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NEURORADIOLOGY 
 

Visualization of the 12
th
 Cranial 

Nerve with MRI: Value of Balanced 
Fast-Field Echo and 3D-Drive 
Sequences Among the T2 TSE Post-
Contrast T1 Sequences 
Background/Objective: Our aim was to optimize the most effective MR imaging sequence for 
visualization of the 12th cranial nerve (hypoglossal nerve) through its cisternal course. 
Patients and Methods: We applied balanced fast-field echo (B-FFE), 3D-T2 weighted Driven 
Equilibrium RF Reset Pulse (DRIVE), T2 weighted 2D TSE and post-contrast T1 weighted se-
quences and tried to find out the best sequence for the perfect visualization of the 12th 
cranial nerve. One-hundred patients without any hypoglossal nerve paralysis were examined 
via these sequences. Imaging analysis was graded as follows: certain visualization of nerves 
(score 2), partially visualized nerves (score 1), non-visualized nerves (score 0). 
Results: The hypoglossal nerve was visualized exactly in only eight cases and partially de-
picted in only six cases with the post-contrast T1 series. In B-FFE sequence; 56% of the nerves 
were properly seen and 8% of the nerves were partially identified, using T2 weighted DRIVE 
sequences; 30% of the nerves were clearly visualized, the nerves were partially depicted in 
15 patients. Regarding the T2 weighted TSE sequence, 15% of the nerves were certainly de-
picted and in seven patients the nerves were partially depicted. 
Conclusion: The most diagnostic sequence for the exact visualization of the cisternal course 
of hypoglossal nerve is B-FFE revealing a 64% visualization rate for the cisternal parts (112 
exactly, 16 partially). T2W DRIVE sequence is shown to be more diagnostic than the T2W TSE 
for visualization of the cisternal part of the hypoglossal nerve. 

Key words: MR Imaging, Twelfth Cranial Nerve, 3D-MR Imaging, MRI Scans, 
Drive 

Introduction 

ypoglossal nerve fibers originate from the hypoglossal nucleus that is lo-

cated in the para-median aspect of the base of the fourth ventricle, medially 

to the dorsal nucleus of vagus nerve. The anterior column of the spinal cord ex-

tends caudally to the nucleus and produces a slight bulging into the fourth ven-

tricle, named the hypoglossal eminence.1,2 Axons intercourse through the medul-

lary tegmentum from the anterior side, pass over the medial aspect of the inferior 

olivary complex and exit as multiple nerve roots in the preolivary sulcus through 

the pyramid and olive.1-3 

The nerve roots converge, course ventrally and exit from the cranium through 

the hypoglossal canal, which is situated in the posteromedial aspect of the jugular 

foramen.1,2,4 

The hypoglossal nerve can be divided into extracranial and intracranial parts; 

the intracranial part comprises the cisternal and the intracanalicular portions.1,4 

The cisternal segment extends through the premedullary cistern and consists of 

the rootlets and the roots of the hypoglossal nerve.2-4 The  hypoglossal nerve
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runs with the ninth, tenth and eleventh nerves at the 

level of the mastoid tip where it curves anteriorly to 

enter the digastric triangle and divides into its 

branches.1,4 An important prediction is that the 

twelfth nerve first travels inferiorly to the level of the 

hyoid before ascending to the tongue.1,2,4 Except for 

the palatoglossus, the hypoglossal nerve supplies all 

the intrinsic and extrinsic muscles of the tongue.1,4 

The vasculature of the cisternal segment of the hy-

poglossal nerve comes from the anterolateral and the 

lateral medullary arteries arising from the perforating 

and pontomedullary branches of the basilar artery.2,4 

MR imaging reveals a detailed anatomic evaluation 

of the cranial nerves; their courses, important sides 

for their passage and their pathology. With the accu-

rate development of MRI technology, newer 2D-3D 

heavily T2 weighted sequences with high spatial 

resolution have been applied such as 3D-CISS (three-

dimensional constructive interference in steady 

state), 3D-MP-RAGE (three-dimensional magnetiza-

tion-prepared rapid gradient-echo), 3D-FIESTA 

(three-dimensional fast imaging employing steady-

state acquisition).5-8 Balanced fast-field echo (B-FFE) 

and 3D-T2 weighted Driven equilibrium RF Reset 

Pulse (DRIVE) sequences can also supply strong T2 

weighted good MR-cisterno-graphic images and may 

be performed to visualize cranial nerves nuclei or 

root entry zones.5-9 

In this research, we planned to define the most effi-

cient sequence for evaluation and visualization of the 

hypoglossal nerve. For 100 patients we applied B-

FFE, 3D-T2W DRIVE, T2W TSE and post-contrast 

T1W sequences; consequently, we tried to optimize 

the best sequence for depiction of the 12th cranial 

nerve. 

