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SUMMARY

Damage to the glossopharyngeal nerve can oc-
cur as a result of various Head and Neck surger-
ies. Associated with this damage are assorted side
effects, such as dysphagia, xerostomia, and loss
of taste. This study serves to create probabilistic
maps of the glossopharyngeal nerve using quanti-
tative data, and to identify different landmarks in
order to locate the nerve. Eleven cadaveric heads
were bilaterally dissected to expose and measure
the glossopharyngeal nerve. The mastoid process
is a more reliable marker for the location of the
glossopharyngeal nerve as it stretches through the
lateral neck. Additionally, distance landmark meas-
urements from the nerve leaving the jugular fora-
men to it entering the pharyngeal space are of-
fered. Furthermore, statistical probability equations
for nerve location have been created. Measure-
ments and models created by this study will aid in
pre-operative identification of glossopharyngeal
nerve landmarks that will lead to an increase in
quality of life in Head and Neck surgery patients.
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INTRODUCTION

The American Academy of Otolaryngology-Head
and Neck Surgery defines head and neck cancers
as those including the tongue, pharynx, larynx,
nasal cavity, paranasal sinuses, thyroid gland, sali-
vary gland, lips, and oral cavity, and states that
these cancers account for six percent of all cancer
cases in the U.S. Most of these are squamous cell
carcinomas, and generally more than half of these
are already in advanced stages at the time of diag-
nosis (Sanderson and lronside, 2002; Surgery
AAOO-Han, 2014).

Head and neck cancer treatments have ad-
vanced from the primitive beginnings of radiation
as a monotherapy, to the rise of surgical treatment
as a primary remedy, to the current therapies, con-
sisting of combinations of surgery, radiation, and
chemotherapy (Cognetti et al., 2008). New ap-
proaches to surgical excision of head and neck
cancers, such as transoral robotics surgery
(TORS), create the possibility of less invasive op-
erations requiring less hospitalization time and
greater accuracy in the surgical procedure
(Boudreaux et al., 2009). In spite of new and ad-
vanced treatment options, several side effects may
occur, including dryness of the mouth
(xerostomia), difficulty in swallowing (dysphagia),
tooth decay, loss or change of taste, and de-
creased appetite (Oncology Asoc., 2014; Institute
NC, 2013). All of these side effects can be traced
back to diminished nervous control to the pharyn-
geal region likely caused by damage to the phar-
yngeal plexus, composed of the vagus nerve, glos-
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sopharyngeal nerve, and sympathetic nerves
(Kitagawa et al., 2002; Sakamoto, 2009). With a
weakened ability to swallow, there is an increased
likelihood of residual material falling into the air-
way, leading to aspiration. Therefore, dysphagia
can lead to a diminished quality of life of individu-
als in the form of malnutrition, dehydration, and
aspiration pneumonia (Pikus et al., 2003; Nguyen
et al., 2005).

The glossopharyngeal nerve (GPN) is the ninth
cranial nerve, being formed by both motor and
sensory fibers from different areas, such as the
parotid salivary gland, the stylopharyngeus muscle
(SPM), the carotid sinus, the body, etc. The nerve
exits the soft tissue of the lateral medulla and trav-
els anterolaterally to exit the cranium via the jugu-
lar foramen. The innervation of the SPM occurs via
2 nerve branches exiting the main nerve body.

Human anatomy, while not always 100% con-
sistent, does follow the same general layout. Many
of the essential anatomical structures, like the vas-
culature and bones, are easily visualized with im-
aging technologies such as computed tomography

(CT) or magnetic resonance imaging (MRI). Other
significant structures, like the facial nerve, have
been comprehensively mapped out (Pereira et al.,
2004; Pather and Osman, 2006; Greyling et al.,
2007). No such tools or maps are presently availa-
ble for the glossopharyngeal nerve, despite the
negative side effects that ensue from damage to
this nerve. The purpose of this study was to create
a map of the GPN utilizing quantitative data and
modeling that will aid surgeons in their work to pre-
serve the nerve and to increase quality of life for
individuals with head and neck cancers.

