
Faculty of  Dentistry, Oral & Craniofacial Sciences
Tara.renton@kcl.ac.uk

Professor Oral Surgery Kings College London Past President British Association of Oral Surgeons

Its not numb, its painful!
Nerve injuries in implantology

Tara.renton@kcl.ac.uk

mailto:Tara.renton@kcl.ac.uk


Learning content
Aims

 An update on post-surgical traumatic sensory nerve injuries/ neuropathy

 Outline definitions and diagnostic criteria for neuropathic pain

 Risk factors and recommendations on how to avoid nerve injuries in relation to dental implants with regard;

 Preop planning

 Operative execution

 Post-operative care

Objectives

 The delegate will better understand recent developments in sensory nerve injury/ post traumatic neuropathic pain 
(PTNP) diagnosis and management

 The delegates will have an improved understanding of the application patient and surgical risk factors for PTNP 
related to dental implants

 The delegate will know what methods to employ in prevention of trigeminal nerve injury in planning, operative 
execution and post-operative care

 The delegate will better understand patient selection and earl post surgical care that may mitigate PTNP in relation 
to dental implant practice

 To know When to refer or treat.



 According to the American Academy of Implant Dentistry 

(AAID), around 3 million people in the United States 

have dental implants. 

 Dental implants are also growing in popularity. The AAID 

state that the number of people receiving them is 

increasing by around 500,000 per year.

https://www.aaid-implant.org/dental-implants/what-are-dental-implants/
https://www.medicalnewstoday.com/articles/327515


Systematic Review
Incidence of Implant nerve injuries?

 The meta-analyses revealed that the short-term 

 10 days after implant placement 13% (95% CI, 6%-25%) 

 longterm (1 year after implant placement) incidence was and 3% (95% CI, 1%-7%), 

 For the patients who initially reported altered sensation, 

 80% (95% CI, 52%-94%) of them would return to normal sensation within 6 months 

 91% (95% CI, 78%-96%) of them would return to normal sensation one year after surgery. 

 In terms of long-term follow-up (1 year after surgery), the incidence is much lower (3%) 

and most patients (91%) would return to normal sensation

 What about those patients with pain?



Metanalysis Incidence
Implant Nerve injuries

 1589 articles; a total of nine articles 

were selected for the meta-analysis. 

 The risk of neurosensory disturbance 

13.50/100 person-years (95% 

confidence interval (CI): 10.98–16.03),

 Greater risk with anteriorly placed 

implants: −0.02 (95% CI: −0.21–0.16) 

(P = 0.05). 

 The overall recovery rate was estimated 

at 51.30/100 person-years (95% CI: 

31.2–71.4).

 =49% permanent



Permanence Implant Post 
traumatic neuropathy

 13% of 1331 cases implant related

 173 cases  

 96% permanency

Van der Cruyssen F, Peeters F, De Laat A, Jacobs R, Politis C, 

Renton T. Factors affecting evolution of symptoms and quality of life 

in patients referred for iatrogenic post-traumatic trigeminal 

neuropathy: a longitudinal study in two tertiary referral centers in UK 

and Belgium. Pain 2020 

Van der Cruyssen F, Peeters F, Gill T, De Laat A, Jacobs R, Politis C, 
Renton T. Signs and symptoms, quality of life and psychosocial data 
in 1331 post-traumatic trigeminal neuropathy patients seen in two 
tertiary referral centres in two countries. J Oral Rehabil. 2020 
Oct;47(10):1212-1221. doi: 10.1111/joor.13058. Epub 2020 Aug 2. 
PMID: 32687637; PMCID: PMC7540026.



 There are three kinds of dental surgeons…….

Tara Renton Kings College London



The Optimists

Tara Renton Kings College London



The Pessimists 

Tara Renton Kings College London



And the undecided………

Tara Renton Kings College London



However………

 All dentists are optimists 

when considering the 

outcome of nerve injuries 

Post traumatic neuropathy in 

their own patients!

Tara Renton Kings College London
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Trigeminal nerve injury (PTN)

https://onlinelibrary.wiley.com/journal/1752248x

https://onlinelibrary.wiley.com/journal/1752248x


 Summary of nerve injury patients March 2008 –2016

 400 IANI patients (73% F: 26.8% M; mean age = 46.5 years [range 18 – 85])

 214 LNI patients (64.5% F: 34.6% M; mean age = 38.6 years [range 20 -73])
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Distribution of PTN (N=1331) 

Van der Cruyssen F, Peeters F, Gill T, De Laat A, Jacobs R, Politis C, Renton T. Signs and symptoms, quality of life and psychosocial data in 1331 

post-traumatic trigeminal neuropathy patients seen in two tertiary referral centres in two countries. J Oral Rehabil. 2020 Oct;47(10):1212-1221. 

doi: 10.1111/joor.13058. Epub 2020 Aug 2. PMID: 32687637; PMCID: PMC7540026.



Consequences trigeminal PTN
63% of patients have pain! (n=1331)

Van der Cruyssen F, Peeters F, Gill T, De Laat A, Jacobs R, Politis C, Renton T. Signs and symptoms, quality of life and psychosocial data in 1331 

post-traumatic trigeminal neuropathy patients seen in two tertiary referral centres in two countries. J Oral Rehabil. 2020 Oct;47(10):1212-1221. 

doi: 10.1111/joor.13058. Epub 2020 Aug 2. PMID: 32687637; PMCID: PMC7540026.



Why are nerve injuries (PTNs) such a big deal ?

Avoidable / 

negligent

50-70% 

patients have 

chronic pain

Associated 

functional and 

psychological 

impact

Mainly 

permanent



 50% Homunculus – sensory cortex

 Substantial Limbic component in V pain

 Trigemino-cervical complex

 Significant Autonomic input-Vagus

 Trigemino-vascular complex

The problem complexity of the Trigeminal nerve
1

9



 Noxious stimuli experienced by the head and facial region are detected and 
conveyed to the central nervous system (CNS) by sensory neurons located in the 
trigeminal (TG) ganglia, whereas noxious stimuli affecting extracranial regions are 
sensed and relayed to the CNS via primary sensory neurons residing in the dorsal 
root ganglia (DRG)

 Humans generally rank head and facial pain as much more severe 
and emotionally draining than body pain. For example, two of the 
arguably most severe chronic pain conditions are trigeminal 
neuralgia and cluster headaches1–3 . 

 Craniofacial pain sensation is qualitatively different from bodily 
nociception as shown in human experiments, where repeated 
application of noxious heat to the face induces sensitization, yet 
similar stimulation applied to the hand induced habituation4 . 

 Fear induced by pain in human subjects was rated higher for face than for 
extremities, despite comparable ratings of the pain intensity5 .

 fMRI studies further revealed that face pain resulted in higher levels of amygdala 
activation compared to the same intensity stimulation applied to the hand6 .

Significantly higher affective component to trigeminal pain

1. Waldman, SD. Atlas of common pain syndromes. Elsevier Health Sciences; 2011. 2. Zakrzewska JM, Wu J, 

Williams MM, Phillips N, Pavitt SH. Evaluating the impact of trigeminal neuralgia. Pain. 2017 3. Smith JG, et al. 

The psychosocial and affective burden of posttraumatic neuropathy following injuries to the trigeminal 

nerve. Journal of orofacial pain. 2013; 27:293–303. [PubMed: 24171179] 4. Schmidt K, Schunke O, Forkmann

K, Bingel U. Enhanced Short-Term Sensitization of Facial Compared With Limb Heat Pain. The Journal of 

Pain. 2015; 16:781–790. [PubMed: 26043953] 5. Schmidt K, et al. The differential effect of trigeminal vs. 

peripheral pain stimulation on visual processing and memory encoding is influenced by pain-related fear. 

NeuroImage. 2016; 134:386– 395. [PubMed: 27015710] Moulton EA, et al. Capsaicin-induced thermal 

hyperalgesia and sensitization in the human trigeminal nociceptive pathway: An fMRI study. NeuroImage. 

2007; 35:1586–1600. [PubMed: 17407825] 



 V is the great protector

 Sensory Feedback for all craniofacial functions

 Eyes

 Part Meninges

 Nose

 Airway

 Face

 Expression and communication

 Mouth

 Breathing

 Speaking

 Eating

The problem of the significant burden of Trigeminal Pain

2

1

Underpins our own identity and pleasurable 

experiences in life



Sensory nerve damage causes various symptoms because sensory nerves have a broad range of 
functions.

 Damage to large sensory fibers harms the ability to feel vibrations and touch, especially in the 
hands and feet. You may feel as if you are wearing gloves and stockings even when you are not. 
This damage may contribute to the loss of reflexes (as can motor nerve damage). Loss of 
position sense often makes people unable to coordinate complex movements like walking or 
fastening buttons or maintaining their balance when their eyes are shut.

