensory testing revealed that 31 
patients (46 %) had complete loss of sensation 
(sum score 0) on the affected side of the tongue. 
The remaining 36 patients had a median initial 
sum score of 2.0 (range 1–8), with the perception 
of cold being the response most frequently 
retained ( n  = 23, 34 %). After repair, the level of 
sensation recovered to a  fi nal median sum score 
of 14 (25th percentile: 9.0, 75th percentile: 16.0; 
min. 0, max. 20) (Fig.  19.9 ). The rate of recovery 
was fastest during the  fi rst 6 months after surgery, 
thereafter declining (Fig.  19.10 ). It appears that 
some patients showed a peak of sensory recovery 
with a subsequent loss, beyond what might have 
been expected from variations in neurosensory 
testing.   
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  Fig. 19.9    The overall level 
of sensation at  fi nal follow-up 
examination in 65 patients 
after lingual nerve repair. 
Sum scores are the combined 
ratings of responses to seven 
test stimuli (feather light 
touch, pinprick, point/dull 
discrimination, warm, cold, 
location of touch, and brush 
stroke direction)       
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 The responses to all stimuli recovered 
signi fi cantly, as shown in Fig.  19.11 . Feather 
light touch and heat (45 °C) was perceived only 
vaguely, and the  fi nal rating score for these stim-
uli averaged 1 (perception of stimulus without 
discrimination of its quality). The remaining tests 
(pinprick, sharp/dull discrimination, cold, loca-
tion of touch, and brush stroke direction) were 
generally recognised, and a score of 2 was a typi-
cal rating (perception with ability to differentiate 
less clear than normal). However, none of the 

patients regained completely normal neurosen-
sory perception. The recovery expressed as sum 
score improvement correlated well with the 
patients subjective ratings ( r  = 0.58,  p  < 0.01).   

    19.2.5.3   Two-Point Discrimination 
 A two-point discrimination threshold could only 
be determined in one patient preoperatively (at 
15 mm), but in the other patients was  ³ 20 mm. 
After nerve repair, 25 patients still had a thresh-
old of  ³ 20 mm. The remaining 41 patients had 
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  Fig. 19.10    The overall level 
of sensation (combined sum 
scores) at intervals after 
lingual nerve repair in 67 
patients (From Hillerup and 
Stoltze  [  21  ] ; reproduced with 
kind permission of Elsevier)       
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a mean threshold value at the  fi nal examination of 
9.9 mm. For comparison, the threshold on the 
uninjured side was 5.6 mm (sd. 1.8,  p  < 0.0001).  

    19.2.5.4   Pain Perception 
 Preoperatively, in 19 patients (28 %) pain or a 
pain-like sensation was perceived on pinching 
the affected lateral margin of the tongue. Fifty-
 fi ve patients (82 %) showed pain perception at 
the  fi nal examination, revealing a signi fi cant 
recovery ( p  < 0.001).  

    19.2.5.5   Factors In fl uencing Recovery 
 When analysing the effect of age or gender on 
neurosensory recovery, no signi fi cant effect was 
found. The delay between injury and repair sur-
gery also did not seem to in fl uence the magnitude 
of recovery when considering the whole sample 
of 67 patients. However, assuming that other fac-
tors might be more signi fi cant determinants for 
poor recovery in unsuccessful cases, a test on 
 successful  cases ( fi nal sum score >9, follow-up 
>11 months,  n  = 48) was performed. This revealed 
that the early repair cases (operated on within the 
 fi rst 6 months after the injury) showed a mean 
improvement of sum score of 15.9 (SD 2.4, min. 
12, max. 20) and thus a better recovery than 
patients with later repair    (mean improvement of 

sum score – 12.6 (SD 3.1, min. 2, max. 19), 
 p  ~ 0.002) (Fig.  19.12 ). The age of the patient still 
had no effect in this subgroup of patients 
( p  ~ 0.13).    

    19.2.6   Discussion on Outcome 
of Lingual Nerve Repair 

 This discussion will be structured to consider the 
 fi ve questions posed in the introduction. 

    19.2.6.1   Is Lingual Nerve Repair 
Worthwhile? 

 The extent of sensory recovery after our method 
of LN repair was variable, but the overall results 
were good. In the UK series, there were highly 
signi fi cant improvements in the pooled responses 
to light touch, pinprick, and gustatory stimuli 
(including electrogustometry), and highly 
signi fi cant reductions in the two-point discrimi-
nation thresholds. The proportion of patients who 
responded to most or all light touch stimuli 
increased from 0 to 51 % after the repair, and the 
proportion of patients who responded to most or 
all pinprick stimuli increased from 34 to 77 %. 
This improved level of sensation resulted in a 
signi fi cant reduction in the number of patients 
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who reported accidental tongue biting, although 
persistent speech and taste disturbances were 
reported in 57 % of the patients. Most patients 
considered the operation worthwhile with a 
median subjective score of 7 on a scale of 0–10, 
and this equates closely with the mean score of 
about 2.5 on a scale of 0–4 reported for ‘global 
satisfaction’, by Zuniga et al.  [  72  ] . 

 In the series of patients treated in Denmark, the 
outcomes were very similar. The proportion of 
patients with pain perception increased from 26 to 
82 % after repair, the median sum score for 
responses to a range of seven stimuli increased 
from 2 to 14 (scale ranging from 0 to 21), and this 
correlated well with the patients’ subjective rat-
ings. Susarla et al.  [  64  ]  showed a strong correla-
tion between neurosensory function and patient 
satisfaction after repair, and it is interesting to note 
the striking similarity between the pro fi le of sum 
scores in the Denmark study, and patient subjec-
tive scores in the UK study (Figs.  19.7  and  19.9 ). 

 Comparison between our results on outcome 
and those reported in other studies is dif fi cult 
because of variations in methods, but there are 
some similarities. Riediger et al.  [  43  ]  indicated 
good or excellent recovery (with recovery of ‘pro-
tective sensitivity’) in 44 % of 16 patients who 
had repair by direct suture. Rutner et al.  [  54  ]  
reported that 90 % of their 20 patients had some 
improvement in neurosensory function after repair 
using a range of different methods. LaBanc and 
Gregg’s large retrospective multicentre study  [  27  ]  
reported that 80 % of patients could detect light 
touch stimuli from a von Frey hair or camel-hair 
brush more than 80 % of the time, but this type of 
study poses particular dif fi culties in observer con-
sistency. A more recent retrospective review of 
222 lingual nerve repairs reported complete or 
useful recovery of sensory function in 90.5 % of 
patients, although this population included inju-
ries with a range of different aetiologies, and 
repaired using a range of different methods  [  2  ] . 
Retrospective reviews of LN repairs undertaken 
during two periods at the Massachusetts General 
Hospital reported that 81 %  [  65  ]  and 75 %  [  13  ]  of 
patients gained ‘functional sensory recovery’. 

 To summarise the data from the present and 
other studies, it seems clear that LN repair using 

direct reapposition by epineurial suture is a 
worthwhile procedure for most patients. The 
results seem to be better than those reported after 
other methods of repair such as nerve grafting 
 [  19,   36,   39  ] , arti fi cial conduits  [  41  ] , or external 
neurolysis  [  5  ] . Nevertheless, the outcome of 
nerve repair is still not ideal as some patients do 
not improve, speech and taste sensation may 
remain affected, and recovery is rarely, if ever, 
complete.  

    19.2.6.2   Do Some Neurosensory 
Functions Recover Better 
than Others? 

 In the UK series, our results provided little indi-
cation of different levels of recovery for different 
sensory modalities. Experiments in laboratory 
animals have suggested this possibility, since 
large diameter nerve  fi bres seem to regenerate 
more successfully than small diameter  fi bres  [  9  ] , 
and speci fi c functional groups are associated with 
a particular range of  fi bre sizes. This may explain 
the poor recovery of the small diameter gustatory 
 fi bres in our laboratory experiments  [  45,   56  ] , 
although it could also have occurred because few 
of this small population would be likely to 
encounter an appropriate endoneurial sheath in 
the distal nerve stump and be guided to a suitable 
taste bud receptor site. In view of this, we were 
slightly surprised to  fi nd the presence of some 
responses to gustatory stimuli in 62 % of our 
patients after repair. This contrasts with the 
results of Riediger et al.  [  43  ]  who found recovery 
of taste sensation in only one of their patients but 
is consistent with the reports of Hillerup et al. 
 [  22  ]  and Zuniga et al.  [  71  ]  who reported some 
recovery of taste. The later report of Zuniga et al. 
 [  72  ]  recorded return of gustatory responses in 
 fi ve of ten patients, which is similar to our results. 
The reduction in the number of patients who had 
fewer fungiform papillae on the side of injury 
after repair is a physical expression of the rein-
nervation by gustatory  fi bres and has been 
reported previously  [  48,   71  ] . 

 A higher proportion of our patients responded 
to pinprick (painful) stimuli than light touch 
stimuli, in both the UK and Denmark series. It is 
unlikely that this indicates better regeneration of 
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nociceptive  fi bres than low-threshold mechano-
receptive  fi bres and probably merely re fl ects the 
higher intensity of the pinprick stimuli. Similarly, 
in the Denmark study, the stimulus most likely to 
be detected after repair was a 0 °C cold stimulus, 
and this may have resulted from the high inten-
sity of this stimulus rather than the preferential 
regeneration of cold sensitive  fi bres. Conversely, 
the Demark study found that the perception of 
feather light touch and warm stimuli showed the 
weakest recovery. Previous laboratory investiga-
tions have shown that, even after long recovery 
periods, reinnervated mechanoreceptors have 
reduced levels of sensitivity  [  29  ]  and may, there-
fore, respond only to higher intensity stimuli. On 
the tongue, the reinnervated receptors may fail to 
respond to the 20 mN von Frey hair used in the 
UK study  [  46  ] . 

 A number of other changes in the characteris-
tics of regenerated nerve  fi bres have been reported 
in laboratory studies on both trigeminal and other 
peripheral nerves. These include alterations in 
the number and diameter of myelinated and non-
myelinated axons in the proximal and distal nerve 
stumps  [  23–  25  ] , changes in conduction veloci-
ties, and alterations in mechanoreceptive  fi elds 
 [  25,   44–  46  ] . In view of these changes, it is not 
surprising that patients do not regain normal sen-
sation after reinnervation of the tongue and con-
tinue to report some abnormalities. LaBanc and 
Gregg  [  27  ]  noted that despite evidence of recov-
ery, some patients still complained of ‘ numbness,’ 
and in both the UK and Denmark studies, no 
patient reported completely normal sensation 
after nerve repair surgery.  

    19.2.6.3   Does Nerve Repair Surgery 
Reduce Dysaesthesia? 

 In both the UK and Denmark studies, nerve repair 
resulted in no signi fi cant change in the number of 
patients who reported pain or spontaneous paraes-
thesia. This is surprising since all surgeons (PPR, 
KGS, SH) had the impression that the symptoms 
of dysaesthesia were reduced by the operation. 
Unfortunately, neither assessment protocol 
included any attempt to quantify the level of these 
symptoms, but other studies have clearly indi-
cated a reduction. Gregg  [  15  ]  has reported a 49 % 

reduction in severity of pain in 31 patients after 
LN repair and indicated that the results seemed to 
vary according to the nature of the sensory disor-
der. Furthermore, the retrospective multicentre 
study by LaBanc and Gregg  [  27  ]  suggested that 
repair resulted in a 30 % reduction in pain levels 
in 67.5 % of patients with hyperaesthesia. 
Interestingly, Pogrel and Kaban  [  39  ]  reported 
uniformly excellent results as far as elimination 
of dysaesthesia was concerned, and it is dif fi cult 
to explain this apparent difference in outcomes. 

 It has been our experience that the treatment 
of dysaesthesia after LN injury remains one of 
the most dif fi cult clinical management problems. 
Pain was reported preoperatively by 30 % of the 
UK patients and 19 % of the Denmark patients, 
and the low incidence of LN dysaesthesia 
reported in one study is surprising  [  73  ] . The aeti-
ology of this complex group of sensory disorders 
remains uncertain  [  10,   51  ] , but our animal stud-
ies have shown the development of persistent 
spontaneous neural activity from a nerve injury 
site, together with mechanical sensitivity of the 
damaged axons  [  6,   7,   69  ] . This is consistent with 
the observation that palpation over the site of 
nerve injury evoked a sensation in the tongue in 
58 % of the UK patients and 82 % of the Denmark 
patients, and a study by Zuniga et al.  [  73  ]  noted 
‘triggers’ in 76 % of their patients with a LN 
injury. As this sign could still be evoked in 55 % 
of the UK patients (and 76 % of the Denmark 
patients) after repair, it suggests that there are 
still many mechanosensitive axonal sprouts 
trapped in scar tissue in this region. This could 
result in part from inadequate excision of a neu-
roma at the time of repair, since it is dif fi cult to 
differentiate between the tail of a spindle-shaped 
neuroma and a normal fascicle. However, even 
after the best anastomosis, it is likely that some 
regenerating axons will not regain continuity 
with the distal stump and will form a new neu-
roma in continuity.  

    19.2.6.4   Is Early Repair More Effective 
than Late Repair? 

 Several papers have suggested that late repair is 
followed by a poorer outcome than early repair 
 [  36,   39  ] , and Riediger et al.  [  43  ]  were sceptical 
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about repair undertaken more than 12 months 
after the injury. Meyer  [  34  ]  reported 90 % suc-
cess if the repair was undertaken within 3 months, 
reducing to 10 % success by 12 months, although 
the nature of his analysis is unclear. In a subse-
quent report of an expanded dataset from the 
same group  [  2  ] , outcome was classi fi ed on a sim-
ple scale that surprisingly de fi ned 66 % of their 
patients as gaining ‘complete return of  sensation’. 
The authors calculated that 94 % of their patients 
gained ‘useful sensory recovery’ when repair was 
undertaken within 6 months of the injury, but 
only 85.4 % gained the same level of improve-
ment if repaired later that 6 months after injury. 
In a similar evaluation of 64 patients, Susarla 
et al.  [  65  ]  reported that ‘functional sensory recov-
ery’ was achieved in 93 % of patients who had 
repair within 90 days of the injury, compared 
with 78 % of subjects who had a later repair. This 
difference was not signi fi cant although recovery 
was achieved more rapidly in the early repair 
group. Furthermore, as more than one type of 
surgical procedure was undertaken and the groups 
were poorly matched, it is dif fi cult to draw clear 
conclusions. A more recent study from the same 
group found no correlation between early repair 
and any positive outcome measurement  [  13  ] , and 
Rutner et al.  [  54  ]  have made similar 
observations. 

