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Abstract 
Background: Painful post-traumatic trigeminal neuropathy (PTTN) is a known complication of dental implant the-
rapy. Besides cases resulting of nerve damage during surgery or implant placement, some patients report delayed 
neuropathic-like symptoms only after implant loading i.e. crown placement. The present retrospective study aimed 
at describing the clinical features of pain experienced by these patients. 
Material and Methods: The cohort of patients consulting for chronic orofacial pain at the Groupe Hospitalier Pi-
tié-Salpêtrière (Paris, France) between 2015 and 2020 (ABCD study, IRB # TPS 1106180), was screened for pa-
tients with history of dental implant placement and persistent pain. Patients with no pain after surgery for 6 months 
and pain resulting from the loading of the implant, were included. 
Results: Among 675 files of patients screened, 5 fulfilled inclusion criteria. All patients were women, mean age 62.4 
± 9.8 y.o, and reported trigeminal neuropathic-like persistent pain. Intensity of pain was described as moderate to 
severe, with pin and needles, burning and tingling, and electric shocks as main symptoms.
Conclusions: These results suggest that implant loading can trigger trigeminal neuropathy, in a previously sensiti-
zed nerve. Putative neurophysiological basis of the phenomenon is discussed. 
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Introduction
Dental Implant therapy (DIT) has become over the years 
a well-defined and accepted therapy with increasing in-
dications. The success rate of DIT is overall high and the 
failures are mainly due to periimplantitis and treatment 
planning errors  (1,2). Post-operative surgical pain usua-

lly resolve in a few days or weeks (3) but persistent pain 
can also occur, mainly as a result of nerve injury (4-6). 
Indeed DIT is suggested to be the second cause of trige-
minal nerve injury and sensory disturbances, after third 
molar extraction (7-10). Its incidence ranges from 0.8% 
to 33% (6,9). 
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Painful Post Traumatic Trigeminal Neuropathy (PTTN) 
has been defined in the ICHD3, as persistent pain oc-
curring in a delay of 3-6 months in the area of a do-
cumented trigeminal nerve lesion (11,12). This type of 
neuropathic pain (NP) has a variable clinical phenoty-
pe, either in intensity, temporal pattern or quality, with 
patients experiencing mild to severe continuous or in-
termittent pain, reported frequently as burning, pricking 
or tingling sensations, electric shocks, paresthesia, and/
or mechanical allodynia (7,12,13). The individual and 
societal impact of PTTN is nowadays recognized with 
impaired psychosocial functioning, affective behavior, 
food ingestion and communication, associated with de-
creased quality of life (6,9,14).
PTTN after DIT is usually caused by trigeminal nerve 
damage during implant surgery either by direct nerve 
lesion caused by the drill or the implant or by indirect 
damage. The latter may have different origins for exam-
ple compression of the nerve by bone debris or edema 
, thermal injury caused by local heat during implant 
drilling (2,15,16), leading in fine to release of neuro-in-
flammatory mediators. 
Besides these cases in which persistent pain can be at-
tributed to the nerve damage caused by implant surgery, 
we noticed in our secondary orofacial pain consultation 
that several patients reported onset of trigeminal neuro-
pathic-like pain only after implant loading, i.e. after the 
placement of the crown or bridge; the pain thus could 
not be attributable to nerve damage. This intriguing ob-
servations prompted us to document the phenomenon. A 
retrospective cohort study was therefore undertaken in 
order to provide a clinical description of these patients.

Material and Methods
This cross sectional observational retrospective cohort 
study was approved by an IRB (CPP, protocol ABCD, 
INDS: TPS 1106180), registered in the national data 
protection agency (CNIL), and followed the STROBE 
recommendations for observational studies. It complied 
with the ethical principles of the Helsinki declaration 
and Good Clinical Practice. Anonymity of participants 
was respected throughout the course of the study.  
-Patient selection 
The COFP consultation of the dental service of the Pi-
tié-Salpêtrière Hospital (GHPS) is a clinical setting for 
either inpatients or outpatients, mainly referred by den-
tists, physicians (GP or specialists) for complex pain. 
Clinical records from 2015 to 2020 were screened be-
tween September 2019 and June 2020 according to the 
following inclusion and exclusion criteria. 
Inclusion criteria: 
• history of dental implant placement 
• absence of pain before implant placement 
• pain in the area of implants 
• absence of persistent pain in a 6-month period after 

