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Objectives:  To perform a systematic review of published studies on diagnostic accuracy of 
magnetic resonance neurography (MRN) vs clinical neurosensory testing (NST) for post-
traumatic trigeminal neuropathy (PTTN) in patients reporting neurosensory disturbances 
(NSD).
Methods:  Human studies except case reports, reviews, systematic reviews and meta-analyses 
were included. PubMed, Embase, Web of Science and Cochrane Library were consulted. 
Risk of bias assessment was conducted using the Quality Assessment of Diagnostic Accuracy 
Studies 2 tool. Predetermined data extraction parameters were noted and summarized.
Results:  8 studies met eligibility criteria of which 7 were retrospective, representing 444 
subjects. Most studies were at high risk of bias with low applicability concerns. Populations 
and objectives were divergent with a large variation in timing (3 days–17 years post injury) and 
parameters (multiple coil designs, fat suppression techniques, additional contrast agent) of 
MRI acquisition. T2 weighted 3 T imaging with short echo times (2.2–100 ms) and fat suppres-
sion was applied in seven studies, techniques varied. Determination of sensitivity and speci-
ficity could not be performed due to the methodological variation between studies and lacking 
comparative data between index and reference tests. Based on limited data, PTTN correlated 
reasonably well between clinical assessment, intraoperative findings and MRN abnormalities 
(k = 0.57). Increased signal intensity correlated with persistency of neurosensory disturbances 
in one study. Intra- (ICC 0.914–0.927) and interobserver (k = 0.70–0.891) MRN variability 
was considered good to excellent. One retrospective study showed substantial impact of MRN 
on clinical decision making in one-third of patients.
Conclusion:  Currently, there is insufficient scientific knowledge to support or refute the use 
of MRN. Based on limited data, MRN seems promising and reliable in detection and grading 
of PTTN. Methodological issues underline the importance for prospective blinded studies 
with standardization of signal intensity calculation and rigorous reporting of MRI acquisition 
parameters.
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Background

The peripheral trigeminal nerves are a daily concern 
for anyone operating in the head and neck area.1 There 
is a risk of damage to these branches in numerous 
dentoalveolar and oral or maxillofacial surgeries such 
as wisdom tooth extraction, endodontic treatments, 
placement of implants and administration of local anes-
thesia.2 Once damage occurs, there is usually a neuro-
sensory disturbance which can be superimposed with 
neuropathic pain and phenomena such as allodynia and 
hyperalgesia. Diagnosing these post-traumatic trigem-
inal neuropathies (PTTN) and predicting prognosis in 
the early post-traumatic period is not straightforward.3–5 
Currently, diagnosis is mainly based on patient-reported 
neurosensory disturbances (NSD) and qualitative or 
quantitative psychophysical neurosensory tests (NST), 
which have their own methodological problems.6 Elec-
trophysiological tests are available but are difficult to 
apply in the trigeminal distribution.6 Additionally, they 
cannot precisely depict the localization and extent of 
trauma, which is important if  surgical management is 
considered.

From a clinical but also medicolegal point of view, 
it is important to be able to make a distinction in 
severity between nerve damage, localization and sensory 
profiles.3,7 Many patients experience spontaneous 
recovery, but in select cases with severe nerve damage, 
a microsurgical release or repair may be appropriate. 
It is generally agreed that a faster intervention leads 
to better neurosensory recovery.8–12 The current stan-
dard in diagnosing pathology of the peripheral sensory 
nervous system is quantitative sensory testing (QST). 
It was introduced by the German Research Network 
on Neuropathic Pain in 2006 and is already strongly 
substantiated in its value, being that it can clarify if  a 
neurosensory deficit is present or not.13–19 However, for 
the time being, it remains unclear how these tests evolve 
in the transition from the acute to the chronic phases of 
trigeminal nerve damage and if  they can predict prog-
nosis and treatment outcomes in PTTN.17,20,21

Magnetic resonance neurography (MRN) is an 
MRI technique in which dedicated sequences are used 
to enhance the visualization of the peripheral nervous 
system and its pathology.22 It has the potential to 
visualize and quantify nerve injuries and the associ-
ated severity of damage.23 Evidence has already been 
demonstrated for plexus lesions and in neuromusculo-
skeletal imaging, but to the best of our knowledge no 
aggregate analysis of literature is known for the diag-
nostic accuracy and value in post-traumatic trigeminal 

nerve lesions.22,24,25 Therefore, the main objective of this 
study was to conduct a systematic review of diagnostic 
test accuracy (DTA) of MRN vs clinical neurosensory 
testing or patient-reported NSD in patients with PTTN. 
Secondary objectives were to identify currently used 
MRN sequences, their parameters and performance 
as well as how they correlate with nerve injury severity. 
Finally, we looked for any impact on clinical decision-
making when adding MRN to the diagnostic work-up.

