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MAIN DOCUMENT 1 

 2 

Abstract 3 

Objective To develop a technique for performing the mandibular nerve block in Nile 4 

crocodiles. 5 

Study design Experimental cadaveric study. 6 

Animals A group of 16 juvenile Nile crocodile heads. 7 

Methods To study the course of the mandibular nerve, one head was dissected. 8 

Computed tomography (CT) examination was performed in two heads to identify useful 9 

landmarks. Thereafter, a hypodermic needle was inserted through the external 10 

mandibular fenestra of 17 hemimandibles (13 heads) and a mixture of methylene blue 11 

and iohexol was injected. Injection volumes were 0.5 (n = 7) and 1.0 mL (n = 10) for 12 

hemimandibles < 15 and ≥ 15 cm long, respectively. Iohexol spread and nerve staining 13 

with methylene blue were assessed with CT and anatomical dissection, respectively. 14 

Data were analysed with either one sample t-test or Mann-Whitney Rank Sum test. p < 15 

0.05 16 

Results Both anatomical dissection and imaging confirmed the external mandibular 17 

fenestra as a useful anatomical landmark for needle insertion. The CT images acquired 18 

after needle positioning confirmed that its tip was located on the medial bony 19 

mandibular surface formed by the fusion of the angular and coronoid bone in 100% of 20 

the cases. In all the hemimandibles, the rostro-caudal spread of contrast was greater than 21 

23 mm. The length of the stained mandibular nerve in the temporal region and of the 22 

stained medial branch of the mandibular nerve, as well as the dorso-ventral and medio-23 

lateral spread of iohexol, was greater in group 1.0 than in group 0.5 (p < 0.001). The 24 

caudal spread of iohexol was greater in group 1.0 than in group 0.5 (p = 0.01). 25 
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Conclusions and clinical relevance The technique developed in this study is feasible. 26 

Both injection volumes resulted in staining of the mandibular nerve. The spread of 27 

contrast in the anatomical region of interest may result in successful sensory block. 28 

 29 

Keywords crocodilians, mandibular nerve, nerve block, Nile crocodile, trigeminal nerve 30 

 31 

 32 
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Introduction ( 45 

Little is known about the pharmacokinetics and pharmacodynamics of analgesic drugs 46 

in reptiles. Doses and the reported intervals of administration are often extrapolated 47 

from other species, based on the assumption that the analgesics would be effective 48 

regardless of biodiversity (Whiteside 2014). Moreover, nociception and pain are 49 

challenging to recognise in reptiles and, therefore, likely to be undertreated (Mosley 50 

2011). In support of this hypothesis, a recent survey revealed that only 39.5% of the 51 

practitioners dealing with these animal species routinely provide analgesia to them 52 

(Read 2004).  53 

In such a scenario, the use of local anaesthetics might produce antinociception 54 

and improve pain management in reptiles and enhance animal welfare. Local 55 

anaesthetics act by interrupting sensory and motor transmission from the peripheral to 56 

the central nervous system, thus decreasing the requirement for systemic analgesic 57 

drugs (Mosley 2011). The popularity of locoregional anaesthesia has been increasing 58 

over the last decade both in mammals and reptiles. Although, in most of the published 59 

work involving reptiles, the effectiveness of locoregional anaesthesia is anecdotally 60 

reported rather than evidence-based (d’Ovidio & Adami 2019). Despite the lack of 61 

species-specific pharmacokinetic information , the literature suggests that locoregional 62 

anaesthetic techniques may be used in reptiles to a similar extent to their use in  63 

mammals (Rivera et al. 2011; Chatigny et al. 2016; Ferreira & Mans 2019). Local 64 

anaesthetics may have onsets and durations of action in these species that are similar to 65 

those reported in other vertebrates (Perry & Nevarez 2018; Mans et al. 2019). 66 

Regarding the mandibular nerve block, little information is published describing 67 

its clinical use in crocodilians, for either surgical or diagnostic procedures (Wellhan et 68 

al. 2006). An earlier study reported the use of the electrolocation to perform this nerve 69 
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block in crocodilian species other than Nile crocodiles (Wellehan et al. 2006). The 70 

technique was considered effective, based on behavioural indicators, in American 71 

alligators (Alligator mississippiens), dwarf crocodiles (Osteolaemus tetrapis) and 72 