implant placement, except in the 3 weeks following sur-
gery
Exclusion criteria: 
• Patients under 18 y.o.
• Patients with impaired communication 
• Pain with pain before implantation and/or loading
• Pain occurring within 4 weeks after dental implant 
loading
• Patients suffering from other chronic painful oral di-
sease, unless well identified such as DTM 
• Pain arising from another region than the trigeminal 
nerve.
• Pain arising from a different branch of the trigeminal 
nerve than concerned by the implant 
• Periimplantitis, assesssed clinically and radiographica-
lly 
• Interference of the implant with the nerve trajectory 
suggestive of a nerve lesion 
-Data extraction 
The data collection included demographic data (sex, 
age); medical status, dental and loco-regional history; 
medications; clinical features of pain including intensity 
assessed on a 0-10 numerical scale (NS), quality, tempo-
ral pattern, location, delay of apparition and time course; 
associated autonomic signs; aggravating and relieving 
factors; DN4 questionnaire as used in a previous study 
for chronic orofacial pain (17). 

Results 
-Sample 
Among the 675 patients attending the consultation du-
ring the period of the study, 5 fulfilled inclusion criteria 
and constituted the final sample. They were all women, 
aging from 53 to 74 years with medical characteristics 
and pain phenotypes reported in Table 1 and 2. 
-Onset of the pain
no patient reported a painful surgery and a six-month 
period minimum was respected between the implant 
loading, with no pain during this period (inclusion crite-
ria). All patients experienced oral discomfort a few days 
after implant loading, and complained to their practitio-
ner. Prosthetic elements were removed in all cases wi-
thout long term improvement. Implants were removed in 
4 cases resulting in a reduction in painful sensations for 
2 patients. In order to relieve pain, the patients consulted 
several specialists such as GP, stomatologists, healers, 
osteopath, acupuncturist, changed dentist, were referred 
to a pain center were specific prescriptions were given.
-Pain phenotype 
All patients reported continuous pain, either stable (1 
patient) increasing during the day (1 patient) or with 
fluctuations with no specific temporal pattern (3 pa-
tients). Intensity ranged from 2 to 9 on the 0-1 NS, oral 
function (speech and mastication) exacerbated the pain 
in 2 patients when food intake (meal) relieved the pain 
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Patient
Age 
Sex

Medical history 
(MH); 

 current 
medication (CM)

implants; 
delay before 

loading; 
occurrence 

of  pain

post implant history 
PIH ;  

most effective 
treatment (MET)

Duration of 
pain at the 
moment of 

consultation

Pain locus Relieving 
(RF) and 

agravating 
(AF) fac-

tors

Pain 
Score 
(NS, 

range)

time 
course of 
the pain

MM  
74 
F

 MH: ocular hy-
pertension  

sinus surgery,   
Zona lower limb and 
left eye; medication; 

menopause 
CM: Latanoprost,  
Utrogestan, clo-

nazepam

46-47;  
7 months 

immediate 
incomfort 

evolving to 
pain

PIH : prosthesis equi-
libration,  removal 
of crowns and  im-
plants, medical and  
paramedical consul-
tation (physicians, 
healers,osteopath, 

accupuncture,Hypno-
sis, magnetic trans-
cranial stimulation, 
aciclovir,amitryp-
tiline, pregbaline, 

topical capsaicin) all 
unsuccesful;  

MET : clonazepam

12 years right mandi-
bula around 

implants, 
radiation ip-
silateral ear 
and lateral 

tongue.