Methods

Systematic search
The PICO question included (P) patients suffering from 
PTTN resulting in NSD within the trigeminal distribu-
tion who (I) underwent MRI in (C) comparison with 
clinical (neurological) examination or patient-reported 
NSD and (O) to assess techniques reported, its diag-
nostic accuracy, performance and correlation with 
nerve injury severity. The current systematic review was 
registered in the International Prospective Register of 
Ongoing Systematic Reviews (PROSPERO; https://
www.​crd.​york.​ac.​uk/​PROSPERO/​display_​record.​php?​
RecordID=​117971; number: CRD42018117971) and 
was performed according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis-
Diagnostic Test Accuracy (DTA) guidelines (see 
Appendix). The abstract was written using the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analysis-DTA for Abstracts checklist. An experienced 
librarian was consulted before starting the study to 
co-create the search method. A systematic search was 
conducted in PubMed, Embase, Web of Science, and 
Cochrane Library in October 2019 and updated in 
February 2020. The search query is illustrated in Table 1 
and consisted of two concepts: “MRI” and “PTTN”. 
These concepts were combined using the AND operator. 
Reference lists of included studies also were screened.

Selection criteria
The search was limited to original research articles 
without restrictions on language or publication date.

Inclusion criteria included cohort studies, obser-
vational case–control, cross-sectional, randomized 
controlled trials (RCTs) and case series. In general, 
studies were included if  the investigated patients were 
diagnosed with PTTN on the basis of sensory tests or 
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patient-reported NSD and if  MRN was examined as an 
index test.

Exclusion criteria included animal trials, case reports, 
reviews, systematic reviews and meta-analyses.

Screening and selection of records
The first author (FVDC) executed the literature search 
and exported all references to Rayyan QCRI after 
deduplication.26 Two researchers (FVDC and FP) 

independently screened titles and abstracts according 
to inclusion and exclusion criteria. Disagreements were 
resolved in a consensus meeting with a third researcher 
(TMC). The first author screened the reference lists for 
additional articles that did not appear in the systematic 
search. Both researchers again independently deter-
mined which articles should be retained and consensus 
was reached in a second consensus meeting with the 
three researchers.

Table 1  Overview of the applied search strategy

Database Concept 1: MRI Concept 2: PTTN

Pubmed “Magnetic Resonance Imaging”[Mesh] OR magnetic-resonance-imag*[tiab] 
OR MRI[tiab] OR NMR-Imag*[tiab] OR MR-tomography[tiab] OR NMR-

tomography[tiab] OR MRI-scan*[tiab] OR fMRI[tiab] OR functional-MRI[tiab] 
OR functional-magnetic-resonance-imag*[tiab] OR spin-echo-imag*[tiab] 
OR diffusion-magnetic-resonance-imag*[tiab] OR diffusion-MRI[tiab] OR 

diffusion-weighted-MRI[tiab] OR nuclear-magnetic-resonance-imag*[tiab] OR 
arterial-spin-label*[tiab] OR diffusion-tensor-imag*[tiab] OR diffusion-weighted-
imag*[tiab] OR dynamic-contrast-enhanced-magnetic-resonance-imag*[tiab] OR 

multiparametric-magnetic-resonance-imag*[tiab] OR neurography[tiab]

“Trigeminal Nerve Injuries”[Mesh] OR trigeminal-nerve-
injur*[tiab] OR Fifth-Cranial-Nerve-Injur*[tiab] OR 
Traumatic-Fifth-Nerve-Palsies [tiab] OR Traumatic-

Trigeminal-Neuropath*[tiab] OR Injury-Cranial Nerve-
V[tiab] OR Traumatic-Fifth-Nerve-Palsy[tiab] OR Trauma-