 The “small fibers” without myelin sheaths (protective coating, like insulation that normally 
surrounds a wire) include fiber extensions called axons that transmit pain and temperature 
sensations. 

 Small-fiber polyneuropathy can interfere with the ability to feel pain or changes in 
temperature. It is often difficult for medical caregivers to control, which can seriously affect a 
patient’s emotional well-being and overall quality of life. 

 Neuropathic pain is sometimes worse at night, disrupting sleep. It can be caused by pain 
receptors firing spontaneously without any known trigger, or by difficulties with signal 
processing in the spinal cord that may cause you to feel severe pain (allodynia) from a light 
touch that is normally painless. For example, you might experience pain from the touch of your 
bedsheets, even when draped lightly over the body.

Consequences
Pathophysiological consequences of nerve injury
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78% of patients have significant functional problems

Recent study @ KCL on 100 implant nerve injury 

patients

95% of implant nerve injury neuropathic pain

92% permanent

Functional and psychological impact

Renton T, Dawood A, Shah A, Searson L, Yilmaz Z. Post-implant neuropathy of the 

trigeminal nerve. A case series. Br Dent J. 2012 Jun 8;212(11):E17. doi: 

10.1038/sj.bdj.2012.497

Consequences
PT Neuropathy and pain causing functional problems

Van der Cruyssen F, Peeters F, Gill T, De Laat A, Jacobs R, Politis C, Renton T. Signs and symptoms, quality of life and psychosocial data in 1331 

post-traumatic trigeminal neuropathy patients seen in two tertiary referral centres in two countries. J Oral Rehabil. 2020 Oct;47(10):1212-1221. 

doi: 10.1111/joor.13058. Epub 2020 Aug 2. PMID: 32687637; PMCID: PMC7540026.



 Depression

 Anger

 Post traumatic stress disorder 68%

 Victim of abuse

 Loss of ability to trust

The psychosocial and affective burden of posttraumatic neuropathy following injuries to the trigeminal nerve. Smith JG, Elias LA, Yilmaz Z, 

Barker S, Shah K, Shah S, Renton T. J Orofac Pain. 2013 Fall;27(4):293-303. doi: 10.11607/jop.105

Sullivan MJ et al. Catastrophizing and perceived injustice: risk factors for the transition to chronicity after whiplash injury. Spine (Phila Pa 

1976). 2011 Dec 1;36(25 Suppl):S244-9 Dec;92(12):2041-56. Review

Kubler Ross

Psychological consequences of Trigeminal PTN



Nerve damage related to dental 
procedures are often NEGLIGENT as 
they are elective surgery and damage 
is avoidable.

This results in litigation and 
Settlements getting more expensive

Implant related cases settlements $1-3 
million (2011)

Ji YD, Peacock ZS, Resnick CM. Characteristics of National Malpractice Claims in Oral and Maxillofacial Surgery. J Oral Maxillofac Surg. 2020 Aug;78(8):1314-

1318. doi: 10.1016/j.joms.2020.03.015. Epub 2020 Mar 23. PMID: 32305375; Castellano-Navarro JM, Castellano-Reyes JJ, Hirdina-Castilla M, Suárez-Soto A, 

Bocanegra-Pérez S, Vicente-Barrero M. Neurosensory issues after lateralisation of the inferior alveolar nerve and simultaneous placement of osseointegrated

implants. Br J Oral Maxillofac Surg. 2019 Feb;57(2):169-173. doi: 10.1016/j.bjoms.2019.01.006. Epub 2019 Jan 31. PMID: 30712958.

Medicolegal consequences PTN
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Types of pain
Dentine

sensitivity

Pulpitis 

reversible 

+irreversible

Periapical 

periodontitis

Trigeminal 

neuropathic pain 
PTN, CPSP, 2y TN, 

BMS, PDAP/ PHN

Fibromyalgia

PIFP

TMD 

arthromyalgia

?

J Clin Invest. 2010 Nov 1; 120(11): 3742–3744. What is this thing called pain? Clifford J. Woolf

Types of pain
Healthy acute pain

Nociceptive 
healthy feeling pain ‘pain’

Inflammatory pain 
healthy short lived after insult

Chronic pain =
disease of neuromatrix

Neuropathic pain
Associated with nerve lesion

Dysfunctional or centralised  pain
Unknown cause



Chronic pain is a disease not a symptom



 Neuropathic pain is defined by IASP as pain arising as a 

direct consequence of a lesion or disease affecting the 

somatosensory system. It develops as a result of damage 

to, or dysfunction of, the nervous system.

Definition of neuropathic pain

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





Genetic basis for Neuropathic Pain



Neuropathic pain is increasing in prevalence!



Prevalence/ Incidence of OFP diagnoses
Common things happen commonly

Toothache Prevalence estimates for 5 case definitions identified were: 'toothache' 7-32%, 'pain in teeth with hot, 

cold or sweet things' 25-38%, 'pain and discomfort needing medication or treatment' 7-9%, 'pain or 

discomfort in the mouth, teeth or gums' 19-66%, and 'oral and facial pain'40-44%. Pau AK, Croucher 

R, Marcenes W Prevalence estimates and associated factors for dental pain: a review. Oral Health Prev

Dent.2003;1(3):209-20

Tension type headache Episodic TTH,occurring on fewer than 15 days per month, is reported by more than 70% 

of some populations. http://www.who.int/mediacentre/factsheets/fs277/en/

Migraines 22.7% in the National Health and Nutrition Examination Survey, 16.6% of adults 18 or older reported 

having migraine or other severe headaches in the last 3 months in the 2011 National Health Interview Survey. In 

contrast, the AMPP study found an overall prevalence of migraine of 11.7% and probable migraine of 4.5%, for a 

total of 16.2%. Smitherman TA, Burch R, Sheikh H, Loder E.The prevalence, impact, and treatment of migraine 

and severe headaches in the United States: a review of statistics from national surveillance studies. 

Headache. 2013 Mar;53(3):427-36. doi: 10.1111/head.12074. Epub 2013 Mar 7.

Pain from TMD Males / Females  6.7% / 12.4% Johansson et al2002

Post traumatic Painful neuropathic pain/  Chronic post surgical V pain

0.01-20% of patients undergoing third molar surgery/ 1:14-54k post LA block / ? Post Implants

PDAP 1.6% -5%

Burning Mouth Syndrome prevalence 0.1% [Incidence over 55 years (3.7%), 11 men (1.6%) and 42 women 

(5.5%)] Bergdahl M Bergdahl J Burning mouth syndrome: prevalence and associated factors. J Oral Pathol Med.

1999 Sep;28(8):350-4.

Non traumatic secondary neuropathy???

Trigeminal neuralgia General population 0.1% and 0.3%, although studies carried out in primary care settings 

suggest that it may be much higher, around 12% per 100,000 persons per year http://www.iasp-

pain.org/files/Content/ContentFolders/GlobalYearAgainstPain2/20132014OrofacialPain/FactSheets/Trigeminal_

Neuralgia.pdf
Fayaz et al 2016; Renton 2015; Nixdorf & Moano-Filho 2011;Kohorst etal 2015;Mueller et al 2015
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 Pain from TMD  Males / Females  6.7% / 12.4% Johansson et al2002

 Post traumatic neuropathic pain/  Chronic post surgical V pain

 Incidence 0.01-20% of patients undergoing third molar surgery/ 1:14-54k post LA block / ? Post 
Implants

 PDAP incidence 1.6% -5%

 Burning Mouth Syndrome prevalence 0.1% [Incidence over 55 years (3.7%), 11 men (1.6%) and 42 women (5.5%)] Bergdahl 
M Bergdahl J Burning mouth syndrome: prevalence and associated factors. J Oral Pathol Med. 1999 Sep;28(8):350-4.