RF: food 
intake,  

chewing 
gum 

AF: speech 

4-8 increase 
during 
the day

LF 
56 
F

MH: Allergy to 
penicillin  

 arthrosis (ankle and 
whrist);  perimeno-

pause, burnout; 
CM : paroxetine; 

NSAIDs

 26 
 8 months 
Immediate

PIH : removal of 
implant;  endodontic 
retreatment 36, ex-
traction 36 and  38 ; 

No improvement 
MET: none

3 years left V2 pos-
terior arch, 
radiating 

to 38. 

none 5 stable

JD 
72 
F

  MH: occasional 
herpes simplex 

occurrences, meno-
pause; 

 CM : pregabaline; 
alprazolam, parace-

tamol + codeine                                          

16 and 17  
7 months  

immediate

PIH: removal of 
crown and implants; 

medications : du-
loxetine, clonaze-

pam, clomipramine, 
gabapentine 

MET: pregabaline 

4 years bone around  
16-17 

RF food 
intake, local 

brushing 
with cotton 
Q-tip;  dis-

traction,  
AF: ba-
rometric 

variations 

5-9 fluctua-
tions

FB 
53 
F

MH: Allergy to 
pollens and aca-

rians; cervical and 
lumbar pain, hea-
daches; occasional 

dizziness.perimeno-
pause 

CM: none

46 
13 months 
 within a 

week

PIH: removal of 
crowns and implants 

resulting in  slight 
improvement; 

MET: none

2 years 46 and all 
V3 territory 

RF: none 
AF : mas-
tication of 
hard food 
results in 
delayed 

agravation 
of pain 

(hours or 
days)

5-6 fluctua-
tions

FC 
56 
F

MH: arthrosis, 
carpian canal syn-

drome : irrtable 
bowel syndrome, 

cervical and lumbar 
pain,headaches, 
chronic sinusitis; 

tinitus; menopause 
CM : pregabaline, 

eletriptan 

44 
6 months; 
immediate                          

PIH: crown removal 
MET none

3 years 44-46    AF : masti-
cation  

2-8 fluctua-
tions

Table 1: Characteritics of the patients suffering from neuropathic-like pain after dental implant loading.
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in two patients. One had no aggravating/exacerbating 
factors). The most described sensations were pin and 
needles (4/5) > burning pain and tingling (3/5) > elec-
tric shocks (2/5)>cold pain and mechanical sensation 
not captured by DN4 described as incomfort, heaviness, 
tightness, pulling
-Localization
All patients reported pain in the area of the implanta-
tion site, at the maxilla or mandible. In two patients the 
pain area was circumscribed to this site when it radiated 
in the ipsilateral trigeminal branch in three patients and 
also in the opposite arch in one patient.
-Treatments. 
Classical treatments for NP were attempted (clonaze-
pam, pregabaline, gabapentine, aciclovir, hypnosis, or 
transcranial magnetic stimulation) but none were satis-
factorily although the pain was attenuated in 2 patients.

Discussion 
In this retrospective study, we identified a subgroup of 
patients with persistent orofacial pain after dental implant 
therapy evoking PTTN although not attributed to the surgi-
cal procedure per se, but by implant loading, i.e. after the 
fitting of the implant-supported prosthetic crown. A similar 
case has previously been mentioned in the literature (18).
-Clinical considerations
According to the symptoms and clinical behavior, the 
patients were diagnosed as NP in line with IASP re-
commendations (19). Although there is no yet unique 
semiology for NP, the patients reported neuropathic-li-
ke symptoms i.e. moderate to intense persistent sponta-
neous pain, allodynia, with pin and needles, burning, tin-
gling as main descriptors (12,20). In addition pain was 
not relieved by classical analgesics which is a key featu-
re of NP, and poorly responded to non-classical analge-
sics which is also frequent in orofacial NP (21). Except 
for criteria C2, (Table 3)  i.e. the time window for pain 
appearance, the patients fulfilled the ICHD criteria of 
PTTN (11). They felt a persistent pain in the territory of 
the trigeminal branch with a history of a traumatic event, 
i.e. extraction and/or implant. It is now acknowledged 
that even minor surgeries elicit nerve lesions, despite no 
major nerve trunk damage and this seems especially true 
in the densely innervated trigeminal region. For exam-
ple taking account of dental nerve deafferentations oc-
curring after root canal treatments and extractions resul-
ted in the conceptual shift from Atypical Odontalgia to 
PPTN in orofacial pain taxonomy (13). However in the 
present study, the observed symptoms cannot be attri-
buted to the surgical procedure alone since 1) no patient 
reported episode of pain during surgery evocative of a 
nerve lesion (2) and 2) no pain occurred in the 6 months 
period which defines PTTN; it can be added that in most 
cases of PTTN the pain occurs before (12). Thus, other 
mechanisms must be proposed.
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A. Facial and/or oral pain in the distribution(s) of one or both trigeminal nerve(s) and fulfilling criterion C
B. History of an identifiable traumatic event1 to the trigeminal nerve(s), with clinically evident positive (hyperalgesia, 
allodynia) and/or negative (hypaesthesia, hypalgesia) signs of trigeminal nerve dysfunction
C. Evidence of causation demonstrated by both of the following:
1. pain is localized to the distribution(s) of the trigeminal nerve(s) affected by the traumatic event
2. pain has developed <6 months after the traumatic event