Trigeminal-Nerve[tiab] OR Cranial-Nerve-V-Injury[tiab] 
OR Fifth-Nerve-Trauma[tiab] OR Trigeminal-Nerve-

Contusion[tiab] OR Trigeminal-Nerve-Transection[tiab] 
OR Trigeminal-Nerve-Avulsion[tiab] OR inferior-alveolar-

nerve[tiab] OR lingual-nerve[tiab] OR mandibular-
nerve[tiab]

Embase 'magnetic resonance imaging'/exp OR ‘magnetic resonance imag*’:ti,ab,kw 
OR ‘arterial spin label*’:ti,ab,kw OR ‘diffusion tensor imag*’:ti,ab,kw OR 

‘diffusion weighted imag*’:ti,ab,kw OR ‘dynamic contrast-enhanced magnetic 
resonance imag*’:ti,ab,kw OR ‘functional magnetic resonance imag*’:ti,ab,kw 

OR ‘multiparametric magnetic resonance imag*’:ti,ab,kw OR ‘perfusion weighted 
imag*’:ti,ab,kw OR ‘NMR imag*’:ti,ab,kw OR ‘MR tomography’:ti,ab,kw OR 
‘NMR tomography’:ti,ab,kw OR ‘MRI scan’:ti,ab,kw OR ‘fMRI’:ti,ab,kw OR 
‘functional MRI’:ti,ab,kw OR ‘functional magnetic resonance imag*’:ti,ab,kw 

OR ‘spin echo imag*’:ti,ab,kw OR ‘diffusion magnetic resonance imag*’:ti,ab,kw 
OR ‘diffusion MRI’:ti,ab,kw OR ‘diffusion weighted MRI’:ti,ab,kw OR 

‘neurography’:ti,ab,kw OR ‘NMR’:ti,ab,kw

'trigeminal nerve injury'/exp OR ‘trigeminal nerve 
injur*’:ti,ab,kw OR ‘fifth-cranial nerve injur*:ti,ab,kw 

OR ‘traumatic fifth nerve palsies’:ti,ab,kw OR ‘traumatic 
trigeminal neuropath*’:ti,ab,kw OR ‘injury cranial nerve 
V’:ti,ab,kw OR ‘traumatic fifth nerve palsy’:ti,ab,kw OR 

‘trauma trigeminal nerve’:ti,ab,kw OR ‘cranial nerve 
V injury’:ti,ab,kw OR ‘fifth nerve trauma’:ti,ab,kw OR 

‘trigeminal nerve contusion’:ti,ab,kw OR ‘trigeminal nerve 
transection’:ti,ab,kw OR ‘trigeminal nerve avulsion’:ti,ab,kw 

OR ‘inferior alveolar nerve’:ti,ab,kw OR ‘lingual 
nerve’:ti,ab,kw OR ‘mandibular nerve’:ti,ab,kw

Web of Science “Magnetic resonance imag*” OR “MRI” OR “nuclear magnetic resonance 
imag*” OR “arterial spin label*” OR “diffusion tensor imag*” OR “diffusion 
weighted imag*” OR “dynamic contrast-enhanced magnetic resonance imag*” 
OR “functional magnetic resonance imag*” OR “multiparametric resonance 
imag*” OR “perfusion weighted imag*” OR “neurography” OR “NMR” OR 

“MR tomography” OR “NMR tomography” OR “MRI-scan” OR “functional 
MRI” OR ‘functional magnetic resonance imag*” OR “diffusion MRI” OR 

“diffusion weighted MRI” OR “nuclear magnetic resonance imag*” OR “fMRI”

“Trigeminal nerve injury” OR “Trigeminal nerve injur*” 
OR “fifth cranial nerve injur*” OR “traumatic fifth nerve 
palsies” OR traumatic trigeminal neuropath*” OR “injury 

cranial nerve V” OR “traumatic fifth nerve palsy” OR 
“trauma trigeminal nerve” OR cranial nerve V injury” OR 

“fifth nerve trauma” OR “trigeminal nerve contusion” 
OR “trigeminal nerve transection” OR “trigeminal nerve 

avulsion” OR “inferior alveolar nerve” OR “lingual nerve” 
or “mandibular nerve”

Cochrane library # 1: [mh “magnetic resonance imaging”]
# 2: ((magnetic NEXT resonance NEXT imag*) OR MRI):ti,ab,kw

