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SUMMARY

The incidence of bulbar syndrome in cranio-
vertebral junction anomalies is between 12% and
35%. Although the use of evoked potentials intra-
operatively and preoperatively has advanced in
recent years, their use in predicting the develop-
ment of neurological deficits remains a challenge.
This research explores the predictive significance
of evoked potentials in the diagnosis of bulbar
syndrome in Chiari 1 anomaly. Data from 39 pa-
tients and 30 controls were reviewed. Standard
multimodal neurophysiological investigations
including Brainstem auditory evoked poten-
tials (BAEPs), somatosensory evoked potentials
(SSEPs), Nerve Conduction Studies (NCS), and
Electromyogram (EMG) were performed. All stud-
ies were conducted on the 4-channel complex
“Synapsis” (Neurotech, Russia) with computer
data processing.

The threshold Nerve conduction velocity (NCV)
value was 21.5 m/s. The sensitivity and specificity

were 75.5% and 71.2% respectively. The area
under the ROC curve (AUC) was 0.96+0.36 (95%
CI: 0.89-1.00) and p-value 0.004. The M-response
amplitude threshold dividing the study group into
high and low-risk groups was 1.01 microV. The
sensitivity and specificity were 78.0 and 71.2%,
respectively. The BAEPs interpeak intervals
III-V and I-V were significantly prolonged (P<
0.05). SSEPs showed a decreased amplitude and
reduced NCV (P < 0.01). Glossopharyngeal nerve
electroneuromyography is the most informative
test. A decrease in M-response amplitude of
bulbar muscles and NCV on efferent fibers is
highly predictive of the development of bulbar
disorders in patients with Chiari 1, even in
subclinical cases.
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INTRODUCTION

The rapid development of modern methods
of neuroimaging has led to an increase in the
number of patients with diagnosed -central
nervous system abnormalities (Voronov, 2010;
Ismailova, 2020; Levy et al., 1983; Munshi et al.,
2000). The modern “gold standard” for diagnosing
Chiari malformation is an MRI study. It accurately
identifies pathologies of the cranioventral
junction, in particular, Chiari malformations,
the degree of cerebellar tonsillar ectopia, and the
presence of basilar impression (Gushcha et al.,
2010;Aronsonetal.,1991;Milhoratand Bolognese,
2003). At least a third of Chiari 1 malformations
are associated with cervical syringomyelia
(Olimjanovnalsmailova and Kariev, 2020). One of
the most dangerous neurological complications
of craniovertebral junction abnormalities is
bulbar syndrome (Mojaev and Sterlikova, 2009;
Sevostiyanov, 2011). The incidence of bulbar
syndrome in craniovertebral junction anomalies
is between 12 and 35% according to various
authors (Aronson et al., 1991; Guo et al., 2007).

Clinical manifestations of the bulbar syndrome
in Chiari 1 malformation have been studied by
many authors (Sevostiyanov, 2011; Aronson et
al., 1991; Mgller et al., 1995). Neurophysiological
studies have gained popularity in recent years.
Their use in intraoperative monitoring during
various spinal and cranial surgeries including
Chiari 1 surgeries is well studied in the literature
(Anderson et al.,, 2003; Holliday et al., 1985;
Moncho et al, 2017; Olimjanovnalsmailova
and Kariev, 2020). Despite their extensive use,
whether evoked potentials can be used to predict
the development of bulbar disorders in Chiari 1
anomaly is still unclear. Mechanical compression
of the brainstem structures by the herniated
cerebellar tonsils and abnormalities of CSF
dynamics with the formation of a syrinx in the
uppercervicalregion and lower medulla oblongata
have been shown to cause local damage to the
various tracts and nuclei in the medulla oblongata
(Olimjanovnalsmailova and Kariev, 2020). This
causes gross clinical neurological deficits usually
picked up on clinical examination. However, in the
subclinical cases, evoked potentials have shown
promise in making an early diagnosis (Moncho et

al., 2017). This research explores the predictive
significance of evoked potentials in the diagnosis
of bulbar syndrome in Chiari 1 anomaly.