 In the UK series of patients, there was no 
signi fi cant correlation between repair delay and 
any measure of outcome. The Danish study also 
found no correlation when evaluating the whole 
group, but when those patients with very poor 
recovery were excluded (where other factors are 
likely to have been involved, see below), there 
were better outcomes with early repair. The 
results of animal studies are variable but gener-
ally agree that early repair and regeneration 
should be more effective, in that both central and 
peripheral degenerative changes will be limited 
 [  59,   60  ] . A likely explanation for the discrepancy 
between different clinical studies is that when a 
large population is studied, other factors are 
dominant and may mask this effect. However, 
for an individual patient, early repair probably 
has the potential to produce the most optimal 
result. 

 Arguably, this debate is of limited impor-
tance as few would dispute that early referral to 
a centre that manages trigeminal nerve injuries 
is appropriate and that surgical intervention 
should be undertaken as soon as it is clear that 
there will not be satisfactory spontaneous recov-
ery  [  52  ] . The dif fi culty is the timing of that deci-
sion, so as to avoid unnecessary surgery in 
patients who would recover adequate sensation 
spontaneously, whilst also avoiding a long 
period of monitoring that could hamper the 
healing potential. Our Denmark data suggest 
that repair within 6 months after the injury may 
be associated with better recovery than later 
repair, so should not be postponed. Equally, our 
present and previous  [  48  ]  results, and those of 
others, clearly show that later repair is consid-
ered to be worthwhile, so this option should not 
be denied on the basis of late presentation.  

    19.2.6.5   Do Other Factors In fl uence 
the Outcome? 

 It is inevitable that the extent of initial nerve 
injury will have a major impact on the outcome, 
and this relationship has led to the commonly 
used classi fi cations of nerve injury (e.g., 
Sunderland  [  63  ] ). As most trigeminal nerve inju-
ries are ‘closed’ (or unobserved injuries) and 
only become apparent postoperatively, an under-
standing of the type of physical injury cannot be 
used to provide patients or clinicians with a pre-
diction of outcome. Most injuries are likely to 
have been caused by the surgical bur, and dam-
age may vary from partial nerve transection 
through to complete division and may have been 
complicated by extensive stretching of the nerve 
stumps, leading to intraneural  fi brosis along a 
substantial section of nerve. The early recovery 
after most crush injuries allows this group to be 
distinguished  [  4  ] , but other injury factors remain 
largely unknown, even at the time of repair. The 
observation that better preoperative sensory 
function is associated with more rapid return of 
function after repair  [  13  ]  is consistent with the 
in fl uence of the extent of initial injury. This vari-
able has also impeded attempts to identify other 
factors that might in fl uence the outcome. For 
example, the inconsistency between compari-
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sons of early and late repair, as described above, 
probably results from the heterogeneous nature 
of the injuries in the study populations. Similarly, 
our Denmark study showed no effect of patient 
age (or gender) on recovery, whereas Bagheri 
et al.  [  2  ]  reported a progressive decrease in the 
chance of recovery of patients over 45 years old, 
and Fagin et al.  [  13  ]  also showed that age was a 
predictor of outcome. A range of other factors 
seem likely to have an effect, such as size of the 
neuroma, length of nerve excised, tension on the 
anastomosis, quality of the repair, and alignment 
of the fascicles, but it may prove extremely 
dif fi cult to show these potential relationships in 
clinical studies.    

    19.3   Outcome of Inferior Alveolar 
Nerve Surgery 

    19.3.1   Introduction 

 There is a surprising paucity of published data 
on the ef fi cacy of any form of exploration or 
repair of the inferior alveolar nerve (IAN). As 
the usual injury site is within the bony mandibu-
lar canal, excision of the area of damage, mobili-
sation of the nerve stumps, and direct 
reapproximation are not possible unless the 
defect created is very small. Various alternative 
approaches have been described, including nerve 
grafting  [  40,   42  ] , entubulation  [  8,   38,   41  ] , or 
nerve sharing  [  17,   26  ] . Other authors describe a 
‘cascade’ of options for managing the injury 
 [  28  ] . However, most reports only include small 
numbers, or data have been combined with those 
from other nerves, so their value remains uncer-
tain. Rather remarkably, Mozsary and Syers  [  37  ]  
reported ‘complete recovery’ in 20 of 23 patients 
who had undergone some form of microsurgical 
reconstruction of the IAN, but they used no form 
of objective testing. The largest report in the lit-
erature is an appraisal using retrospective postal 
questionnaires of 316 operations on the IAN at 
seven units in the USA  [  27  ] . This included a 
range of procedures and described an overall 
success rate of 74 %. More recently, a large ret-
rospective single-centre study on 167 patients 

that had undergone a range of procedures 
reported functional sensory recovery in 81 % 
 [  3  ] . The authors graded outcomes using a single 
global score, which provides little detail on the 
level of recovery or relief of symptoms, and the 
criteria for being adjudged a ‘success’ appear 
relatively easy to achieve. This may explain why 
the level of success was apparently the same, 
whatever surgical procedure was used. 

 The procedure of IAN decompression was 
 fi rst advocated by Merrill  [  31  ] , and in subsequent 
studies on dogs  [  32  ] , he showed that nerve regen-
eration was more successful when bone surround-
ing a crushed nerve was surgically removed. It 
has since been suggested that bony decompres-
sion should be followed by a neurolysis  [  16  ]  to 
divide any constricting scar tissue in the epineu-
rium  [  30  ] . Useful studies on the outcome of this 
type of procedure have been published recently 
by Greenwood and Corbett  [  14  ]  and Strauss et al. 
 [  62  ] . We have adopted the same approach, and 
the outcomes illustrated in this section follow 
surgery undertaken at one centre in the UK, using 
a consistent method for all patients. Data has 
been collected prospectively from 25 consecutive 
patients followed up for at least 1 year, and the 
results of a series of neurosensory tests performed 
before and after the operation have been quanti fi ed 
to allow statistical comparisons. These data, 
together with a review of the relevant literature, 
will be used to address the following questions:

   Does IAN decompression and neurolysis • 
signi fi cantly reduce dysaesthesia?  
  Does IAN surgery signi fi cantly improve • 
sensation?  
  Is the level of improvement obtained • 
worthwhile?     

    19.3.2   Patients and Methods 

 The criteria for surgical intervention were as out-
lined by Robinson et al.  [  52  ] : Early intervention 
(one patient in the present series) was undertaken 
if a radiograph revealed that a fragment of corti-
cal bone from the roof of the mandibular canal 
had been displaced inferiorly and was obstruct-
ing the inferior alveolar canal; late intervention 



332 P.P. Robinson et al.

was undertaken if patients had either a substan-
tial neurosensory de fi cit or persistent dysaesthe-
sia  [  16  ] . Patients with a minor degree of 
 hypoaesthesia or mild paraesthesia were advised 
against any surgical intervention. Furthermore, 
all operated patients had radiographic evidence 
(usually on a sectional dental panoramic tomo-
gram) of disruption of the mandibular canal at 
the site of injury (Fig.  19.13 ).  

 The IAN injuries were caused by third molar 
removal ( n  = 18),  fi rst molar removal (1), impacted 
premolar removal (2), implant placement (2), cyst 
removal (1), or management of a fractured man-
dible (1). There were 4 men (aged 22–43 years) 
and 21 women (aged 34–62 years), and the inju-
ries were on the left side in 14 patients and on the 
right side in 11 patients. The delay before surgery 
ranged from 2 months (the one early repair) to 96 
months, with a mean of 28.4 ± 24.8 (SD) months. 

    19.3.2.1   Surgical Procedure 
 All of the procedures were performed under gen-
eral anaesthesia by one of the two UK authors 
(PPR, KGS), and the technique was similar for 
each patient. Using an intraoral approach, access 
was gained to a 2–3 cm length of the mandibular 

canal at the site of injury by removing a segment 
of buccal plate: The anterior, posterior, and 
 superior limits were de fi ned by cuts through the 
 cortex with a bur, a groove scored at the level of 
the canal, and the segment removed with a chisel 
and discarded. This approach is similar to that 
described by Miloro  [  35  ]  but does not extend to 
the lower border of the mandible. More bone was 
then carefully removed with a large round dia-
mond bur (approximately 4 mm diameter), 
or ultrasonic curette, together with dental 
 excavators, until the neurovascular bundle could 
be gently eased laterally from the canal for 
 examination (Fig.  19.14 ). Under the operating 

  Fig. 19.13    A radiograph taken 23 months after removal 
of a lower third molar. The mandibular canal is disrupted 
with little evidence of continuity either radiographically 
or at the time of subsequent decompression. The  white 
arrows  indicate an area of bone formation across the site 
of the original canal with a cortical outline to the proximal 
section (From Robinson et al.  [  52  ] ; reproduced with kind 
permission of Elsevier)       

  Fig. 19.14    A surgical picture showing exploration and 
decompression of the left inferior alveolar nerve. The 
 small arrows  indicate the site of the anterior and posterior 
cortical cuts made before a segment of the buccal plate 
was removed. The  large arrow  indicates a neuroma that 
extended laterally and towards the alveolar crest from the 
neurovascular bundle and the bundle narrows distal to this 
point (From Robinson et al.  [  53  ] ; reproduced with kind 
permission of Wiley)       
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 microscope, any lateral neuroma was excised 
(without dividing the nerve trunk) and constrict-
ing scar tissue at the site of injury released by one 
or more longitudinal incisions through the epineu-
rium ( neurolysis). One or more sutures were 
inserted to realign the nerve in six patients, using 
8/0 mono fi lament polyamide (Ethilon, Ethicon 
Ltd, UK). In one patient, the procedure was com-
bined with the removal of a dental implant that 
had caused the IAN injury. The wound was closed 
with polyglactin 910 (Vicryl), and all patients 
were given prophylactic antibiotics and dexame-
thasone (8 mg preoperatively and 12 h 
postoperatively).   

    19.3.2.2   Neurosensory Assessment 
 In all patients, sensation on the affected side of 
the lower lip and chin was assessed both preop-
eratively and at 12 months or more (mean: 
16.63, range: 12–41 months) postoperatively. 
Initially each patient was asked a series of stan-
dard questions from a proforma including the 
following: whether the affected area was com-
pletely or partially numb; whether it was hyper-
sensitive (hyperaesthesia); what their subjective 
level of sensation was on a scale of 0 % (numb) 
to 100 % (normal); whether they could detect 
thermal stimuli normally; whether they had pain 
or tingling (paraesthesia) either spontaneously 
or initiated by touching, moving, or thermal 
stimuli to the area; whether they tended to bite 
their lip by accident; and whether they thought 
that their speech was affected. They were also 
asked to complete three visual analogue scales 
(VAS) indicating the level of pain, tingling, and 
discomfort from the affected area. Clinical 
examination determined whether palpation of 
the mucosa overlying the injury site (such as the 
alveolar crest at the site of tooth removal) evoked 
any sensations in the affected lip or chin. 
A series of sensory tests  [  49  ]  were then under-
taken in a quiet room with the patient’s eyes 
closed. These determined responses to light 
touch stimuli with a von Frey hair, pinprick 
(pain) sensation, and two-point discrimination 
thresholds. Full details of the methods used are 
described elsewhere  [  49,   53  ] . 

 Finally, at the last testing session only, the 
patients were asked to provide a subjective score 
to the value of the operation on a scale of 0–10 
(ranging from a  waste of time  to a  perfect out-
come ). Statistical comparisons between the 
results of tests at different stages were made with 
a paired t test, chi-square test, or Fisher’s exact 
test, as appropriate.   

    19.3.3   Outcome of IAN Decompression 
and Neurolysis 

    19.3.3.1   Clinical Observations 
 The extent of disruption of the inferior alveolar 
neurovascular bundle seen at operation varied 
widely; in some patients with signi fi cant symp-
toms, the nerve seemed macroscopically intact, 
whereas in others it was markedly narrowed, 
scarred, or the canal was largely obstructed by 
bone. In several patients who had sustained 
the IAN injury during third molar removal, the 
operation revealed a band of soft tissue that 
passed through the socket, joining the neurovas-
cular bundle and overlying mucosa. Some pre-
 decompression radiographs or CT scans suggested 
that the neurovascular bundle had been drawn 
towards the surface at this point (Fig.  19.15 ). 

  Fig. 19.15    A CT scan showing displacement of the man-
dibular canal toward the alveolus at the site of previous 
third molar removal. The  arrow  indicates the site of a soft 
tissue connection between the neurovascular bundle and 
the overlying mucosa (Courtesy of Mr. N. Whear. From 
Robinson et al.  [  53  ] ; reproduced with kind permission of 
Wiley)       
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Palpation of the mucosa overlying the injury 
site evoked a sensation in the affected lip or 
chin in  fi ve patients prior to decompression. 
This implies that some damaged axons from the 
IAN had regenerated inappropriately through the 
tooth socket or bony defect and had reinnervated 
the overlying mucosa. In one unusual exam-
ple where the injury had been caused during 
removal of an impacted lower second premolar, 
palpation in the  lingual  sulcus evoked a sensa-
tion in the lower lip, and the operation revealed 
a bony defect between the neurovascular bundle 
and  fl oor of the mouth. After decompression and 
neurolysis, palpation of tissues overlying the 
injury site evoked a sensation in the lip or chin 
in just two patients, neither of whom had this 
symptom preoperatively.   

    19.3.3.2   Responses to Questions 
 A comparison between the responses to ques-
tions asked preoperatively, and at the  fi nal test is 
shown in Table  19.2 . All patients continued to 
complain of partial numbness at the  fi nal post-
decompression test. The same number of patients 
reported hypersensitivity of the lip and chin pre- 
and post-decompression, but some of these 11 
patients had changed; 4 patients with hypersen-
sitivity preoperatively lost that symptom, but 4 
others developed that symptom postoperatively. 
There was a signi fi cant increase in the subjective 
level of sensation reported by the patients (a 
mean improvement of 21 %), and more of them 
indicated that they could detect thermal stimuli 

normally. There was a small but insigni fi cant 
reduction in the number of patients who thought 
that their speech was affected by the sensory 
de fi cit or that it caused them to bite their lip by 
accident.  

 The reported presence of pain or tingling, 
either spontaneously or initiated by touch, move-
ment, or thermal stimuli, is shown in Fig.  19.16 . 
This shows that the number of patients with these 
symptoms was usually lower post-decompres-
sion, the only exception being an increase in the 
number of patients with hot-evoked pain or cold-
evoked tingling. The number of patients with  no  
spontaneous or evoked pain increased from 9 to 
16 post-decompression ( p  = 0.048), and the num-
ber with no tingling increased from 2 to 4 
( p  = 0.33).   

    19.3.3.3   VAS Scores 
 The pre- and post-decompression VAS scores for 
pain, tingling, and discomfort are shown in 
Fig.  19.17 . All three parameters were reduced by 
decompression, with a mean reduction of approx-
imately 12 % for pain, 27 % for tingling, and 
17 % for discomfort. However, due to the wide 
variation between patients, this difference was 
only statistically signi fi cant for the level of tin-
gling ( p  = 0.009).   