MATERIALS AND METHODS

Heads were received from the LSU Health
Shreveport Willed Body Program with ages rang-
ing from 69 to 92, including six males and five fe-
males (n=11). Cadaver heads were briefly inspect-
ed and judged to be normal or not based upon
gross malformations. Cadavers with head or crani-
al procedures, or obvious malformations, were
excluded from the study. Embalming was per-
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1: Styloid tip to GPN crossover of SPM

3: Styloid tip to nerve leaving skull base

6: Mastoid tip to nerve leaving skull base

\ . /// ~
4: Mastoid tip to GPN crossover of SPM
2: Styloid tip to GPN innervation of SPM  5: Mastoid tip to GPN innervation of SPM

Fig 1. Descriptive map of measurements taken.
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Table 1. Average distances between bony landmarks with statistics.

Mean Star]da_xrd ) o

Landmark Dl(snt]ar:;:e Dte(\:r:arsl)c)n Ma()r(rl‘rnr;;xm Ml(l:rl‘r:lnl;m cv
Mastoid tip to nerve leaving skull base 23.1418 3.7625 31.33 13.69 0.1626
Male Values 23.318 2.4634 27.15 16.95 0.1054
Female Values 22.854 5.0444 31.33 13.69 0.2207
Mastoid tip to innervation of SPM 35.075 7.0665 43.49 8.59 0.2015
Male Values 36.0033 4.1804 43.49 30.57 0.1161
Female Values 33.961 9.6244 40.89 8.59 0.2834
Mastoid tip to nerve crossover of SPM 43.191 8.1967 52.81 12.46 0.1898
Male Values 44.0509 5.4978 52.81 35.29 0.1248
Female Values 42.245 10.6687 48.28 12.46 0.2525
Length of mastoid process 10.5559 2.1969 15.91 6.92 0.2082
Male Values 11.0783 2.3134 15.91 6.92 0.2088
Female Values 9.929 1.9799 12.53 7.22 0.1994
Styloid tip to nerve leaving skull base 22.34 7.52 44.63 14.41 0.3367
Male Values 23.3175 9.5277 44.63 14.41 0.4086
Female Values 21.169 4.2724 30.07 16.05 0.2018
Styloid tip to innervation of SPM 11.5491 8.4436 44.94 3.9 0.7317
Male Values 10.7292 4.6839 17.7 3.9 0.4366
Female Values 12.533 11.7289 44.94 4.54 0.9358
Styloid tip to nerve crossover of SPM 17.86 8.04 50.46 10.13 0.4504
Male Values 15.9191 3.3262 20.4 10.13 0.2089
Female Values 19.997 11.0242 50.46 13.83 0.5513
Length of styloid process 294 6.8783 44.83 19.46 0.2339
Male Values 29.6733 8.7829 44.83 19.46 0.296
Female Values 29.077 3.9869 35.06 23.92 0.1371

formed using a mixture of ethanol, glycerin, formal-
dehyde, and phenol.

Dissections were completed on all heads in the
same format by a single dissector. Once the land-
marks, which are listed below, were exposed and
cleaned, a single pin was placed at each of the
landmarks, ensuring accuracy in measurements.
1) Distance from the SPM origin to the proximal

innervation along the muscle.
2) Distance between the innervations along the
muscle.
3) From the Mastoid Tip to:
e GPN leaving the skull base.
e GPN crossing over the SPM.
e Proximal entrance of the GPN into the
SPM.
4) From the Styloid Tip to:
e GPN leaving the skull base.
o GPN crossing over the SPM.
e Proximal entrance of the GPN into the
SPM.
5) Length of the styloid process.
6) Length of the mastoid process.
7) Length of the GPN from:
e Skull base leaving the jugular foramen to

the proximal branch of the SPM innerva-
tion.

e Proximal branch of the SPM innervation
to the nerve crossover of the SPM.

e Nerve crossover of the SPM to the en-
trance into the pharynx between the su-
perior and middle constrictors.