 Post Herpetic Neuralgia

 Trigeminal neuralgia General population 0.1% and 0.3%, although studies carried out in primary care settings suggest 
that it may be much higher, around 12% per 100,000 persons per year http://www.iasp-
pain.org/files/Content/ContentFolders/GlobalYearAgainstPain2/20132014OrofacialPain/FactSheets/Trigeminal_Neuralgia.p
df

Fayaz et al 2016; Renton 2015; Nixdorf & Moano-Filho 2011;Kohorst etal 2015;Mueller et al 2015

OFP Neuropathic pain is rare but preventable in many cases
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Peripheral sensory neuropathy presents with: 
• Anaesthesia (numbness) +

• Altered sensation (pins and needles) +

• 50-70% Pain ongoing and or elicited (allodynia, hyperalgesia, hyperpathia)

Infections

Dental abscesses close to ID

Bacterial TB Leprosy

Viral, Herpes Zoster (PHN)

HIV, Leprosy

Toxins

Chemotherapy

Heavy metals
Metabolic

Diabetes, 

Hypothyroidism

Sickle cell

Acromegaly

Nutrition

Heavy metal poisoning

Vitamin deficiency

B, E 

Auto immune

Demyelination (Multiple 

sclerosis, Guillain Barre)

Connective tissue 

disorders

Sarcoidosis/amyloidosis

Trauma Surgery, LA,

mechanical Chemical, thermal, 

radiation

Alcoholism

Neoplasia

Causes of sensory neuropathy =/- pain



Exclude non-traumatic PTN

Nutritional deficiencies 
Fe, Ferritin, Zinc, Magnesium, 
Vit B complex, D, E

Malignancy
Compression by a space occupying lesion centrally or peripherally NEOPLASIA
Metabolic Acromegaly, Hormonal neuropathy (Hypothyroidism, Diabetes),
Infarction (sickle cell hypoxic neural damage, giant cell arteritis)
Demyelination (Multiple sclerosis)
Infection Post viral neuropathy, Bacterial, Leprosy

Toxic Heavy metal poisoning (lead, mercury) radiation, thermal, chemotherapy, drugs
Auto immune problems: Lupus, Rheumatoid disease
Sarcoidosis and amyloidosis



 PDF downloaded

Exclude systemic causes of Peripheral neuropathy



Dental 
infection

31%

Multiple 
Sclerosis

15%

Malignancy –
Primary

10%

Fractured 
mandible

8%

Malignancy –
Metastases

8%

Sickle Cell 
Anaemia

8%

Osteomyelitis
8%

Ameloblastoma
5%

Brain stem 
tumour

2%

Cranial 
Vascular 

malformation
2%

Pagets 
disease

3%

Central

Periphe

ral

Trigeminal neuropathy Retrospective analysis of the case notes of 372 patients referred to 

the specialist nerve injury clinic between 2007 and 2014 was carried out to establish the cause of numb chin 
syndrome

An update on the causes, assessment and management of third division sensory trigeminal 

neuropathies.Carter E, Yilmaz Z, Devine M, Renton T. Br Dent J. 2016 Jun 24;220(12):627-35. doi: 

10.1038/sj.bdj.2016.444

Exclude non traumatic Secondary Trigeminal PN



Exclude Central Causes Peripheral 
Neuropathy

•vascular compression

Classical TN + NVC

•MRI plaques

Multiple sclerosis

Stroke

Vasculitis

Central viral infection

•Cervical pathology

Tumours

RED 

FLAGS?



Any spontaneous neuropathy 
think Red flags of malignancy

NHS 2 (NICE 3) weeks

Referral pathway

• Recent onset

• Rapid growth

• Neuropathy - sensory or 

motor

• Resorption of adjacent 

structures

• Localised mobility of teeth

• Progressive trismus

• Persistent painless ulcer

• Lymphadenopathy painless 

persistent

• Lack of response to 

conventional treatments:

– Antibiotics

– Endodontic surgery

• Over 50 years

• Previous history of 

Carcinoma

• Smoking /alcohol/ Betel 

nut/ Pan

• Night fevers

• Weight loss

• Blood loss/ aneamia

Exclude Neoplasia
Red Flags



Damage to all sensory peripheral fibres (Aβ, Aδ and C fibres) 

alters transduction and transmission due to altered ion channel 

function. Local nerve damage causes ectopic activity

Altered spinal cord activity, leading to an excess of excitation 

coupled with a loss of inhibition. 

Afferent spinothalamic pathway to the ventrobasal medial 

and lateral areas 

project to the somatosensory cortex allowing for the location and 

intensity of pain to be perceived 

The spinoreticular projections and the dorsal column pathway 

to the cuneate nucleus and nucleus gracilis

Other limbic projections relay in the parabrachial nucleus before 

contacting the hypothalamus and amygdala, where central 

autonomic function, fear and «anxiety are altered. 

Descending efferent pathways from the amygdala and 

hypothalamus drive the periaqueductal grey, the locus 

coeruleus, A5 and A7 nuclei and the rostroventral medial 

medulla. These brainstem areas then project to the spinal 

cord through descending noradrenaline (inhibition via α2 

adrenoceptors), and, in neuropathy, there is a loss of this 

control and increased serotonin descending excitation via 5-

HT3 receptors 

Pathophysiology of Neuropathic Pain



Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk factors and prevention. 

Lancet. 2006 May 13;367(9522):1618-25. doi: 10.1016/S0140-6736(06)68700-X. 

PMID: 16698416.

CPSP Anatomical risk (No identifiable neuropathic area in 69% of 
cases))

Persistent postsurgical pain (PPSP) is a frequent and often disabling 
complication of many surgical procedures.

Nerve injury-induced neuropathic pain (NeuP) has repeatedly been 
proposed as a major cause of PPSP. However, there is a lack of uniformity 
in NeuP assessment across studies, and the prevalence of NeuP may differ 
after various surgeries. 

We performed a systematic search of the PubMed, CENTRAL, and 
Embase databases and assessed 281 studies that investigated PPSP after 11 
types of surgery. 

The prevalence of PPSP in each surgical group was examined. The 
prevalence of NeuP was determined by applying the recently published 
NeuP probability grading system. The prevalence of probable or definite 
NeuP was high in patients with persistent pain after thoracic and breast 
surgeries-66% and 68%, respectively. In patients with PPSP after groin 

hernia repair, the prevalence of NeuP was 31%, and after total hip 
or knee arthroplasty it was 6%. 

The results suggest that the prevalence of NeuP among PPSP cases differs 
in various types of surgery, probably depending on the likelihood of 
surgical iatrogenic nerve injury. Because of large methodological variability 
across studies, a more uniform approach is desirable in future studies for 
evaluating persistent postsurgical NeuP.

30% get persistent pain 10% are severely affected

Very low CPSP/ PTNP related to dentistry likely 

due to the use of Local Anesthesia

(1.6-5% after endodontics)

Haroutiunian S, Nikolajsen L, Finnerup NB, Jensen TS. The neuropathic 

component in persistent postsurgical pain: a systematic literature 

review. Pain. 2013 Jan;154(1):95-102. doi: 10.1016/j.pain.2012.09.010.

Chronic post surgical pain (CPSP) is common (Is this NeP?)



Diagnostic Criteria PTN

Traumatic event = onset

Anatomically plausible site

Allodynia / Hyperalgesia = 

hyperaesthesia

Anaesthesia/paraesthesia = hypoaesthesia

Neuropathic area



International Classification orofacial pain (ICOP) 
Diagnostic Criteria PTNP

Orofacial pain attributed to lesion or disease of the cranial 

nerves Lene Baad-Hansen, Denmark (chairman); Eli Eliav, USA;



Post Traumatic neuropathic pain PTNP (ICOP)

4.1.2.3 Post-traumatic trigeminal neuropathic pain

 Previously used terms: Anaesthesia dolorosa; painful post-

traumatic trigeminal neuropathy.

 Description: Unilateral or bilateral facial or oral pain 

following and caused by trauma to the trigeminal nerve(s), 

with other symptoms and/or clinical signs of trigeminal 

nerve dysfunction, and persisting or recurring for more than 

3 months.

 4.1.2.3.1 Probable post-traumatic trigeminal neuropathic pain

 Diagnostic criterion: A. Pain fulfilling all but criterion B2 for 

4.1.2.3 Posttraumatic trigeminal neuropathic pain.

4.1.2.4 Trigeminal neuropathic pain attributed to other disorder

4.1.2.5 Idiopathic trigeminal neuropathic pain

Description: Unilateral or bilateral facial pain in the 

distribution(s) of one or more branches of the trigeminal nerve

Diagnostic criteria:

A. Pain, in a neuroanatomically plausible area within the 

distribution(s) of one or both trigeminal nerve(s), 

persisting or recurring for >3 months and fulfilling 

criteria C and D 

B. Both of the following: 

1. history of a mechanical, thermal, radiation or chemical 

injury to the peripheral trigeminal nerve(s) 

2. diagnostic test confirmation1 of a lesion of the 

peripheral trigeminal nerve(s) explaining the pain2 

C. Onset within 6 months after the injury 

D. Associated with somatosensory symptoms and/or 

signs4 in the same neuroanatomically plausible distribution 

E. Not better accounted for by another ICOP or ICHD-3 

diagnosis.