    19.3.3.4   Neurosensory Tests 
 On the unaffected side of the lip and chin, the 
patients were all able to detect light touch stimuli 
with a 20 mN von Frey hair, pinprick stimuli of 

   Table 19.2    A comparison between the responses to questions asked preoperatively and at the  fi nal test for patients 
who had undergone inferior alveolar nerve decompression and neurolysis   

 Preoperatively  Postoperatively   p  value 

 Complete numbness?  4 (16 %)  0  0.055 
 Partial numbness?  21 (84 %)  25 (100 %)  0.055 
 Hypersensitivity?  11 (44 %)  11 (44 %)  1 
 Mean subjective level of sensation  35 % (range 0–85)  56 % (range 5–100)  0.01 
 Can detect thermal stimuli normally?  3 (12 %)  9 (36 %)  0.046 
 Speech affected?  11 (44 %)  8 (32 %)  0.31 
 Bite lip by accident?  15 (60 %)  12 (48 %)  0.21 

  Data are number (%) of patients ( n  = 25)  
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up to 150 mN, and two-point discrimination 
thresholds usually ranged from 2 to 4 mm on the 
lip and 6–10 mm on the chin. 

 The ability of patients to detect light touch 
stimuli on the side of injury improved after 
decompression. Using a rating scale (0, no 

response; 1, occasional response; 2, response in 
most areas; 3, responses apparently similar to 
those on the unaffected side), the mean pre-
decompression score was 1.96 ± 0.98 (SD) but 
was signi fi cantly higher post-decompression 
(2.48 ± 0.59,  p  = 0.003, paired t test). Similarly, 
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  Fig. 19.16    The number of 
patients who reported pain ( a ) 
or tingling ( b ) either 
spontaneously, or evoked by 
touching, moving or thermal 
stimuli to the affected area. 
Data are shown for the 
preoperative test and the  fi nal 
test post-decompression 
(From Robinson et al.  [  53  ] ; 
reproduced with kind 
permission of Wiley)       
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scores for responses to pinprick stimuli also 
improved after the surgery (pre-decompression, 
1.88 ± 0.72; post-decompression, 2.28 ± 0.46, 
 p  = 0.015). Two-point discrimination thresholds 
for all of the patients pre- and post-decompression 
are shown in Fig.  19.18 , for both the lip and chin. 
This reveals a shift towards lower thresholds post-
operatively and is con fi rmed by the mean values 
(Lip: pre-decompression, 11.2 ± 5.1 mm; post-
decompression, 8.4 ± 4.0 mm,  p  = 0.006. Chin: 
pre-decompression, 13.3 ± 4.2 mm; post-decom-
pression, 11 ± 5.6 mm,  p  = 0.03). Despite this 
threshold reduction (a mean improvement of 
approximately 21 %), values remained substan-
tially higher than on the unaffected side.   

    19.3.3.5   Subjective Assessment 
 The patients’ subjective assessment of the value 
of the operation is shown in Fig.  19.19 . The 
scores covered the full range from 0 to 10, and 
the median score was 7.    

    19.3.4   Discussion on Outcome of IAN 
Decompression and Neurolysis 

 This discussion will be structured to consider the 
three questions posed in the introduction. 

    19.3.4.1   Does IAN Decompression 
and Neurolysis Reduce 
Dysaesthesia? 

 In our UK study, pain from the area of sensory 
disturbance was reported prior to decompression 
in 64 % of patients, spontaneous tingling in 68 %, 
and hyperaesthesia in 44 %. The operation 
appears to have reduced dysaesthesia, as 
signi fi cantly fewer patients (36 %) had pain post-
decompression, and the number with evoked pain 
or tingling was lower in all categories except for 
hot-evoked pain and cold-evoked tingling. These 
latter results may have arisen because of the 
increased innervation density in the peripheral 
tissues, i.e., more nerve  fi bres had regenerated, 
but more were behaving abnormally. Furthermore, 
the VAS scales for pain, tingling, and discomfort 
all showed a reduction in symptoms post- 
decompression, although this was only signi fi cant 
for the level of tingling. 

 Previous studies on the effect of IAN surgery 
have provided little information on changes in 
the incidence or level of dysaesthesia. Gregg  [  16  ]  
expressed reservations about a surgical approach 
to the management of some forms of dysaesthe-
sia resulting from IAN injury and speci fi cally 
discouraged early intervention. Furthermore, our 
UK study on the outcome of  lingual  nerve repair 
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  Fig. 19.17    Mean (± SD) VAS scores for the level of 
pain, tingling, and discomfort, measured pre- and post-
decompression. An absence of symptoms would be scored 
at the left end of the scale and the worst imaginable (pain, 
discomfort) or continuous (tingling) symptoms at the right 

end. There was a signi fi cant reduction in tingling post-
decompression ( p  = 0.009, paired t test), but the reductions 
in pain ( p  = 0.07) and discomfort ( p  = 0.051) were not 
signi fi cant (From Robinson et al.  [  53  ] ; reproduced with 
kind permission of Wiley)       
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(described above) failed to show a signi fi cant 
reduction in the number of patients with dysaes-
thesia, although the level of symptoms often 
declined. The positive effects of IAN decompres-
sion and neurolysis in this study are therefore 
encouraging. Pogrel and Kaban  [  39  ]  reported that 
most of their patients gained relief from dysaes-
thesia after trigeminal nerve repair, although they 

were reporting on a mixed population of IAN and 
LN procedures. In the large cohort reported by 
Bagheri et al.  [  3  ] , 66.6 % complained of pain 
(with or without numbness) preoperatively, and 
the presence of pain did not appear to affect the 
outcome. 

 A question frequently asked by patients consid-
ering surgical intervention after a nerve injury is 
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  Fig. 19.18    The two-point 
discrimination thresholds on 
the lower lip ( a ) and chin ( b ) 
measured pre- and post-
decompression. Because of 
the size of the area being 
tested, a threshold of more 
than 18 mm could not be 
reliably assessed, and all these 
results have been placed in 
the >18 mm column. Both 
charts show a shift of patients 
to the left (lower thresholds) 
post-decompression (From 
Robinson et al.  [  53  ] ; 
reproduced with kind 
permission of Wiley)       
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‘can the operation make my symptoms worse?’ 
This is a sensible question for a patient who has 
already suffered one unfortunate complication. In 
general, a deterioration in symptoms would be an 
uncommon outcome, and patients free of dysaes-
thesia preoperatively usually remain free of dys-
aesthesia postoperatively. Greenwood and Corbett 
 [  14  ]  indicated that none of their 12 patients had a 
worsening of symptoms after IAN neurolysis, and 
Bagheri et al.  [  3  ]  indicated that no patient who did 
not have pain as a major complaint before nerve 
repair developed it after repair. However, as indi-
cated above, enhanced regeneration of damaged 
nerve  fi bres may give rise to more abnormally 
behaving reinnervated terminals peripherally. 
Indeed, patients should expect paraesthesia during 
the process of reinnervation. Other evidence of a 
potentially unfavourable outcome was found when 
recording the number of patients who described 
hypersensitivity (hyperaesthesia) of the affected 
skin. Whilst the number of patients with this symp-
tom was unchanged by the operation, four patients 
(16 %) previously without hypersensitivity devel-
oped it postoperatively. It would be appropriate to 
warn patients of this possibility, although unusual, 
when they are considering nerve repair surgery.  

    19.3.4.2   Does IAN Surgery 
Improve Sensation? 

 The present study has provided clear evidence 
that decompression and neurolysis can improve 
sensation. The patients’ subjective assessment of 
the level of sensation was signi fi cantly higher 
post-decompression, there were signi fi cantly 
improved responses to neurosensory testing with 
light touch and pin prick stimuli, and two-point 
discrimination thresholds were reduced. However, 
the level of these improvements was small, and 
signi fi cant improvements were based on com-
parisons for the whole population pre- and post-
surgery. For an individual patient, the outcome 
was variable, and some patients did not improve. 

 Previous studies on IAN surgery have also 
shown improvements in sensation. In an early 
study, Riediger and colleagues  [  43  ]  found ‘good’ 
or ‘excellent’ recovery in 80 % of their patients 
who had exposure and direct suture repair of the 
damaged nerve but in only 28 % of patients who 
had an interpositional sural nerve graft. In a study 
con fi ned to decompression and neurolysis, 
Greenwood and Corbett  [  14  ]  reported that 5 of 
their 12 patients demonstrated an improvement in 
sensation, two regaining ‘normal’ sensation. 
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Similarly, Strauss and colleagues  [  62  ]  made sta-
tistical comparisons between pre- and postopera-
tive data in 28 patients and found signi fi cant 
improvements in the results of all sensory tests, 
and Bagheri et al.  [  3  ]  found signi fi cant improve-
ments in global scores. Although direct compari-
son between studies is dif fi cult because of 
variations in methods and criteria, the general 
conclusion is that sensation can be enhanced in 
some patients by decompression and neurolysis.  

    19.3.4.3   Is the Level of Improvement 
Obtained Worthwhile? 

 The subjective scores of the operation value indi-
cate that patients usually considered it to be 
worthwhile, as the median score was seven out of 
ten. Within this group, however, were four 
patients with a score of less than  fi ve, including 
one with a score of 0. It is not possible to predict 
which patients will have a successful outcome 
preoperatively, so all patients must be appraised 
of the variable results achieved. Strauss and col-
leagues  [  62  ]  reported that in their study of 28 
patients, 10 reported signi fi cant improvement, 15 
reported mild improvement, and 3 had no 
improvement; these results appear similar to ours. 
Susarla and colleagues  [  64  ]  showed that after 
trigeminal nerve repair, there was a strong corre-
lation between patient satisfaction and the results 
of sensory tests, but only 2 of their 19 patients 
had sustained an IAN injury. 

 Ziccardi et al.  [  70  ]  found no signi fi cant differ-
ences when comparing the outcomes of LN and 
IAN microsurgery, whilst our observations sug-
gest that IAN decompression and neurolysis pro-
duced more modest improvements. The level of 
improvement could be assessed in our study by 
determining changes in the various parameters 
recorded. Thus, there was a mean improvement 
of 21 % in the subjective level of sensation 
reported by the patients; a mean reduction of 
approximately 12 % on the VAS scores for pain, 
27 % for tingling, and 17 % for discomfort; and a 
mean improvement of approximately 21 % in the 
two-point discrimination thresholds for the lip 
and chin. Taken together, it therefore seems rea-
sonable to advise patients that the operation could 
result in a ‘20 % improvement’ in their condition, 

although they may have a better or worse out-
come. None of our patients regained  normal  sen-
sation, and all continued to describe partial 
numbness, so patients must be informed of this 
expectation, however successful the surgery. Our 
results show that this residual sensory disturbance 
may also continue to affect their speech, and they 
may continue to bite their lip by accident. This 
information allows patients to have realistic 
expectations and to make an informed judgement 
on whether or not to proceed. It also helps to 
ensure selection of only those patients for whom 
the symptoms are severe and for whom any 
improvement is worthwhile.  

    19.3.4.4   Other Observations 
 It was interesting to note that the patients present-
ing for this treatment were predominantly female 
(84 %) and usually middle-aged, and this is con-
sistent with the characteristics of patients referred 
to a UK trigeminal nerve injury clinic  [  47  ] . The 
high proportion of females is also evident in pre-
vious studies, such as those of Greenwood and 
Corbett ( [  14  ] : 75 %), Strauss et al. ( [  62  ] : 61 %), 
Susarla et al. ( [  64  ] : 74 %;  [  66  ] : 68 %), and 
Bagheri et al. ( [  3  ] : 75 %). There is laboratory evi-
dence for gender differences in susceptibility to 
the development of nerve injury-induced pain 
 [  67  ] , and epidemiological studies show that older 
females are more likely to suffer from chronic 
neuropathic pain  [  68  ] . There is, therefore, a risk 
that the trend to remove lower third molars only 
when they cause symptoms later in life may ren-
der female patients more susceptible to the devel-
opment of dysaesthesia if they sustain a nerve 
injury. It is also of note that the substantial popu-
lation of (usually younger) patients in whom the 
IAN is damaged as a result of mandibular frac-
tures or orthognathic surgery rarely complain of 
dysaesthesia and rarely seek treatment. Therefore, 
in addition to patient susceptibility, the nature of 
the initial injury may be important. 

 Surprisingly, some patients report an improve-
ment in sensation on the  fi rst postoperative day 
after decompression and neurolysis. Although 
we did not undertake any sensory tests at that 
stage, we would not expect any immediate 
improvement, and it is more likely that the 
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patients were feeling the bene fi t of an early reduc-
tion in dysaesthesia (sometimes associated with a 
transient  reduction  in sensation). Similar com-
ments may be made by patients who have under-
gone LN repair  [  50  ] . 

 Most of our patients were assessed and treated 
surgically at long periods after the initial injury; 
the mean delay was 28 months and ranged up to 96 
months. It is possible that we would have achieved 
better results with earlier decompression, and the 
debate regarding early and late intervention is sim-
ilar to that described above for LN injuries. After 
IAN decompression and neurolysis, Strauss et al. 
 [  62  ]  showed no signi fi cant correlation between the 
delay prior to repair and the extent of recovery. In 
their cohort of patients that had undergone a range 
of IAN procedures, Bagheri et al.  [  3  ]  found a 
decline in outcomes both with increasing delay 
and in older patients, particularly over the age of 
51 years. Once again, it is possible that, for an 
individual patient, early surgery has the potential 
to produce the optimal result, but when a large 
population is studied, other factors are dominant 
and mask this effect. Future improvements in out-
come are likely to result from improving the poten-
tial for regeneration. This might be achieved, for 
example, by reducing the level of scar formation at 
the injury site  [  1  ] , as new scar formation will inev-
itably follow the neurolysis. Other advances are 
needed to improve the management of patients 
with dysaesthesia. 

 In summary, we conclude that IAN decom-
pression and neurolysis can reduce dysaesthesia 
and improve sensation and is a worthwhile opera-
tion in carefully selected patients who have severe 
symptoms. Patients should be informed that, on 
average, there is a 20 % improvement in sensa-
tion and symptoms as a result of the operation, 
and that they will not regain normal sensation. 
There is a small risk of initiating hyperaesthesia 
or thermally evoked dysaesthesia in the affected 
area.        