MATERIAL AND METHODS

This was a retrospective study carried out at the
Republican Specialized Scientific and Practical
Medical Center of Neurosurgery. We analyzed
the neurophysiological data of 39 patients with
clinical manifestations of the bulbar syndrome
in Chiari 1 malformation, who were treated at
our institution from 2015 to 2018. The patients’
ages ranged from 18 to 65 years, with 11 males
and 28 females. These data were compared with
data from 30 healthy individuals seen during
this period herein called the control group. The
standard for determining the degree of cerebellar
tonsillar ectopia in Chiari malformation was the
Chamberlain line, which runs from the hard
palate to opisthion (a point located in the center
of the posterior edge of the foramen Magna)
(Gushcha et al., 2010; Levy et al., 1983; Milhorat
and Bolognese, 2003). Cerebellar tonsillar ectopia
more than 5mm below the Chamberlain line was
considered significant. In this research, we used
the Chamberlain line to determine the presence of
the anatomical anomalies of the craniovertebral
junction and the degree of cerebellar tonsillar
ectopia (Fig. 1).

All patients were investigated according to
the multimodal neurophysiological monitoring
protocol, including Brainstem auditory evoked
potentials  (BAEPs),
potentials (SSEPs), neuro-conduction studies
(NCS), and electromyography (EMG) (Isu et
al., 1993). All studies were conducted on the

somatosensory evoked

4-channel complex “Synapsis” (Neurotech,

Russia) with computer data processing.

Subdermal needle electrodes were used for
BAEP recording and were inserted at the vertex
to left ear mastoid (Cz/A1l); vertex to right ear
mastoid (Cz/A2); and vertex to cervical C2 (Cz/
Cv2). through
headphones with 0.1 ms audio clicks with a 20Hz
feed frequency and 70dB sound. Filters were set
at High Pass/Low Frequency Filter >100Hz (-3dB)
and Low Pass/High Frequency Filter < 3kHz (-3dB).

Stimulation was performed



Fig. 1.- MRI showing displacement of the cerebellar tonsils (blue arrow) below Chamberlain’s line (orange line) bilaterally.

When recording the SSEPs of the upper limbs,
the recording electrodes CP3-Fz or CP3-CP4 for
right arm stimulation; CP4-Fz or CP4-CP3 for left-
arm stimulation were used. The tests were carried
out by electrical stimulation of the median nerve
at the wrist level with a current of 15-20 mA and a
frequency of 2 Hz.

Lower limb SSEPs were recorded by stimulation
of the posterior tibial nerve at the ankle. The
traditional derivation of recording is CPz-Fz was
used.

The EMG testing was performed on the
glossopharyngeal nerve by inserting the recording
electrodes in the associated muscles. Where
necessary, we analyzed the function of the nerves
based on the presence of gross neurological
deficits.

Statistical analysis of the data was done using
the IBM SPSS Statistics Package version 26.
Differences in the distribution of quantitative
values were assessed using the student parametric

tests. To assess the predictive significance,
Receiver operating characteristic (ROC) analysis
was used followed by calculation of specificity and
sensitivity and area under the ROC curve (AUC).

RESULTS

The BAEPs of all patients with bulbar
impairments were analyzed. The data analyzing
the latency and amplitude parameters of the
study and control groups are presented in Table
1. The latency of the components PIII and PV
were moderately prolonged bilaterally compared
to the control group. There was a reduction in
the amplitudes of peaks III and V. Asymmetric
changes in BAEPs were recorded in 76% of the
patients examined and a complete absence of
PIII and PV components was observed in 24% of
cases.

We analyzed SSEP data in 39 Chiari 1 patients
with clinical features of the bulbar syndrome.
Registration of SSEPs was done by stimulation
of the median and tibial nerves in both the study
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and control groups. The results of the SSEPs are
presented in Table 2. The difference between
the control and study group was statistically
significant (student t-test *P< 0.05, **P <0.01). As
can be seen from the above data, in the patients
with the bulbar syndrome, there was a significant
increase in the latency period N13 to 18.4 ms. In
the study group, there was a significant decrease
in the amplitude of components N13 and N20,
mostly bilateral with asymmetry in 61% of the
patients.