Yacare caimans (Caiman yacare); however, no clear conclusions could be drawn for 73 

Nile crocodiles. Furthermore, no cadaveric studies were conducted prior to the clinical 74 

trial in order to identify useful landmarks and potential complications of this nerve 75 

block in the living animal. 76 

The primary aim of this study was to describe the course of the mandibular 77 

nerve in Nile crocodiles and identify useful anatomical landmarks to enable the 78 

mandibular nerve block to be performed in this species. A secondary aim was to assess 79 

macroscopic nerve staining, as well as the spread of both the dye and the contrast 80 

medium in the anatomical area of interest. 81 

 82 

Materials and methods 83 

The study was conducted under ethical approval of the Clinical Research Ethical 84 

Review Board (CRERB) of the Royal Veterinary College of the University of London 85 

(licence number: URN 2019 1874-3). 86 

A total of 16 thawed juvenile Nile crocodile heads, euthanized 1 year earlier for 87 

reasons unrelated to the current study and frozen immediately thereafter, were used. All 88 

the anatomical tissues used in this study were from animals weighing between 1.75 and 89 

6 kg euthanized and 32 months or less in age. The body length, measured from the nares 90 

to the distal end of the tail, was less than 120 cm.  91 

The length of each mandible from the rostral to the caudal limit was measured 92 

with a ruler using a line that bisected the external mandibular fenestra. Based on this, 93 
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the heads were classified as either large (mandibles ≥ 15 cm long) or small (mandibles < 94 

15 cm long). 95 

 96 

Phase I: anatomical and tomographic study 97 

In this phase, three heads, and  a total of six hemimandibles, were used. In order to 98 

expose the mandibular nerve, one head was dissected, and the course of the nerve was 99 

studied in addition to the anatomy of the region of interest. Dissection of the orbit and 100 

the temporal region allowed visualisation of the ophthalmic, maxillary and mandibular 101 

branches of the trigeminal nerve. Medial and lateral dissection of the mandible were 102 

performed to evaluate the mandibular nerve in relation to the external and internal 103 

mandibular fenestrae.  104 

A computed tomography (CT) examination of two heads (one large and one 105 

small) was performed to identify landmarks that could be used to enable the mandibular 106 

nerve block to be performed. A 16 mm long 21 gauge hypodermic needle (Henry 107 

Schein Inc., NY, USA) was then inserted percutaneously by the same investigator (CB) 108 

through the rostro-dorsal portion of the external mandibular fenestra of the 109 

hemimandibles. The needle was advanced, at a 45° caudo-rostral angle, until the tip 110 

reached the medial surface formed by the fusion of the angular and coronoid bones (Fig. 111 

1). Thereafter, a CT examination was performed to confirm the correct position of the 112 

needle tip, which was anticipated to be in close proximity to the mandibular nerve. CT 113 

scans were acquired using a 320 multi-detector row unit (Canon Aquilion One Genesis 114 

Edition; Canon Medical Systems Ltd, UK). The heads were placed in a dorsal or 115 

ventrally recumbent position and their entirety was included in the scanned field of 116 

view. Technical variables were standardized for all scans and included: helical scan 117 

mode, reconstruction slice thickness 0.5 mm, tube rotation time 1s, 120 kVp, 120 mA, 118 
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512 × 512 image matrix, high frequency spatial reconstruction algorithm. Images were 119 

reviewed using commercially available viewing software (OsiriX v.6.5.2. 64bit; Pixmeo 120 