   References 

    1.    Atkins S, Smith KG, Robinson PP et al (2006) 
Scarring impedes regeneration at sites of peripheral 
nerve repair. Neuroreport 17:1245–1249  

    2.    Bagheri SC, Meyer RA, Khan HA et al (2010) 
Retrospective review of microsurgical repair of 222 
lingual nerve injuries. J Oral Maxillofac Surg 
68:715–723  

    3.    Bagheri SC, Meyer RA, Cho SH et al (2012) 
Microsurgical repair of the inferior alveolar nerve: 
success rate and factors that adversely affect outcome. 
J Oral Maxillofac Surg 70:1978–1990  

    4.    Blackburn CW (1990) A method of assessment in 
cases of lingual nerve injury. Br J Oral Maxillofac 
Surg 28:238–245  

    5.    Blackburn CW (1992) Experiences in lingual nerve 
repair. Br J Oral Maxillofac Surg 30:72–77  

    6.    Bongenhielm U, Robinson PP (1996) Spontaneous 
and mechanically evoked afferent activity originating 
from myelinated  fi bres in ferret inferior alveolar nerve 
neuromas. Pain 67:399–406  

    7.    Bongenhielm U, Robinson PP (1998) Afferent activ-
ity from myelinated inferior alveolar nerve  fi bres in 
ferrets after constriction or section and regeneration. 
Pain 74:123–132  

    8.    Crawley WA, Dellon AL (1992) Inferior alveolar nerve 
reconstruction with a polyglycolic acid bioresorbable 
nerve conduit. Plast Reconstr Surg 90:300–302  

    9.    Devor M, Govrin-Lippmann R (1979) Selective 
regeneration of sensory  fi bres following nerve crush 
injury. Exp Neurol 65:243–254  

    10.    Devor M, Seltzer Z (1999) Pathophysiology of dam-
aged nerves in relation to chronic pain. In: Wall PD, 
Melzak R (eds) Textbook of pain. Churchill 
Livingstone, London, pp 129–164  

    11.    Dodson TB, Kaban LB (1997) Recommendations for 
management of trigeminal nerve defects based on a 
critical appraisal of the literature. J Oral Maxillofac 
Surg 55:1380–1386  

    12.    Donoff RB, Guralnick W (1982) The application of 
microneurosurgery to oral-neurological problems. 
J Oral Maxillofac Surg 40:156–159  

    13.    Fagin AP, Susarla SM, Donoff RB et al (2012) What 
factors are associated with functional sensory recov-
ery following lingual nerve repair? J Oral Maxillofac 
Surg 70:2907–2915,   http://dx.doi.org/10.1016/j.
joms.2012.03.019      

    14.    Greenwood M, Corbett IP (2005) Observations on the 
exploration and external neurolysis of injured inferior 
alveolar nerves. Int J Oral Maxillofac Surg 34:
252–256  

    15.    Gregg JM (1990) Studies of traumatic neuralgia in the 
maxillofacial region: symptom complexes and 
response to microsurgery. J Oral Maxillofac Surg 
48:135–140  

    16.    Gregg JM (1995) Surgical management of inferior 
alveolar nerve injuries (part II): the case for delayed 
management. J Oral Maxillofac Surg 53:1330–1333  

    17.    Haschemi A (1981) Partial anastomosis between the 
lingual and mandibular nerves for restoration of sensi-
bility in the mental area after injury to the mandibular 
nerve. J Maxillofac Surg 9:225–227  

    18.    Hausamen JE (1981) Principles and clinical applica-
tion of micronerve surgery and nerve transplantation 
in the maxillofacial area. Ann Plast Surg 7:428–433  

http://dx.doi.org/10.1016/j.joms.2012.03.019
http://dx.doi.org/10.1016/j.joms.2012.03.019


34119 Outcomes of Trigeminal Nerve Repair

    19.    Hausamen JE, Schmelzeisen R (1996) Current prin-
ciples in microsurgical nerve repair. Br J Oral 
Maxillofac Surg 34:143–157  

    20.    Hillerup S (2007) Iatrogenic injury to oral branches of 
the trigeminal nerve: records of 449 cases. Clin Oral 
Investig 11:133–142  

    21.    Hillerup S, Stoltze K (2007) Lingual nerve injury II. 
Observations on sensory recovery after micro-neuro-
surgical reconstruction. Int J Oral Maxillofac Surg 
36:1139–1145  

    22.    Hillerup S, Hjørting-Hansen E, Reumert T (1994) 
Repair of the lingual nerve after iatrogenic injury. 
J Oral Maxillofac Surg 52:1028–1031  

    23.    Holland GR, Smith KG, Robinson PP et al (1996) A 
quantitative morphological study on the recovery of 
cat lingual nerves after transection or crushing. J Anat 
188:289–297  

    24.    Holland GR, Smith KG, Robinson PP et al (1996) A 
quantitative morphological comparison of cat lingual 
nerve repair using epineurial sutures or entubulation. 
J Dent Res 75:942–948  

    25.    Horch KW, Lisney SJW (1981) On the number and 
nature of regenerating myelinated axons after lesions 
of cutaneous nerves in the cat. J Physiol 313:
275–286  

    26.    Kaban LB, Upton J (1986) Cross mental nerve graft 
for restoration of lip sensation after inferior alveolar 
nerve damage: report of a case. J Oral Maxillofac 
Surg 44:649–651  

    27.    LaBanc JP, Gregg JM (1992) Trigeminal nerve inju-
ries. Basic problems, historical perspectives, early 
successes and remaining challenges. In: LaBanc JP, 
Gregg JM (eds) Oral and Maxillofacial Surgery 
Clinics of North America: trigeminal nerve injury: 
diagnosis and management. W B Saunders, 
Philadelphia, pp 277–283  

    28.    LaBanc JP, Van Boven RW (1992) Surgical manage-
ment of inferior alveolar nerve injuries. In: LaBanc JP, 
Gregg JM (eds) Oral and Maxillofacial Surgery 
Clinics of North America: trigeminal nerve injury: 
diagnosis and management, vol 4. W B Saunders, 
Philadelphia, pp 425–437  

    29.    Loescher AR, Robinson PP (1991) Properties of peri-
odontal mechanoreceptors supplying the cat’s lower 
canine at short and long periods after reinnervation. 
J Physiol 444:85–97  

    30.    Mazal PR, Millesi H (2005) Neurolysis: is it bene fi cial 
or harmful? Acta Neurochir Suppl 92:3–6  

    31.    Merrill RG (1964) Decompression for inferior alveo-
lar nerve injuries. J Oral Surg Anesth Hosp Dent Serv 
22:291–300  

    32.    Merrill RG (1966) Further studies in decompression 
for inferior alveolar nerve injury. J Oral Surg 
24:233–238  

    33.    Merrill RG (1979) Prevention, treatment and progno-
sis for nerve injury related to the dif fi cult impaction. 
Dent Clin North Am 23:471–488  

    34.    Meyer RA (1992) Applications of microneurosurgery 
to the repair of trigeminal nerve injuries. In: LaBanc 
JP, Gregg JM (eds) Oral and Maxillofacial Surgery 
Clinics of North America: trigeminal nerve injury: 

diagnosis and management. W B Saunders, 
Philadelphia, pp 405–416  

    35.    Miloro M (1995) Surgical access for inferior alveolar 
nerve repair. J Oral Maxillofac Surg 53:1224–1225  

    36.    Mozsary PG, Middleton RA (1984) Microsurgical 
reconstruction of the lingual nerve. J Oral Maxillofac 
Surg 42:415–420  

    37.    Mozsary PG, Syers CS (1985) Microsurgical correc-
tion of the injured inferior alveolar nerve. J Oral 
Maxillofac Surg 43:353–358  

    38.    Pitta MC, Wolford LM, Mehra P et al (2001) Use of 
Goretex tubing as a conduit for inferior alveolar and 
lingual nerve repair: experience with 6 cases. J Oral 
Maxillofac Surg 59:493–496  

    39.    Pogrel MA, Kaban LB (1993) Injuries to the inferior 
alveolar and lingual nerves. J Can Dent Assoc 
21:50–54  

    40.    Pogrel MA, Maghen A (2001) The use of autologous 
vein grafts for inferior alveolar and lingual nerve 
reconstruction. J Oral Maxillofac Surg 59:985–988  

    41.    Pogrel MA, McDonald AR, Kaban LB (1998) Gore-
Tex tubing as a conduit for repair of lingual and infe-
rior alveolar nerve continuity defects: a preliminary 
report. J Oral Maxillofac Surg 56:319–321  

    42.    Rath EM (2002) Skeletal muscle autograft for repair 
of human inferior alveolar nerve: a case report. J Oral 
Maxillofac Surg 60:330–334  

    43.    Riediger D, Ehrenfeld M, Cornelius CP (1989) 
Micronerve surgery on the inferior alveolar and lin-
gual nerve with special consideration for nerve 
replacement. In: Riediger D, Ehrenfeld M (eds) 
Microsurgical tissue transplantation. Quintessence 
Publishing Co, San Francisco, pp 189–194  

    44.    Robinson PP (1981) The reinnervation of teeth, 
mucous membrane and skin following inferior alveo-
lar nerve section in the cat. Brain Res 220:241–253  

    45.    Robinson PP (1989) The reinnervation of the tongue 
and salivary glands after lingual nerve injuries in cats. 
Brain Res 483:259–271  

    46.    Robinson PP (1992) The effect of injury on the prop-
erties of afferent  fi bres in the lingual nerve. Br J Oral 
Maxillofac Surg 30:39–45  

    47.    Robinson PP (2011) Characteristics of patients 
referred to a UK trigeminal nerve injury service. Oral 
Surg 4:8–14  

    48.    Robinson PP, Smith KG (1996) A study on the ef fi cacy 
of late lingual nerve repair. Br J Oral Maxillofac Surg 
34:96–103  

    49.    Robinson PP, Smith KG, Johnson FP et al (1992) 
Equipment and methods for simple sensory testing. 
Br J Oral Maxillofac Surg 30:387–389  

    50.    Robinson PP, Loescher AR, Smith KG (2000) A pro-
spective, quantitative study on the clinical outcome of 
lingual nerve repair. Br J Oral Maxillofac Surg 
38:255–263  

    51.    Robinson PP, Boissonade FM, Loescher AR et al 
(2004) Peripheral mechanisms for the initiation of 
pain following trigeminal nerve injuries. J Orofac 
Pain 18:287–292  

    52.    Robinson PP, Loescher AR, Yates JM et al (2004) 
Current management of damage to the inferior 



342 P.P. Robinson et al.

 alveolar and lingual nerves as a result of removal of 
third molars. Br J Oral Maxillofac Surg 42:
285–292  

    53.    Robinson PP, Yates JM, Smith KG (2008) A prospec-
tive, quantitative study on the clinical outcome of 
inferior alveolar nerve decompression and neurolysis. 
Oral Surg 1:35–44  

    54.    Rutner TW, Ziccardi VB, Janal MN (2005) Long-term 
outcome assessment for lingual nerve microsurgery. 
J Oral Maxillofac Surg 63:1145–1149  

    55.    Smith KG, Robinson PP (1995) An experimental 
study of lingual nerve repair using epineurial suture or 
entubulation. Br J Oral Maxillofac Surg 33:211–219  

    56.    Smith KG, Robinson PP (1995) The reinnervation of 
the tongue and salivary glands after two methods of 
lingual nerve repair in the cat. Arch Oral Biol 40:
373–383  

    57.    Smith KG, Robinson PP (1995) Lingual nerve defect 
repair by three methods. J Oral Maxillofac Surg 
53:1052–1062  

    58.    Smith KG, Robinson PP (1995) The reinnervation of 
the tongue and salivary glands after lingual nerve 
repair by stretch, sural nerve graft or frozen muscle 
graft. J Dent Res 74:1850–1860  

    59.    Smith KG, Robinson PP (1995) An experimental 
study on the recovery of the lingual nerve after injury 
with or without repair. Int J Oral Maxillofac Surg 
24:372–379  

    60.    Smith KG, Robinson PP (1995) The effect of delayed 
nerve repair on the properties of regenerated afferent 
 fi bres in the chorda tympani. Brain Res 691:142–152  

    61.    Smith KG, Yates JM, Robinson PP (1998) The use of 
neurotrophic factors to enhance lingual nerve repair. 
Br J Oral Maxillofac Surg 36:228  

    62.    Strauss ER, Ziccardi VB, Janal MN (2006) Outcome 
assessment of inferior alveolar nerve microsurgery: 
a retrospective review. J Oral Maxillofac Surg 
64:1767–1770  

    63.    Sunderland S (1951) A classi fi cation of peripheral 
nerve injuries producing loss of function. Brain Res 
74:491–516  

    64.    Susarla SM, Lam NP, Donoff RB et al (2005) A com-
parison of patient satisfaction and objective assess-
ment of neurosensory function after trigeminal nerve 
repair. J Oral Maxillofac Surg 63:1138–1144  

    65.    Susarla SM, Kaban LB, Donoff RB et al (2007) Does 
early repair of lingual nerve injuries improve func-
tional sensory recovery? J Oral Maxillofac Surg 
65:1070–1076  

    66.    Susarla SM, Kaban LB, Donoff RB et al (2007) 
Functional sensory recovery after trigeminal nerve 
repair. J Oral Maxillofac Surg 65:60–65  

    67.    Tall JM, Stuess SL, Cruce WL et al (2001) Gender 
and the behavioral manifestations of neuropathic pain. 
Pharmacol Biochem Behav 68:99–104  

    68.    Torrance N, Smith BH, Bennett MI et al (2006) The 
epidemiology of chronic pain of predominantly neu-
ropathic origin. Results from a general population 
survey. J Pain 7:281–289  

    69.    Yates JM, Smith KG, Robinson PP (2000) Ectopic 
neural activity from myelinated afferent  fi bres in the 
lingual nerve of the ferret following three types of 
injury. Brain Res 874:37–47  

    70.    Ziccardi VB, Rivera L, Gomes J (2009) Comparison 
of lingual and inferior alveolar nerve microsurgery 
outcomes. Quintessence Int 40:295–301  

    71.    Zuniga JR, Chen N, Miller IJ (1994) Effects of chorda-
lingual injury and repair on human taste. Chem Senses 
19:657–665  

    72.    Zuniga JR, Chen N, Phillips CL (1997) Chemosensory 
and somatosensory regeneration after lingual nerve 
repair in humans. J Oral Maxillofac Surg 55:2–13  

    73.    Zuniga JR, Meyer RA, Gregg JM, Miloro M, Davis 
LF (1998) The accuracy of clinical neurosensory test-
ing for nerve injury diagnosis. J Oral Maxillofac Surg 
56:2–8      



343M. Miloro (ed.), Trigeminal Nerve Injuries, 
DOI 10.1007/978-3-642-35539-4_20, © Springer-Verlag Berlin Heidelberg 2013

  20

 Injury to the trigeminal nerve is a well-recog-
nized risk associated with certain routine dental 
and oral surgical procedures. The assessment 
and management of a patient with a traumatic 
trigeminal neuropathy requires a logical step-
wise approach. 