The peak interval N13-N20 was significantly
increased in most patients to 8.0 ms, but the
intervals N9- N13 and N9-N20 were only slightly
increased relative to normal values. Further, we
studied SSEPs, obtained following stimulation of
the tibial nerve in Chiari 1 patients with the bulbar
syndrome. The data is presented in Table 3.

We identified a significant isolated prolonged
N30 latency period to 42.8ms in Chiari 1 patients
with the bulbar syndrome, while the latency
period of components N22 and P37 were relatively
preserved. In these patients, there was a decrease
in the amplitude of component N30 to 0.28microV
while the amplitude of components N22 and P37
were preserved relative to the control group. A
significant increase in the peak interval N30-P37
to 17.8 ms was registered in Chiari 1 patients with
the bulbar syndrome with pronounced asymmetry
(61%) compared to the control group. However,
the peak intervals N22-N30 and N22-P37 showed
minor insignificant deviations from the normal.

The Electroneuromyography (ENMG) data
was analyzed. The results of MEPs obtained
following stimulation of the oculomotor, facial,
glossopharyngeal, median, and tibial nerves

Table 1. BAEPs waveforms: Latency period, Peak amplitude, and Peak intervals in the control group (n=30) and Chiari 1 patients

with bulbar syndrome (n=39).

Latency period, ms

PI. PIIL. PIII. PIV. PV.
Control Group (n=30)
Right 1.79+0.16 2.95+0.18 3.94+0.24 5.06 +0.22 5.97 £+0.25
Left 1.72+0.17 2.98+0.19 3.92+£0.22 5.13+0.20 6.02+ 0.25
Bulbar Syndrome (n=39)
Right 1.80+0.18 2.98+0.17 4.35+0.25 5.30+£0.21 7.05+ 0.22%*
Left 1.76+0.16 3.01+£0.20 4.70 £ 0.21** 5.65+0.19 8.01 +0.24**
Amplitude, microV
PI. PIII. PV.
Control Group (n=30)
Right 0.286+ 0.05 0.262+ 0.04 0.368 £0.06
Left 0.282+ 0.04 0.265+ 0.06 0.338+0.08
Bulbar Syndrome (n=39)
Right 0.348+0.03 0.050+ 0.01** 0.050 +0.02**
Left 0.340+ 0.04 0.180+ 0.02* 0.220+ 0.04%
Peak intervals
PI-PIII. PIII-PV. PI-PV.
Control Group (n=30)
Right 2.19+0.16 2.06+0.18 4.38+0.22
Left 2.24+0.18 2.08+0.22 4.46+0.24
Bulbar Syndrome (n=39)
Right 2.36+0.15 3.96+ 0.15** 6.05+0.20*
Left 2.48+0.17 3.65+ 0.20%* 6.35+0.21%*
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are presented in Table 4. The results showed
a significant decrease in efferent NCV of the
glossopharyngeal nerve in 60% of Chiari 1
patients with bulbar syndrome. In addition to
changes in conduction velocity indicators, there
was a marked decrease in the amplitude of
the M-response of the glossopharyngeal nerve
relative to the control group.

Gennady E. Chmutin et al.

The Amplitudes of M-response of the facial
and oculomotor nerves showed an insignificant
reduction in the study group. Fibrillations were
seen in 30% of patients during stimulation
of the glossopharyngeal nerve, indicating the
involvement of the nuclei. We evaluated the
possibility of predicting the development of
bulbar syndrome using efferent NCVs of the

Table 2. Median nerve SSEPs: Latent period, Peak amplitude, and Peak intervals in the control group (n=30) and Chiari 1 patients

with bulbar syndrome (n=39).