Diagnostic algorithm for Neuropathic  Pain



Clarifying the diagnostic criteria for V PTN



 Diagnostic features

 Neuropathic area either hypoaesthetic or 
hyperaesthetic

 Allodynia

 Hyperalgesa

 Hyperpathia

 Prior Multiple injuries or episodes of infection and pain

 Non-respondent to anti inflammatory pain killers (NSAIDs 
Paracetamol)

 Does not disturb sleep

 Better in mornings

 Worsens during day

 Worsens with stress, tiredness and illness

 Pain presentation

 Constant burning

 Elicited neuralgic

 Or a combination

Features of Neuropathic pain



Signs and mechanisms

Hyperaesthesia

Hypoaesthesia



• Identify the extent of injury

• Size neuropathic area

• Subjective function

• Mechanosensory function

• Disability

• Pain / discomfort

• Allodynia

• Hyperalgesia 

• Spontaneous or elicited?

Renton T, Thexton A, SJ Crean, Hankins M. Simplifying assessment of recovery of the lingual nerve from injury. BDJ 2006 10:569-573 Renton 

T, Thexton A, Mcgurk M. New method for the objective evaluation of injury to the lingual nerve after operation on third molars.Br J Oral Maxillofac

Surg. 2005 Jun;43(3):238-45. Renton T, Thexton A, Mcgurk M. Objective evaluation of iatrogenic lingual nerve injuries using the jaw-opening 

reflex. Br J Oral Maxillofac Surg. 2005 Jun;43(3):232-8

Confirm Nerve injury / Neuropathy

Diagnosis of nerve injury



Assessment of neuropathic area
Know your anatomy!

Implant extraction or 

endodontic procedure 
undertaken with resultant 

numbness of mouth& lip with pain

Neuropathic area should affect 

‘DISTAL’ domain of dermatome

In some cases only socket area 

can be affected with localised 

hypersensitivity

Neuropathic area you can 

use dental vitality tests but 

not very reliable

Extraoral area may be 

complete or partial

Below illustrates 40% 

affected



Inferior dental block 

undertaken with 

resultant numbness of 

mouth&lip with pain

Neuropathic area should 

affect ‘DISTAL’ domain 

of dermatome

Neuropathic area you 

can use dental vitality 

tests but not very 

reliable

Extraoral neuropathy 

affecting 9 of area0%

Assessment of neuropathic area
Know your anatomy!



 Pain presentation?
 No pain

 Ongoing paraesthesia

 Elicited pain Allodynia

 Ongoing deep burning pain

 Qualitative 
 Area, Light touch, sharp blunt, TPD

 Quantitative
 Blink reflex, SEMs, nerve conduction

 Neurophysiological

 Imaging

Assessment of sensory Post Traumatic Neuropathy





Neuropathic area?

Hypo or 

Hyperaesthetic??

Tactile / mechanical 

allodynia?

Tactile / mechanical 

hyperalgesia?

Apply Cold metal 

mirror back

Thermal allodynia



Sensory testing
Do we need Quantitative testing? 
Possible Neuropathic pain-pain since event

Probable neuropathic pain (check patient not in remission)

 Identify neuropathic area and +ve or –ve signs

 Mechanical and or thermal allodynia

 Hyperalgesia

 Hyperpathia

 (Refractory period =TN)

 Qualitative sensory testing

Definite neuropathic pain

 Quantitative sensory testing

 Trigeminal reflex testing is an established 
neurophysiologic assessment of nerve function, 
requires only standard nerve conduction study 
equipment. Blink, jaw closing, jaw opening)

 Method of Limens thermo-sensory testing

 Evoked potentials after electric or thermal stimuli 
have been studied in trigeminal neuralgia. In contrast 
to trigeminal reflex testing, which is normal in 
idiopathic or classic trigeminal neuralgia, evoked 
potentials may be altered, but their mean specificity 
of 64% is low



Sensory testing
Do we need Quantitative testing? 
Possible Neuropathic pain-pain since event

Probable neuropathic pain (check patient not in remission)

 Identify neuropathic area and +ve or –ve signs

 Mechanical and or thermal allodynia

 Hyperalgesia

 Hyperpathia

 (Refractory period =TN)

 Qualitative sensory testing

Definite neuropathic pain

 Quantitative sensory testing

 Trigeminal reflex testing is an established 
neurophysiologic assessment of nerve function, 
requires only standard nerve conduction study 
equipment. Blink, jaw closing, jaw opening)

 Method of Limens thermo-sensory testing

 Evoked potentials after electric or thermal stimuli 
have been studied in trigeminal neuralgia. In contrast 
to trigeminal reflex testing, which is normal in 
idiopathic or classic trigeminal neuralgia, evoked 
potentials may be altered, but their mean specificity 
of 64% is low

We don’t need complex quantitative 

testing?



 34 patients

 Assessed using
 QST

 CBCT

 Numbness most common 
problem

 That subjective symptoms did 
not differ according to the 
severity of nerve damage 
according to CBCT, 

 However,  the electric QST and 
QualST were discriminative.

QST in implant related PTN
Self report as good as QST



Predicting outcome of Trigeminal PTNP

General sensory nerve injury recovery predictors

Cause of trauma

Degree and site of nerve damage

Pain profile

Delay in presentation

Age of patient

Psychological factors

Medical factors?

Social factors?



Sub types of neuropathic pain
Phenotyping patients with NePain- 3 clusters

Furthermore, the first clinical trial to show phenotype 
stratification based on these sensory profiles has predictive 
power for treatment response. 

Error bars are the graphical representation of the variability of 
the data present in the database. CDT, cold detection threshold; 
CPT, cold pain threshold; HPT, heat pain threshold; MDT, 
mechanical detection threshold; MPS, mechanical pain sensitivity; 
MPT, mechanical pain threshold; PPT, pressure pain threshold; 
QST, quantitative sensory test; TSL, thermal sensory limen; VDT, 
vibration detection threshold; WDT, warm detection threshold; 
WUR, wind-up ratio. 

Baron, R. et al., Peripheral neuropathic pain: a 
mechanism-related organizing principle based on 
sensory profiles, Pain, 158, 2, 261–272,



Sensory Loss

N = 420 (43,03%)

Mechanical 

Hyperalgesia

N = 309 (31,66%)

Thermal 

Hyperalgesia

N = 247 

(25,31%)

Van der Cruyssen F, Peeters F, De Laat A, Jacobs R, Politis C, Renton T. Factors affecting evolution of symptoms and quality of life in patients 

referred for iatrogenic post-traumatic trigeminal neuropathy: a longitudinal study in two tertiary referral centers in UK and Belgium. Pain 2020 

Van der Cruyssen F, Peeters F, Gill T, De Laat A, Jacobs R, Politis C, Renton T. Signs and symptoms, quality of life and psychosocial data in 1331 
post-traumatic trigeminal neuropathy patients seen in two tertiary referral centres in two countries. J Oral Rehabil. 2020 Oct;47(10):1212-
1221. doi: 10.1111/joor.13058. Epub 2020 Aug 2. PMID: 32687637; PMCID: PMC7540026.

Clustering of Sensory Profiles Trigeminal PTNP (N = 976)
Mechanical and thermal hyperaesthesia less likely to recover?



Predicting resolution of Trigeminal 
Post Traumatic Neuropathy

LA> M3M> Endo Implant & non M3M extraction
Lingual nerve > Inferior alveolar and maxillary nerve
Hypoaesthesia> hyperaesthesia

Van der Cruyssen F, Peeters F, De Laat A, Jacobs R, Politis C, Renton T. Factors affecting evolution of symptoms and quality of life in patients 

referred for iatrogenic post-traumatic trigeminal neuropathy: a longitudinal study in two tertiary referral centers in UK and Belgium. Pain 2020 in 
press

Positive factors for resolution

LA or M3M cause

EQ5D low pain

Lingual nerve

Sensory loss with or without pain

Negative factors for resolution

EQ5D poor activity

Allodynia

Endo Implant nerve injuries

Maxillary nerve

Duration of NI



Overview

Consequences of 

Trigeminal PTN

Neuropathic pain 

and diagnosis and 

assessment

Implant PTNP 

related risk 

factors

Management of 

patients with 

Implant related 

PTN

Prevention of 

Implant related 

PTN



Predictors for 
CPSP/PTNP

c



Risk factors for chronic post surgical (Ne) pain



Psychosocial factors CPSP
Studies examining the influence of psychological factors on chronic post-

surgical pain are few, with contradictory results. 

Kock has suggested that chronic post-surgical pain can be caused by;

• Hypervigilant state

• Fear of surgery

• Anxiety

• Psychological vulnerability, specifically pain-related fear and 

coping skills-

• Personality disorders  These might reflect psychosocial 

vulnerabilities in coping skills that are antecedents to 

chronic pain.

• Depression and neuroticism might lead to higher incidences 

of chronic pain after surgery.

The psychological factors that seem to be the risk factors for 

acute pain do not show the same association with chronic post-

surgical pain. 



Denk F, McMahon SB Neurobiological 

basis for pain vulnerability: why me? 

