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Trigeminal Nerve Injuries in Patients with Prior Molar

Tooth Extraction
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ABSTRACT

BACKGROUND AND PURPOSE: Clinical neurosensory testing is an imperfect reference standard to evaluate molar tooth extraction
related peripheral trigeminal neuropathy. The purpose was to evaluate the diagnostic accuracy of MR neurography in this domain and
correlation with neurosensory testing and surgery.

MATERIALS AND METHODS: In this retrospective study, nerve caliber, T2 signal intensity ratio, and contrast-to-noise ratios were
recorded by 2 observers using MR neurography for bilateral branches of the peripheral trigeminal nerve, the inferior alveolar and lingual
nerves. Patient demographics and correlation of the MR neurography findings with the Sunderland classification of nerve injury and
intraoperative findings of surgical patients were obtained.

RESULTS: Among 42 patients, the mean � SD age for case and control patients were 35.8 � 10.2 years and 43.2 � 11.5 years, respectively,
with male-to-female ratios of 1:1.4 and 1:5, respectively. Case subjects (peripheral trigeminal neuropathy or injury) had significantly larger
differences in nerve thickness, T2 signal intensity ratio, and contrast-to-noise ratios than control patients for the inferior alveolar nerve and
lingual nerve (P � .01 and .0001, .012 and .005, and .01 and .01, respectively). Receiver operating characteristic analysis showed a significant
association among differences in nerve thickness, T2 signal intensity ratio, and contrast-to-noise ratios and nerve injury (area under the
curve, 0.83– 0.84 for the inferior alveolar nerve and 0.77– 0.78 for the lingual nerve). Interobserver agreement was good for the inferior
alveolar nerve (intraclass correlation coefficient, 0.70 – 0.79) and good to excellent for the lingual nerve (intraclass correlation coefficient,
0.75– 0.85). MR neurography correlations with respect to clinical neurosensory testing and surgical classifications were moderate to good.
Pearson correlation coefficients of 0.68 and 0.81 and � of 0.60 and 0.77 were observed for differences in nerve thickness.

CONCLUSIONS: MR neurography can be reliably used for the diagnosis of injuries to the peripheral trigeminal nerve related to molar
tooth extractions, with good to excellent correlation of imaging with clinical findings and surgical results.

ABBREVIATIONS: IAN � inferior alveolar nerve; LN � lingual nerve; MRN � MR neurography; NST � neurosensory testing; PSIF � reversed fast imaging with steady
state precession; PTN � peripheral trigeminal neuropathy; T2SIR � T2 signal intensity ratio; SI � signal intensity

Sensory innervation to the face is provided by 3 branches of the

trigeminal nerve: the ophthalmic, maxillary, and mandibular

nerves. During oral and maxillofacial treatments, the most com-

monly injured terminal branches are the inferior alveolar (IAN)

and lingual (LN) nerves.1,2 Among oral treatments, molar tooth

extractions are very common, and up to 10 million third molars

are extracted each year at a cost of more than US $3 billion.3 Tooth

extractions alone account for 60% of all nerve injuries in the jaw,

with an incidence of permanent paresthesia in the lip, tongue, and

cheek ranging from 11,500 –35,000 per year.4-6

Currently, clinical neurosensory testing (NST) is used as the

criterion standard to confirm the diagnosis of peripheral trigem-

inal neuropathy (PTN).7 NST involves 3-level testing, with level A

measuring spatiotemporal sensory perception, level B measuring

contact detection with monofilament, and level C measuring pain

threshold and tolerance. The 5 scores of sensory impairment de-

note normal, mild, moderate, severe, and complete loss (Table 1).

Surgeons use clinical history and NST to diagnose neuropathy

and stratify nerve injury with respect to the Sunderland classifica-

tion. Initially described in 1951, this classification is based on

the injury of individual structures of the organized nerve tissue
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(ie, myelin loss; axonal loss; and endoneurial, perineurial, and

epineural injury, in that order).8,9 The aims of surgical treatment

are to repair the damaged nerve, maximize the number of axons

that regenerate through the site of injury, and increase the pro-

portion of axons that grow back to appropriate targets. Thus,

timely decision making regarding surgical treatment and accurate

presurgical planning is important for proper case management.