MRI Scans Protocol

To test the viability of using MRI to measure the
MP-Length and SP-Length, we acquired a fat-
suppressed, 3D FLASH T1 data set using Sie-
mens TIM-Trio 3.0T MRI (Erlangen, Germany)
from one subject (TE = 3.69, TR = 9.13, 0.9mm
iso, FOV = 256x256, FA=12). Then, using the DI-
COM viewer Osirix 8.0 (Bernex, Switzerland), we
rotated the planes to maximize the visualization of
the MP (data not shown), SP, and SPM. In addi-
tion, we were able to visualize the GPN to its in-
nervation of the SPM.

Statistical analysis

Microsoft Excel® was used to calculate means,
standard deviations, median, standard error, and
coefficient of variation (CV). Multiple regression
analysis was carried out using Statistical Package
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Table 2. Average distances between soft tissue landmarks with statistics .

Mean Standard
Landmark Distance Deviation Maximum Minimum Ccv
(mm) (mm) (mm) (mm)

SPM origin to GPN innervation 30.0964 6.3856 37.27 16.28 0.2122
Male Values 27.5283 6.7756 35.38 16.28 0.2461
Female Values 33.178 4.4377 37.27 23.17 0.1338
Distance between innervations 5.66 2.4638 12.33 1.75 0.435
Male Values 5.9575 3.0936 12.33 1.75 0.5193
Female Values 5.2711 1.3092 7.01 3.44 0.2484
Nerve length — skull base to innervation 20.89 5.2064 33.5 14.02 0.2492
Male Values 20.1133 6.0602 33.5 14.02 0.3013
Female Values 21.822 4.0732 27.68 15.67 0.1867
Nerve length — innervation to crossover 11.4267 4.0218 19.4 4.27 0.352
Male Values 11.8845 4.9869 19.4 4.27 0.4196
Female Values 10.923 2.7881 15.3 5.82 0.2553
Nerve length — crossover to entrance into pharynx 15.1762 3.5428 24.34 7.05 0.2334
Male Values 16.1827 4.5727 24.34 7.05 0.2826
Female Values 14.069 1.4347 15.9 11.57 0.102
Total nerve length 47.38 4.7388 57.51 39.75 0.1
Male Values 47.8425 4.844 57.51 39.75 0.1012
Female Values 46.814 4.8041 53.8 40.58 0.1026

for the Social Sciences (SPSS). All other statistics
and graphing were performed using Graph Pad
Prism 5. Welch’s t-tests assuming unequal distri-
bution were performed to compare left vs right and
male vs female, and significance was determined
at a 95% confidence limit. Coefficient of variation
was used to assess reliability and consistency.
Outliers were identified as being more than two
standard deviations outside the mean and exclud-
ed from the t-tests. Removal of the outliers had no
effect on statistical significance in any t-tests, and
those variables were not removed from the results.

RESULTS

Total population results

The mean, standard deviation (SD), maximum,
minimum, median, and coefficient of variation (CV)
of the distances along the soft tissue landmarks
and from the nerve landmarks to the bony land-
marks are included in Tables 1 and 2. Additionally,
these data were subdivided by gender. These data
indicate that all of the measures from the mastoid
tip demonstrated less variability than the measures
from the styloid process. The total length of the
nerve, from the skull base to the entrance into the
pharyngeal constrictors had the least amount of
variability of the nerve length measurements. Fig.
1 graphically depicts the landmarks measured.

Table 3 shows the measurement percentiles as a
total population, and subdivided by gender. These
percentiles indicate that the given percentage of
the measurements made lie within the range listed.