Pain. 2017 Apr;158 Suppl 1:S108-S114.

Risk factors for pain chronicity
Determinants for onset and maintenance of chronic pain
Biopsychosocial



Risk factors PTNP
The patient endotype & surgical factors

Mood disorders, Introversion, 

catastrophist, neuroticism, hypervigilance 



Surgical Predictors 
for Trigeminal PTNP

Site
Proximity to neural 
structures
pain during drill 
preparation

Type of surgery

Perioperative pain
-multiple prior pain episodes or 
ongoing pain
-high level intraoperative pain
-high level postoperative pain
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Implant related 

PTN



How does the injury happen?



Possible aetiological factors in implant relatedPTN



Possible aetiological factors in implant relatedPTN



Anatomy
Nomenclature

 we suggest that the mandibular canal should be renamed 

the “inferior alveolar canal.”



• Treatment need?

• Correct patient?

• History clinical examination

• Manage expectations Consent

• Indication for treatment

• Guidelines

• Risks

• Planning Risk assessment

• Clinical

• Radiographic  When is CBCT recommended? Who reads 
CBCT?

• Safety zone

• LA protocol

• Articaine as infiltration only

Peterson 2004; Heller & Shankland 2001

• Technique most drills longer than implants

• Early recognition Post operative care

Renton T. Prevention of iatrogenic inferior alveolar nerve injuries in relation to dental procedures. SADJ. 2010 Sep;65(8):342-4, 346-8, 

350-1

Preventing implant related post traumatic neuropathy



Lack of knowledge/inexperience

Inadequate informed consent and management of patient expectations

Lack of identification of existing pre-surgical neuropathy.

Additional risk assessment of mandibular premolars and molars

Poor planning

Know where the nerve is. Nerve localisation, risk factors when assessing IAN position

(Mental loop, characteristics of IAN position in various sites of mandible).

Parasymphyseal zone high risk.

The accuracy of estimating the position of the IDC based on plain films

or CT scans is highlighted in the radiographic assessment section.

Insufficient Safety zone- Risk perforation of a canal surrounding IDC or, even direct perforation and damage

to the nerve.

Poor surgical technique

Poor recognition of intraoperative problems

Poor implant placement

Selection of implants 10mm plus

(evidence supports shorter implants -short implants <8mm to simplify

procedure and minimise morbidity)

Poor Planning

Insufficient Safety zone

Inappropriate radiographs

Inability to read CBCT

Using implants > 8mm

Operative

Poor technique reducing Safety zone/ lack 

use drill stops, guides/ intraoperative LCPAs

Lack of recognition risks bleeding/ drill sink

Post operative

Late recognition of nerve injury

Lack removal implant within 30 hours

Implant PTN risk factors



Most nerve injuries occur:

 In the parasymphyseal region

 During preparation of implant bed

 Using Implants >10mm

 When the patient experiences severe pain 

 during prep or implant placement

 severe pain post surgery

 Intraoperative bleed during prepping

Implant nerve injury Risk factors

Yilmaz Z, Ucer C, Scher E, Suzuki J, Renton T. A Survey of the Opinion 

and Experience of UK Dentists: Part 1: The Incidence and Cause of 

Iatrogenic Trigeminal Nerve Injuries Related to Dental Implant Surgery. 

Implant Dent. 2016 Oct;25(5):638-45.

Safety zone of 2mm is 

insufficient with implant drills 

1.5mm longer than the 

implants = resultant safety 

zone of 0.5mm!!!!

4mm!



Contraindicated in patients with periodontal disease, smokers, bruxists, immunosuppressed. 

The reality is only 57% of implants survive 10 years 

Is there a need?

Explore patients expectations

•Medical History 
•Smoker

•Compromised immunity

• MRONJ risk

•Clinical 
• Poor Oral hygiene 

• Periodontal disease

• Bone mapping aesthetics, soft tissue, lip line

•Consent

Chanavaz M. Patient screening and medical evaluation for implant and preprosthetic surgery.J Oral Implantol. 1998;24(4):222-9. Review

Preventing implant related nerve injury

59

3

60

1

43

6
Yes- SAC classification

Yes- Cologne ABC score

I follow the FGDP/GDC

guidelines "Training Standards

in Implant Dentistry"



Maximising Safety Zone Planning

 Radiographic assessment

 Short implants



 LCPA inadequate for mandibular implants

 OPG/ DPT is standard 

 Indications for CBCT

 Mandibular implant surgery where depth and 

width of bone requires further assessment

 Parasymphyseal region Premolar and first molar 

most problematic

 You MUST be able to read your own CBCTs 

 Always get radiologist review to exclude pathology 

of all structures

Managing preoperative risk
By good clinical and radiographic assessment



Preoperative assessment

Clinical assessment

Radiographic assessment

Patients expectations and treatment options ….Risk:Benefit

 Radiographic EAO Sedentext CT guidance

 Pre Existing neuropathy?

25% of edentulous patients present with a degree of altered IAN function, thus 

reinforcing the guidelines on the necessity of preoperative neurosensory evaluation.

Chanavaz M.Patient screening and medical evaluation for implant and preprosthetic surgery.J Oral Implantol. 1998;24(4):222-9. 

Review

Assessment clinical & Radiographic
Guideline requirements



CBCT> Panoral



Courtesy of Dr. David R. Nelson BDS, MSc.(Imp.Dent), Clinical 

Director, Cranmore Clinical Tutor, Institute of Postgraduate 

Dental Education, University of Central Lancashire Tutor, 

School of Dentistry, Queen's University Belfast. Fellow, 

International Team for Implantology

Preoperative Risk assessment 
Anterior extension of IAN

 OPG and DPT can over estimate 
the bone available for implants and 
CBCT can lead to over treatment 

Both undesirable!!

 Assess IDC

 Position

 Bifid

 Cortication

 lateral branches

 Anterior extension

 No evidence that CBCT 
reduces morbidity related to 
implant treatment



Pre-extraction CT scans may present a useful diagnostic aid to assess the risk of inferior 
alveolar nerve injury and lingual plate perforation for IIP in the posterior mandible



•Clinical
•OH, Perio

•Soft tissues and function

•Hard tissue bone mapping, adjacent dentition

•Radiologic LCPA, DPT or CBCT? 
Guidelines Faculty Dental Practitioners 9FGDP

SEDENTEXTCT

•Informed consent

•Who assesses the risk?

Assessment 
Who actually assesses the risk?



•Clinical
•OH, Perio

•Soft tissues and function

•Hard tissue bone mapping, adjacent dentition

•Radiologic LCPA, DPT or CBCT? 
Guidelines Faculty Dental Practitioners 9FGDP

SEDENTEXTCT

•Informed consent

•Who assesses the risk?

Assessment 
Who actually assesses the risk?



Prevention of Implant IAN 
Surgeon assessment

 Panoral worse than CBCT

 Both led to underestimation of 
safety zone

 The study sample included 73 patients (predominantly females) who 
had consecutively received 148 implants, of which 68 were inserted in 
the posterior maxilla and 80 in the posterior mandible. 
Underestimation was recorded in 93.2% of the measurements. The 
remaining bone height after implants insertion was < 2 mm in the 
majority of underestimated cases (73.9%); they were significantly (P < 
0.01) more than sites with remaining bone ≥ 2 mm (26.1%). In the 
posterior mandible, overestimation was significantly higher than 
posterior maxilla. Five cases with transient paresthesia were reported 
in the mandibular overestimated implants. Conclusions: This study 
specified that surgeon’s choice of implants length, based on panoramic 
radiographs, was reliable regarding the incapability to insert implants 
with further length in the majority of underestimated cases, the low 
percent of overestimated measurements, and the minor associated 
complications



CBCT Assessment of anterior loop
 Two thousand seven hundred eighty-four articles were 

further excluded by the reviewers after screening the 
abstracts which resulted in 37 studies

 Two thousand five hundred three subjects with anterior 
loop were found, which approximates 38% with 48.4% 
bilateral, 27.8% right side, and 23.8% left side. 

 The loop distribution in males and females was also 
found to be different.

 There was highly significant (P < 0.001; I2 = 98.81%) 
heterogeneity found in the included studies. 

 Variations were found in the prevalence, length, gender, 
and side distribution of anterior loop in various 
populations. 

 This systematic review highly recommends NOT 
relying on any average values and the clinician 
should compulsorily make use of imaging modalities 
available in each and every case, wherever surgical 
procedure is to be performed near mental foramen 
region.



 To avoid nerve injury during surgery in the foraminal area, 
guidelines were developed based on the literature with respect 
to verifying the position of the mental foramen and validating the 
presence of an anterior loop of the mental nerve. 