SARL, Switzerland). 121 

 122 

Phase II: injection and contrast-dye spread evaluation 123 

In this phase, 13 heads (17 hemimandibles) were used, which were divided according to 124 

their size into those < 15 cm in length and ≥ 15 cm long. The injectate solution was 125 

prepared by mixing methylene blue (Ethyl-thionium Chloride Injection 1% w/v; 126 

Martindale Pharmaceuticals Ltd, UK) with iohexol (Omnipaque, 300 mg iohexol mL-1; 127 

GE Healthcare AS, Norway) in a 1:1 ratio. In this study, two different injection volumes 128 

were used: 0.5 (group 0.5; n = 7) and 1.0 mL (group 1.0; n = 10) for hemimandibles 129 

measuring < 15 or ≥ 15 cm, respectively. 130 

For each hemimandible, the same investigator (CB) inserted the needle as 131 

previously described in phase I. For each head, a first plain CT scan was performed, as 132 

in phase I, with the needle in place. Thereafter, the dye-contrast solution was injected 133 

over 30 seconds, by the same investigator (CB), and the needle removed immediately 134 

after injection. A second CT scan was performed 10 minutes after the injection.  135 

All images were evaluated by a board-certified radiologist (HD). For the plain 136 

scan, the lateromedial angulation of the needle was measured, relative to the surface of 137 

the mandibular bone. Additional measurements performed included: maximal rostro-138 

caudal and dorso-ventral lengths of the mandible and maximal rostro-caudal and dorso-139 

ventral lengths of the external mandibular fenestra for each injected side. After 140 

injection, the radiologist measured the following variables: spread of contrast into the 141 

mandibular canal and calvarium; spread of contrast through the internal mandibular 142 

fenestra; medial spread into the masticatory muscles of the temporal region. 143 
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Additionally, the dorso-ventral and medio-lateral rostral and caudal spreads of contrast 144 

relative to the position of the needle tip were measured. This was done in order to 145 

characterise the spread of contrast medium into the anatomical structures of interest. 146 

Finally, the sum of the rostral and caudal spread of contrast was calculated to evaluate 147 

the overall spread of injectate along the length of the main trunk of the mandibular 148 

nerve. 149 

After acquisition of the images, a third investigator (PM) dissected each head in 150 

order to evaluate nerve staining. The temporal region, the external mandibular fenestra 151 

and the medial and lateral aspects of each hemimandible were dissected and examined. 152 

A qualitative 0 − 2 score was used to determine the staining of the internal mandibular 153 

fenestra, staining of medial branch of the mandibular nerve and staining of the 154 

mandibular nerve into the temporal region. The score was based on a previously 155 

published scale (Portela et al. 2017) and modified for use in this species and on the 156 

anatomical structures of interest in the current study. The score was as follows: 0 = no 157 

staining; 1 = weak staining; 2 = adequate staining (Appendix A). Additionally, during 158 

dissections the length of the stained portion of the mandibular nerve, including both the 159 

branch exiting from the internal mandibular fenestra and the portion of the nerve 160 

extending into the temporal region, was measured with a ruler.  161 

 162 

Statistical analysis 163 

Normality of data was analysed with the Kolmogorov-Smirnov test. Numerical 164 

variables were analysed with either one-sample t-test or Mann-Whitney Rank Sum test, 165 

depending on data distribution. Categorical variables were analysed with the use of 166 

contingency tables and a Chi-squared test. Commercially available software was used 167 

(SigmaStat 4.0 and SigmaPlot 10; Systat Software Inc., NV, USA). The level of 168 
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significance was always defined as p < 0.05. Data are presented as either mean ± 169 

standard deviation (SD) or median and range [minimum − maximum], depending on 170 

data distribution. 171 

 172 

Results 173 

Phase I: anatomical and tomographic study and development of the technique 174 

In Nile crocodiles, the maxillary and the mandibular nerve branches emerge from the 175 

lateral part of the trigeminal ganglion and exit the trigeminal fossa through the 176 

maxillary-mandibular foramen. The maxillary nerve turns rostrally (Fig. 2a), whereas 177 