D. Not better accounted for by another ICHD-3 diagnosis.

Table 3: Painful post traumatic trigeminal neuropathy criteria according to ICHD3.

-Pathophysiological hypotheses
A simple explanation is difficult to find, first because 
there was no identical semiology, either for intensity, 
pattern or quality; second, because further interventions 
were sometimes performed in order to relieve the pain 
(example JD extraction 38). It is therefore possible that 
these interventions worsened the initial symptomato-
logy. It is also known that neuropathic changes elicit a 
diversity of sensations reflecting the diversity of mecha-
nisms and types of nerve fibers involved (20). Keeping 
these limitations in mind, several hypotheses can be exa-
mined. 
The pathophysiology of PTTN triggered by nerve le-
sions is complex and involves peripheral and central 
mechanisms (12). Among them, alteration of neurovas-
cular units, resulting in long term genetic and epigene-
tic changes phenotypic changes in the damaged tissues, 
trigeminal ganglion and sensory trigeminal complex, 
through numerous bioactive molecules including prote-
ins, lipids, chemokines, mRNA, LTRNA (22-25) have 
been described. 
An interesting observation is provided by Tashima et al.  
(26) who showed that Aß nerve fibers activation through 
optogenetics after a nerve lesion can lead to neuropathic 
pain behavior. Thus a non-painful mechanical stimula-
tion usually mediated by Aß fibers can lead to a painful 
sensation. In physiological conditions, mechanical sen-
sations are conveyed by large myelinated A-fiber and 
interoceptive (homeostatic) sensations (including pain, 
itch, temperature, chemical sensing, pleasant touch etc.) 
by small diameter afferents. These two phylogenetically 
different systems, intermingled through evolution, com-
municating with each other and contributing to global 
body perception (27), have segregated pathways at the 
spinal/trigeminal level, responsible for the specificity 
of the sensations. They can be functionally reconfigu-
red in pathological states such as nerve lesions, through 
activation/inhibition of interneurons and glial cells, with 
specificities according to the nature of the injury (28,29). 
Changes in the spinal/trigeminal system, involving for 
example GABA and PKCγ interneurons and glial cells 
(30-35), have been documented. This changes can ex-
plain why a mechanical sensation can lead to persistent 
pain (36). 