Despite exhibiting high positive and negative predictive values for

LN injuries, NST shows lower values for IAN injuries, with false-

positive and false-negative rates of up to 23% and 40%, respec-

tively.7 NST results are not reliable in the first 3 months after the

injury because of postoperative changes and the inability of pa-

tients and/or physicians to reproduce the sensory response. In

addition, NST cannot determine the exact site of injury or delin-

eate the anatomy for presurgical planning.7,10 MR neurography

(MRN), an imaging dedicated to the peripheral nerves, provides a

noninvasive map of neuromuscular anatomy and resolves the in-

traneural architecture in multiple orthogonal planes.11-14

Currently, there are 2 different MR imaging methods available

to study peripheral nerves: anatomic MRN and diffusion-based

functional MRN, particularly DTI. MRN facilitates the detection

of neuropathy by showing alterations of nerve caliber and abnor-

mal intraneural T2 signal intensity ratio (T2SIR).15 DTI aids in

the functional evaluation of the intraneural pathophysiology, and

altered diffusion characteristics correlate with axonal degenera-

tion and demyelination.16-19 The aim of our study was to evaluate

the role and reliability of MRN for the diagnosis of injuries to the

PTN in patients with prior molar tooth extraction to determine its

accuracy with respect to the clinical and surgical staging. Our

hypothesis was that MRN can quantitatively and reliably differ-

entiate normal from injured nerves with high accuracy and that

nerve injury classification on MRN correlates with clinical NST

grading and surgical findings.

MATERIALS AND METHODS
This study was conducted at the University of Texas Southwestern

Medical Center, Dallas, Texas, after institutional review board

approval following Health Insurance Portability and Account-

ability Act guidelines. Informed consent was waived because of

the retrospective nature of this study.

Patient Population
A retrospective review of charts of a consecutive series of 55 pa-

tients who were imaged with MRN for suspected PTN neuropa-

thies over a 27-month period (January 2015 to March 2017) re-

vealed 24 cases referred for clinically suspected PTN injury after

Table 1: Clinical NST for trigeminal neuropathya

Level C: Pain Threshold
and Tolerance

Heat Temperature Threshold <47
Level A: Spatiotemporal Sensory Perception Level B: Contact Detection

with Monofilament
Heat Temperature Tolerance <50

Direction Sensitivity <90% Pressure Pain Threshold <1.5 lb.
Static 2-Point Discrimination <18 mm <2.83 Pressure Pain Tolerance <2.0 lb.

Normal Present Present Present
Mild Failed Present Present
Moderate Failed Failed Present
Severe Failed Failed Elevated
Complete Failed Failed Absent

a Present: values recorded at test and control sites exhibit comparable sensitivity within published normative range. Failed: values recorded at test site sensitivity are less than
that of control sites or published normative range. Elevated: values recorded at test site sensitivity are greater than that of control sites or published normative range but below
maximum of test device (ie, 6 lbs.). Absent: values recorded at test site sensitivity are greater that maximum of test device (ie, 6 lbs.).

Table 2: Criteria for stratifying of nerve injuries on MRN and surgery based on Sunderland classification
Class MRN Surgical
I Qualitative: Homogeneous increased T2 signal

of nerve with no change in caliber
Intact with no internal or external fibrosis, normal mobility

and neuroarchitecture (visualize fascicles and Fanconi bands)
Quantitative: No changes

II Qualitative: Homogeneous increased T2 signal
of nerve and mild nerve thickening
Perineural fibrosis

Intact with no internal fibrosis with
external fibrosis, restricted mobility but neuroarchitecture
intact (visualized fascicles and Fanconi bands
once external scar removed)Quantitative: �50% larger than contralateral /normal nerve

III Qualitative: Homogeneous increased T2 signal
of nerve and moderate to marked nerve thickening
Perineural fibrosis

Intact with both internal and external
fibrosis, restricted mobility and disturbance of
neuroarchitecture (abnormal fascicle patterns
and/or Fanconi bands not visible)Quantitative: �50% larger than contralateral/normal nerve