 The proper application and interpretation of 
the various neurosensory tests and maneuvers is 
critical to establishing an accurate diagnosis. 
The implementation of a surgical or nonsurgical 
treatment strategy is based not only on the per-
ceived diagnosis but also a multitude of vari-
ables including patient age, timing and nature of 
the injury, and the emotional or psychological 
impact. 

 The lingual nerve (LN), inferior alveolar nerve 
(IAN), and infraorbital nerve (ION) can be 
injured as a result of iatrogenic mechanisms 
(odontectomies, implant placement, orthognathic 
surgery, bone graft/augmentation procedures, 
apical endodontic surgery, tumor/cyst surgery, 
local anesthetic injections) or nontreatment- 
related trauma such as fractures, lacerations, and 
gunshot wounds. The nature and character of the 

neurosensory dysfunction following such injuries 
is highly variable and not necessarily injury 
speci fi c. For example, a simple extraction of an 
erupted mandibular third molar can result in pro-
found sensory dysfunction (anesthesia and/or 
pain) of the IAN or LN, while the treatment of a 
severely displaced mandibular angle fracture may 
only result in a temporary alteration in sensation. 
This underscores the importance of the initial 
evaluation and continued reassessment of the 
neurological status for those patients who present 
with a traumatic neuropathy of one or more of the 
terminal branches of the trigeminal nerve. 

 Similar to other pathological conditions, the 
assessment and management of a patient with a 
neurosensory disturbance requires a logical step-
wise approach. This includes a detailed history, 
clinical neurosensory examination, development 
of a working diagnosis, and a treatment strategy. 
The initial evaluation and clinical exam is by far 
the most important since all subsequent exams 
will be compared to it in order to decide if there 
has been improvement or deterioration in the 
neurosensory status over time. The time-honored 
practice of utilizing algorithms to stratify the 
many clinical characteristics associated with the 
patient that presents with a traumatic neuropathy 
has proven to be very helpful. These algorithms 
have been developed and revised over time and 
represent the collective experience of many sur-
geons with extensive experience in treating these 
types of injuries  [  2  ] . In this chapter we will also 
utilize this algorithmic approach to organize the 
various aspects of diagnosis and treatment. 
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    20.1   Evaluation and Diagnosis 

    20.1.1   The Patient Interview 

 Often times the initial evaluation and discussion 
can be very upsetting for patients when they are 
asked to describe and reconstruct elements of a 
disabling disorder that is new to them. A genu-
inely empathetic approach will be reassuring to 
the patient and allow the clinician to obtain the 
necessary information that is required for estab-
lishing a diagnosis. During the initial interview it 
is essential that the timing of the injury be ascer-
tained. Sensory alterations that recover within 4–6 
weeks are likely neuropraxia-type injuries that 
often have an excellent prognosis. Patients with a 
more prolonged schedule of recovery or improve-
ment (2–3 months) represent a more involved 
injury (axonotmesis type) where the degree spon-
taneous recovery can be very variable. Those 
patients who present with no signs of sensory 
function return beyond 3 months are indicative of 
a more serious injury (neurotmesis type) and are 
associated with poor prognosis for spontaneous 
recovery. Regardless of the nature of the injury, if 

the time from injury exceeds 12 months, the like-
lihood of a favorable outcome following surgical 
treatment, if required, is greatly diminished  [  3  ] . 
Information about the mechanism of injury can 
also be very relevant in certain clinical scenarios. 
More speci fi cally, while injection-related injuries 
are rarely addressed with surgical treatment, nerve 
injuries that occur as a result of endodontic treat-
ment often require surgical treatment as soon as 
possible  [  10  ] . 

 Patients should be initially segregated based on 
whether their altered sensation is a decreased sensa-
tion (anesthesia, paresthesia) or a painful sensation 
(dysesthesia, allodynia) and patients may experience 
a wide variety of symptoms (Fig.  20.1 ). The impor-
tance of this initial distinction is based upon the fact 
that the treatment and evaluation of these entities is 
very different. In that regard the patient’s descrip-
tion of the sensory disturbance can be very help-
ful in discerning the type of disorder. Descriptors 
such as numbness, tingling, swollen, and tight-
ness are suggestive of a decreased level sensation, 
whereas terms like stinging, burning, and tender-
ness are more suggestive of a painful neuropathy. 
The clinician has to also be aware that patients may 
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  Fig. 20.1    Sensory 
response to nerve injury 
(Adapted from Zuniga 
and Essick  [  63  ] ; with 
permission)       
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be understandably angry about their condition and 
motivated to exaggerate their symptoms for medi-
cal-legal or other reasons. Therefore, it is important 
to differentiate what patients report as “painful” or 
“disturbing” from a numbness that is annoying or 
frustrating. Also the patient’s perception of a func-
tional de fi cit is also relevant since this is typically 
a factor that motivates patients to consider surgi-
cal treatment  [  20,   54  ] . The nature of the functional 
impairment will depend upon which sensory nerve 
was injured and whether the altered sensation is 
painful or not. Patients with an IAN or LN injury 
should be queried as to the presence of lip/tongue 
biting, drooling, burning of the lip/tongue, speech 
dif fi culties, dif fi culty in chewing/swallowing/drink-
ing, inability to distinguish between excessively 
hot and cold foods, dif fi culty with kissing or being 
intimate with a partner, pain or limitation when per-
forming routine dental hygiene, and dif fi culty in 
playing a musical instrument (Table  20.1 ). If pres-
ent, these types of functional impairments can also 
trigger feelings of an altered self-image, dif fi culties 
with socialization, and depression  [  52  ] .   

 Patients should also be queried as to whether 
the pain or numbness is progressive in nature or 
has improved or subsided since the injury. In 
those instances where a patient has received pre-
vious surgical or medical care, the response to 
such care is important to determine so that an 
accurate assessment of the type and ef fi cacy of 
future treatment can be made.   

    20.2   Physical Examination 
and Neurosensory Testing 

 The clinical neurosensory examination is the 
most important tool in deciding the most appro-
priate type of treatment that would potentially 

bene fi t the patient. As noted above, a detailed 
history of the injury along with current com-
plaints followed by subjective and objective test-
ing will organize patients into groups in which 
treatment decisions can be made. The patient his-
tory will aid the clinician in deciding whether the 
patient has decreased overall sensation or pain 
(Fig.  20.1 ). Once this determination is made, fur-
ther testing is performed according to the appro-
priate algorithm. 

 Patients with decreased sensation are those 
who experience a loss of sensation without pain. 
These patients either have a diminished response 
to a painful or non-painful stimulus (paresthesia), 
or are completely without sensation (anesthesia). 
In the anesthesia scenario, a determination should 
then be made to establish if a given patient has a 
mild, moderate, or severe functional impairment. 
Common functional impairments for the injured 
IAN and LN are outlined in Table  20.1   [  43,   63  ] . 

 Patients with signi fi cant pain after initial ques-
tioning follow the other branch of the algorithm in 
Fig.  20.1 . It must  fi rst be determined whether the 
pain is stimulus induced or spontaneous in nature. 
Stimulus-induced pain is characterized as hyper-
algesia (an exaggerated response to sharp pain, 
e.g., pin prick), allodynia (painful sensation to a 
stimulus that normally does not cause pain, e.g., 
shaving, kissing, or brushing teeth), or hyper-
pathia (a delayed or prolonged response to a nor-
mally painful stimulus). On the other hand, 
spontaneous pain can be either intermittent or 
constant. Intermittent pain is unpredictable and 
must not be confused with a delayed response to a 
hyperpathic stimulus. Constant pain occurs within 
the deep or super fi cial tissues and can be a chronic, 
dull, throbbing ache with or without lancinating 
electric shock-like sensations  [  43,   61  ] . 

 After determining which aspect of the algo-
rithm to follow for a particular patient (Fig.  20.1 ), a 
speci fi c physical exam can be tailored for the indi-
vidual patient to con fi rm a diagnosis and develop a 
treatment plan. A complete head and neck exami-
nation is followed by a focused inspection of the 
injured area. The degree and location of injury 
may be evident by disruption of mucosa, erythema, 
ulceration, hyperkeratosis, texture changes, or 
signs of self-induced trauma. Palpation of a trig-
ger response may elicit abnormal sensations at or 

   Table 20.1    Common functional impairments for the 
injured inferior alveolar and lingual nerve   

 Dif fi culty masticating food bolus 
 Drooling 
 Dif fi culty with speech 
 Decreased taste sensation 
 Dif fi culty maintaining oral hygiene 
 Biting of lip, cheek, tongue 
 Decreased sense of self-worth 
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distal to the injured site (Tinel’s sign). Evaluation 
of the contralateral or “normal” side is used as a 
control  [  61  ] . The method of neurosensory testing 
performed is based upon whether the patient has 
pain or decreased sensation, established during 
the patient interview. If the patient is without pain, 
sensory testing proceeds under the “decreased sen-
sation” algorithm. Whereas if the patient has pain, 

sensory testing proceeds in a different manner  [  43  ] . 
Neurosensory testing for the decreased sensation 
patient is divided into three levels (Fig.  20.2 ).  Level 
A  testing evaluates for tactile brush stroke direction 
and two-point discrimination. Tactile brush stroke 
directional discrimination is assessed by using a 
soft brush (0.75 × 0.5 cm) stroked in four direc-
tions along the test site. This test is repeated and 
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Moderately
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  Fig. 20.2    Clinical neurosensory testing       
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 compared to the control side. Two-point discrimi-
nation testing measures spatial acuity. The stimulat-
ing device must provide two points of skin contact 
and is readily adjustable. A two-point discrimina-
tion of greater than 6.5 mm is a reliable indicator 
of sensory impairment in the majority of the popu-
lation. The stimulus should have blunt tips and 
be applied perpendicular to the skin surface, and 
pressure is applied to not cause discomfort, blanch-
ing, or vibration of the tissue. The stimulus should 
last 2 s, and the patient is asked to report “one” or 
“two” with each stimulus application. Two-point 
distances should be increased and decreased from 
this measurement and compared to the control 
side. If the patient consistently discriminates tactile 
direction correctly and the two-point discrimina-
tion exam is  £ 6.5 mm, the impairment is extremely 
subtle and sensory testing may cease. However, if 
level A testing is abnormal in the “decreased sensa-
tion” patient, proceed to level B testing  [  17  ] .  Level 
B  testing estimates the level of contact detection, 
using a set of Semmes-Weinstein pressure aesthe-
siometers (also called von Frey’s hair  fi bers). The 
test or injured site threshold is deemed abnormal if 
it is 250 % less sensitive compared with the control 
value or greater than two standard deviations above 
the published normative mean values  [  17  ] . Only a 
few axons require regeneration in order to achieve 
a normal result to testing. Therefore, patients with 
test site sensitivity comparable to the control site 
are designated as being mildly impaired, and there 
is no need to continue testing. A test site sensitivity 
less than that of the control or published norma-
tive values is considered as having a moderately 
impaired response and will proceed to level C 
testing.  Level C  testing evaluates the test area’s 
response to noxious stimuli (mechanical and ther-
mal). Mechanical pain can be induced by pinprick; 
however, this type of testing may cause tissue dam-
age (bleeding) and signi fi cant pain on the control 
side. The responses are subjective and dif fi cult to 
quantify. An algometer (spring-loaded sharp probe) 
can be used as opposed to traditional pinprick 
to quantify the force needed to generate pain in 
these patients and compared with the control side. 
Thermal testing is the  fi nal level C neurosensory 
test. Hot (>40 °C) and cold (<20 °C) metal probes 
are utilized. A probe is warmed or cooled using 

beakers of hot/cold saline or any other method of 
temperature regulation and placed over the test 
and control side for thermal evaluation. A heated 
stimulus of 50 °C against normal tissue will evoke 
an intolerable pain response without causing tissue 
damage. An abnormal thermal pain response is one 
that requires a heated stimulus that is signi fi cantly 
higher on the test site compared with the control. 
Patients with a signi fi cantly high threshold for 
level C testing are considered severely impaired, 
whereas those with a relatively normal response to 
level C testing will maintain the level B diagnosis 
of moderately impaired sensation  [  17  ] .  

 Neurosensory testing for the “painful altered 
sensation” patient, in contrast to the “decreased 
sensation” patient, involves all three levels of 
testing (A, B, and C) for all patients. Level A test-
ing involves an innocuous mechanical stimulus 
(brush stroke), which may potentially elicit a 
painful response known as  allodynia . A moving 
brush stroke over the involved area will evoke a 
painful response over the distribution of the dam-
aged nerve. The clinician should report frequency, 
duration, and intensity when discomfort is felt by 
the moving stimulus. Level B testing evaluates 
for possible  hyperpathia  in pain patients. These 
patients exhibit an explosive, radiating, poorly 
localized pain with a delayed occurrence that 
may last for an extended period of time. This 
exam utilizes a suprathreshold von Frey  fi ber that 
is repeatedly probed over the test site. Roughly 
ten repeated tactile pulses are delivered followed 
by a 1-min rest period to evaluate for delayed 
pain. Pain frequency, duration, and intensity are 
recorded by the clinician. Level C testing in the 
pain patient involves the use of mechanical and 
thermal noxious stimuli with hot and cold metal 
probes to elicit a painful response. After level A, 
B, and C neurosensory testing, the pain patient 
will undergo diagnostic nerve blocks to evaluate 
a peripheral versus central etiology of the pain 
and to assess the contribution of sympathetic out-
put to the maintenance of the pain  [  38  ] . 

 A  fi nal neurosensory examination performed 
for both the decreased sensation and pain patient 
is a taste test challenge. This is performed for lin-
gual nerve damage patients only. Sugar and salt-
water beakers are set up without the patient’s 
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knowledge. A cotton tip applicator is dipped into 
the sugar water and applied over the mucosa of 
the injured lingual nerve distribution. The patient 
is questioned if there is any speci fi c taste they are 
experiencing during the test. After their response, 
the control side is tested in a similar manner. 
They must then rinse with water and the exami-
nation is repeated using salt water. Responses to 
these tests are recorded as part of an objective 
functional impairment.  

    20.3   Imaging 

 The history and physical examination of nerve 
injury patients are the most important part of 
developing a working diagnosis and making 
treatment decisions. However, there are some 
advantages of imaging techniques in some 
patients. The panoramic radiograph offers lim-
ited information due to the two-dimensional 
nature of the study, but the presence of a foreign 
body in the region of the LN or IAN may be 
identi fi ed, thus making it a useful screening tool. 
Rotary instrumentation, remnants of root tips, 
implant perforation, or root canal  fi lling material 
may be seen in this study and can aid in localiz-
ing the site of injury. The use of computed tomog-
raphy is helpful in delineating the anatomic 
relationship between the IAN and the tooth struc-
tures. This has facilitated the preoperative risk 
assessment for IAN injury  [  26,   56  ] . Computed 
tomography (CT) or cone-beam CT (CBCT) 
imaging may localize a foreign body in three 
dimensions or illustrate a violation of cortical 
outline of the inferior alveolar canal or lingual 
cortical plate. In this regard it can be helpful in 
planning surgical treatment. However, this modal-
ity of imaging provides limited information about 
the condition of an injured nerve. 