 These guidelines included leaving a 2 mm zone of safety between 
an implant and the coronal aspect of the nerve; 

 observation of the inferior alveolar nerve and mental foramen on 
panoramic and periapical films prior to implant placement; 

 use of CT scans when these techniques do not provide clarity 
with respect to the position of the nerve

 surgical corroboration of the mental foramen’s position when an 
anterior loop of the mental foramen is suspected of being present 
or if it is unclear how much bone is present coronal to the 
foramen to establish a zone of safety (in millimeters) for implant 
placement; once a safety zone is identified, implants can be placed 
anterior to, posterior to, or above the mental foramen; and prior 
to placing an implant anterior to the mental foramen that is 
deeper than the safety zone, the foramen must be probed to 
exclude the possibility that an anterior loop is present. !!!!!!!!!!!!!!!!!

 In general, altered lip sensations are preventable if the mental 
foramen is located and this knowledge is employed when 
performing surgical procedures in the foraminal area

Nerve Injury is Preventable
with adequate radiographic planning



Does CBCT preoperative assessment minimise risk?

 Reduced 

medicolegal claims 

since the 

introduction of 

CBCT

Marinescu Gava M, Suomalainen A, Vehmas T, Ventä I. Did malpractice claims for failed dental implants decrease after introduction 

of CBCT in Finland? Clin Oral Investig. 2019 Jan;23(1):399-404. doi: 10.1007/s00784-018-2448-4. Epub 2018 Apr 20. PMID: 29679231.



Systematic review of CBCT in assessment Mental foramen

 3 patterns



Winter, Baradarian, Sivitz 2014

Prevention implant IANI
Anterior extension of IAN

Data from five hundred (500) consecutive patients sent to i-dontics

center from 9 centers located in 3 states for 3D dental CT studies, 

were evaluated

Nearly 97% of all mandibles had an anterior extension; nine 

patients did not have a measureable anterior extension of the IAN as 

seen on a 3D cone beam study.

Fourteen patients (4.73%) did not have an extension on the right 

side; eleven patients (3.72%) did not have an extension on the left 

side.

The average length of the anterior extension extending from the 

mesial rim of the mental foramen is 12.0 mm on the right and 11.8 

mm on the left

A continuous loop, defined as an extension of the canal that 

emanates from both the right and left mental foramina and is seen to 

connect in the midline was viewed on 77 patients (26.01%).



Managing risk
Short implants

 Strong evidence to support the 

use of short implants 5-8mm for 

mandibular cases

 Moderate evidence to support 

maxillary short implants (prevents 

the need for maxillary grafting)

Chen MH, Shi JY Clinical and Radiological Outcomes of Implants in Osteotome Sinus Floor Elevation with and without Grafting: A Systematic 

Review and a Meta-Analysis. J Prosthodont. 2017 Jan 12. doi: 10.1111/jopr.12576. [Epub ahead of print] Fan T et al Short Implants (5 to 8 mm) Versus 

Longer Implants (>8 mm) with Sinus Lifting in Atrophic Posterior Maxilla: A Meta-Analysis of RCTs. Clin Implant Dent Relat Res . 2017 

Feb;19(1):207-215. doi: 10.1111/cid.12432. Epub 2016 Jun 13.



Intra-operative risk factors

 LA blocks

 Drills longer than implant by at least 1.5-2 mm 

 Continued implant bed drilling

 Stop drilling @ 60% use drill guide to assess position (ITI)

 Acute pain during implant bed preparation even with 
efficacious LA

 Shooting nerve pain or paraesthesia along IAN to chin

 Implant bed Bleeding



Intraoperative risk factors
LA related nerve injuries –can be mitigated by avoiding blocks
Infiltration dentistry is dependant upon the site and procedure

Maxillary dentistry can be 

performed entirely using 

Lidocaine  2% with 

adrenaline for all 

procedures

Buccal infiltration with intra-

septal injections

No additional benefit using 

4% Articaine

No palatal or incisal blocks 

are indicated

Mandibular 7s and 8s for perio, restorations  or 

implants

Articaine 4% buccal infiltration and  Lidocaine 2% 

lingual infiltrations OR  for extractions 

intraligamental

If fails may need lidocaine IDB

Mandibular premolars, canines incisors for perio, 

restorations  or implants

Articaine buccal infiltration (incisal nerve block 

using 30% cartridge) adjacent not in the mental 

foramen and massage over region. If fails repeat or 

add  crestal or lingual infiltration OR  for extractions, 

intra-ligamental

Mandibular 1st molars for perio, restorations  or 

implants

Articaine 4% buccal +/- Lidocaine 2% crestal or 

lingual infiltration s OR  for extractions add 

lidocaine lingual  of intra-ligamental

Illustration modified from figure courtesy of Andrew Mason University Dundee

IDBS needed for 

Posterior mandibular molar 

Endodontic procedures may 

require IDBs or higher 

techniques (Gow Gates or 

Akinosi)
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Intraoperative risks
•Pain on injection of LA

•Sudden give during preparation
 Mylohyoid ridge fracture

 Into Inferor alveolar nerve canal

•Brisk persistent bleed on preparation
 Consider delaying placement of implants

•Intense sudden pain during implant bed preparation- Any 
protrusion into the IDC or breech causes severe neuralgic type 
pain intra-operatively FUNNY BONE PAIN!

•Stop and reassess
Leckel M, Kress B, Schmitter M. Neuropathic pain resulting from implant placement: case report and diagnostic 
conclusions. J Oral Rehabil. 2009 Jul;36(7):543-6. Epub 2009 

Managing Intraoperative risk



Intra-operative risk factor
brisk bleed during implant bed preparation

Elian N, Mitsias M, Eskow R et al. Unexpected return of sensation following 4.5 years of paresthesia: case report. Implant 

Dent 2005; 14: 364–367

perforation of the mandibular canal during drilling 

or positioning the implant close tooth canal subsequent 

formation of an adjacent hematoma (Lamas Pelayo et al. 2008). 

Khawaja & Renton (2009)

“cracking” of the IAN canal roof by its close proximity to 

preparation of the implant bed 

(millimeters)may cause hemorrhage into the canal or deposition of 

debris which may compress and cause ischemia of the nerve



•High risk mandibular premolars and molars

•Infiltration anaesthesia

•Maximise safety zone 

• More than 2 mm as in most implant systems drills are 1.5 mm longer than implants Short implants

• Implants should not need to be longer than 8 mm

• Use short implants

• Use system where drill shorter than implant

•Be aware of intraoperative risk factors

• Bleeding, sudden drop

• Severe pain

•Avoid complex treatment

• Bone grafting both mental and post mandibular have high morbidity

• Lateralisation of IAN has high morbidity and poor evidence

• Many nerve injuries are caused by over use of extensive soft tissue flaps

Managing Intraoperative risk
Implant prep and placement technique

Leckel M, Kress B, Schmitter M. Neuropathic pain resulting from implant placement: case report and diagnostic conclusions. J Oral Rehabil. 2009 Jul;36(7):543-

6. Epub 2009 M Srinivasan, Lydia Vazquez Philippe Rieder, Osvaldo moraguez, Jean-Pierre Bernard Urs C. Belser Efficacy and predictability of short 

dental implants (<8mm): a critical appraisal of the recent literature. The International journal of oral & maxillofacial implants (Impact Factor: 1.91). 11/201



Managing Intraoperative risk
Computer guided surgery?????

 Many types software

 Helios

 CDent

 Simplant

 BUT still many injuries happen!



Evidence base
for managing Intraoperative risk

 Computer guided surgery (none)

 Use surgical guides (moderate)

 (Chan, Chik, Pow, & Chow, 2013; Van Assche et al., 2007).

 Drill stops  stock or tailored (none)

 ITI recommendation (moderate)

•PAUSE after 60% planned depth OR 6mm 

•Take LCPA and check position

USE SHORT IMPLANTS  less than 10 mm for parasymphyseal region 

(strong) Implants should not need to be longer than 8 mm 



Guidance for prevention of implant nerve injury 
FOR.org, ITI and ADI

Home check within 24 hours surgery
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Implant related 

nerve injury risk 

factors

Treatment of 

Implant related 

nerve injury 

Prevention of 

Implant related 

nerve injuries 



Management of Trigeminal Post-traumatic neuropathy

Currently, there is no consensus on the 

optimal management of neuropathic pain 

exists and practices vary greatly worldwide. 

Possible explanations for this include 

difficulties in developing agreed 

diagnostic protocols and the 

coexistence of neuropathic, nociceptive 

and, occasionally, idiopathic pain in the 

same patient. 

.



•Treat the patient with the nerve injury! NOT the implant!

•Prevention is best!