Male versus female measurements

Measurements were divided based on gender,
and student’s t-tests with Welch’s correction were
run on each variable. Results illustrate that the
distance from the SPM origin to the nerve innerva-
tion was significantly higher in females than males,
as shown in Fig. 2, but there was no significant
difference in any other measurement (data not
shown).

Right versus left measurements

Measurements were separated by side of the
head and student’s t-tests with Welch’s correction
were run for each variable. No significant differ-
ence was found for any of the measures. Data not
shown.

Variations of the nerve path

The GPN did wrap around to the lateral side of
the SPM, especially in the areas between the sty-
lohyoid and stylopharyngeus muscles, as seen in
Fig. 3. Upon dissection, it was noted that 5 of the
22 sides of the heads displayed an interesting vari-
ation in the course of the GPN. In these speci-
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Table 3. Probabilistic percentiles of the GPN location relative to bony landmarks .

Styloid Tip to GPN Crossover

Mastoid Tip to GPN Crossover

Total Male Female Total Male Female
10% <12.29 mm 11.65 13.88 10% < 37.75 mm 37.75 39.72
25% <14.26 mm 13.78 14.49 25% <4218 mm 40.73 43.19
50% <16.33 mm 16.33 16.43 50% <44.44 mm 4411 45.08
75% <18.90 mm 18.70 19.01 75% <47.12 mm 47.28 47.09
90% <20.40 mm 18.92 24.63 90% <48.28 mm 51.93 48.19

Styloid Tip to SPM Innervation

Mastoid Tip to SPM Innervation

Total Male Female Total Male Female
10% <5.03 mm 5.03 6.25 10% < 30.65 mm 31.48 27.07
25% <6.93 mm 7.50 7.1 25% < 33.55 mm 33.75 33.73
50% <9.43 mm 10.28 9.05 50% < 35.36 mm 34.93 37.06
75% <12.87 mm 13.63 12.01 75% < 39.04 mm 38.25 39.50
90% <17.41 mm 17.41 16.95 90% <40.87 mm 42.71 40.69

Styloid Tip to Nerve Leaving the Skull Base

Mastoid Tip to Nerve Leaving the Skull Base

Total Male Female Total Male Female
10% <16.11 mm 14.84 16.61 10% <19.66 mm 22.00 19.02
25% <17.90 mm 17.87 17.96 25% <21.26 mm 22.93 20.21
50% <20.42 mm 19.76 21.46 50% <23.36 mm 23.71 21.66
75% <22.99 mm 24.57 22.99 75% <25.26 mm 24.41 26.08
90% <32.26 mm 36.57 24.76 90% < 27.06 mm 25.31 28.44
“ ® [ Female
@B Male

Length (mm)
2

'

Fig 2. Length from origin of SPM to nerve innerva-
tion is longer in females

mens, the nerve exited the jugular foramen and
traveled inferiorly along the posterior surface of the
SPM, as previously reported (Prades et al., 2014).
However, instead of crossing over to the anterol-
ateral side of the SPM, the nerve penetrated the
muscle and completed its course to enter into the
pharynx, making it impossible to determine where
the crossover of the nerve was located, as seen in
Fig. 4. For these cadaveric heads, the fibers of the
SPM that covered the GPN were resected allowing
the location of the nerve crossover to be deter-

Fig 3. Styloid diaphragm. The styloid diaphragm was
exposed, allowing for visibility of the GPN coursing infe-
riorly in the lateral neck.
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Fig 4. Variation of GPN entering into SPM observed
on four specimens

mined for measurements to be taken, as seen in
Fig. 5.

Prediction of nerve location

Multiple regression analysis was performed to
construct reliable models in order to predict the
location of the GPN as it courses through the lat-
eral neck. Abbreviations below are as follows:

NL_SB_Inn - GPN length from skull base to in-
nervation.

SPM_O_NI - SPM length from origin to nerve
innervation.