the mandibular nerve emerges into the adductor chamber, passing between the adductor 178 

mandibulae posterior muscle (m.), the adductor mandibulae internus m. and the 179 

adductor mandibulae externus m. (Fig. 2b). The mandibular nerve passes caudo-180 

ventrally and laterally to the cartilage transiliens and then enters the inferior alveolar 181 

canal of the mandible, after giving off the mylohyoid nerve (Fig. 2c). Lateral dissection 182 

of the external mandibular fenestra showed that the mandibular nerve crosses the 183 

fenestra caudo-rostrally, at the level of the dorsal rim formed by the dentary and 184 

surangular bones, before entering the inferior alveolar canal. The further exposure of the 185 

internal mandibular fenestra, followed by removal of the intramandibularis m., showed 186 

the rostro-medial path of the mandibular nerve along the mandible. Along its 187 

mandibular path, the mandibular nerve gives off various large and small branches. 188 

These branches emerge from different neurovascular foramina, located on the medial 189 

aspect of the splenial bone as well as on the lateral aspect of the dentary bone. Among 190 

the secondary nerve branches, the medial branch exiting from the internal mandibular 191 

foramen is the largest (Fig. 2d). 192 
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Plain CT scans performed on the two heads were found to be useful for 193 

identification of the bony landmarks used for the nerve block. In particular, the main 194 

area of interest was identified as the external mandibular fenestra. This was palpable on 195 

the caudal third of the lateral aspect of the mandible, just caudal to a line traced 196 

tangentially to the lateral canthus of the eye and perpendicular to the long axes of the 197 

mandible. The CT scan showed that the external mandibular fenestra is delineated by 198 

the fusion of three bones: the dentary (rostral), the surangular (dorso-caudal) and the 199 

angular bone (ventro-caudal; Fig. 3). Based on the CT findings, both medial aspects of 200 

the angular and coronoid bones were identified as useful anatomical landmarks to guide 201 

needle insertion and advancement. These bones extend more caudally on the medial 202 

aspect of the mandible than the lateral dentary bone. Finally, the CT examination 203 

confirmed the presence, on the medial aspect of the mandible, of an internal mandibular 204 

fenestra formed by the splenial bone (rostral) and the angular bone (caudal). 205 

Based on the findings of both anatomical dissection and CT examination, the 206 

mandibular nerve block technique was reproduced, as described in material and 207 

methods (Fig. 1). Thereafter, the CT examination was performed to assess the accuracy 208 

of needle positioning. CT images confirmed that the needle tip had reached the medial 209 

aspect of the mandible, at the entrance of the mandibular nerve into the inferior alveolar 210 

canal. 211 

 212 

Phase II: injection and contrast-dye spread evaluation 213 

In this phase, 13 juvenile Nile crocodile heads were included. The authors had to 214 

exclude nine hemimandibles as some anatomical structures were compromised owing to 215 

their use in another study. This meant that 17 intact hemimandibles were used in this 216 
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study. Of these, seven hemimandibles were < 15 (9.7 ± 2.6) cm long while the 217 

remaining 10 were ≥ 15 (17.1 ± 2.8) cm long.   218 

The CT images acquired after needle positioning confirmed the correct location of 219 

the latter in 17/17 (100%) hemimandibles. Resistance to  injection was perceived in 220 

three out of 17 cases, possibly as a result of the proximity to the surface of the bone. In 221 

these cases, the needle was withdrawn by 1 − 2 mm, and the injection was reattempted 222 

and performed successfully. As shown in the CT scans, the median angle of the needle 223 

with respect to the mandibular bone was 52° (35° − 59°). 224 

In all of the hemimandibles, iohexol spread in a caudal, rostral, dorso-ventral and 225 

medio-lateral direction from the injection site (Fig. 4). The sum of the rostral and caudal 226 

spread of contrast was greater than 23 mm in 100% of the hemimandibles included in 227 

the study. No spread into the calvarium was identified. 228 

Staining of the mandibular nerve in the temporal region and staining of the medial 229 