# 3: (nuclear NEXT magnetic NEXT resonance NEXT imag*):ti,ab,kw
# 4: (arterial NEXT spin NEXT label*):ti,ab,kw

# 5: (diffusion NEXT tensor NEXT imag*):ti,ab,kw
# 6: (diffusion NEXT weighted NEXT imag*):ti,ab,kw

# 7: (dynamic NEXT contrast NEXT enhanced NEXT magnetic NEXT 
resonance NEXT imag*):ti,ab,kw

# 8: (functional NEXT magnetic NEXT resonance NEXT imag*):ti,ab,kw
# 9: (multiparametric NEXT resonance NEXT imag*):ti,ab,kw

# 10: (perfusion NEXT weighted NEXT imag*):ti,ab,kw
# 11: (neurography):ti,ab,kw

# 12: (NMR):ti,ab,kw
# 13: (MR NEXT tomography):ti,ab,kw

# 14: (NMR tomography):ti,ab,kw
# 15: (MRI-scan):ti,ab,kw

# 16: (functional NEXT MRI):ti,ab,kw
# 17: (functional NEXT magnetic NEXT resonance NEXT imag*):ti,ab,kw

# 18: (diffusion NEXT MRI): ti,ab,kw
# 19: (diffusion NEXT magnetic NEXT resonance NEXT imag*):ti,ab,kw

# 20: (diffusion NEXT weighted NEXT MRI):ti,ab,kw
# 21: (fMRI):ti,ab,kw

# 22: #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 
OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 

OR #20 OR #21

# 1:[mh “trigeminal nerve injuries”]
# 2: (trigeminal NEXT nerve NEXT injur*):ti,ab,kw

# 3: (fifth NEXT cranial NEXT nerve NEXT 
injur*):ti,ab,kw

# 4: (traumatic NEXT fifth NEXT nerve NEXT 
palsies):ti,ab,kw

# 5: (traumatic NEXT trigeminal NEXT 
neuropath*):ti,ab,kw

# 6: (injury NEXT cranial NEXT nerve NEXT V):ti,ab,kw
# 7: (traumatic NEXT fifth NEXT nerve NEXT 

palsy):ti,ab,kw
# 8: (trauma* NEXT trigeminal NEXT nerve):ti,ab,kw

# 9: (cranial NEXT nerve NEXT V NEXT injury):ti,ab,kw
# 10: (fifth NEXT nerve NEXT trauma):ti,ab,kw

# 11: (trigeminal NEXT nerve NEXT contusion):ti,ab,kw
# 12: (trigeminal NEXT nerve NEXT transection):ti,ab,kw

# 13: (trigeminal NEXT nerve NEXT avulsion):ti,ab,kw
# 14: (inferior NEXT alveolar NEXT nerve):ti,ab,kw

# 15: (lingual NEXT nerve):ti,ab,kw
# 16: (mandibular NEXT nerve):ti,ab,kw

#17: #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR 
#8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR 

#15 OR #16

PTTN, post-traumatic trigeminal neuropathy.
Concept 1 and 2 were combined with the AND operator.

http://birpublications.org/dmfr
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Risk of bias assessment
The Quality Assessment of  Diagnostic Accuracy 
Studies 2 (QUADAS-2) tool was used to assess the risk 
of  bias and applicability concerns.27 Four levels were 
tested, including patient selection, index test, refer-
ence standard and flow and timing. A total score was 
plotted and indicates if  included studies were at high, 
low or unclear risk of  bias or applicability concern. 
FVDC and FP both independently assessed the 
included studies according to the QUADAS-2 manual. 
Discrepancies were discussed in a meeting with a third 
researcher aiding (TMC) in reaching a consensus. 
Resulting scores were plotted on a stacked bar chart.

Recorded variables, data collection and analysis
Predetermined variables were extracted from the 
selected articles when possible and included: type of 

study, use of  a reporting guideline, number of  patients, 
age and gender, inclusion criteria, review questions, 
timing of  MRI acquisition, investigated nerve branch, 
number of  nerves observed, reference test, MRI 
device, coil type, sequence and sequence settings, use 
of  post-processing techniques, use of  contrast, eval-
uator level, blinding of  evaluators, number of  read-
ings, type of  analysis, formulas used for calculations, 
measurement areas and region of  interests, intra- and 
interobserver variability, nerve caliber and relative 
signal intensity, correlation of  MRN with NST, clin-
ical and surgical findings, impact on clinical manage-
ment and the author’s conclusions. The first author 
extracted the data and correctness was verified by the 
second author.