Patients and Methods 

One-hundred patients with a total of 200 nerves on 

both sides without hypoglossal nerve paralysis were 

included in this research. This study was performed 

in the department of Radiology, Ankara Dışkapı 

Yıldırı Beyazit Research Hospital, MR imaging unit.  

The criteria for hypoglossal nerve dysfunction in-

clude tongue fasciculations, paralysis, discomfort in 

swallowing and sensori-neural loss in all parts of the 

tongue. None of the patients involved in this study 

had such complaints.  

All patients were referred to our department by ear, 

nose and throat clinicians with temporal MR imaging 

requests. The patients involved in this research were 

older than 18 years old. The exclusion criteria were 

claustrophobic patients, patients with cardiac pace-

makers, patients with metallic implants in their bo-

dies and extremities and patients who were unwilling 

to be involved in the research. 

From July to December 2008, 47 males and 53 fe-

males in the age range of 14 to 74 years (mean, 50 

years) were recruited. Informed consent was obtained 

before entering the study. 

All MRI sections were performed with 1.5 T Philips 

Nova Dual HP MRI scanner (16 channel Achiva Mas-

ter, Eindhoven, Netherlands) with a 33 mT/min max-

imum gradient strength and a 180 mT/ms slew rate, 

using a standard head coil. We obtained MR imaging 

using B-FFE, T2W 3D-DRIVE, T2W 3D-TSE and-

post-contrast T1W sequences. For the post-contrast 

series, contrast agent 0.1-0.2 mmol/kg gadolinium-

DTPA, Magnevist (Schering) or Omniscan (Ny-

comed) were administrated. 

The parameters of all MR imaging sequences are 

demonstrated in Table 1. 

Image Analysis 

Analysis of the data obtained from all sequences was 

based on the original transverse 2D or 3D images 

with slice thicknesses between 1-2 mm. An 8-year-

experienced neuroradiologist evaluated the images 

for the visualization of hypoglossal nerve, as its root-

lets converged anteriorly and exited the skull through 

the bony hypoglossal canal, just medial to the jugular 

foramen. Consequently, it was graded and scored as: 

1-Certainly identified nerves (score 2, nerves proper-

ly visualized on both sides), 2-Probably identified 

nerves (score 1, nerves partially depicted on both 

sides or properly visualized on only one side), 3-Un-

identified nerves on both sides (score 0). Statistical 

analysis was performed using the Pearson chi-square 

test applied upon the SPSS 11.5 (SPSS Inc, Chicago-

IL). P value less than 0.05 was considered statistically 

significant. 

All images obtained in the mentioned sequences 

were handled and processed under the Philips-

Achiva View Form Work-station. The MPR refor-
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matted images of the 12th cranial nerve in all se-

quences were also analyzed in this work-station.  

The confounding elements in the depiction of hy-

poglossal nerve are as follows: bilateral flocculo-

nodular lobes of the cerebellum mixed with hypog-

lossal nerves in post-contrast series due to low spatial 

resolution, blood vessels near the hypoglossal canal 

that have close relationship or contact with the nerve 

roots, antero-lateral and lateral medullary veins, 

transverse medullary veins, hypoglossal arteries, an-

terior medullary segment of vertebral arteries, post-

erior inferior cerebellar artery (PICA) might be con-

fused with 12th cranial nerves, especially in the 

DRIVE and T2W FSE sequences,2,3 the hypoglossal 

nerve and the trochlear nerve had the smallest di-

ameters throughout the cranial nerves;5,7,10 therefore, 

adjacent soft tissue, clival adipose tissue and bony 

fragments could easily interfere with the 12th cranial 

nerve via the partial volume effect of MR imaging, 

especially in post-contrast series and FSE sequences. 

Results 

We identified 112 nerves on both sides (56%) with 

score 2 (certainly visualized) (Figs. 1-2) and 16 nerves 

(8%) with score 1 (partially depicted) by performing 

B-FFE sequence. Seventy-two hypoglossal nerves on 

both sides were not visualized with this sequence 

(score 0) (Table 2). 

In hypoglossal nerve visualization with the T2W-

DRIVE sequence, 60 nerves (30%) were properly 

seen on both sides with a score of 2 (Figs. 3-4) and 30 

nerves (15%) were depicted with a score of 1. One-

hundred ten nerves on both sides (55%) were not 

identified via this sequence (score 0) (Table 2). 