branch of the mandibular nerve occurred in 100% of the hemimandibles (Fig. 4). The 230 

details of staining of the nerve with methylene blue and iohexol distribution in the 231 

anatomical area of interest, as revealed by anatomical dissection and tomography, 232 

respectively, are shown in Table 1.  233 

 234 

Discussion 235 

The results of this study indicate that the technique for performing a mandibular nerve 236 

block by insertion of the needle through the external mandibular fenestra, is feasible in 237 

juvenile Nile crocodiles. This technique may be particularly useful when a nerve 238 

stimulator is unavailable, and it offers some advantages in terms of personnel safety 239 

over the intraoral approach previously described in crocodilians (Wellehan et al. 2006). 240 

Both of the injection volumes investigated here consistently resulted in staining of the 241 
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mandibular nerve and spread of contrast to the anatomical region of interest without 242 

spread to other anatomical areas such as the calvarium. 243 

In order to overcome the lack of homogeneity between the sizes of the heads - 244 

and consequently of the lengths of the hemimandibles and associated nerves -  two 245 

different volumes of injectate were used in the study. It was speculated that 0.5 and 1.0 246 

mL would be comparable injection volumes for mandibles measuring < 15 and ≥ 15 cm, 247 

respectively. However, statistical analysis refuted this assumption and showed that a 248 

volume of 1.0 mL resulted in greater spread of injectate than 0.5 mL, despite it being 249 

applied to longer and larger nerves. The injection volume of 1.0 mL, as opposed to 0.5 250 

mL, consistently resulted in staining of longer portions of the mandibular nerve and 251 

wider spread of contrast in the anatomical area of interest. Based on these observations, 252 

it can be postulated that the two volumes were not comparable and that, presumably, a 253 

volume less than 1.0 mL may have been used in hemimandibles ≥ 15 cm in length to 254 

obtain adequate nerve staining. With respect to this specific aspect, the authors aimed to 255 

achieve a minimum length of nerve staining of 23 mm, which was based on previously 256 

published work in amphibians. This nerve length was suggested as the minimal 257 

necessary for local anaesthetics to produce a reduction in the conduction of action 258 

potentials (Raymond et al. 1989).  259 

Measuring the exact length of the stained mandibular nerve was one of the main 260 

challenges of the present study. As revealed by dissection, once the mandibular nerve 261 

enters the inferior alveolar canal, it runs within the inner portion of the mandible, where 262 

it is protected and hidden by the bone. Then, it gives rise to a number of nerve branches 263 

of different sizes that exit the medial surface of the mandible through multiple foramina. 264 

This makes some portions of the nerve inaccessible and therefore impossible to 265 

examine. For this reason, we used the sum of the lengths of the rostral and caudal 266 
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spread of contrast - measured on the CT images - as a surrogate of the total length of the 267 

nerve stained. Both injection volumes resulted in a total spread of contrast that was 268 

notably longer than 23 mm. This finding is promising for the clinical effectiveness of 269 

the nerve blockade in juvenile Nile crocodiles based on the previously published work 270 

in amphibians (Raymond et al. 1989).   271 

 The staining of the portion of the mandibular nerve located in the temporal 272 

region was one of the main differences between the two groups. The larger injection 273 

volume resulted in greater nerve staining in this specific anatomical area. George & 274 

Holliday (2013) investigated the anatomy of the trigeminal nerve in Alligator 275 

mississippiensis. They described the motor and sensory components of the mandibular 276 

nerve in relation to its axonal density and its anatomical course. Those authors 277 

determined that the motor component of the mandibular nerve is predominantly in its 278 

proximal portion, at the level of the temporal region. Based on those findings and our 279 

results, we propose that the mandibular nerve would have a similar organisation and 280 

function in Nile crocodiles. Therefore, we suggest that using volumes smaller than 1.0 281 

mL may produce less motor blockade and, therefore, fewer postoperative complications. 282 