IV Qualitative: Heterogeneous increased T2 signal
of nerve and focal enlargement in otherwise continuous
nerve (neuroma in continuity)
Perineural and intraneural fibrosis

Partial transected nerve, but some amount of
distal nerve present with or without lateral neuroma

Quantitative: Focal swelling with heterogeneous T2 signal
or fascicular disruption

V Qualitative: Discontinuous nerve with end-bulb neuroma Completely transected nerve with or without
amputation (end-bulb) neuromaQuantitative: Complete disruption with gap and

end-bulb neuroma
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molar tooth extraction. All 24 patients exhibited NST evidence of

injury of the IAN or LN and were referred from the institutional

oral and maxillofacial surgery clinic. Others (31 patients) were

referred for PTN injuries after dental or chin implants, teeth fill-

ing, or the extraction of maxillary or mandibular tumors and were

not included in the final study sample. The control group con-

sisted of 18 consecutive patients referred for suspected occipital

neuralgia with no symptoms of trigeminal neuralgia, recent tooth

extraction, facial pain, or previous oral/maxillofacial surgery. Pa-

tient demographics (age, sex) and laterality of the injury were

recorded. The Sunderland class of nerve injury (Table 2) was pro-

spectively documented by an experienced oral and maxillofacial

surgeon as standard of care by using clinical and NST findings.8,18

The patients who were not specifically stratified into 1 Sunderland

class were recorded as indeterminate, and patients who could not

be clinically tested for various reasons (eg, severe pain or inability

to open the mouth in acute injury) were considered as unclassified

for the purpose of the research study. Final Sunderland classifica-

tion based on surgical findings was used for correlation with MRN

and NST findings.

Image Acquisition
From a total of 42 patients, 19 were imaged on 1.5T scanners

(Avanto; Siemens, Erlangen, Germany), and 23 were imaged on

3T scanners (Achieva or Ingenia; Philips Healthcare, Best, the

Netherlands). All patients were scanned supine in a multichannel

head coil. Multiple pulse sequences were acquired by using the

institutional MRN protocol (On-line Table 1), but only the 3D

reversed fast imaging with steady state precession (PSIF) images

were reviewed for study purposes.11

Image Interpretation and Analysis
All scans were prospectively reported by

an experienced, fellowship-trained radi-

ologist as part of routine patient care.

Neuropathy was determined based on

various qualitative (increased nerve T2

signal and perineural fibrosis) and

quantitative (caliber alterations) crite-

ria. Findings were confirmed on multi-

ple sequences (T1, T2 fat-suppressed,

PSIF, and DTI). A Sunderland classifica-

tion was given to each nerve injury by

using the qualitative criteria as described

in Table 2 (Figs 1 and 2). When a single

class could not be determined based on

MRN (eg, report stated “Sunderland

class III/IV or class IV/V injury”), the

case was classified as indeterminate

(On-line Table 2). All information was

extracted from the formal reports and

recorded for comparison with clinical

NST and surgical findings.

Nerve Measurements on MRN
Coronal 3D PSIF images were chosen to

perform measurements on because they

produce nerve-selective imaging.20 Two

readers with 20 and 5 years’ experience

in radiology, respectively, indepen-

dently performed the measurements af-

ter a training set of 6 scans that included

both case and control patients. The

FIG 1. A, MIP coronal 3D PSIF image showing class II injury to the right
IAN with mild increase in caliber (less than 50% of the left) and signal
intensity of the right IAN (long arrow) in comparison with a normal
left inferior alveolar nerve (short arrow). B, Sagittal reconstruction
MIP 3D PSIF image showing increase in caliber and signal intensity of
the right IAN (long arrow) proximal to injury site (arrowhead). C,
Normal uniform caliber and signal intensity of the left IAN (short
arrow).

FIG 2. A and B, MIP 3D coronal PSIF images show a hyperintense left LN (long arrow) with a 3-mm
neuroma in continuity (demarcated by 3 arrowheads) compatible with class IV injury. C and D,
Sagittal reconstructions show the abnormal left LN neuroma (demarcated by 3 arrowheads)
compared with a normal right LN (short arrow).
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readers were blinded to the clinical history or prior MRN report.