•Treatment must depend upon the mechanism and 
duration of nerve injury

•Holistic approach
•Treat 

– Pain

– Functional disability

– Psychological impact

•Counselling 
– Reaffirm nerve injury is permanent
– Be honest with the patient
– Reassurance and explanation

•Medical for pain +/- depression

– Topical

– Systemic

•Surgical 

•Remove implant or Endo within 30 hours

The patients 
symptoms

Duration 
of injury

Mechanism 
of injury



URGENT treatment < 30 hours 

 Any known or Suspected nerve trauma

 Implants

 Endodontics (neuropathy may develop 2-3 
days post treatment)

 Within 2 weeks

 Buccal approach causing Lingual nerve

 Inferior alveolar nerve injuries related to 
third molar surgery

 > 2 weeks

 Not ideal

Consent patient properly…forearmed is for warned

Risk assessment in planning

Check on patients post operatively HOMECHECK

Acknowledge problem 

No sit and WAIT !!!!!

You MUST reassure your patient but don’t give them false expectations!

Seek advice- Trigeminalnerve.org.uk- Medication and REFERRAL

Wait for resolution

• Lingual nerve injuries related to LINGUAL 

ACCESS third molar surgery (consider 

explore @ 12 weeks)

• LA

• Trauma

• Orthognathic

Mechanism
Cause and duration





Management – implant related PTNs

Psychological interventions including; CBT ACT or mindfulness

Medication for pain

Neuralgic pain – Pregabalin Lyrica

Burning deep pain Nortriptyline

? Restoration or late removal of implant can exacerbate neuropathic pain and 

surgery doesn’t work



HOMECHECK patie complains of pain and or numbness after LA worn off

Temporary or permanent?

• Mechanism

• Duration

• Identify the extent of injury

• Size neuropathic area

• Subjective function

• Mechanosensory function

• Disability

• Pain / discomfort

• Allodynia

• Hyperalgesia 

• Spontaneous or elicited?

Patient’s story and expectations?

Renton T, Thexton A, SJ Crean, Hankins M. Simplifying assessment of recovery of the lingual nerve from injury. BDJ 2006 10:569-573 Renton 

T, Thexton A, Mcgurk M. New method for the objective evaluation of injury to the lingual nerve after operation on third molars.Br J Oral Maxillofac

Surg. 2005 Jun;43(3):238-45. Renton T, Thexton A, Mcgurk M. Objective evaluation of iatrogenic lingual nerve injuries using the jaw-opening 

Confirm Nerve injury < 24 hours
Management of Implant nerve injury



Post implant placement radiograph should be available
But if not Post-operative DPT as good as CBCT

Suhaym O, Miloro M. Does early repair of trigeminal nerve injuries influence neurosensory recovery? A systematic 

review and meta-analysis. Int J Oral Maxillofac Surg. 2020 Nov 6:S0901-5027(20)30380-5. doi: 

10.1016/j.ijom.2020.10.002. Epub ahead of print. PMID: 33168370.



Patient issues?
 Pain

 Diagnosis and prognosis and info

 Early and late Neuropathic pain meds
 Systemic

 Topical 

 Local

 Psychological interventions

 Functional Impact
 Psychological interventions

 Psychological impact
 Psychological interventions

Pain

numbness

Psychological 
impact

Functional 
impact

Continued support and review Trigeminalnerve.org.uk



Implant PTN confirmed < 30 hours
Early surgery and medication after nerve injury can improve resolution? 

Acute management < 30 hours (delayed onset 
neuropathy)

(LA IDB lasts 3 hours and 25minutes)

Check on Patient after 6 hours (Home check)

IAN NEUROPATHY? (extreme pain/ mixed symptoms large 
neuropathic area)

Yes 

Consult patient, check for area of neuropathy and signs of nerve 
injury

Confirmed

Remove Endo / tooth < 30 hours with 
neuropathy

+ High dose oral NSAIDs (600-800mgs Ibuprofen PO QDS)

Prednisolone 5 day step down does 50-40-30-20-10mg PO 

Vitamin B Complex?

(check medical history!)

Review

Only use plain films

Removing implant or endo filled tooth

< 30 hours does Improve NI resolution

Bhavsar I1, Khalaf M, Ferrin J,Al-Sabbagh M. Resolution of Implant-Induced Neurosensory Disturbance: A Procedural Failure. Implant Dent. 2015 

Dec;24(6):735-41. Khawaja N, Renton T. Case studies on implant removal influencing the resolution of inferior alveolar nerve injury. Br Dent 

J. 2009 Apr 11;206(7):365-70



Urgent Mx Implant related PTN is best
 Results were triangulated to evaluate their 

level of agreement. 

 The extraction of dental implants less 
than 36 hours after injury to the 
mandibular nerve results in the most 
successful resolution of neurosensory 
dysfunction. 

 Various microsurgical techniques have shown 
less success in obtaining neurosensory 
recovery than extraction of the implant. 

 However, microsurgery is worthwhile, as it 
improves neurosensory dysfunction and 
reduces dysaesthesia in the majority of patients. 

 Direct suturing and external decompression 
can result in good neurosensory recovery, and 
nerve grafts are also successful whenever 
tension-free direct suturing is not possible. 
Low-level laser therapy has been shown to 
achieve some neurosensory improvement



Late Management – implant related PTNs

Psychological interventions including; CBT ACT or mindfulness

Medication for pain

Neuralgic pain – Pregabalin Lyrica

Burning deep pain Nortriptyline

? Restoration or late removal of implant can exacerbate neuropathic pain and 

surgery doesn’t work



PTNP treatment options
• Confirmation of 

diagnosis, 
explanation and 
provision of 
realistic 
prognosis

• Counselling
• Medication
• Surgery 
• Continued 

support/ 
monitor 
resolution



Mx Implant PTNPain

 Mainly pain related



 Management of patients with neuropathic pain

 Multidisciplinary Care

 a strong GRADE recommendation for use and 
proposal as first line for TCAs, SNRIs, 
pregabalin, gabapentin and gabapentin 
ER/enacarbil in neuropathic pain : 
 NNTs 

 3·6 (95 % CI 3·0–4·4) for tricyclic antidepressants (TCAs), 

 6·4 (95 % CI 5·2–8·4) for serotonin- noradrenaline reuptake inbibitor
(SNRI) antidepressants duloxetine and venlafaxine, 

 7·7 (95 % CI 6·5–9·4) for pregabalin

 6·3 (95 % CI 5·0–8·3) for gabapentin. 

 ?? capsaicin high concentration patches, 

 a weak recommendation for use and proposal 
as second line for lidocaine patches, capsaicin 

patches and tramadol,
 opioids 

 Final quality of evidence was lower for lidocaine patches and BTX-A. Tolerability/safety 
and values/preferences were high for lidocaine patches and lower for opioids and TCAs. 

Finnerup et al. Lancet Neurol. Author manuscript; available in PMC 2016 February 01.



Go to drugs

Nortriptyline (TCA) (10-40mgs nocte)
Lyrica Pregabalin (25mgs nocte / BD)



Botoxin A

Grade B for TN but low evidence for PTNP

Ngeow WC, Nair R Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2010 Mar;109(3):e47-50.

Injection of botulinum toxin type A (BOTOX) into trigger zone of trigeminal neuralgia as a means to control pain.



Botox injections

Peripheral local anaesthetic block

Check effect on local musculature-

Facial nerve

Topical LA patches

Ngeow WC, Nair R Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2010 Mar;109(3):e47-50.

Injection of botulinum toxin type A (BOTOX) into trigger zone of trigeminal neuralgia as a means to control pain.

Management-
Pain medication - topical



Clustering Neuropathic pain presentation
Optimising therapeutic outcome of BtX therapy

Pin point pain 

(paraesthesia 

responsive to BtX)

Deep pain 

responsive to 

BtX

Elicted pain 

non repsonsive 

to BtX

What Nepain phenotype predicts outcome of Btx?



If injury is > 36 hours days old or more 

Manage therapeutically

• Surgery - removal of implant doesn’t work

• Reassure patient

• Apologise

• Manage expectations

• Psychological support and interventions

• Reassure that lessons have been learnt

• Pain management Medical management

• Topical Lidocaine patches, Capsaicin, Amitriptyline

• Systemic Pregabalin / Tricyclic antidepressants

Rodriquez-Lozano F, Sanchez-Perez A, Moya-Villaescusa MJ, Rodriguez-Lozano A, Saez-Yuguero MR. Neuropathic orofacial pain after dental
implant placement: review of the literature and case report. OOOE 2010; 109: e8-e12. Renton T, Yilmaz Z. Profiling of patients presenting with
posttraumatic neuropathy of the trigeminal nerve. J Orofac Pain. 2011 Fall;25(4):333-44. Renton T, Dawood A, Shah A, Searson L, Yilmaz Z. Post-

implant neuropathy of the trigeminal nerve.A case series. Br Dent J. 2012 Jun 8;212(11):E17. doi: 10.1038/sj.bdj.2012.497

Late Management of Implant nerve injury
Doesn’t relieve neuropathic pain

Surgery does NOT ‘fix’ injuries or resolve pain



Surgical Mx
Neuropathic pain

Does  NOT respond to late surgery!