Latency, ms

Control Group (n=30)

N9 Peripheral 9.6+0.7
N13 Cervical 13.2+0.8
N20 Cortex 18.8+1.0

Amplitude microV

Control Group (n=30)

NO Peripheral 5.4£2.5
N13 Cervical 2.9+1.3
N20 Cortex 2.8+1.6

Peak intervals, ms

Control Group (n=30)

N9-N13 3.5+0.4
N13-N20 5.8+0.5
N9-N20 9.2+0.5

Bulbar Syndrome (n=39)
10.1+0.8

18.4+1.2*

18.7+1.5

Bulbar Syndrome (n=39)
5.1+2.0

1.1+0.5%*

1.2+£0.4%*

Bulbar Syndrome (n=39)
3.9+0.5

8.0+0.7**

9.8+0.6*

Table 3. Tibial nerve SSEPs: Latency period, Peak amplitude, and Peak intervals in the control group (n=30) and Chiari 1 patients

with bulbar syndrome (n=39).

Latency, ms

Control Group (n=30)

N 22 Lumbar 23.6+1.9
N 30 Cervical 30.6%2.5
P37 Cortex 37.5+3.4

Amplitude, microV

Control Group (n=30)

N 22 Lumbar 1.3+0.5
N 30 Cervical 0.940.3
P37 Cortex 2.6x1.5

Peak intervals, ms

Control Group (n=30)

N22-N30 7.62+1.14
N30-P37 8.05+1.32
N22-P37 15.7+1.65

Bulbar Syndrome (n=39)
23.9+1.6

42.8+1.26*F

38.4+3.0

Bulbar Syndrome (n=39)
1.65+0.3*

0.28+0.1**

2.85+1.6

Bulbar Syndrome (n=39)
7.80+1.05

17.8+1.52%*

17.0£1.25
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Table 4. ENMG indicators for oculomotor, facial, Glossopharyngeal, and tibial nerves in the control group (n=30) and Chiari 1

patients with bulbar syndrome (n=39).
Efferent NCV, m/s
Control Group (n=30)

Oculomotor Nerve 29.4+2.2
Facial nerve 39.5£1.8
Glossopharyngeal nerve 42.6+2.0
Median nerve 61.0£1.7
Tibial nerve 49.6+2.1
Bulbar Syndrome (n=39)

Oculomotor 28.5+2.0
Facial nerve 34.1+1.6%
Glossopharyngeal nerve 20.8+2.6%*
Median nerve 54.5+1.8*
Tibial nerve 42.7+1.7

glossopharyngeal nerve. Using the ROC analysis
method, the graph as shown below was obtained
(Fig. 2).

The area under the resulting ROC curve (AUC)
was 0.96+0.36 (95% CI: 0.89-1.00), p-value 0.004.
The relationship between the amplitude of the

Amplitude max, microV Pathological waves
1080+105.5 -
1235+126.3 -
1860+164.0 -
6254+267.0 -
7125+745.5 -

1072+124.8

1180+122.0* +
788+182.0%* +++
5011+256.5

6450+628.5

M-response of the glossopharyngeal nerve and
the presence of bulbar syndrome in patients with
Chiari malformation was analyzed. The threshold
value of the M- response amplitude separating
patients into high and low-risk groups for bulbar
syndrome was analyzed using ROC analysis and
the results are shown below (Fig. 3).

Fig. 2.- ROC curve, assessing the possibility of predicting the development of bulbar syndrome in patients with Chiari type 1,

depending on the NCV of the glossopharyngeal nerve.



Fig. 3.- ROC curve, outlining the relationship between the development of bulbar syndrome in patients with Chiari 1 and the

amplitude of the M-response of the glossopharyngeal nerve.

Theresulting ROC curve was characterized by an
AUC of 0.98+0.18 (95% CI: 0.95-1.00). There was
an inverse relationship between the development
ofbulbarsyndrome and the M-response amplitude
p<0,002.

DISCUSSION

The predictive value of BAEPs has been studied
extensively in literature with no consensus
(Moncho et al., 2017; Holliday et al.,, 1985).
Henriques et al., in their study of 75 patients,
concluded that BAEPs are invaluable in the
diagnosis, evaluation, and prevention of further
morbidity in Chiari patients (Henriques Filho and
Pratesi, 2006). The analysis of BAEPs revealed
statistically significant changes consistent with
conduction abnormalities. Theinterpeakintervals
III-V and I-V were significantly prolonged to
almost double in the group with bulbar symptoms
compared to the control group. In 24% of patients,
interpeak intervals could not be analyzed
due to the complete absence of peak III and V
components. These changes in BAEPs objectively

indicated gross impairment of conductivity at the
level of the lower pons and midbrain with clinical
manifestations of bulbar syndrome in patients
with Chiari 1. These changes were asymmetrical
in some cases with dissociated functional
involvement of Ponto-mesencephalic structures.