Figure 1  Flow diagram according to PRISMA illustrating the systematic search and results. PRISMA, Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis.

http://birpublications.org/dmfr
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Results

Study selection
The search yielded 483 articles, and 1 additional article 
was retrieved by reference list screening. After dedupli-
cation, 298 articles remained. These were screened based 
on title and abstract, after which 41 articles remained 
for full-text analysis. Eight articles were retained for the 
systematic review. Overview of the selection procedure 
is shown in Figure 1.

Study characteristics
Most included studies were retrospective (7/8) and 5 
of  these were case series, representing 444 subjects in 
total.28–32 Two studies applied a case–control design33,34 
and one study a prospective cohort design.35 None of 
the articles mentioned the use of  a reporting guide-
line. Using the QUADAS-2 tool, most studies were at 

high risk of  bias but with low applicability concerns 
(Table 2, Figure 2). The inclusion criteria and study-
specific research questions turned out to be divergent 
(Table  3). There was a large variation in timing of 
the MRI acquisition (3 days–17 years). All studies 
assessed the inferior alveolar nerve (IAN) and some 
additionally included lingual nerve injuries (4/8). The 
reference test mostly consisted of  a clinical (neuro-
logical) evaluation. Four studies added intraoperative 
findings as a reference test.31–34 In three studies it was 
unclear which reference test was applied.29,30,34 Due to 
the low methodological quality with widely varying 
methods, a DTA-analysis nor a meta-analysis could 
be performed. Consequently, after consultation with 
all authors, it was decided to provide a broad overview 
of  the study and MRN characteristics, the evaluation 
methods used, their results and the conclusions drawn 
by the authors of  the selected articles.

Synthesis of results

Characteristics of included studies & MRI parame-
ters:  An overview of  all MRN parameters is given 
in Table 4. The majority of  included studies used 3.0 
T Philips scanners (5/8). Three studies originated from 
the same research group.31–33 This research group used 
a multichannel head coil; other groups used neurovas-
cular (3/8), temporomandibular joint (1/8), or custom-
made coils (1/8). Sequence protocols differed between 
all studies. However, six studies used gradient echo 
T2 weighted imaging with short echo times (2.2–100 
ms). Slice thickness varied between 0.6 and 5 mm. Fat 
suppression was achieved by using adiabatic inversion 
pulses in the group of  Chhabra et al. Terumitsu et al 
applied a chemical shift selective pulse. Three studies 

Table 2  QUADAS-2 risk assessment for each included study

Study

Risk of bias Applicability concerns

Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard

Zuniga et al. 
(2018)31 ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍

Dessouky et al. 
(2018)33 ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍

Terumitsu et al. 
(2017)29 ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ? ‍ ‍ ‍ ‍

Cox et al. (2016)32 ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍

Cassetta et al. 
(2014)35 ? ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍

Terumitsu et al. 
(2011)28 ‍ ‍ ? ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍

Kress et al. (2004)30 ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍ ‍

Kress et al. (2003)34 ‍ ‍ ‍ ‍ ‍ ‍ ? ‍ ‍ ‍ ‍ ‍ ‍

QUADAS 2, Quality Assessment of Diagnostic Accuracy Studies 2.
M3: third molar; “?”: unclear; ☹: high risk; ☺: low risk.

Figure 2  QUADAS-2 risk of bias assessment results. QUDAS 2, 
Quality Assessment of Diagnostic Accuracy Studies 2.

http://birpublications.org/dmfr
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made use of  contrast agents. Post-processing was done 
in all studies and included multiplanar reformatting 
(MPR) following the nerve trajectory.

MRI evaluation:  The evaluation of MRN images and 
classification was carried out differently in each study 
(Table  5). Blinding of observers was not guaranteed 
in most studies (5/8). The number of readings was not 
mentioned in five articles. In addition to a qualitative 
analysis, four studies carried out a quantitative anal-
ysis. Signal intensities (SIs) or relative signal intensi-
ties (RSIs) of target areas were calculated based on 
different formulas, at different sites and with different 
measurement areas. These calculations were therefore 
not comparable.