SP_Length - Styloid Process Length.

MP_Length - Mastoid Process Length.

MT_SMPi - Distance from tip of Mastoid Process
to the innervation of SPM.

The first model uses the length of the styloid pro-
cess and the distance from the origin of the SPM
to the innervation of the SPM to predict the nerve
length from the skull base to the innervation of the
SPM [F(2,19) = 7.562, p = 0.004, R? = 0.443, R?
adj = 0.385] (see equation below and Fig. 6).

NL_SB Inn = 14.075 + 0.605(SPM_O_NI) -
0.387(SP_Length)

The second model incorporates the length of the
mastoid process and the length of the styloid pro-
cess as independent variables to predict the length
of the SPM from the origin to innervation [F(2,19) =
6.851, p = .006, R? = 0.419, R? adj = 0.358] (See
equation below and Fig. 6).

SPM_O_NI = 27.477 + 0.548(SP_Length) -
1.279(MP_Length)

Fig 5. Exposure of GPN inside the SPM variation.
Part of the SPM has been resected away to expose the
GPN as is courses inferior and anterior inside the SPM.

Furthermore, a correlation was found between
the length of the mastoid process and the distance
from the mastoid tip to the innervation of the SPM
[F(1,20) = 5.561, p = 0.029, R? = 0.218, R? adj =
0.178] (See equation below and Fig. 7).

MT_SMPi = 50.912 - 1.500(MP_Length)

Confirmation of GPN pathway

Labeled cardinal plane (axial, coronal, sagittal)
images of the MP, SP, and branches of the GPN
are visible on T2 MR images (Fig. 8) from
IMAOS.com (Montpellier, France; obtained with
permission). However, each of the MP, SP, and
pharyngeal branch of the GPN course obliquely to
each of the cardinal planes. The location of the
GPN in relation to the styloid diaphragm was relat-
ed as posterior and lateral to the SPM (Fig. 8). In
addition, we were able to visualize the GPN to its
innervation of the SPM as seen in the 3D FLASH
T1 images (Fig. 9).

DISCUSSION

The purpose of this study was to identify reliable,
consistent landmarks and their distances from the
GPN, as well as any differences between land-
marks across gender and side of the head. To the
best of our knowledge, this is the first study to offer
substantial quantitative data suggesting that the
mastoid process is a more consistent and reliable
landmark than other bony landmarks and to offer
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1: Styloid Process Length

2: Mastoid Process Length

3: Length of SPM from origin
to innervation

4: Nerve length from skull
base to SPM innervation

5: Length from mastoid tip
to SPM innervation

Fig 6. Measurements for multiple regression analysis and statistical model construction for location of the

GPN.
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Fig 7. Statistical association between the mastoid
process and the length from the mastoid tip to the inner-
vation of the SPM [F(1,20) = 5.561, p = 0.029, R2 =
0.218, R2 adj = 0.178].

reliable models to locate the GPN. Unfortunately,
the side of the head and the gender were not relia-
ble markers of GPN location. Future studies could
use these variables, and others, such as cranium
and head shape, size of cranium and head to pos-
sibly identify other variables that can serve as

markers of the GPN.

Reliable Landmarks

Previous studies of the GPN have aimed at char-
acterizing the nerve in the jugular foramen (Keles
et al., 2009), traveling to the tonsillar bed (Lim et
al.,, 2013), and in relation to the styloid diaphragm
(Prades et al., 2014). Other studies have looked at
the course of the GPN, and offered general land-
marks that could be used, but offer little in the way
of quantitative data regarding those landmarks
(Goodwin et al., 1993; Ozveren et al., 2003). Table
1 demonstrates that the measurements from the
mastoid process, with their low standard devia-
tions, standard errors, and coefficients of variation,
are most likely to be consistent across all popula-
tions. This establishes the mastoid process as a
powerful landmark for surgeons to use in localiza-
tion and identification of the GPN. Other land-
marks, such as the C1 transverse process, were
not compared in this study, and future compari-
sons between these landmarks would be beneficial
to elicit which landmark is the most powerful mark-
er.