If neuropathic changes in primary afferents and spinal/
trigeminal are well documented, other mechanisms in-
volving suprasegmental neuronal networks might also 
occur. It is for example known that tooth removal and 
its replacement by implant both lead to peripheral nerve 
degenerative/regenerative pathways as well as soma-
to-sensory cortex reorganization (37). Alteration of as-
cending and descending pain controls play an important 
role in persistent NP (28,38). In this regard, it is interes-
ting to note that two patients in this study were relieved 
during meals, suggesting a central mechanism (39). 
-Priming 
Since the symptoms did not appear immediately, the 
concept of priming can be evoked. As previously propo-
sed in other conditions, the inflammatory sensitization 
of primary afferents might favor the occurrence of NP in 
case of a later traumatic event  (40). In the cases reported 
here, the release of inflammatory mediators elicited by 
implant surgery (15,41,42) i.e. cytokines, endothelins, 
growth factors, prostanoids, hypoxic factors etc. might 
have sensitized nociceptors at the subclinical level. Of 
interest is the chemokine CCL2, released by damaged 
neurons in neuropathic pain models. It elicits long term 
changes in primary afferents and plays a major role in 
neuropathic pain and allodynia development (43,44). In-
terestingly, CCL2 is also released, with different charac-
teristics, in nociceptive or surgical conditions (45,46).
Then, the surgery and associated neuronal damage might 
have modified at a subclinical level the trigeminal affe-
rents, which revealed clinically after the mechanical sti-
mulation caused by implant loading. Such observations 
provide support for the clinical cases presented here, 
i.e. turning a mechanical non-painful stimulation into 
persistent pain. Other mechanisms can be evoked, in-
cluding the involvement of the mechanoreceptor Piezo2 
which is expressed in the majority of Aδ small-diameter 
myelinated nociceptors, including those that innervate 
the bone marrow and is sensitized by inflammatory me-
diators (47). 
-Limitations. 
The retrospective study design limits the collection 
of clinical information. Main data are declarative pa-
tient-based data. 
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Conclusions
This study supports the hypothesis that implant loading 
may be responsible for the development of neuropathic 
pain. A two-step mechanism can be evoked with a sen-
sitization of primary sensory afferents by neuro-inflam-
matory mechanisms, secondary activated by mechanical 
afferents after implant loading.

References
1. Ephros H, Kim S, DeFalco R. Peri-implantitis: Evaluation and Ma-
nagement. Dent Clin North Am. 2020;64:305-13.
2. Renton T. Oral surgery: part 4. Minimising and managing nerve 
injuries and other complications. Br Dent J. 2013;215:393-9.
3. Wang M, Li Y, Li J, Fan L, Yu H. The risk of moderate-to-severe 
post-operative pain following the placement of dental implants. J Oral 
Rehabil. 2019;46:836-44.
4. Al-Sabbagh M, Okeson JP, Bertoli E, Medynski DC, Khalaf MW. 
Persistent pain and neurosensory disturbance after dental implant sur-
gery: prevention and treatment. Dent Clin North Am. 2015;59:143-56.
5. Lin CS, Wu SY, Huang HY, Lai YL. Systematic Review and Me-
ta-Analysis on Incidence of Altered Sensation of Mandibular Implant 
Surgery. PloS One. 2016;11:e0154082.
6. Conti PCR, Bonjardim LR, Stuginski-Barbosa J, Costa YM, Svens-
son P. Pain complications of oral implants: Is that an issue? J Oral 
Rehabil. 2021;48:195-206.
7. Renton T, Yilmaz Z. Managing iatrogenic trigeminal nerve injury: 
a case series and review of the literature. Int J Oral Maxillofac Surg. 
2012;41:629-37.
8. Klazen Y, Van der Cruyssen F, Vranckx M, Van Vlierberghe M, Po-
litis C, Renton T, et al. Iatrogenic trigeminal post-traumatic neuropa-
thy: a retrospective two-year cohort study. Int J Oral Maxillofac Surg. 
2018;47:789-93.
9. Van der Cruyssen F, Peeters F, Gill T, De Laat A, Jacobs R, Politis 
C, et al. 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;47:1212-21.
10. Kohli D, Katzmann G, Benoliel R, Korczeniewska OA. Diagno-
sis and management of persistent posttraumatic trigeminal neuropa-
thic pain secondary to implant therapy: A review. J Am Dent Assoc. 
2021;152:483-490.
11. IHS. Headache Classification Committee of the International Hea-
dache Society (IHS) The International Classification of Headache Di-
sorders, 3rd edition. Cephalalgia Int J Headache. 2018;38:1-211.
12. Benoliel R, Kahn J, Eliav E. Peripheral painful traumatic trigemi-
nal neuropathies. Oral Dis. 2012;18:317-32.
13. Baad-Hansen L, Benoliel R. Neuropathic orofacial pain: Facts and 
fiction. Cephalalgia Int J Headache. 2017;37:670-9.
14. Gustin SM, Wilcox SL, Peck CC, Murray GM, Henderson LA. 
Similarity of suffering: equivalence of psychological and psychoso-
cial factors in neuropathic and non-neuropathic orofacial pain patients. 
Pain. 2011;152:825-32.
15. Khawaja N, Renton T. Case studies on implant removal in-
fluencing the resolution of inferior alveolar nerve injury. Br Dent J. 
2009;206:365-70.
16. Juodzbalys G, Wang H-L, Sabalys G. Injury of the Inferior Al-
veolar Nerve during Implant Placement: a Literature Review. J Oral 
Maxillofac Res. 2011;2:e1.
17. Braud A, Touré B, Agbo-Godeau S, Descroix V, Boucher Y. Cha-
racteristics of pain assessed with visual analog scale and questionnai-
re in burning mouth syndrome patients: a pilot study. J Orofac Pain. 
2013;27:235-42.
18. Rodríguez-Lozano FJ, Sanchez-Pérez A, Moya-Villaescusa MJ, 
Rodríguez-Lozano A, Sáez-Yuguero MR. Neuropathic orofacial pain 
after dental implant placement: review of the literature and case report. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2010;109:e8-12. 
19. Finnerup NB, Haroutounian S, Kamerman P, Baron R, Bennett 