For the control group, a predefined bony landmark was used to

identify both nerves for measurement. The midmandibular canal

was chosen because the midlingual nerve can be easily identified

medial to the medial cortex of the mandibular ramus, and the IAN

lies within the bony mandibular canal (Fig 3A). Nerve thickness

was recorded by measuring the maximum transverse dimension of

the IAN in the midmandibular canal and the LN in its midcourse. T2

signal intensity was recorded in the same area by drawing a freehand

ROI on each nerve (Fig 3B). In patients who underwent tooth extrac-

tion (the study group), the measurements were performed at the site

of the most visible abnormality of the affected nerve. This was fol-

lowed by calculation of T2SIR (SI nerve � �SI nerve)21 and CNR

(SI nerve � SI pterygoid muscle ��SI nerve) for each nerve in both

groups. All data points, measurements,

and calculations were recorded on a

spreadsheet for data analysis.

Clinical and Surgical Classification
NST was performed by the same experi-

enced oral and maxillofacial surgeon.

Thirteen of 24 patients from this group

underwent surgery of 13 nerves, and in-

juries were graded intraoperatively by

using the Sunderland classification cri-

teria in Table 2 (Fig 4). Unclassified

nerve injuries or indeterminate findings

on NST and intraoperatively were re-

corded (On-line Table 2).

Statistical Analysis
Descriptive statistics were used for the

demographic data and Sunderland clas-

sifications on NST and MRN. Differ-

ences in sex and/or scanner between case
and control patients were assessed by using the Fisher exact test,

and the differences in median age and image measurements in

case versus control patients were tested by using the Wilcoxon

rank sum test. Area under the curve was calculated by using re-

ceiver operating characteristic for MRN accuracy in the detection

of neuropathy. A � analysis was performed to test correlations of

Sunderland classification on independently performed NST,

MRN, and surgical classifications in the group of cases (Fig 5). The

Pearson correlation coefficient was used to investigate the associ-

ation of differences in thickness between normal and injured

nerves. Interobserver performance was assessed by using intra-

class correlation coefficients. Agreement was classified as excel-

lent (� 0.80), good (0.61– 0.80), moderate (0.41– 0.60), fair

(0.20 – 0.40), and poor (� 0.20). Type I error was set at .05. R 3.3.2

FIG 3. Coronal 3D PSIF images showing A, localization of the site of the LN and IAN (short and long arrows, respectively) and B, signal intensity
measurements on both sides.

FIG 4. A, MIP 3D PSIF coronal image shows class IV/V injury of the left LN with excessive
granulation and possible discontinuity of its distal end (long arrow). B, On surgery, it was also
called class IV/V injury (arrow) with excessive scarring and granulation tissue and was resected.
The final gap was 16 mm (C) and an allograft was placed for nerve reconstruction.
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(http://www.r-project.org/) and SAS 9.4 (SAS Institute, Cary,

North Carolina) were used for statistical analysis.

RESULTS
Patient Population
Forty-two subjects were included in the final sample. Mean � SD

age of the case group with 24 patients was 35.8 � 10.2 years, with

a male-to-female ratio of 1:1.4. Mean � SD age of the control

group was 43.2 � 11.5 years, with a male-to-female ratio of 1:5.

Eight case group subjects and 11 controls were scanned on 1.5T

scanners, and 16 case group subjects and 7 controls were scanned

on 3T scanners. No significant difference was found in the distri-

bution of sex or scanner between case and control groups (P � 1

for both sex and scanner for IAN; P � .08 for sex in LN and .18 for

scanner in LN). No significant difference was found in the median

age between case and control groups (P � .20 for IAN and P � .06

for LN).

Classification of Nerve Injuries on NST, MRN, and Surgery
In the case group, 25 nerve injuries were found in 24 patients (1

patient had both IAN and LN injuries). Eighteen were LN injuries

(7 right and 11 left) and 7 were IAN injuries (3 right and 4 left).