This is particularly important in crocodilians, which rely on the mandibular motor 283 

function to form a seal at the back of the oral cavity during submersion (Fleming 2001).  284 

The technique of mandibular nerve block described in this study may also be 285 

applicable to other crocodilians species. Previous studies investigating the path of the 286 

mandibular nerve in alligators found comparable results (George & Holliday 2013; 287 

Wellehan et al. 2016). Further research is warranted to support this hypothesis, and to 288 

investigate the suitability of the technique for use in adult Nile crocodiles and to 289 

evaluate its analgesic effectiveness in clinical cases.  290 
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This study has some limitations. Owing to the use of thawed crocodile heads, 291 

the diffusion of iohexol-dye solution described in this study may be different from the 292 

spread of contrast in live animals. Furthermore, a different spread and distribution of 293 

local anaesthetics from that of the iohexol-dye solution cannot be excluded. 294 

 295 

Conclusions 296 

The mandibular nerve block technique described in this study is feasible and easy to 297 

perform in juvenile Nile crocodiles. An injection volume ranging from 0.5 to 1.0 mL, 298 

depending on the size of the crocodile, is proposed to provide a sensory block in clinical 299 

cases. However, prospective clinical trials should be performed to evaluate the 300 

usefulness of the technique and the volumes of local anaesthetics described in the 301 

current studied in live juvenile crocodiles. 302 

 303 

  304 
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Appendix A 353 

Qualitative 0 - 2 score used to evaluate the stain of the nerves (medial branch of the 354 

mandibular nerve and mandibular nerve into the temporal region) and of the internal 355 

mandibular fenestra. The score was developed based on a previously published scale 356 

(Portela et al. 2017), modified for use in this species and the anatomical structures of 357 

interest in the current study. 358 

Qualitative score  
 

Description 

0 No staining: the nerve or medial mandibular 
fenestra not stained by the dye 

1 Weak staining: the nerve or medial mandibular 
fenestra not completely stained by the dye and for 
the nerve, additionally, the dye is not diffused to the 
entire circumference 

2 Adequate staining: the nerve or medial mandibular 
fenestra was completely stained by the dye and for 
the nerve, additionally the dye is diffused to the 
entire circumference 

 359 

 360 
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Table 1 Measurement of contrast (iohexol) and dye (methylene blue) spread, in millimetres 

(mm), after injection of two different volumes of a contrast and dye 1:1 mixture in the 

external mandibular fenestra of 17 hemimandibles of 13 euthanized juvenile Nile crocodiles. 

The injection volumes used were 0.5 mL (group 0.5) and 1.0 mL (group 1.0) for 

hemimandibles measuring < 15 and  ≥ 15 cm, respectively. The level of significance was  

defined as p < 0.05. Data are presented as mean ± standard deviation and median [minimum 

− maximum], depending on data distribution. The stain quality evaluated during anatomical 

dissection was scored as follows: 0 = no staining; 1 = weak staining; 2 = adequate staining 

(Appendix A; Portela et al. 2017). 

Variable  Group 0.5 

(n = 7) 

Group 1.0 

(n = 10) 

Test p value 

Length of staining of the mandibular n. in 

the temporal region (mm)*  

12 ± 4 24 ± 6 One-sample t-test < 0.001 

Length of staining of the medial branch of 

the mandibular n. (mm)* 

11 [8 − 15]  30 [21 − 31]  Mann-Whitney U-test < 0.001 

Stain quality of the internal mandibular 

fenestra* 

Weak: 40% 

Adequate: 

60% 

Weak: 14% 

Adequate: 86%  

Fisher exact test 0.338 

Stain quality of the mandibular n. in the 

temporal region area* 

Weak: 50% 

Adequate: 

50% 

Weak: 14% 

Adequate: 86% 

Fisher exact test 0.304 

Medio-lateral spread of contrast from IS 

(mm)† 

17 ± 2 27 ± 4 One-sample t-test < 0.001 

Rostral spread of contrast from IS (mm)† 39 ± 22 62 ± 37  One-sample t-test 0.149 