DLH, Bouhassira D, et al. Neuropathic pain: an updated grading sys-
tem for research and clinical practice. Pain. 2016;157:1599-606.
20. Baron R, Maier C, Attal N, Binder A, Bouhassira D, Cruccu G, et 
al. Peripheral neuropathic pain: a mechanism-related organizing prin-
ciple based on sensory profiles. Pain. 2017;158:261-72.
21. Haviv Y, Zadik Y, Sharav Y, Benoliel R. Painful traumatic trigemi-
nal neuropathy: an open study on the pharmacotherapeutic response to 
stepped treatment. J Oral Facial Pain Headache. 2014;28:52-60.
22. Ohara PT, Vit J-P, Bhargava A, Romero M, Sundberg C, Charles 
AC, et al. Gliopathic pain: when satellite glial cells go bad. Neurosci 
Rev J Bringing Neurobiol Neurol Psychiatry. 2009;15:450-63.
23. Moreau N, Dieb W, Mauborgne A, Bourgoin S, Villanueva L, Pohl 
M, et al. Hedgehog Pathway-Mediated Vascular Alterations Following 
Trigeminal Nerve Injury. J Dent Res. 2017;96:450-7.
24. Korczeniewska OA, Khan J, Eliav E, Benoliel R. Molecular me-
chanisms of painful traumatic trigeminal neuropathy-Evidence from 
animal research and clinical correlates. J Oral Pathol Med Off Publ Int 
Assoc Oral Pathol Am Acad Oral Pathol. 2020;49:580-9.
25. Bai G, Ren K, Dubner R. Epigenetic regulation of persistent pain. 
Transl Res J Lab Clin Med. 2015;165:177-99.
26. Tashima R, Koga K, Sekine M, Kanehisa K, Kohro Y, Tominaga K, 
et al. Optogenetic Activation of Non-Nociceptive Aβ Fibers Induces 
Neuropathic Pain-Like Sensory and Emotional Behaviors after Nerve 
Injury in Rats. eNeuro. 2018;5.
27. Craig AD. A new view of pain as a homeostatic emotion. Trends 
Neurosci. 2003;26:303-7.
28. Prescott SA, Ma Q, De Koninck Y. Normal and abnormal coding 
of somatosensory stimuli causing pain. Nat Neurosci. 2014;17:183-91.
29. Peirs C, Williams S-PG, Zhao X, Arokiaraj CM, Ferreira DW, Noh 
M-C, et al. Mechanical Allodynia Circuitry in the Dorsal Horn Is Defi-
ned by the Nature of the Injury. Neuron. 2021;109:73-90.e7.
30. Ren K, Dubner R. Activity-triggered tetrapartite neuron-glial 
interactions following peripheral injury. Curr Opin Pharmacol. 
2016;26:16-25.
31. Ferrini F, Perez-Sanchez J, Ferland S, Lorenzo L-E, Godin AG, 
Plasencia-Fernandez I, et al. Differential chloride homeostasis in the 
spinal dorsal horn locally shapes synaptic metaplasticity and modali-
ty-specific sensitization. Nat Commun. 2020;11:3935.
32. Ouachikh O, Hafidi A, Boucher Y, Dieb W. Electrical Synapses are 
Involved in Orofacial Neuropathic Pain. Neuroscience. 2018;382:69-
79.
33. Artola A, Voisin D, Dallel R. PKCγ interneurons, a gateway to 
pathological pain in the dorsal horn. J Neural Transm Vienna Austria 
1996. 2020;127:527-40.
34. Dieb W, Hafidi A. Astrocytes are involved in trigeminal dyna-
mic mechanical allodynia: potential role of D-serine. J Dent Res. 
2013;92:808-13.
35. Katagiri A, Kato T. Multi-dimensional role of the parabrachial 
nucleus in regulating pain-related affective disturbances in trigeminal 
neuropathic pain. J Oral Sci. 2020;62:160-4.
36. Keller AF, Beggs S, Salter MW, De Koninck Y. Transformation of 
the output of spinal lamina I neurons after nerve injury and microglia 
stimulation underlying neuropathic pain. Mol Pain. 2007;3:27.
37. Avivi-Arber L, Lee JC, Sood M, Lakschevitz F, Fung M, Baras-
hi-Gozal M, et al. Long-term neuroplasticity of the face primary motor 
cortex and adjacent somatosensory cortex induced by tooth loss can be 
reversed following dental implant replacement in rats. J Comp Neurol. 
2015;523:2372-89.
38. Porreca F, Ossipov MH, Gebhart GF. Chronic pain and medullary 
descending facilitation. Trends Neurosci. 2002;25:319-25.
39. Mason P. Central mechanisms of pain modulation. Curr Opin Neu-
robiol. 1999;9:436-41.
40. Boucher Y, Moreau N, Mauborgne A, Dieb W. Lipopolysacchari-
de-mediated inflammatory priming potentiates painful post-traumatic 
trigeminal neuropathy. Physiol Behav. 2018;194:497-504.
41. Ivanusic JJ. Molecular Mechanisms That Contribute to Bone Ma-
rrow Pain. Front Neurol. 2017;8:458. 
42. Haegerstam GA. Pathophysiology of bone pain: a review. Acta Or-
thop Scand. 2001;72:308-17.