The analysis of SSEPs changes following
stimulation of the median and tibial nerves in
Chiari 1 patients with clinical manifestations of
bulbar syndrome indicated a pronounced slowing
of conductivity at the presynaptic level of the
medulla oblongata nuclei with decreased nuclear
activation. The pronounced slowed conductivity
at the pontomedullary level in patients with
bulbar disorders was associated with moderate
impairment of thalamocortical conduction. This
is similar to the results discussed in the literature.
The common SSEP abnormalities in Chiari 1
discussed in the literature include a reduction in
cortical amplitude from the posterior tibial nerve,
a reduction or absence of cervical median nerve
potential, and an increased N13-N20 interval
(Moncho et al., 2013).
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In the analysis of ENMG data obtained from
stimulation of the median and tibial nerves,
there was a slight reduction of the efferent
nerve conduction velocities in the study group
compared to healthy individuals. At the same
time, the maximum amplitude of the M-response
of the median and tibial nerves was practically
unchanged compared to the control group. This
phenomenon, in our opinion, is associated with
the reactive involvement of conductive efferent
pathways in Chiari 1 patients with bulbar
syndrome with the development of bilateral
pyramidal tract involvement. The ENMG was
characterized by a pronounced impairment
of conductivity at the level of the nuclei of the
medulla, often with the involvement of the
decussation of the pyramidal pathways. These
data allowed us to assess the condition of Chiari
1 patients with bulbar syndrome, even in the
subclinical phase of the disease.

The nerve conduction velocity of the
glossopharyngeal nerve in the study was the
most predictive for bulbar syndrome. In 60% of
the patients, the NCV was significantly reduced.
It should be noted that the glossopharyngeal
NCV was abnormal in patients with mild and
subclinical bulbar disorders as well. BAEP and
SSEP studies play an important role in incidentally
detected Chiari malformation patients and may
help to establish objective evidence of subclinical
dysfunctions (Moncho et al., 2017). The threshold
value ofthe NCVwas 21.5 m/s. Patients with NCV of
21.5m/sandbelowhad anincreased risk of bulbar
syndrome, while the risk waslowerin patients with
NCV values above 21.5 m/s. The sensitivity and
specificity of the model at the chosen threshold
value were 75.5% and 71.2% respectively. The
observed dependence was significant with a
p-value of 0.004. The isolated involvement of the
glossopharyngeal nerve in Chiari malformation
presenting as neuralgia, central sleep apnea, and
syncope has been reported in the literature by
various authors (Yglesias et al., 1996; Aguiar et al.,
2002; Li et al., 2012; Ruiz-Juretschke et al., 2012;
Kanpolat et al., 2001). The predictive value of the
glossopharyngeal nerve in Chiari 1 malformation
with bulbar syndrome has been poorly explored
inliterature.

Thethreshold ofthe M-response amplitude ofthe
glossopharyngeal nerve dividing the study group
into high and low-risk groups was 1.01 microV. In
patients with M-response 1.01microV and below,
the risk of development of decompensated bulbar
syndrome was significantly higher than among
patients with higher amplitude. The sensitivity
and specificity of the model were 78.0 and 71.2%,
respectively.

CONCLUSION

The most informative method of determining
the risk of development and prognosis of
bulbar syndrome in patients with Chiari 1
malformation is Electroneuromyography (ENMG)
of the Glossopharyngeal nerve. The decrease
in M-response amplitude of bulbar muscles
and the decrease in NCV on efferent fibers are
highly predictive of the development of bulbar
disorders in patients with Chiari 1, regardless of
the presence of clinical symptoms.

Ethics Statement

The studies involving human participants were
reviewed and approved by Institutional Review
Board at the Republican Specialized Scientific
and Practical Medical Center of Neurosurgery.
The Ethics Committee waived the requirement of
written informed consent for participation as this
was a retrospective study.