Summary of findings:  PTTN correlated with MRN 
abnormalities including nerve deformity and signal 
alterations (Table  6). Terumitsu found that deformity 
of the nerve was correlated with severity of symptoms. 
Nerve injury resulted in increased RSI in six studies. 
Cassetta et al concluded that higher RSIs correlated 
with PTTN persisting beyond three months after injury. 
Pathologic nerve enlargement in PTTN patients was 
mentioned in six studies.
MRN intraobserver variability was reported in one 
study by Cassetta (intraclass correlation coefficient 
0.914–0.927). Interobserver agreement was reported by 
Cohen’s κ (k) in three studies and ranged from 0.70 to 
0.891.

Correlation of MRN findings with NST or clinical 
evaluation was reported by the group of Chhabra et 
al in two studies (k = 0.57). Correlation of MRN find-
ings with surgical exploration ranged from moderate to 
excellent and was reported in four studies.

The impact of MRN on clinical decision-making 
was reported in one study by Cox et al. They stated that 
29% did not have a change in clinical management and 
in 35% of cases MRN had substantial impact on their 
management, meaning a change in treatment.

Discussion

MRN appears promising in the detection and grading 
of post-traumatic trigeminal lesions and correlates 
with clinical and surgical findings as well as neurosen-
sory testing. However, there is a large heterogeneity in 
the reported studies with high risk of bias. None of the 
studies reported the use of a guideline or framework 
such as the STARD guideline.36 This makes repro-
ducibility and further MRN research difficult. Partly 
because of this, our primary objective to measure the 
diagnostic accuracy of MRN in patients with PTTN 
was not achieved.

Most research groups used 3 T scanners with T2 
weighted gradient echo imaging. Coil type differed 
between studies, further complicating comparison 
between protocols. Uniform fat suppression is important S
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to allow adequate evaluation of the peripheral nervous 
system.22 Different methods have been described to 
achieve this and were observed in the selected studies 
of this review.37 Future studies should identify which of 
these sequences render the best suppression and thus 
nerve selective imaging of the peripheral trigeminal 
branches.

Post-processing was performed in all studies in which 
multiplanar reformatting was applied along the course 
of the nerve. Given the tortuous course of the trigeminal 
nerve, this would allow for a more holistic assessment. 
An isotropic voxel size is preferable to further assess 
its course in three dimensions, improving resolution 
and possibly reducing artifacts.38 This requires a thin 
slice thickness to adequately visualize these fine nerve 
branches, which are often less than 2 mm in diameter.39

Image interpretation and reporting was diverse with 
considerable methodological concerns. The outcomes 
that were assessed ranged from qualitative anatomic 
considerations towards quantitative RSI calculations. 
SI calculations require a methodological approach to 
allow standardization, especially if  pulsed sequences are 
used.40,41 Since the RSI value seems of prognostic impor-
tance as illustrated by Cox et al, determining a standard 
approach and cutoff values is important for future 
research into DTA of MRN.32 In the included studies no 
cutoff  values for relative signal intensity were defined; 
however the study by Dessouky et al did report sensitivity 
and specificity for MRN compared to clinical neurosen-
sory testing and surgical findings, suggesting they deter-
mined cut-off  values.33 They reported moderate to good 
correlation of MRN with injury severity, which was 
measured using NST or was surgically observed. Addi-
tionally, we need to consider that the region of interest 
where RSI values are measured would depend on the 
etiology of the PTTN and differ depending on the 
patient inclusion criteria, further complicating future 
comparison of studies. Therefore, mapping of the whole 
nerve trajectory could be a methodological approach to 
consider in future DTA studies.42

Finally, the use of MRN and its impact on clinical 
decision-making was demonstrated in one retrospec-
tive study by Cox et al.32 They illustrated a substantial 
impact in about one-third of patients, meaning a change 
in treatment. Although this concerns a small number of 
patients, it immediately raises the question whether this 
also has had an impact on outcomes and quality of life. 
Additionally, future studies should add a cost–benefit 
analysis of adding MRN to the diagnostic work-up. 
Limitations of this review are the small number of arti-
cles obtained, which were of low quality with different 
methodologies and results. No randomized controlled 
trials could be identified. Because of these arguments, 
DTA could not be determined.