J Clin Exp Dent. 2022;14(2):e185-91.                                                                                                                                                                                          Neuropathic pain after Implant loading 

e191

43. Dauvergne C, Molet J, Reaux-Le Goazigo A, Mauborgne A, Mé-
lik-Parsadaniantz S, Boucher Y, et al. Implication of the chemokine 
CCL2 in trigeminal nociception and traumatic neuropathic orofacial 
pain. Eur J Pain Lond Engl. 2013;18:360-75.
44. Belkouch M, Dansereau M-A, Réaux-Le Goazigo A, Van 
Steenwinckel J, Beaudet N, Chraibi A, et al. The chemokine CCL2 
increases Nav1.8 sodium channel activity in primary sensory neurons 
through a Gβγ-dependent mechanism. J Neurosci Off J Soc Neurosci. 
2011;31:18381 90. 
45. Peters CM, Eisenach JC. Contribution of the chemokine (C-C 
motif) ligand 2 (CCL2) to mechanical hypersensitivity after surgical 
incision in rats. Anesthesiology. mai 2010;112:1250 8.
46. Chun S, Kwon YB. The CCL2 elevation in primary afferent fi-
bers produces zymosan-induced hyperalgesia through microglia-me-
diated neuronal activation in the spinal dorsal horn. Brain Res Bull. 
2019;149:53 9.
47. Dubin AE, Schmidt M, Mathur J, Petrus MJ, Xiao B, Coste B, et 
al. Inflammatory signals enhance piezo2-mediated mechanosensitive 
currents. Cell Rep. 2012;2:511 7.

Funding
This research was funded by Université de Paris (institutional funding 
of EA 7543).

Conflicts of interest
The authors declare no conflict of interest.