 Magnetic resonance imaging has been used in 
various anatomic locations to assess the integrity 
of large diameter nerves and characterize pathol-
ogy  [  6,   8,   9,   30,   40,   46,   49,   58,   60  ] . High-
resolution MRI may offer some helpful 
information with regard to the condition of the 
injured LN. A change in nerve diameter may be 
appreciated due to Wallerian degeneration of the 

nerve distal to the site of injury, or an acute 
change in nerve position or shape due to retrac-
tion or neuroma formation may be visualized 
 [  44  ] . It is important to note that these imaging 
modalities can and should only be used as a sup-
plement to a thorough history and clinical neuro-
sensory examination.  

    20.4   Surgical Treatment Guidelines 

 The decision to proceed with microneurosurgical 
treatment is established on an individual basis 
and depends upon the speci fi c presentation and 
clinical course for each patient. Surgical repair 
should be considered when the disability is of 
concern to the patient and there is clinical evi-
dence of moderate, severe or complete sensory 
impairment, dystrophic ageusia, or neuropathic 
pain of peripheral origin. As the clinician follows 
the serial neurosensory exam over time, careful 
attention is directed at the extent and character 
of sensory recovery (Figs.  20.3  and  20.4 ). The 
Medical Research Council Scale (MRC), a well-
de fi ned guideline for assessing sensory function, 
was established by Mackinnon and Dellon  [  39  ]  
for extremity injuries (Table  20.2 ). This has been 
adapted by others to grade sensory recovery in 
the domain of the trigeminal nerve  [  11,   42  ] . 
Based upon the response to several neurosensory 
measurements, a score is assigned which can 
range from S0 (no recovery) to S4 (complete 
recovery). If there is clinical evidence of sponta-
neous restoration of useful protective sensation 
(MRC score  ³ 3), then surgical intervention is 
usually not indicated since both endpoints are 
similar.    

 The most important variable to consider is the 
amount of time that has elapsed since the injury. 
Since the primary objective for surgical interven-
tion is to reestablish neural continuity of the 
proximal nerve segment with the distal end organ 
(lip or tongue), the integrity of the nerve section 
distal to the site of the injury is pivotal to a suc-
cessful postsurgical outcome. Following a dis-
connect from the central nervous system and cell 
body, the distal nerve segment will undergo atro-
phy and degeneration (Wallerian degeneration) if 
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it is not exposed to the neurotrophic in fl uences of 
the proximal segment. As the degeneration con-
tinues, the endoneural tubules in the distal seg-
ment are replaced with scar tissue that effectively 
eliminates the potential for axonal repopulation 
into the distal nerve segment  [  53,   61  ] . It has been 
estimated that within 1 year from injury a 
signi fi cant component of the distal nerve will 
become atrophied and surgically unrepairable 
 [  55,   61  ] . This has also been substantiated from 
outcomes and clinical  fi ndings during repair 
attempts in patients with nerve injuries that 
exceeded 12 months  [  41  ] . Despite sporadic 
reports of recovery several years following a sensory 

nerve injury  [  21  ] , most clinical studies have dem-
onstrated poor neurosensory recovery beyond 6 
months from the time of injury  [  5,   13,   31  ] . In 
Donoff’s study of 44 lingual and inferior alveolar 
nerve injuries, they reported a positive correla-
tion with improved sensation and microsurgical 
repair within 6 months from the injury  [  14  ] . 
Likewise, in Bagheri’s et al.  [  3  ]  retrospective 
review of 222 lingual nerve injuries, patients who 
were repaired more than 9 months following the 
injury were more likely to experience poor sen-
sory improvement. A logistic regression analysis 
of their data demonstrated that the odds of 
improvement decreased by 5.8 % for each month 
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Sensory reeducation
(behavioral, physiologic)

Recovery of
protective
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with protective
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for patients with decreased 
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of delay beyond the injury date. For those patients 
who were repaired within 9 months of the injury, 
65 % achieved “complete” return of sensation 

and 25 % achieved “useful” sensory function as 
de fi ned by the Medical Research Council Scale 
(Table  20.2 ). 
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  Fig. 20.4    Evaluation and management guidelines for patients with painful altered sensation       
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 In this same study, a relationship was also 
reported between sensory outcome and age where 
patients 45 years of age or older were statistically 
less likely to have a positive outcome  [  3  ] . In their 
analysis, the chance of a recovery decreased by 
5.5 % for each year of age beyond 45. In other stud-
ies, a similar relationship to age and postsurgical 
sensory recovery has not been reported  [  54,   57  ] . 

 The character of the altered sensation must 
also be considered prior to proceeding with surgi-
cal treatment. The primary treatment objective for 
patients that present with painful neuropathies is 
to eliminate or signi fi cantly reduce their level of 
pain (Fig.  20.4 ). In a multicenter, retrospective 
study of 521 patients that received surgical treat-
ment, the success rate for patients with hyperes-
thetic neuropathies was signi fi cantly worse than 
those who presented with non-painful altered sen-
sation  [  34  ] . In a study by Gregg  [  23  ]  the outcome 
of surgical therapy varied and was dependent 
upon the nature of the dysesthesia. In this report, 
the level of pain reduction following microsurgi-
cal repair was poor for patients who presented 
with anesthesia dolorosa (14.6 %) and sympa-
thetic-mediated pain (20.7 %), while those patients 
with hyperalgesia (60.5 %) and hyperpathia (56.3) 
achieved a much better level of pain control fol-
lowing surgery. Donoff and Colin reported similar 
 fi nding where sensory function was improved in 
77 % patients with anesthesia, whereas pain relief 
was established in only 42 % of patients that pre-
sented with pain  [  14  ] . The duration of the painful 
neuropathy may also be important. Short-term 

painful neuropathies (<6 months) may indicate 
early neuroma formation, while long-term painful 
neuropathies (>6 months) may result in central 
cortical changes that are not amenable to periph-
eral nerve repair. As a result, surgical manage-
ment addressed at decreasing painful neuropathic 
pain may be more successful for early dysesthesia 
as opposed to late dysesthesia. 

 The utilization of local anesthetic blocks has 
been useful in segregating patients with painful 
neuropathies  [  7  ] . Total or near total relief of pain 
following a local anesthetic nerve block estab-
lishes that the neural dysfunction is localized to 
the peripheral nerve structure and not centrally 
modulated. Patients with a positive response to a 
diagnostic nerve block are more likely to experi-
ence pain relief following surgical therapy  [  23  ] . 
In order to determine the precise location of the 
nerve lesion, typically a diagnostic block is per-
formed by beginning with a distal in fi ltration of 
local anesthesia and then proceeding in a more 
proximal direction. 

 The distinction between a witnessed (open) 
nerve injury and an unwitnessed (closed) nerve 
injury should also be established during the initial 
evaluation. In those uncommon scenarios where 
there nature of the injury is known to the operat-
ing surgeon or the subsequently treating surgeon, 
serial neurosensory examinations over several 
months are not required to establish the extent of 
the neurosensory injury. If there were a witnessed 
or intentional transection of the LN or IAN during 
ablative surgery for tumors, sagittal split osteot-
omy, or third molar surgery, immediate neural 
repair results in the best outcome for return of 
meaningful sensory function. The indications for 
immediate primary repair are the following: (1) 
observed, transected unaligned nerve segments 
within mobile soft tissue (lingual, mental nerves) 
and (2) nerve segments that are widely exposed 
with easy surgical access (sagittal osteotomy, 
ablative surgical procedures)  [  43  ] . The bene fi t of 
immediate reconstruction is based upon the lim-
ited degree of neural degeneration and scar tissue 
formation that occurs when neural continuity is 
reestablished at the time of injury. In situations 
where an immediate repair cannot be accom-
plished due to operator inexperience, surgical 

   Table 20.2    Medical Research Council Scale (MRCS) of 
neurosensory recovery   

 Score  Description 

 S0  No sensation 
 S1  Deep cutaneous pain in autonomous zone 
 S2  Some super fi cial pain and touch 
 S2+  Super fi cial pain and touch plus hyperesthesia 
 S3  Super fi cial pain and touch without hyperesthe-

sia; static two-point discrimination >15 mm 
 S3+  Same as S3 with good stimulus localization 

and static two-point discrimination of 
7–15 mm 

 S4  Same as S3 and static two-point discrimination 
of 6 mm 
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access issues, or patient care problems, a delayed 
or early secondary repair can be considered within 
7–10 days with results similar to an immediate 
repair  [  29  ] . Delayed primary repair may be con-
sidered for avulsive-type nerve injuries at 21 days 
following the injury in order for the magnitude of 
the neural damage to declare itself proximally and 
distally; also, the presence of neurotropic and 
neurotrophic factors are highest at the site of 
injury at this time. 

 Closed or unwitnessed nerve injuries represent 
the majority of nerve injury cases that present for 
routine neurosensory evaluation. In this scenario, 
no clinical information is available about the char-
acter or the extent of the injury. These patients 
must be evaluated and followed with serial neu-
rosensory examinations (Figs.  20.3  and  20.4 ). 
This approach allows for proper identi fi cation 
and segregation of minor or less severe injuries 
that will improve spontaneously (Sunderland I, 
II, and III injuries), from those that require inter-
vention (Sunderland IV and V injuries). Patients 
with a neuropraxia-type injury will demonstrate 
early signs of improved sensory function and will 
likely not require surgical intervention. Those 
patients who present with persistent anesthesia, 
intolerable or sustained triggered pain (allodynia, 
hyperalgesia), and persistent or worsening func-
tionally debilitating sensory de fi cits that persist 
beyond 3 months are associated with more com-
plex injuries (axonotmesis or neurotmesis) that 
will likely require microneurosurgical treatment. 

 Chemical injuries to the trigeminal nerve are 
rare events that can result in signi fi cant neurosen-
sory disturbances ranging from mild paresthesia 
to complete anesthesia and pain  [  10  ] . Most 
reports of this type of injury are isolated to the 
IAN due to its proximity to root canal  fi lling 
material, extraction socket medicaments, and 
various agents used as adjuncts to surgical treat-
ment of certain tumors and cysts of the jaws 
(Table  20.3 ).  

 The extent of the chemical injury that these 
various agents can induce is often dependent 
upon the integrity of the epineurium surrounding 
the IAN at the time of exposure. If the epineu-
rium has been disrupted following dentoalveo-
lar surgery or over-instrumentation of a root 

canal, the fascicles will be directly exposed to 
these toxic agents. In this scenario, neuronal 
in fl ammation, giant cell reaction, neuronal deg-
radation, and axonal death have been reported 
 [  1,   12,   16,   18,   35–  37,   45,   48  ] . In open IAN 
exposures, such as in extraction sites or large 
bony defects from extirpative cyst or tumor 
surgery, the agents can sometimes be removed 
and the site irrigated, thus limiting the exposure 
time. Serial neurosensory examination is then 
indicated to direct the appropriate modality of 
treatment since many of these injuries result in 
painful neuropathies (Fig.  20.4 ). In closed expo-
sures typically seen following root canal therapy, 
the offending chemical remains in contact with 
the IAN. This results in prolonged exposure to 
the noxious chemical and a more signi fi cant 
degree of injury (Fig.  20.5 ). The mechanism of 
neuronal injury following endodontic therapy 
includes the following: (1) mechanical trauma 
due to over-instrumentation, (2) direct chemical 
injury, (3) direct impingement on the IAN from 
extruded  fi lling material (foreign body), (4) neu-
ronal in fl ammation and edema with compromise 
of the microneural circulation (compartment 
syndrome). Often times it is a combination of 
these factors that are responsible for the altered 
sensation in these cases. Patients that experience 
severe non-painful altered sensation, or a painful 
altered sensation in the presence an identi fi able 
foreign body within the canal (gutta-percha, seal-
ant material), should be considered for surgical 
therapy (decompression, debridement, or recon-
struction) as soon as possible. When altered 

   Table 20.3    Neurologic response to chemical exposure   

 Chemical agent  Tissue response 

 Carnoy’s solution  Altered nerve conduction 
velocity    

 Whiteheads varnish  Altered nerve conduction 
velocity 

 Tetracycline  Perifascicular in fl ammation, 
giant cell reaction 

 Oxidized cellulose 
(Surgicel®) 

 Altered nerve conduction 
velocity, in fl ammation 

 Gutta-percha  In fl ammation 
 Calcium hydroxide  In fl ammation 
 Phenols (eugenol)  Direct neurotoxicity 
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sensation is delayed for several days following 
endodontic treatment, this results in an intense 
in fl ammatory response to the chemical agent. In 
this scenario anti-in fl ammatory therapy, as well 
as antibiotic treatment, should be considered pro-
vided that there is no evidence of a foreign body 
within the inferior alveolar canal that should be 
removed promptly.  

 Prolonged or permanent altered sensation fol-
lowing local anesthetic injection is another uncom-
mon but well-recognized etiologic entity in IAN and 
LN injuries. The reported incidence of such injuries 
varies from 1:750,000 to 1:30,000  [  24,   25,   32,   51  ] . 
Unlike other traumatic trigeminal nerve injuries, 

injection injuries affect the LN more often than the 
IAN  [  51,   59  ] , are more likely to result in painful 
neuropathies  [  51  ] , and are more common in female 
patients  [  51  ] , and the pattern of sensory dysfunction 
may extend beyond the dermatome of the injured 
nerve (e.g., to involve V2 and V1). The mechanism 
of the injection injury is theorized to be related to 
direct mechanical trauma from the needle insertion 
 [  47  ]  or a chemical-type injury from the local anes-
thetic solution concentration  [  19,   28  ] . However, in 
patients with injection injuries, the reported occur-
rence of an injection-related “shock-type sensation,” 
which would indicate direct mechanical injury, is low 
 [  25  ]  suggesting that a chemical-induced injury may 

  Fig. 20.5    Panoramic and CT image demonstrating endodontic  fi lling material expressed beyond the apex of the lower 
left  fi rst molar into the inferior alveolar canal          
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play more of a signi fi cant role in these patients. The 
treatment of these injuries has been mostly nonsur-
gical in nature given the anatomic challenges that 
surgical exposure poses. The site of injury for most 
injuries is located at the mandibular foramen, which 
is typically 1.5–2 cm posterior to the anterior border 
of the ascending ramus in the pterygomandibular 
space. This makes surgical access for exploration 
and repair very dif fi cult. Pogrel and Schmidt  [  50  ]  
conducted a focused survey of oral and maxillofa-
cial surgeons who perform microneurosurgery and 
queried them as to their intraoperative  fi ndings and 
postsurgical outcomes for these type of injuries. In 
those instances when surgery was performed, except 
for a minimal amount of surrounding  fi brosis, no 
identi fi able neural injury was found. Moreover, the 
degree of postoperative sensory improvement was 
universally poor. Currently there are no evidenced-
based studies or expert-based consensus on how 
to prevent, or treat, these types of neural injuries. 
Empiric strategies including early surgical explora-
tion, site irrigation, and immediate steroid therapy 
have been described for injection injuries involving 
chemicals other than local anesthetics, but these have 
not been applied to the trigeminal nerve. Therefore, 
painful and non-painful injection-induced neuropa-
thies are best managed with nonsurgical therapy 
consisting of behavioral, pharmacologic, and physi-
ologic treatment modalities. 