Using the T2W TSE sequence, 30 hypoglossal 

nerves (15%) were certainly identified (score 2) (Figs. 

5-6), 14 nerves on both sides (7%) were partly identi-

fied (score 1), 156 hypoglossal nerves (78%)were not 

identified (score 0) (Table 2). 

When we performed post-contrast T1W sequences, 

16 hypoglossal nerves (8%) were certainly identified 

(score 2) (Fig. 7), 12 nerves on both sides (6%) were 

partially identified (score 1) and 172 of 200 nerves 

(86%) were not identified (score 0) (Table 2) (Fig. 8). 

Altogether, the hypoglossal nerve was mostly visua-

lized by B-FFE sequence (56% totally, 8% partially 

identified). 

B-FFE scores have significant statistical differences 

from the results of T2-DRIVE, T2W-TSE and post-

contrast T1W sequences with regard to the visualiza-

tion of hypoglossal nerve (p<0.001). T2-DRIVE se-

quence results have also definite statistical differences 

from the scores of T2W-TSE and post-contrast T1W 

sequences for the identification of hypoglossal nerve 

(p<0.001). Only T2W-TSE and post-contrast T1W 
Table 1. Parameters of the Sequences 

 B-FFE T2W 3D-DRIVE T2W 2D-TSE Post-Contrast T1W 

TR\TE 7.1\3.5 ms 1500\250 3000\120 400\10 

Flip angle 50 90 90 90 

Matrix 308*320 256*256 168*256 128*256 

Field of view (cm) 18*25 13 14.8*17.5 14.8*17.5 

Reconstruction field of view(%) 83 100 124 123 

NSA-NEX 3 2 2 3 

Slice thickness (mm) 1.0 1.4 2.0 2.0 

Number of partitions 40 30 12 12 

Scan time (min.) 2.03 1.23 1.24 1.44 

TSE Factor - 74 17 3 

Table 2. The Scores and Percentages of Hypoglossal Nerve Visualization in Each Sequence 

 

Results 
Total 

Not-Identified Partially Seen Clearly Visualized 

Sequences B-FFE n (%) 72 (36%) 16 (8%) 112 (56%) 200 (100%) 

 T2W DRIVE n (%) 110 (55%) 30 (15%) 60 (30%0 200 (100%) 

 T2W TSE n (%) 156 (78%) 14 (7%) 30 (15%) 200 (100%) 

 Post-Contrast T1W n (%) 172 (86%) 12 (6%) 16 (8%0 200 (100%) 

Total n (%) 510 (64%) 72 (9%) 218 (27%) 800 (100%) 
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sequences have similar results and their scores 

showed no significant statistical differences in the 

depiction of 12th cranial nerve (p=0.074). 

The intra-observer variability for the determination 

of 12th cranial nerve has significant statistical differ-

ences between all these four different sequences 

(p<0.001). There was no inter-observer variability as 

all the images were interpreted by the same radiolo-

gist. 

Fig. 4. Temporal MRI, axial T2W-3D Drive sequence of a 22-year-old woman. The right 
hypoglossal nerve is clearly seen in this sequence. 

Fig. 5. Axial T2W-TSE sequence in a 30-
year-old man. Certainly visualized hypoglos-
sal nerves on both sides. 

Fig. 6. Axial T2W-TSE sequence in a 20-
year-old woman. Clearly identified left hypog-
lossal nerve. 

Fig. 1. Temporal MRI, axial B-FFE sequence 
in a 27-year-old man. The left hypoglossal 
nerve is clearly seen. 

Fig. 2. Temporal MRI, axial B-FFE sequence 
in a 52-year-old woman. Certain identification 
of the left hypoglossal nerve. 

Fig. 3. Axial T2W-3D Drive sequence in the 
temporal MRI of a 32-year-old man. The 
right hypoglossal nerve is certainly visua-
lized.
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Discussion 