Sunderland classifications by NST included 2 class II, 2 class III, 4

class IV, and 1 class V injury (On-line Figure). Fourteen nerve

injuries were indeterminate, and 2 were not classified. Sunderland

classifications by MRN included 6 class II, 2 class III, 9 class IV,

and 5 class V injuries, respectively. Three nerve injuries were in-

determinate (On-line Table 2). Sunderland classifications on

MRN were congruent with NST in 6 cases, upstaged in 9 cases and

downstaged in 8 cases. Two cases that could not be classified on

NST received a class on MRN. Thirteen of 24 patients underwent

surgery for 13 nerve injuries. Sunderland classification on surgery

included 2 class III, 7 class IV, and 3 class V injury. One was

indeterminate when the surgeon could not decide between class

IV and V injury, similar to MRN. Sunderland classifications on

MRN were congruent with surgery in 10 cases and downstaged in

3 cases. No cases were upstaged. Assuming 1 nerve abnormality

per patient (when classification was undetermined, the lower class

was accepted), this study showed � of 0.57 and 0.4 between MRN

and NST classifications (Fig 5A) and MRN and surgical classifi-

cations (Fig 5B) with class IV and V combined, respectively.

Nerve Measurements on MRN
Bilateral IAN and LN measurements were performed. From a

total of 168 nerves, nerve thickness and SI were measured in a total

of 122 nerves. Ninety-seven nerves were normal (72 nerves bilat-

erally in the control group and 25 contralateral normal nerves in

the case group) and 25 were abnormal. Forty-six nerves were ex-

cluded from the case group because a regional postsurgical in-

flammatory response may affect the other nerve(s) and confound

the results. Mean � SD of difference in thickness of IANs and LNs

was 0.60 � 0.33 mm and 0.87 � 0.34 mm for the case group

versus 0.22 � 0.20 mm and 0.11 � 0.12 mm for control patients,

respectively (Table 3). The case group had significantly larger dif-

ferences (P � .01 and .0001 for IAN and LN, respectively) of nerve

thickness versus controls. Mean � SD difference in T2SIR in IAN

and LN was 3.15 � 1.91 and 4.58 � 3.40 	 10�3 mm2/s, respec-

tively, in the case group and 1.34 � 1.09 and 1.92 � 1.51 	 10�3

mm2/s, respectively, in control patients (P � .012 and .005 for

IAN and LN, respectively). On comparison of CNR for case and

control patients, the mean � SD difference in CNR in IAN and

LN was 6.53 � 4 and 6.93 � 4.89 	 10�3 mm2/s, respectively, in
FIG 5. � correlations for A, MRN versus NST and B, MRN versus
surgical classifications.

Table 3: Differences in thickness, T2SIR, and CNR among the case and control groups

Nerve Group

Thickness T2SIR CNR

Mean Difference SD P Value Mean Difference SD P Value Mean Difference SD P Value
IAN Cases 0.60 0.33 .01 3.15 1.91 .012 6.53 4.00 .01

Controls 0.22 0.20 1.34 1.09 2.20 1.89
LN Cases 0.87 0.34 .0001 4.58 3.40 .005 6.93 4.89 .01

Controls 0.11 0.12 1.92 1.51 3.37 3.81
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the case group and 2.2 � 1.89 and 3.37 � 3.81 	 10�3, mm2/s,

respectively, in controls (P � .01 for both IAN and LN) (Fig 6).

The area under the curve revealed accuracy of 0.83– 0.84 for IAN

by using CNR, T2SIR, and thickness. For LN, the area under the

curve revealed accuracy of 0.77– 0.78 for CNR and T2SIR,

whereas it was 0.99 for nerve thickness (Fig 7). Interobserver

agreement was good for IAN (intraclass correlation coefficient,

0.70 – 0.79) and good to excellent for LN (intraclass correlation

coefficient, 0.75– 0.83) (On-line Table 3). The Pearson correla-

tion coefficients were 0.68 and 0.81 for nerve injury classifications

between MRN and NST (Fig 8A) and MRN and surgery (Fig 8B),

respectively (P � .0006 and .0004, respectively).