 Implant-related injuries represent another 
unique type of closed neural trauma. During 
implant placement, the IAN may be traumatized 
by several mechanisms including direct mechani-
cal trauma from the drill, thermal injury from the 
drilling process, and compression during implant 
placement. These injures have been reported with 
a wide incidence range  [  15  ]  which is likely 
re fl ective of the many variables that are involved. 
For those patients who require nerve lateralization 
or transposition procedures, the incidence of post-
implant-altered sensation can be signi fi cant  [  38  ] . 
The management strategy for patients that develop 
altered sensation following implant placement is 
dependent upon the timing of the implant surgery 
and the nature of the altered sensation (Fig.  20.6 ). 
Those patients who present with non-painful 
altered sensation, or pain that presents shortly fol-
lowing implant placement, should be initially 

managed with nonsteroidal or steroidal anti-
in fl ammatory medications. If there is radiographic 
evidence of neural compression from the implant 
(Fig.  20.7 ), then the implant should be backed off 
the nerve or removed. If an implant will not be 
restorable following elevation due poor bone sup-
port or occlusal space impingement, then it should 
be removed and possibly replaced with a shorter 
implant. When suf fi cient time has elapsed and the 
implant has integrated (late development or detec-
tion of a nerve injury), implant removal will likely 
provide little if any bene fi t and also carries the 
risk of further iatrogenic nerve injury. Serial neu-
rosensory evaluations are then required to assess 
neural recovery and function. Patients with severe 
sensory impairment or neurogenic pain that per-
sists for 3 months after the implant injury are not 
likely to experience spontaneous recovery and are 
candidates for microsurgery  [  33,   62  ] .   

 Realistic goals for microsurgical repair of an 
injured peripheral sensory nerve, regardless of 
the etiology, should include reduction of pain-
ful sensations, improvement of stimulus detec-
tion, and restoration of protective sensation. In 
cases of LN injuries, improvement or restora-
tion of taste sensation is not as predictable as 
other modalities of sensation. Patients must also 
be aware that despite successful microsurgical 
neural anastomosis via microneurosurgery, pre-
operative unpleasant sensations and the inability 
to characterize stimuli may persist. These dif-
ferences in recovery may be attributable to local 
factors at the site of the injury, neuromodulation 
that occurs at the central nervous system level, 
or psychological factors. In this setting, func-
tional sensory recovery (based upon MRCS) 
may be further optimized by specialized non-
surgical therapy.  

    20.5   Nonsurgical Management 

 In addition to the supportive role that nonsurgical 
treatment may have for patients undergoing spon-
taneous or postoperative recovery,  nonsurgical 
therapies are considered the primary mode of 
treatment for most patients with long-standing, 
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dysfunctional nerve injury or pain. The goals of 
nonsurgical treatment include reduction in pain, 
prevention or reversal of addiction, avoidance of 
surgical procedures with a poor likelihood of suc-
cess, and the improvement of the patient’s ability 
to carry on with the activities of normal daily liv-
ing. The clinical indications for such treatment 
has been outlined by Gregg  [  22  ]  and Meyer  [  43  ]  
and include the following:

   Patients with peripheral neuromas that have • 
failed surgical therapy  
  Centrally mediated pain  • 

  Sympathetically mediated pain  • 
  Metabolic neuropathies  • 
  Atypical pain that does not conform to the • 
appropriate dermatome  
  Pain not relieved by local anesthetic injection  • 
  Non-repairable injuries (proximal injuries, • 
distal nerve segment atrophy, extensive sur-
rounding soft tissue injury)  
  Patients with poor medical status that cannot • 
tolerate surgery  
  Patients with non-painful neuropathies that • 
interfere life functions    

Implant-related nerve injury

Moderate or severe
sensory impairment

or pain 

Acute phase
(implant not
intergrated)  

Backout or remove
implant, or shorter

implant,
antiinflammatory,

and pain medication 

No improvement in
sensory function or

pain (3 months) 

Microneurosurgery

Improvement in
neurosensory

function or pain 

Late phase
(implant integrated)

No improvement in
sensory function or

pain (3 months) 

Microneurosurgery

Improvement in
neurosensory

function or pain 

Protective
sensation

intact, no pain 

Continued
follow -up 

Continued
follow -up 

  Fig. 20.6    Evaluation and treatment guidelines for patients with implant-related nerve injuries       
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 The modalities of nonsurgical care can be seg-
regated into behavioral, physiologic, and phar-
macologic treatments. For certain patients, more 
than one type of nonsurgical treatment may be 
indicated. 

    20.5.1   Behavioral Treatment 

 In the acute setting, patients should be coun-
seled in a reassuring manner as to the nature of 
the injury, the lengthy time course for sponta-
neous recovery, the options for treatment, and 
the possible outcomes. A non-defensive pos-
ture is most suitable to gain a patient’s trust and 
con fi dence who have likely lost con fi dence in 
their previous clinician. For those injuries that 
are chronic in nature, sensory reeducation can 
be bene fi cial  [  42  ] . Sensory reeducation exer-
cises, a form of biofeedback, involves intro-
ducing various repeated stimuli to the affected 
dermatome using a mirror for feedback, which 
is thought to allow the central nervous system 
to reorganize and reprocess the altered sensory 

information. Relaxation therapies (yoga, medi-
tation) and other occupational treatments can 
also be bene fi cial.  

    20.5.2   Physiologic Treatment 

 Immediately following a neural injury, the appli-
cation of cryotherapy and immobilization, when 
possible, may limit the extent of neural injury  [  22  ] . 
For chronic neuropathies and pain syndromes, 
physiologic stimulation therapies such as transcu-
taneous electrical nerve stimulation (TENS) and 
acupuncture may also be indicated. Both low- and 
high-frequency TENS therapy have demonstrated 
ef fi cacy in managing traumatic neuralgias  [  4  ]  by 
modulating pain though endorphin release (Lo 
TENS) or blockage of central nociceptor activity 
(Hi TENS). The ef fi cacy of acupuncture therapy is 
believed to be related to the excitation of descend-
ing pain inhibitory pathways and elevation of pain 
thresholds. The reversal of certain acupuncture-
induced effects by naloxone suggests that opioid 
release may also play a role in pathogenesis  [  27  ] .  

  Fig. 20.7    Panoramic and CT image indicating impingement of the left inferior nerve by a dental implant       
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    20.5.3   Pharmacologic Treatment 

 Several drug classes have demonstrated ef fi cacy 
in managing or preventing the pain and psycho-
logical trauma associated with neurotrauma. The 
drug or drug combination therapies should be tai-
lored to each patient and will vary depending 
upon the character of the problem (acute or 
chronic pain), the outcome or endpoint that is 
desired, and the patient’s response to the titrated 
therapy. In certain situations when multiple drug 
regimens are required to address a complex neu-
ropathic pain syndrome, the use of a pain team is 
usually the most ef fi cient means by which to 
facilitate the multidisciplinary treatment that 
these patients often require. 

 During the acute phase of neural injury, medical 
therapy is directed at blunting the in fl ammatory 
response and the associated anxiety and pain. 
A short course of steroidal anti-in fl ammatory medi-
cation and narcotic analgesics is often helpful 
in addressing the pain of the acute injury. 
Benzodiazepine drugs (Klonopin, Valium) are use-
ful in addressing the anxiety and stress that is often 
present. Patients with chronic, long-term neuropathic 
pain will often bene fi t from anticonvulsant medical 
treatment (Neurontin (gabapentin), Lyrica (pregaba-
lin)), in addition to maintaining anti-in fl ammatory 
therapy. If the pain syndrome is accompanied by 
depression, tricyclic antidepressant agents (Elavil 
(amitriptyline)) may be added to the medical regi-
men. Narcotic analgesics administered orally or 
transcutaneously may be considered if the other 
pharmacologic strategies are not successful.   

    20.6   Summary 

 Injury to the trigeminal nerve injuries is a well-
recognized risk associated with many routine 
dental and oral surgical procedures. The assess-
ment and management of a patient with a trau-
matic trigeminal neuropathy requires a logical 
stepwise approach. 

 The proper application and interpretation of 
the various neurosensory tests and maneuvers is 
critical to establish an accurate diagnosis. The 
implementation of a surgical or nonsurgical treatment 

strategy is based not only upon the perceived 
diagnosis but also a multitude of variables includ-
ing patient age, timing and nature of the injury, 
and the emotional or psychological impact on 
each patient. The parameters of care presented in 
this chapter are intended to serve only as guide-
lines, since the management strategy for a trau-
matic neuropathy of the trigeminal nerve must be 
tailored to the unique characteristics of the each 
individual patient.      
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  Ageusia    Absence of gustatory (taste) perception.   
  Allodynia    Pain due to a stimulus that does not 

normally provoke pain.   
  Analgesia    Absence of pain in the presence of 

stimulation that would normally be painful.   
  Anesthesia    Absence of any sensation in the 

presence of stimulation that would normally 
be painful or nonpainful.   

  Anesthesia dolorosa    Pain in an area or region 
that is anesthetic.   

  Atypical neuralgia    A pain syndrome that is 
not typical of classic nontraumatic trigeminal 
neuralgia.   

  Axonotmesis (Seddon) or second- through 
fourth-degree injuries (Sunderland)    Nerve 
injury characterized by axonal injury with 
subsequent degeneration and regeneration.   

  Causalgia    Burning pain, allodynia, and hyper-
pathia after a partial injury of a nerve.   

  Central pain    Pain associated with a primary 
central nervous system lesion (spinal cord or 
brain trauma, vascular lesions, tumors).   

  Chemoreceptor    A peripheral nerve receptor 
that is responsive to chemicals, including cat-
echolamines.   

  Deafferentation pain    Pain occurring in a region 
of partial or complete traumatic nerve injury 
in which there is interruption of afferent im-
pulses by destruction of the afferent pathway 
or other mechanism.   

  Dysesthesia    An abnormal sensation, either 
spontaneous or evoked, that is unpleasant. All 
dysesthesias are a type of paresthesia but not 
all paresthesias are dysesthesias.   

  Dysgeusia    A distortion of the gustatory sensa-
tion (e.g., metallic taste), often associated with 
ageusia or hypogeusia.   

  Endoneurium    A connective tissue sheath sur-
rounding individual nerve  fi bers and their 
Schwann cells.   

  Epineurium    A loose connective tissue sheath 
that encases the entire nerve trunk.   

  Fascicle    A bundle of nerve  fi bers encased by the 
perineurium.   

  Hypesthesia    A decreased response to all forms 
of stimuli.   

  Hyperalgesia    An increased response to a stimu-
lus that is normally painful.   

  Hyperesthesia    An increased sensitivity to stimu-
lation, excluding the special senses (i.e., seeing, 
hearing, taste, and smell).   

  Hyperpathia    A painful syndrome characterized 
by increased reaction to a stimulus,  especially a 
repetitive stimulus. The threshold is increased 
as well.   

  Hypoalgesia    Diminished pain in response to a 
normally painful stimulus.   

  Hypoesthesia    Decreased sensitivity to stimula-
tion, excluding the special senses (i.e., seeing, 
hearing, taste, and smell).   

  Hypogeusia    A decrease in taste sensitivity.   
  Mechanoreceptor    A peripheral nerve receptor 

preferentially activated by physical deforma-
tion from pressure and associated with large 
sensory axons.   

       Glossary 1  

   1  Adapted from LaBanc JP, Gregg JM. Glossary. Trigeminal 
nerve injury: diagnosis and management. Oral Maxillofac 
Surg Clin North Am 1992;4:563.  
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  Mesoneurium    A connective tissue sheath, anal-
ogous to the mesentery of the intestine, that 
suspends the nerve trunk within soft tissue.   

  Monofascicular pattern    Characteristic cross sec-
tion of a nerve containing one large fascicle.   

  Neuralgia    Pain in the distribution of a nerve or 
nerves.   

  Neurapraxia (Seddon) or  fi rst-degree injury 
(Sunderland)    Nerve injury characterized by 
a conduction block, with rapid and virtually 
complete return of sensation or function and 
no axonal degeneration.   

  Neuritis    A special case of neuropathy now re-
served for in fl ammatory processes affecting 
nerves.   

  Neurolysis    The surgical separation of adhesions 
from an injured peripheral nerve.   

  Neuroma    An anatomically disorganized mass 
of collagen and nerve fascicles and a func-
tionally abnormal region of a peripheral nerve 
resulting from a failed regeneration following 
injury.   

  Neuropathy    A disturbance of function or a 
pathologic change in a nerve.   

  Neurotization    Axonal invasion of the distal 
nerve trunk.   

  Neurotmesis (Seddon) or  fi fth-degree injury 
(Sunderland)    Nerve injury characterized by 
severe disruption of the connective tissue com-
ponents of the nerve trunk, with compromised 
sensory and functional recovery. Third-degree 
injury: Characterized by axonal damage and 
a breach of the endoneurial sheath, result-
ing in intrafascicular disorganization. The 
perineurium and epineurium remain intact. 
The mechanism is typically traction or com-
pression. Fourth-degree injury: Characterized 

by disruption of the axon, endoneurium, and 
perineurium, resulting in severe fascicular dis-
organization. The epineurium remains intact. 
Possible mechanisms include traction, com-
pression, injection injury, and chemical injury. 
Fifth-degree injury: Characterized by complete 
disruption of the nerve trunk with considerable 
tissue loss. Possible mechanisms include lac-
eration, avulsion, and chemical injury.   

  Nociceptor    A receptor preferentially sensitive 
to a noxious stimulus or to a stimulus that 
would become noxious if prolonged.   

  Oligofascicular pattern    Characteristic cross 
section of a nerve containing 2 to 10 rather 
large fascicles.   

  Paresthesia    An abnormal sensation, either spontane-
ous or evoked, that is not unpleasant. A global term 
used to encompass all types of nerve injuries.   

  Perineurium    A thick connective tissue sheath 
surrounding fascicles.   