The motor neurons within the hypoglossal nucleus 

give rise to the axons that course between the medial 

lemniscus and the pyramidal bundles located medial-

ly and the inferior olivary complex situated lateral-

ly.1-4 The axons leave the medulla through the preoli-

vary sulcus as the primary rootlets of the hypoglossal 

nerve.2-4 These rootlets form the secondary and the 

tertiary rootlets afterwards, called the definite roots 

of the hypoglossal nerve.1,2,4 

They course at the level of the caudal two thirds of 

the ponto-medullary bifurcation, just caudal to the 

olive, and they extend dorsally through the lateral 

side of the premedullary cistern.2,3 

The rostral and caudal trunks are formed by the de-

finite roots of the hypoglossal nerve; three trunks or a 

single trunk is rarely formed.1-4 Both trunks then en-

ter the hypoglossal canal and form a single nerve 

trunk after leaving the bony canal.2-4 The cisternal 

course of the hypoglossal nerve is in close relation-

ship with the adjacent vessels such as the anterior 

medullary segment of the vertebral artery, PICA, lat-

eral anterior medullary vein and the transverse me-

dullary veins.2 

The pathological classification for the hypoglossal 

nerve dysfunction is divided into supra-nuclear (cen-

tral), nuclear (medullary) and the infra-nuclear 

parts.1,3,4 Supra-nuclear hypoglossal paralysis is most 

commonly secondary to cerebral infarcts, multiple 

sclerosis, encephalitis and pseudobulbar palsy. Nuc-

lear type paralysis is extremely rare.1,3 

The long infra-nuclear course of the hypoglossal 

nerve from its origin to the termination in the sub-

lingual space allows a variety of pathologies.1-4 

The cisternal part of the nerve might be affected in 

a vertebrobasilar aneurysm or dolichoectasia, skull 

base neoplasms, basal skull fractures or fractures of 

the occipital condyle, basal meningitis or subarachno-

id hemorrhages.1,3 Primary tumors of the hypoglossal 

nerve are very rare but could include schwanno-

mas.1,4 Malignancies within the nasopharynx, oropha-

rynx and sublingual spaces might also invade the hy-

poglossal canal and the peripheral aspect of the hy-

poglossal nerve.1,3 Hypoglossal nerve palsy has also 

been reported after neck radiation, during or after the 

deep neck infections and odontogenic abscesses.1,4 

As its high spatial resolution and contrast advantag-

es, MR imaging is the gold standard to visualize the 

cisternal portion of the hypoglossal nerve and the 

canal. However, newer MR sequences and MR cis-

Fig. 7. Axial post-contrast T1W sequence in a 35-year-old 
man.Certainly visualized right hypoglossal nerve is seen in this se-
quence. 

Fig. 8. Graph showing the number of not identified, partially seen and identified nerves, depicted in each sequence. 
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ternography could easily show the anatomic and pa-

thologic courses of the nerve roots with the vessels 

and dura mater.5,7,10 

With the routine T1 and T2 weighted sequences, it 

was really difficult to show the nerve regularly and 

properly because a) The diameter of the hypoglossal 

nerve was about 1.3-1.6 mm, b) The hypoglossal 

nerve fibers course near the vessels of similar caliber 

and in their course have close relationship with the 

passing neighbor vessels.5,7,10  

To overcome all these problems and to depict the 

12th cranial nerve properly, heavily T2 weighted se-

quences are important due to their high sensitivity in 

the detection of cranial nerve nuclei or root entry 

zones.5,7-9,11 By performing heavily T2W sequences 

with high spatial resolution, hypoglossal nerve with 

all its course and the hypoglossal canal could be de-

tected more precisely.5,7,10 

Recently, MR imaging sequences like Steady State 

Free Precession (SSFP) and DRIVE techniques are 

generally performed.5,7-11 SSFP sequences are basically 

and practically gradient echo sequences; B-FFE, B-

TFE, True Fast imaging short period (FISP) and FIES-

TA are the commercial names of the most unique se-

quences.5,7,9-11 Concerning the technical aspects, a 

large flip angle, a very short repetition time (TR), 

symmetrical and balanced gradient around the echo 

time (TE) and SSFP sequences could allow very fast 

imaging with a high signal to noise ratio (SNR).7,9-11 

Tissues with large T2/T1 ratios such as fluid, blood 

and fat present very high signals with this imaging 

modality; therefore, SSFP sequences can easily identi-

fy cisternal portions of cranial nerves due to its excel-

lent CSF to nerve contrast and high spatial resolu-

tion.5,7,9,10 The total imaging time is quite shorter and 

cisternal parts of the cranial nerves are visualized 

more properly.7,9-11 

DRIVE could be added at the end of a TSE echo 

train in order to accelerate the relaxation and de-

phase the protons for turning back to the equilibrium 

of the magnetization.8 It was theoretically based upon 

a 3D-TSE sequence which pushes the residual trans-

verse magnetization into the longitudinal axis by the 

help of recovery pulses.8,10 DRIVE could do a strong 

T2 contrast to TSE sequences and CSF seems to be 

brighter.10 The shortened TR helps to overcome the 

flow void artifacts, this further increases the bright-

ness of liquids, also shortens the imaging period with 

preserving high signals from fluids. DRIVE sequences 

also supply less available time for recovering magne-

tization at the end of a long echo train and the flow 

voids caused by CSF motion.8,10  

To our experience, very few cases have been pre-

sented for visualization of the hypoglossal nerve with 

MR imaging before.Yousryet al.5 identified the 12th 

cranial nerve as 82.5% (33 of 40) using the 3D-CISS 

sequence. They did not show the nerve exactly on 

T2W FSE sequences (0 of 40). The nerve was partially 

visualized in four cases with T2W FSE sequence. 