Substantial variation was noted among styloid
process lengths and in measurements originating
from the styloid process. The variation of the
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Fig 8. T2 MRI images of the mastoid process, styloid process and glossopharyngeal nerve branches. Images
obtained by permission from IMAOS.com (Montpellier, France).

Fig 9. FLASH 3D T1 fat-suppressed MRI images of the styloid process (left and center panels under the axes), stylo-
pharyngeus muscle (white arrow) and glossopharyngeal nerve and its innervation point of the muscle (black arrow-
heads). The blue axis on the left panel corresponds to the image in the left panel. The purple axis in the left panel cor-

responds to the image in the center panel.

measurements originating from the styloid process
is likely a result of the variance of the length of the
styloid process. Variance of the styloid process is
possibly due to a calcification of the stylohyoid lig-
ament, increasing measured length of the process
and confounding other measurements. When cal-
cification of this ligament extends too far, it can
compress other soft tissue structures causing pain
and damage, and is known as Eagle Syndrome
(Ferreira et al., 2014). Thus, while the styloid pro-
cess and tip are very close to the GPN and the
styloid diaphragm, it is a weak landmark due to the
variation of length.

Logistical map of the GPN

With the information gathered from this study, a
rudimentary percentile map was created to aid sur-
geons in their quest to correctly identify the GPN.
The measurements from the bony landmarks and
along soft tissue landmarks were useful in the cre-
ation of the map; however, further studies are
needed to complete it. Some of these studies
might include measurements from the bony land-
marks to the nerve at the same level, or along a
sagittal plane. Removal of extraneous tissue not
innervated by, or associated with the nerve, fol-

lowed by 3D scanning would help to create a work-
ing 3D model that would aid not only surgeons, but
also medical and anatomical students seeking
clarification of the nerve path.

The results of this study were consistent with
past studies as the GPN does wrap around to the
lateral side of the SPM (Institute NC, 2013; Oncol-
ogy Asoc., 2014), especially in the areas between
the stylohyoid and stylopharyngeus muscles, as
seen in Fig. 3.

The multiple regression analyses were used to
create equations with which surgeons could cor-
rectly identify the location of the innervation of the
SPM by the GPN. Using the measurements of the
styloid process length, mastoid process length,
distance from the mastoid tip to the SPM innerva-
tion, nerve length from skull base to SPM innerva-
tion, and SPM length from its origin to the innerva-
tion by GPN, three equations were formed as pre-
dictive models for the location of the GPN innerva-
tion of the SPM:

SPM_O_NI = 27.477 + 0.548(SP_Length) —
1.279(MP_Length)
NL_SB Inn = 14.075 + 0.605(SPM_O_NI) —

0.387(SP_Length)
MT_SPMi =50.912 - 1.500(MP_Length)
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Measurements such as MP_Length and
SP_Length are easily seen on radiographs, such
as a CT scan. ldentification of where the GPN
leaves the skull base has previously been identi-
fied as the anteromedial potion of the jugular fora-
men (Keles et al., 2009), making identification of
the NL_SB_Inn possible with the models produced
in this study.

MRI tracing of GPN

Visualization of the GPN to its innervation of the
SPM was clearly visible in the 3D FLASH T1 imag-
es. 3D T2 images were not acquired, since the
time of acquisition of a 3D image was excessive.
Future studies will investigate the optimization of
acquiring 3D T1 and T2 images for the purposes
of pre-surgical planning.

Summary. In this study we showed that the
mastoid process is a more consistent, and thus
more reliable, bony landmark than the styloid pro-
cess in predicting the location of the GPN. Further-
more, distances between different landmarks
along the GPN have been characterized, and
models have been created to help identify location
of those landmarks.
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