Caudal spread of contrast from IS (mm)†  30 [21 − 41] 48 [39 − 53] Mann-Whitney U-test 0.011 

Rostral + Caudal spread of contrast from IS 

(mm)† 

69 ± 20 109 ± 39 One-sample t-test 0.025 

Spread quality of contrast through the 

internal mandibular fenestra† 

Weak: 86% 

No spread: 

14% 

Weak: 90% 

No spread: 

10% 

Fisher exact test 1.000 

n.: nerve; IS: injection site; *: measured during anatomical dissection †: measured on the 

images acquired with computerised tomography.  
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LEGEND FOR THE FIGURES 

Figure 1 Mandibular nerve block in a juvenile Nile Crocodile head cadaver (a) and the 3D 

tilted reconstructions from the dorsally (b) and from ventrally(c) with the use of computed 

tomography. The external mandibular fenestra was palpable on the caudal third of the lateral 

aspect of the mandible, immediately caudal to a line tangential to the lateral canthus of the 

eye and perpendicular to the long axes of the mandible (yellow line). The hypodermic needle 

(21 gauge) was inserted percutaneously, with a 45° caudo-rostral angle, through the rostro-

dorsal portion of the external mandibular fenestra [yellow arrow in (b)]. The needle was then 

advanced until its tip reached the medial surface formed by the fusion of the angular and 

coronoid bones [yellow arrow in (c) pointing at the fusion of the angular and coronoid bones 

the contralateral side]. The green line in (b) and (c) represents the needle. 

 

Figure 2 Course of the mandibular nerve (n.) (a) Computed tomographic examination of a 

juvenile Nile crocodile skull with superimposed graphic representation of the external 

mandibular fenestra (yellow ellipse) and of the trigeminal ganglion and the maxillary and 

mandibular branches of the trigeminal n. (in yellow). The maxillary n. (1) runs rostrally, 

whereas the mandibular n. (2) runs caudo-ventrally and then enters the inferior alveolar canal 

(4) of the mandible, after giving off the mylohyoid n. (3) (b) Anatomical dissection of the 

temporal region (*mandibular n.) (c) Anatomical dissection of the medial aspect of the 

mandible that reveals the mandibular n. trunk (1). The mandibular nerve enters the inferior 

alveolar canal of the mandible (3) after giving off the mylohyoid nerve (2) (**). (d) 

Anatomical dissection of the medial aspect of the mandible that shows the medial branch 

(***) of the mandibular n. originating from the internal mandibular fenestra. 
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Figure 3 Computed tomographic reconstruction of the lateral (a) and medial (b) aspects of 

the hemimandible. The external mandibular fenestra is delimited by the fusion of the dentary 

(1), the angular (2) and the surangular (3) bones. The internal mandibular fenestra is formed 

by the angular (2) and the splenial (4) bones. The coronoid bones (5) is also present on the 

medial aspect of the mandible. 

 

Figure 4 (a) Transverse CT reconstruction of the head at the level of the external mandibular 

fenestra following bilateral injection. Contrast has spread into the medial musculature, and on 

the left (right side of the image), is outlining the trigeminal nerve and its branches (yellow 

arrow). The endocranial cavity (*) and trigeminal fossa (**) are also identified. (b) Sagittal 

oblique CT reconstruction of the head following injection, showing spread of contrast along 

the mandibular canal; arrows indicate rostral and caudal extent of the spread. (c) Sample 

image of weak staining of the medial branch of the mandibular nerve in line with the 

qualitative score used for the study (Appendix A; Portela et al. 2017). The image was taken 

during the anatomical dissection  performing the technique of mandibular nerve block with 

dye-contrast solution. (d) Sample image of adequate staining of the mandibular nerve in the 

temporal region in line with the qualitative score used for the study (Appendix A; Portela et 

al. 2017). The image was taken during the anatomical dissection after performing the 

technique of mandibular nerve block with dye-contrast solution. 
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