In conclusion, there is insufficient scientific base to 
support or refute the use of MRN in the diagnosis and 
grading of PTTN. MRN seems promising in improving 
PTTN diagnostics and steering treatment decision. S
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However, shortcomings in methodology currently 
prevent the determination of DTA in a PTTN popu-
lation. There is a need for prospective blinded DTA 
studies evaluating MRN versus QST in PTTN with a 
rigorous and reproducible study design if  a broader clin-
ical implementation is to be achieved.

Implications

This systematic review shows that MRN could aid in the 
diagnosis, treatment decision and prediction of neuro-
sensory recovery of PTTN. However, current studies are 

Table 5  MRI evaluation and analysis for each study

Study Evaluation by Blinded observer?
Number of 
readings

Type of analysis or 
measurement Type of variable Used formula

Signal intensity 
measurement area Region of interest

Zuniga et al. 
(2018)31

2 Musculoskeletal 
radiologists

No (aware of 
clinical findings, 
not of NST)

1 Modified Sunderland 
classification

Categorical / / /

Dessouky et 
al. (2018)33

Expert radiologist 
(classification)
2 Expert 
radiologists 
(measurements)

No (classification)
Yes 
(measurements)

NS
(Training 
with six 
scans)

Modified Sunderland 
classification
T2SIR
CNR
Nerve thickness

Categorical
Quantitative

T2SIR = SI 
nerve ÷√SI nerve
CNR = SI nerve 
- SI pterygoid 
muscle ÷√SI 
nerve

SI: freehand ROI Control group: 
predefined 
landmarks
•	 Coronal 

midmandibular 
canal

•	 Nerve 
thickness IAN: 
maximan 
transverse 
dimension in 
midmandibular 
canal

•	 Nerve 
thickness LN: 
maximum 
transverse 
dimension in 
its midcourse

Patient group: site 
of most visible 
abnormality of 
affected nerve

Terumitsu et 
al. (2017)29

3 Neuroimaging 
researchers

Yes NS Isolated, deformity or 
incorporated nerve lesion

Categorical / / /

Cox et al. 
(2016)32

Multiple 
(radiologist 
attending, fellows)

No 1 Signal change/caliber 
change: Y/N
Mass lesion: Y/N
Perineural fibrosis: Y/N
Final impression: Y/N

Categorical / / /

Cassetta et 
al. (2014)35

2 Expert 
radiologists

Yes 3 First session: course of IAN
Second session: SI/RSI 
measurements
Third session (1 month after 
second session): RSI

Qualitative
Quantitative

SI on coronal 
reconstructed 
FIESTA
RSI = SI ROI 
nerve at surgical 
site/SI ROI 
masseter muscle

15 mm2 IAN at M3
masseter muscle 
(reference to 
calculate RSI)

Terumitsu et 
al. (2011)28

NS NS NS Enlargement/tortuosity: Y/N
Mass: Y/N
Diffuse connective tissue: 
Y/N
Other: Y/N

Categorical / / /

Kress et al. 
(2004)30

NS NS NS Increase in SI was assessed 
on T1-weighted images 
comparing non-contrast 
versus contrast-enhanced 
sequences

Quantitative Sirel = (Sic - Sin)/
Sin x 100

area not defined Ascending ramus
Second premolar, 
M1, M2, M3

Kress et al. 
(2003)34

Radiologist Yes NS Continuity was assessed on 
PD images
Increase in SI was assessed 
on T1-weighted images 
comparing non-contrast 
versus contrast-enhanced 
sequences

Qualitative
Quantitative

Sirel = (Sic - Sin)/
Sin x 100

15–32 voxels two regions 
proximal, two 
regions distal of 
fracture site

CNR, contrast-to-noise ratio; IAN, inferior alveolar nerve; LN, lingual nerve; M1, first molar; M2, second molar; M3, third molar; NS, not specified; NST, neurosensory 
testing; ROI, region of interest; RSI, relative SI; SI, signal intensity; Sic, SI after contrast administration; Sin, SI before contrast administration; Sirel, relative intensity increase; 
T2SIR, signal intensity on T2 image; Y/N, yes/no.
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at high risk of bias, indicating the need for prospective 
blinded studies with a rigorous study design, allowing to 
determine diagnostic test accuracy.
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