ACKNOWLEDGEMENTS

The publication was carried out with the support
of the Peoples Friendship University of Russia
(RUDN) Strategic Academic Leadership Program.

REFERENCES

AGUIAR PH, TELLA OI JR, PEREIRA CU, GODINHO F, SIMM R (2002)
Chiari type I presenting as left glossopharyngeal neuralgia with cardiac
syncope. Neurosurg Rev, 25: 99-102.

ANDERSON RCE, DOWLING KC, FELDSTEIN NA, EMERSON
RG (2003) Chiari I Malformation: potential role for intraoperative
electrophysiologic monitoring. J Clin Neurophysiol, 20: 65-72.

ARONSON DD, KAHN R, CANADY A, BOLLINGER R, TOWBIN R (1991)
Instability of the cervical spine after decompression in patients who
have Arnold-Chiari malformation. J Bone Joint Surg, 73: 898-906.

GUO F, WANG M, LONG J, WANG H, SUN H, YANG B, SONG L (2007)
Surgical management of Chiari malformation: analysis of 128 cases.
Pediatr Neurosurg, 43: 375-381.



Gennady E. Chmutin et al.

GUSHCHA OA, SHAKHNOVICH AR, KASHCHEEV AA, ARRESTOV
SO, ABUZAID SM (2010) The new mini-invasive technique of surgical
treatment of Arnold Chiari anomaly: experimental-clinical study.
Neurosurg J, 4: 23-38.

HENRIQUES FILHO PSA, PRATESIR (2006) Abnormalities in auditory
evoked potentials of 75 patients with Arnold-Chiari malformations
types I and II. Arquivos Neuro-psiquiatria, 64: 619-623.

HOLLIDAY PO III, PILLSBURY D, KELLY DL JR, DILLARD R (1985)
Brain stem auditory evoked potentials in Arnold- Chiari malformation:
possible prognostic value and changes with surgical decompression.
Neurosurgery, 16: 48-53.

ISMAILOVA RO (2020) Evoked brain potentials in the preoperative
diagnosis of Type 1 Chiari malformation. Global J Med Res, 20: 37-52.

ISU T, SASAKI H, TAKAMURA H, KOBAYASHI N (1993) Foramen
magnum decompression with removal of the outer layer of the dura
as treatment for syringomyelia occurring with Chiari I malformation.
Neurosurgery, 33: 845-850.

KANPOLAT Y, UNLU A, SAVAS A, TAN F (2001) Chiari Type I
malformation presenting as glossopharyngeal neuralgia: case report.
Neurosurgery, 48: 226-228.

LEVY WJ, MASON L, HAHN JF (1983) Chiari malformation presenting
in adults: a surgical experience in 127 cases. Neurosurgery, 12: 377-390.

LIF,YANGY,LIUY,LIQ, ZHU S (2012) Glossopharyngeal neuralgia as
onset of Chiari type I malformation. Headache, 52: 1576-1578.

MILHORAT TH, BOLOGNESE PA (2003) Tailored operative technique
for Chiari type I malformation using intraoperative color Doppler
ultrasonography. Neurosurgery, 53: 899-906.

MOJAEV SV, STERLIKOVA NV (2009) Results of surgical treatment of
Chiari I type anomaly of ventrolateral localization. Ukranian Neurosurg
J, 3:35-39.

M@LLER AR, JHO HD, YOKOTA M, JANNETTA PJ (1995) Contribution
from crossed and uncrossed brainstem structures to the brainstem
auditory evoked potentials: a study in humans. Laryngoscope, 105: 596-
605.

MONCHO D, POCA MA, MINOVES T, FERRE A, RAHNAMA K,
SAHUQUILLO J (2013) Brainstem auditory evoked potentials and
somatosensory evoked potentials in Chiari malformation. Rev Neurol,
56:623-634.

MONCHO D, POCA MA, MINOVES T, FERRE A, CANAS 'V, SAHUQUILLO
J (2017) Are evoked potentials clinically useful in the study of patients
with Chiari malformation Type 1? J Neurosurg, 126: 606-619.