The use of NST in repair of IAN defects up to 15 mm 

achieved 62.5% FSR. Younger age and absence of 

dysesthesia were associated with higher FSR

Surgery alone is not enough for neuropathic pain!

Suhaym O, Miloro M. Does early repair of trigeminal nerve injuries 

influence neurosensory recovery? A systematic review and meta-analysis. 

Int J Oral Maxillofac Surg. 2020 Nov 6:S0901-5027(20)30380-5. doi: 

10.1016/j.ijom.2020.10.002. Epub ahead of print. PMID: 33168370.



Laser therapy?

 No evidence

 Resolution likely due to 
spontaneous resolution?



New developments

Kings College London-Tara Renton

Zuniga JR, Mistry C, Tikhonov I, Dessouky
R, Chhabra A Magnetic Resonance 
Neurography of Traumatic and Nontraumatic 
Peripheral Trigeminal Neuropathies.J Oral 
Maxillofac Surg. 2018 Apr;76(4):725-736. doi: 
10.1016/j.joms.2017.11.007. Epub 2017 Nov 
16.

Dessouky R, Xi Y, Zuniga J, Chhabra A. Role 
of MR Neurography for the Diagnosis of 
Peripheral Trigeminal Nerve Injuries in Patients 
with Prior Molar Tooth Extraction. AJNR Am J 
Neuroradiol. 2018 Jan;39(1):162-169. 

Cox B, Zuniga JR, Panchal N, Cheng 
J, Chhabra A.Magnetic resonance neurography 
in the management of peripheral trigeminal 
neuropathy: experience in a tertiary care centre.
Eur Radiol. 2016 Oct;26(10):3392-400. doi: 
10.1007/s00330-015-4182-5. Epub 2016 Jan 21

https://www.ncbi.nlm.nih.gov/pubmed/29216474
https://www.ncbi.nlm.nih.gov/pubmed/29146720
https://www.ncbi.nlm.nih.gov/pubmed/26795500


Lingual IAN PTN -MR Neurrography at KCL



John Zuniga

Kings College London-Tara Renton

New developments



Summary
 There is low evidence base for managing dental implant related PTN 

 we know that 38-95% are permanent and 63-98% painful long term

 There is no ‘magic bullet’ to fix them, we have to sit and wait and reassure the patient . 

 Early detection and management < 30hours (medical, psychological and removal of implant f 

necessary)

 You will be negligent in causing the nerve injury but you should at least treat your patients humanely and 

prevent nerve injuries where possible 



Summary
 There is low evidence base for managing dental implant related PTN

 we know that 38-95% are permanent and 63-98% painful long term

 There is no ‘magic bullet’ to fix them, we have to sit and wait and reassure the patient . 

 Early detection and management < 30hours (medical, psychological and removal of implant f 

necessary)

 You will be negligent in causing the nerve injury but you should at least treat your patients humanely and 

prevent nerve injuries where possible 

Prevention is best





Trigeminalnerve.org.uk



Kings College London-Tara Renton



What are the key diagnostic features of neuropathic pain?
 Onset related to surgical trauma

 A demonstrable neuropathic area n a viable anatomical distribution 
related to the prior surgery

 Positive signs including 

 elicited pain (mechanical and thermal allodynia), 

 ongoing spontaneous pain (burning, itching, pulling, stretching) 

 and altered sensation (dysesthesia or paraesthesia)

 Negative signs

 numbness (anaesthesia) at rest, 

 Confirmed neurosensory tests required for Definite diagnosis PTNP



What are the key patients risk factors for implant related 
post-traumatic neuropathic pain?

 Age

 Gender

 Psychological co-morbidities (depression, anxiety, hypervigilance, 
catastrophising, narcissism, introversion

 High perioperative pain

 Medical co-morbidities, widespread pain, DM, haematinic, 
vitamin D, Magnesium deficiencies hypothyroidism, connective 
tissue disorders

 Mandibular mental nerve, premolar and molar region



What are the key management strategies in managing patients 
with post-traumatic neuropathic pain related to implants?

 ALWAYS review your patient by phone morning after surgery if confirmed area of 
neuropathy remove implant within 30 hours

 When checking the patient if they have a very small neuropathic area and no neuropathic 
pain then discuss with patient re implant removal

 Prescribe NSAIDs (if no medical contraindications) and vitamin B complex and you can 
ask GMP to prescribe step down Prednisolone over 5 days(50-10mg) (if no medical 
contraindications)

 If troublesome elicited neuralgic neuropathic pain consider GMP prescription of pregabalin 
and topical lidocaine patches (Versatis)

 If troublesome burning ongoing pain consider GMP prescription of Nortriptyline (10-40mg 
nocte)

 Long term Refer for clinical psychology support and referral to orofacial pain team

 Use resources on Trigeminalnerve.org.uk



Prevention implant PTN using Lateralisation?
 After implant placement in the anterior 

mandible, the incidence of transient 
altered lip sensations was noted by several 
investigators: 

 8.5% (N = 94),57 11% (N = 110),58 and 24% 
(N = 75) of patients.59 Walton59 reported 
that 1% of the patients manifested 
symptoms 1 year after therapy, 

 Bartling et al.57 noted no permanent 
alterations of sensation 4 months 
posttherapy (N = 94). 

 In another study, 7% (N = 110) of the 
patients reported sensory disturbance 16 
months after treatment that was not 
present before therapy.58

 No neurosensory deficits  

after lateralisation for 

implant placement in 123 

cases!!!!



Are there other operative strategies?   NO



Novel nerve repair
 RESULTS DPSCs highly expressed several specific neural markers, 

including GFAP, S100, Nestin, P75, and NF200, and were inclined 
toward neural differentiation. Furthermore, neural-induced DPSCs 
(N-DPSCs) could express neurotrophic factors, including NGF, 
BDNF, and GDNF. The secretions of N-DPSCs could enhance the 
proliferation and migration of Schwann cells. In vivo, both DPSC and 
N-DPSC implants alleviated gastrocnemius muscle atrophy. However, 
in terms of anatomy and motor function, as shown by H&E staining, 
immunofluorescent staining, and walking track analyses, the repair 
effects of N-DPSCs were more sustained, potent, and effective than 
those of DPSCs and the controls. 

 CONCLUSION In summary, this study demonstrated that DPSCs 
are inclined to differentiate into neural cells. N-DPSCs express 
neurotrophic proteins that could enhance the proliferation and 
migration of SCs. Furthermore, our results suggested that NDPSCs 
could help crushed nerves with functional recovery and anatomical 
repair in vivo. Thus, DPSCs or N-DPSCs could be a promising 
therapeutic cell source for peripheral nerve repair and regeneration.



Implants most common 
cause Younger patients 
(P = .041) and patients 
without dysesthesia (P = 
.019) were more likely 
to achieve FSR. Higher 
proportion of early 
repair group achieved 
FSR, although not 
statistically significant (P 
= .068).



 -is systematic review provided an assessment of the 
anatomy of the mental foramen. -e mental foramen was 
located mostly between the two premolars (between 
50.4% and 61.95%) or apically to the second premolar 
(from 50.3% to 57.9%). -e mean diameter of the mental 
foramen was bigger in males than in females; the 
difference between them could reach 0.62 mm. -e 
anterior loop seemed to be longer in males (between 
0.87 ± 1.81 and 7.25 ± 2.02 mm) than in females 
(between 0.81 ± 1.18 and 6.52 ± 1.63 mm) and with the 
presence of teeth (from 0.91 ± 1.18 to 2.55 ± 1.28 for 
dentate people and from 0.25 ± 0.61 to 2.40 ± 0.88 mm 
for edentate population). -e anterior loop and the 
accessory mental foramina were detected more 
frequently with CBCT than panoramic X-ray: only 
between 0.0 and 48.6% AMFs detected with CBCT were 
also seen with panoramic images. Clinical Significance. -e 
mental foramen (MF) is an important landmark for local 
anesthesia and surgical and implantology procedures. Its 
location, morphology, and anatomical variations need to 
be considered to avoid mental nerve injury. -e aim of this 
review is to evaluate the mental foramen using CBCT 
through a systematic literature review to improve 
knowledge of this complex area for the clinician



Neuropathic pain does not respond to surgery
Surgical impact on NP 

 Slight tomild

Lingual nerve repair and recurrence of neuropathic pain

27 patients Various procedures

 10 no change in pain

 7 mild to moderate change in pain

 10 resolution of pain