DISCUSSION
The face is the fourth most common chronic pain site, contribut-

ing to substantial annual health care costs.22 Molar tooth extrac-

tions result in facial and jaw pain caused by iatrogenic PTN injury

and account for 60% of all nerve injuries of the jaw.4 Persistent

nerve damage results in disabling neuropathic pain and substan-

tial oral dysfunction.23 Early diagnosis and timely management

are essential for both improved patient outcomes and prognosis.

FIG 6. Differences in thickness, T2SIR, and CNR among the case and
control groups.

FIG 7. ROC curves for A, IAN and B, LN.

FIG 8. Correlations between differences in nerve thickness on MRN
versus NST (A) and surgery (B).
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The postoperative outcomes have been shown to be negatively

affected by older age, delayed treatment (�3– 6 months after in-

jury), and a larger nerve gap.10,24 The current diagnostic strategy

of using NST as the criterion standard is limited. The subjective

NST result delays the treatment of higher-class injury (patients

who need surgical repair) and does not delineate the anatomy and

exact location of injury for preoperative planning.9

The 3D PSIF sequence on MRN depicts the small PTN

branches in their entirety because of vascular signal suppression

and superior resolution (0.9 mm isotropic) (Figs 1–3).11,20 In

addition, findings of nerve injury, such as increased intraneural

signal and alteration of the nerve caliber, are more conspicuous.25

Similar to earlier studies on peripheral extremity nerves,26

this study establishes that increased T2SIR can accurately diag-

nose nerve injury in the setting of neuropathy-related molar

tooth extraction. Previous studies have shown correlation be-

tween changes in T2SIR and electrophysiology of the injured

nerve.16,17,19 Similar to results reported by Baumer et al,26 the

study confirms that alterations of nerve caliber can be accurately

used to diagnose neuropathy. Thus, increased T2SIR and caliber

of the injured nerve can be used as surrogate quantitative imaging

markers for neuropathy.

Nerve injury stratification on imaging by using Sunderland

classification has not been scientifically studied before. It is easy to

identify a focal neuroma in continuity and complete transection

with the nerve gap qualitatively. This study, in addition, has

shown that using nerve thickness differences to classify nerve in-

juries in a quantitative manner is prudent and accurate. The mea-

surements showed good to excellent interreader reliablity and

there were good to excellent correlations with NST and surgery

classifications when using nerve thickness differences. Thus,

MRN can be used in practice to stratify nerve injuries.

When comparing Sunderland classifications on different mo-

dalities, NST was indeterminate in 56% (14/25), MRN was inde-

terminate in 12% (3/25), and surgery was indeterminate in 8%

(1/13) of nerve injuries. MRN also detected 2 nerve abnormalities

(IAN and LN) in 1 case where NST recorded only 1. Thus, MRN

can provide incremental value over the current reference stan-

dard, NST. This result is not unexpected considering that MRN

provides a more objective tool for 3D depiction of the nerve injury

and can create a presurgical map for the surgeon.

The study has some limitations, including small sample size,

retrospective nature, and differences among sex and age distribu-

tion between the case and control groups. These were unavoidable

as we attempted to study a specific homogeneous group of pa-

tients compared with a previously published study in this do-

main.27 Our controls were not healthy patients, but we made sure

that none of them had symptoms, clinical findings, or surgery in

the area of PTN. We did not evaluate other sequences, such as

T1-weighted imaging for perineural scarring as it is difficult to

evaluate the small nerve on T1-weighted images. We did not as-

sess diffusion metric differences because of reproducibility issues

with DTI. Finally, the same surgeon who documented NST results

performed the final surgery, and not all patients underwent sur-

gery because of various reasons.

In the future, the study can be performed in a larger sample

and in a prospective fashion to address the above described limi-

tations. In addition, the role of quantitative MRN imaging mark-

ers of nerve injury can be evaluated in determining patient out-

comes and prognosis.

CONCLUSIONS
MRN is reliable and accurate for the diagnosis of PTN injuries

related to molar tooth extractions, with good to excellent corre-

lation of imaging findings with clinical findings and surgical

results.
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