Their 3D-CISS results were higher than our ratios but 

their T2W FSE results were much lower than our 

findings.  

Cheng et al.7 studied 25 volunteers and succeeded in 

identifying the hypoglossal nerve as 66% using the 

3D-FIESTA sequence, including the probably identi-

fied part as 52% and certainly identified part as 14%. 

With the 2D-FSE sequence, they could not identify 

any hypoglossal nerve. Except for the enhanced T1W 

series, our three sequences showed the 12th nerve 

much better than this research. 

Hatipogluet al.10 presented a research with 50 pa-

tients using the 3D-FIESTA sequence. They suc-

ceeded as 91% in visualizing the hypoglossal nerve; 

64% regularly identified, 27% partially identified, but 

with T2W FSE they only showed 2% of all nerves 

(one totally, one partially identified). Their 3D-

FIESTA results were higher than our B-FFE and T2W 

3D-DRIVE findings, but their incidental results of  

T2W FSE were far lower than our T2W TSE results. 

 Davagnam12 studied hypoglossal nerves of 10 pa-

tients, undergoing routine follow-up imaging for ves-

tibular schwannomas.Fischbach et al.13 studied 12 

healthy volunteers, applying T2W FSE and FRFSE 

sequences with 1.5 T and 3.0 T MRI systems.  

Using contrast-enhanced 3D-FIESTA sequence, Da-

vagnam12 showed the nerve in all cases and con-

cluded that 3D-FIESTA sequence with contrast is 

much more effective in identifying the lower cranial 

nerves. Fischbachet al.13 showed 10% success rate in 

FSE and 25% success in FRFSE by the 1.5 T system. 

In the 3.0 T system with FSE the ratio increased to 

40% and with FRFSE sequence the ratio elevated to 

75%. Our results were much better and higher with 

correspondence to their T2W TSE and T2W DRIVE 
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sequences in the 1.5 T system. 

To our knowledge, our research is probably the first 

paper in the literature that was fitted to analyze the 

best sequence in the depiction of the hypoglossal 

nerve and for this reason we performed these four 

sequences; namely, B-FFE, T2W DRIVE, T2W 2D-

TSE and post contrast T1W sequences for all the pa-

tients. According to our experience, the least import 

visualization of the 12th cranial nerve belonged to 

the post-contrast T1W series, in which only 28 

nerves were visualized (16 certainly, 12 probably 

identified) in our work. By application of T2W TSE 

DRIVE, 90 nerves were depicted, 60 nerves were cer-

tainly depicted and 30 were partially seen (scores 2 

and 1, respectively). 

In the T2W TSE sequence, 30 nerves were certainly 

depicted and 14 nerves were partially visualized 

(scores 2 and 1, respectively). 

T2-DRIVE sequence was more beneficial than the 

T2W-TSE sequence in proper visualization of the cis-

ternal segments of the hypoglossal nerve.  

Using the B-FFE sequence, altogether 128 nerves 

(64%) were identified, of which 112 nerves were 

clearly depicted and16 nerves were probably identi-

fied (scores 2 and 1, respectively). B-FFE sequence 

seemed to have more advantages in the visualization 

of hypoglossal nerves than the other sequences. 

In conclusion, B-FFE, a SSFP gradient echo se-

quence with high spatial resolution, shorter imaging 

time with 1.0 mm slice thickness, 308×320 matrix, 50° 

flip angle, 2-3 number of excitation (NEX) is the op-

timized sequence for visualization of the cisternal 

part of the hypoglossal nerve. In our study, there was 

a 64% success rate in determining the hypoglossal 

nerve (56% regularly, 8% partially identified). This 

sequence enables more advantages in visualizing the 

12th cranial nerve among other sequences. 

T2W-DRIVE is the second sequence and more di-

agnostic than the T2W TSE images. DRIVE sequence 

is far more important in determining the 12th cranial 

nerve than the post-contrast T1W series and T2W 

TSE sequences. The post-contrast T1W series has the 

least importance in the depiction of the hypoglossal 

nerve, so contrast agent application has only limited 

value.  
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