MUNSHI I, FRIM D, STINE-REYES R, WEIR BK, HEKMATPANAH J,
BROWN F (2000) Effects of posterior fossa decompression with and
without duraplasty on Chiari malformation-associated hydromyelia.
Neurosurgery, 46: 1384-1389; discussion 1389-1390.

OLIMJANOVNAISMAILOVA R, KARIEV GM (2020) Clinical and
neurophysiological features of syringomyelia in patients with Chiari
malformation type 1. J Critical Rev, 7: 2305-2316.

RUIZ-JURETSCHKE F, GARCIA-LEAL R, GARCIA-DUQUE 8,
PANADERO T, ARACIL C (2012) Glossopharyngeal neuralgia in the
context of a Chiari type I malformation. J Clin Neurosci, 19: 614-616.

SEVOSTIYANOV DV (2011) Malformations of Chiari I type:
pathogenesis, diagnostics, surgical treatment (literature review). Bull
Ural Med Acad Sci, 1: 63-67.

VORONOV VG (2010) Value of MRI and SKT-AG in substantiation of
indications for surgical treatment of Chiari type malformation in adults
and children. Neurosurg Neurol Children’s Age, 1: 9-21.

YGLESIAS A, NARBONA J, VANACLOCHA V, ARTIEDA J (1996) Chiari
Type I malformation, glossopharyngeal neuralgia and central sleep
apn’oea in a child. Develop Med Child Neurol, 38: 1126- 1130.

89



	_Hlk87033287
	_Hlk86771603
	_Hlk114338400
	_Hlk109295555
	_Hlk114341125
	_Hlk114339156
	_Hlk104558464
	_Hlk104558735
	_Hlk104558850
	_Hlk106183922
	_Hlk87097723
	_Hlk103085700
	_Hlk103264479
	OLE_LINK3
	_Hlk121080312
	Histomorphological and histomorphometric changes in the testes of male Wistar rats following prepubertal exposure to caffeine
	Evaluation of mandibular incisive canal and mental foramen in Turkish population by conical beam computed tomography
	Neslihan Yuzbasıoglu1, Selva Sen1, H. Emir Yuzbasioglu2,3, B. Ufuk Sakul1

	Ubiquity and attribution of Haller cells – A CBCT study
	Cadherins and catenins as a novel theoretical mechanism in a polyorchid cadaver
	Jack D. Walsh1A, Ernest F. Talarico, Jr.2B,3C, Joseph G. Castaneda3C, Sana M. Wahab3C, Katelyn M. Paulus3C, Amy E. Stromberg3C, Victoria N. Olson3C, Griffin D. Hall4D, Paul J. Janus3C, Nicholas R. Rocco5E

	Myocardial bridge over coronary arteries and myocardial coat lining coronary sinus: clinical implications
	Dibakar Borthakur, Rajesh Kumar, Rima Dada

	Anatomical study of pulmonary fissures
	Alexander Zahariev, Andrés Berke, Santiago Cubas, Ana Villar, Gustavo A. Ugon 

	Structural and functional deficits of the hippocampus in hydrocephalic rats: the role of age at onset and duration of disease
	Matthew T. Shokunbi1,2, Omowumi M. Femi-Akinlosotu1, Funmilayo E. Olopade1, Catherine Winiki1

	Comparative analysis of neurophysiological studies in the diagnosis of bulbar syndrome in patients with Chiari malformation Type 1
	Gennady E. Chmutin1,2, Gayrat M. Kariev3, Rano O. Ismailova3, Hanifa M. Khalimova1,4, Gerald Musa1, Adam Majer1, Boris E. Oleinikov1,2

	Rats kidney morphological particularities and functions post-treatment with vernonia amygdalina extract and low-dose lead acetate
	Gabryel G. Akunna1, L.C. Saalu1, A. Irozuoke2, E. Joshua1 

	Significance of foetal autopsy in diagnosis of VACTERL association
	The electron microscope on the eve of its first centenary
	Pedro J. Mestres Ventura

	Mixed reality model for learning and teaching in anatomy using peer assisted learning approach