  Polyfascicular pattern    Characteristic cross section 
of a nerve containing >10 fascicles of different 
sizes, with a prevalence of small fascicles.   

  Protopathia    The inability to distinguish be-
tween two different modes of sensation, such 
as a painful and nonpainful pinprick.   

  Sympathetically mediated pain    A general term 
that refers to a family of related disorders in-
cluding causalgia, re fl ex sympathetic dystro-
phy, minor causalgia, Sudeck’s atrophy, and 
postherpetic neuralgia, which may be sympa-
thetically maintained.   

  Synesthesia    A sensation felt in one part of the 
body when another part is stimulated.   

  Wallerian degeneration    The distal degenera-
tion of the axon and its myelin sheath following 
injury.          
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  Acupuncture, for trigeminal nerve injuries , 5, 224, 225, 

230, 356   
  Adrenocorticosteroids, for trigeminal nerve injuries , 

5, 129, 130   
  Afferent nerve  fi bers, in trigeminal nerve injuries , 

22, 127   
  Alcohol neurolysis, for trigeminal nerve injuries , 

4, 130, 298   
  Allodynia, in trigeminal nerve injuries, sensory testing 

of , 11, 145   
  Allogeneic nerve guide systems, for trigeminal nerve 

injuries , 96, 103, 234, 236, 282   
  Alloplastic materials, in nerve reconstruction 

 historical aspects of , 10, 283–289  
 indications for , 283  
 relationship of nerve to bone in , 50  
 theoretical basis of , 283  
 types of , 283–288   

  Anesthesia dolorosa, in trigeminal nerve injuries, 
sensory testing of , 4, 185, 299, 351   

  Anesthesia, local, for trigeminal nerve injuries , 18, 38, 
51, 63, 74, 128, 131, 216, 239, 351  

 of nerves, clinical features of , 21, 23  
 in trigeminal nerve injuries , 66–67   

  Anticonvulsant agents, for trigeminal nerve injuries , 
298, 299, 357   

  Antidepressant agents, for trigeminal nerve injuries , 
5, 70, 218, 221, 298, 299, 357   

  Anti-in fl ammatory agents, for trigeminal nerve 
injuries , 82   

  Antisympathetic agents, for trigeminal nerve 
injuries , 298   

  Autogenous nerve grafts 
 for inferior alveolar nerve injuries , 245, 273–274  
 for lingual nerve injuries , 141, 171, 207, 214–218, 

230, 232, 349  
 for peripheral nerve injuries , 34, 46, 91, 149, 156, 

157, 169, 185, 230, 277, 301, 302  
 for trigeminal nerve injuries 

 etiology in , 67–68, 74–78, 88–91, 215, 217, 
329, 347, 354  

 factors affecting success of , 277–281  
 graft donor considerations in , 291  

 graft placement in , 278  
 great auricular nerve graft harvest , 49, 96  
 inferior alveolar nerve preparation , 249–250, 

272–273  
 infraorbital nerve preparation , 273, 274, 

277–289  
 lingual nerve preparation , 234–237  
 results of , 249–250  
 sural nerve graft harvest , 102, 295–296   

  Autonomically maintained pain, of nerves, clinical 
features of , 2–4   

  Avulsion injuries, of nerves, clinical features of , 23   
  Axonotmesis, clinical features of , 155–157  

 mechanisms of , 34–36    

  B 
  Baclofen, for trigeminal nerve injuries , 298, 299   
  Behavioral therapy, for trigeminal nerve injuries , 

219–221, 223, 224   
  Benzodiazepines, for trigeminal nerve 

injuries , 298   
  Brain-derived nerve growth factor, in nerve 

regeneration , 163   
  Brain stem relay mechanisms, in trigeminal nerve 

injuries , 299    

  C 
  Capsaicin, for trigeminal nerve injuries , 298   
  Carbamazepine, for trigeminal nerve injuries , 221   
  Chemical injuries, of nerves, clinical features of , 21   
  Clonazepam, for trigeminal nerve injuries , 220, 229   
  Clonidine, for trigeminal nerve injuries , 298, 299   
  Collateralization, of nerves, in trigeminal nerve 

injuries , 185   
  Compartment syndrome, of nerves, clinical 

features of , 92   
  Compression injuries, of nerves, clinical 

features of , 51  
 mechanisms of , 51   

  Conduction blocks, clinical features of , 18   
  Crush injuries, of nerves, regeneration of , 302, 330   
  Cryoneurolysis, for trigeminal nerve injuries , 356    
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  D 
  Deafferentation, of nerves, mechanisms of , 361   
  Deep brain stimulation, for trigeminal nerve injuries , 5   
  Degeneration, nerve injuries 

 anatomy in , 2  
 axonal reaction in , 69, 75, 159–160  
 cellular reaction in , 159  
 receptor reaction in , 7  
 transganglionic , 130   

  Disk-Criminator, to test nerve injuries, of hand , 179   
  Dysesthesia, of nerves, clinical features of , 3, 23  

 in trigeminal nerve injuries, mechanisms of  
 ( see  Trigeminal nerve injuries)   

  E 
  Electroacupuncture, for trigeminal nerve injuries , 5, 356   
  Entubulization, in nerve reconstruction , 237   
  Extraneural pathosis, in trigeminal nerve 

injuries , 210    

  F 
  Face, nerve injuries of  .  See  Nerve injuries   

  G 
  Gasserian ganglion glycerolysis, for trigeminal nerve 

injuries , 4, 204   
  Glycerolysis, for trigeminal nerve injuries , 298   
  Grafts, autogenous nerve  .  See  Autogenous 

nerve grafts  
  Great auricular nerve Transfer, in microneurosurgery, 

for trigeminal nerve injuries  .  
See  Microneurosurgery  

  Growth-associated protein, in nerve regeneration , 164    

  H 
  Hands, nerve injuries of  .  See  Nerve injuries  
  Hyperalgesia, in trigeminal nerve injuries, sensory 

testing of , 11, 131   
  Hyperesthesia, of nerves, in trigeminal nerve 

injuries , 23, 131   
  Hyperpathia, in trigeminal nerve injuries, sensory 

testing of , 345, 347   
  Hypoesthesia, of nerves, in trigeminal nerve 

injuries , 73, 131, 132, 183    

  I 
  Inferior alveolar nerve injuries, autogenous nerve 

grafts for 
 microneurosurgery for.   ( See  Microneurosurgery) 
 repair of, complications of , 249–250, 272–273   

  Infraorbital nerve injuries, autogenous nerve 
grafts for 

 microneurosurgery for , 273, 274  
 repair of, complications of , 273, 277, 289   

  Injection injuries, of nerves, clinical features of , 66–67   
  Intraosseous nerve injuries, clinical features of , 75    

  L 
  Laceration, of nerves, clinical features of , 23   
  Lingual nerve injuries, autogenous nerve grafts for 

 microneurosurgery for   ( see  Microneurosurgery) 
 repair of, complications of , 234–237    

  M 
  Maxillary nerve injuries, microneurosurgery for  .  

See  Microneurosurgery  
  Microneurosurgery 

 for inferior alveolar nerve injuries 
 approximation and mobilization in , 96  
 coaptation in , 244  
 diagnosis in , 87, 343  
 direct neurorrhaphy in , 102  
 exposure in , 40, 52, 79, 104, 292, 294, 352  
 indications for , 113  

 internal neurolysis in 
 interpositional nerve grafts in , 96, 245–248  
 microdissection and external neurolysis in , 

101–102, 131  
 nerve end resection and preparation in , 4  
 nerve transfer in , 259  
 transcervical exposure in , 70  
 transoral exposure in , 70  

 for lingual nerve injuries 
 indications for , 231  
 patterns of injury in , 83  
 preoperative assessment in , 200  
 prognosis for , 206  
 technique for , 231–234  

 for maxillary nerve injuries , 144–145  
 infraorbital nerves , 144  
 preoperative assessment for , 144  

 for trigeminal nerve injuries 
 choice of approaches in , 217  
 excessive , 7  
 hemostasis in , 234, 263  
 indications and timing for , 9, 217, 343  
 indications for , 231  
 instruments for , 8  
 new developments in , 1, 5  
 patient preparation for , 288  
 postoperative course in , 73  
 prognosis for , 10  
 results of , 1  
 success rates of , 291, 317  
 sutures in , 4, 48, 234  
 technique for , 199–211  
 types of procedures in , 36, 37   

  Minnesota Thermal Disks, to test perioral sensory 
function , 183    

  N 
  Narcotic agents, for trigeminal nerve injuries , 298   
  Nerve blocks 

 to diagnose trigeminal nerve injuries 
 literature review in , 37  
 local in fi ltration in , 37  
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 sequence of , 49, 158  
 sympathetically independent pain  vs.  

sympathetically mediated pain , 174, 185  
 sympathetic innervation in , 253  
 trigeminal sensory block , 10  

 sensory testing of , 347   
  Nerve growth factor, in nerve regeneration , 163   
  Nerve injuries.    See also  Trigeminal nerve injuries 

 classi fi cation of 
 anatomic , 27–29  
 duration of injury in , 41  
 histopathologic , 190  
 pathophysiologic , 114  
 physiologic conduction block , 127  
 Seddon , 18, 156, 190  
 Sunderland , 18, 156, 190  
 symptomatic , 40, 51  

 evaluation of , 91, 167–196  
 of face and hand 

 classi fi cation of , 17, 18  
 normal and abnormal sensibility in , 304–307  
 painful sequelae of , 1, 8  
 sensory evaluation of , 345–347, 354  
 surgery for, preoperative preparation for, 

technique for , 8  
 inferior alveolar, microneurosurgery for  

 ( see  Microneurosurgery) 
 lingual, microneurosurgery for  

 ( see  Microneurosurgery) 
 maxillary, microneurosurgery for   

( see  Microneurosurgery) 
 normal response to 

 degeneration   ( see  Degeneration, nerve 
injuries) 

 regeneration   ( see  Regeneration, nerve 
injuries) 

 peripheral   ( see  Peripheral nerve injuries) 
 reconstruction of, alloplastic materials in   

( see  Alloplastic materials, in nerve 
reconstruction) 

 repair of, results of 
 techniques for , 231–234  
 timing of , 9, 170   

  Nerve mobilization release, for lingual nerve 
injuries , 33, 240   

  Nervesharing procedures, for trigeminal nerve 
injuries , 104   

  Neurapraxia, clinical features of , 18   
  Neuroablation 

 behavioral , 356  
 indications for , 355  
 pharmacologic 

 anticonvulsant agents , 298, 357  
 antidepressant agents , 298, 357  
 antiin fl ammatory and topical agents , 298, 357  
 antisympathetic agents , 298  
 local anesthetics , 298  
 narcotic agents , 298, 357  

 physiologic 
 acupuncture and electroacupuncture , 5, 356  
 deep brain stimulation , 5  

 peripheral nerve implant stimulation , 5  
 transcutaneous electrical nerve stimulation , 

5, 356  
 repair of, complications of 

 inferior alveolar nerve , 54–55, 351  
 lingual nerve , 351  
 nerve graft reconstruction , 102  
 neurorrhaphy , 102  
 sural nerve harvest , 102, 295–296  

 terminology in, glossary of , 109  
 treatment of, algorithm for , 234  
 for trigeminal nerve injuries 

 alcohol neurolysis in , 4  
 choice of methods for , 273  
 cryoneurolysis in , 129  
 Gasserian ganglion glycerolysis in , 4  
 indications for , 231  
 literature review in , 214  
 peripheral glycerolysis in , 4  
 peripheral nerve section and avulsion in , 23  
 placebo blocks in , 5  
 radiofrequency thermal neurolysis in , 4, 299  
 trigger point injection in , 5, 7   

  Neurolysis 
 for inferior alveolar nerve injuries , 317, 331, 338  
 for lingual nerve injuries , 230, 233–235  
 for trigeminal nerve injuries , 101–102, 131, 

293, 317, 328, 333   
  Neuromas, clinical features of 

 in lingual nerve injuries, excision of , 318  
 mechanisms of , 6, 8  
 in peripheral nerve injuries , 6, 355  
 in trigeminal nerve injuries, excision of 

 sensory testing of , 6  
 traumatic , 4, 6, 7, 11   

  Neuropathies, central, clinical features of  
  Neurorrhaphy 

 for inferior alveolar nerve injuries , 102  
 for lingual nerve injuries , 102  
 for trigeminal nerve injuries 

 complications of , 102   
  Neurotmesis, clinical features of , 19–21   
  Nociception, brain stem relay mechanisms in , 128   
  Nonsteroidal antiin fl ammatory agents, for 

trigeminal nerve injuries , 93, 129, 215, 
292, 354    

  P 
  Paresthesia, of nerves, clinical features of 

 in trigeminal nerve injuries, mechanisms of  
 (s ee  Trigeminal nerve injuries)  

  Perioral sensory function, evaluation of 
 multiple tests in , 303, 357  
 test of simple contact detection in , 306  
 test of spatial resolution acuity in , 347  
 test of tactile direction discrimination in , 128  
 test of warm/cold discrimination in , 324   

  Peripheral glycerolysis, for trigeminal nerve injuries , 
1, 2, 6, 7, 12, 105, 156, 160, 161, 168, 169, 
176, 185, 288, 301–303, 307, 309   
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  Peripheral nerve implant stimulation, for trigeminal 
nerve injuries , 224, 225   

  Peripheral nerve injuries 
  vs.  central nerve injuries , 7  
 nerve regeneration in , 81, 288  
 nerve repair and grafting for , 165, 271, 278, 

288, 351  
 painful neuromas in , 7  
 reconstruction of , 130, 131, 284   

  Phentolamine test, of sympathetically mediated pain, 
in trigeminal nerve injuries , 6, 128–129, 
174, 185, 351, 355   

  Polyglycolic acid, in tubulization, for trigeminal nerve 
injuries , 10, 283–287, 289, 297   

  Psychogenic pain, in trigeminal nerve injuries, sensory 
testing of , 185   

  Psychotherapy, for trigeminal nerve injuries , 350    

  R 
  Radiofrequency thermal neurolysis, for trigeminal 

nerve injuries , 4, 299   
  Receptors, in trigeminal nerve injuries , 7, 127, 128, 

161–163, 225, 259, 303, 306, 320, 329   
  Referred pain, in trigeminal nerve injuries , 2   
  Regeneration, nerve injuries 

 axonal recovery in , 158, 161–163, 286  
 cellular recovery in , 149  
 in crush injuries , 157  
 receptor recovery in , 161, 162   

  Rupture, of nerves, clinical features of , 164, 209    

  S 
  Seddon classi fi cation, of nerve injuries , 18, 155, 190   
  Semmes-Weinstein mono fi laments, to test nerve 

injuries, of hand , 128, 173, 179, 
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