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INTRODUCTION

Local anesthetics prevent the generation 
and transmission of action potentials by reversibly 

blocking voltage-gated sodium channels in the 
neuronal cell membrane (BECKER & REED, 2012). 
Loco regional anesthetic techniques have been 
used to provide the intraoperative anti-nociceptive 
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ABSTRACT: This study compared the accuracy of dye placement on the maxillary nerve by using the percutaneous subzigomatic (SBZ) and 
infraorbitary (IO) approaches in cats’ cadavers. A second aim was to compare the accuracy of dye placement on the maxillary nerve between 
different untrained anesthetists. This was a prospective, randomized, blinded study, performed in 40 heads obtained from feline cadavers. Three 
veterinarians (A, B and C) with no previous experience with the IO approach performed the experiments. The SBZ approach was randomly 
performed on one side of the head and the IO approach was performed in the contralateral side of the same head. For each approach, 0.2ml of 
1% methylene blue dye was injected. Scores for length of nerve staining were as follows: 0 (failure), no staining; 1 (moderate), <6mm of nerve 
stained; and 2 (ideal), ≥6mm of nerve stained. Median scores (interquartile range) for the SBZ and IO approaches were 2.0 (0.3-2.0) and 1.0 
(0.0-2.0), respectively. Scores for length of nerve staining were higher with the SBZ approach than the IO approach (P=0.016). Considering the 
scores for both the SBZ and IO approaches, there was a significant difference among the three veterinarians (P=0.002). Results of this study 
do not support the IO approach to perform a maxillary nerve block in cats. A greater accuracy of methylene blue dye placement was observed 
with the SBZ approach. A variable accuracy may exist between different veterinarians when performing a maxillary nerve block employing the 
SBZ and IO techniques in cats. 
Key words: dental anesthesia, cats, maxillary nerve, methylene blue, nerve block.

RESUMO: O objetivo deste estudo foi comparar o acesso do nervo maxilar pela abordagem subzigomática (SBZ) com a abordagem pelo 
forame infraorbitário (IO) em peças anatômicas de gatos utilizando o corante azul de metileno. Um segundo objetivo foi comparar a acurácia na 
coloração do nervo maxilar com o azul de metileno entre diferentes anestesistas que não receberam treinamento prévio. Este estudo foi prospectivo, 
randomizado, cego, realizado em 40 peças anatômicas de cabeças de gatos. Três veterinários (A, B e C), sem experiência prévia da abordagem 
IO, realizaram o experimento. A abordagem SBZ foi aleatoriamente realizada em um dos lados da cabeça e a abordagem IO foi realizada no 
lado contralateral da mesma peça anatômica. Para cada abordagem, utilizou-se 0,2mL do corante azul de metileno 1%. Classificou-se o escore 
de coloração baseado no comprimento do nervo maxilar corado pelo azul de metileno conforme a escala: 0 (falha da técnica), sem coloração; 1 
(moderado), <6mm de coloração do nervo maxilar; 2 (ideal), ≥6mm de coloração do nervo maxilar. As medianas (intervalo interquartil) para as 
abordagens SBZ e IO (dados de todos os veterinários juntos) foram respectivamente 2,0 (0,3-2,0) e 1,0 (0,0-2,0). A abordagem SBZ foi associada 
a um escore de coloração, significativamente, maior do que a abordagem IO (P=0,016). Considerando os escores de ambas abordagens (SBZ 
e IO), houve diferença significativa nos escores de coloração do nervo maxilar entre os três veterinários anestesistas (P=0,002). Os resultados 
deste estudo não sustentam a utilização da abordagem IO para a realização do bloqueio maxilar em gatos. Uma melhor acurácia na coloração 
do nervo maxilar com o azul de metileno foi observada com a abordagem SBZ. A acurácia da técnica pode variar quando as abordagens SBZ e 
IO são realizadas por veterinários diferentes, com o objetivo de se obter o bloqueio do nervo maxilar. 
Palavras-chave: anestesia odontológica, gatos, nervo maxilar, azul de metileno, bloqueio de nervo.
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component of balanced anesthetic protocols, thereby 
decreasing the dose of general anesthetics needed for 
maintenance of anesthesia (PERALTA et al., 2015).

There are several local anesthetic techniques 
described in dogs and cats with the aim of providing 
analgesia for specific regions of the head, including 
the oral cavity (FUTEMA et al., 2002; BARDELL 
et al., 2010; VISCASILLAS et al., 2013). Maxillary 
nerve is a branch of the trigeminal, which provides 
sensory information to the skin of the upper lips and 
nostrils, as well as the soft and hard palate, upper teeth, 
gingiva and maxilla (DELLMANN & MCCLURE, 
2008; PERRY et al., 2015). Therefore, maxillary nerve 
blockade provides anesthesia for selected procedures 
such as rhinoscopy, maxillectomy and upper teeth 
extractions (CREMER et al., 2013).

There are a few techniques described for 
performing a maxillary nerve block in dogs and cats 
(DUKE, 2000; ROCHETTE, 2005; KLAUMANN, 
2013; VISCASILLAS et al., 2013). The most common 
used techniques for this purpose are the percutaneous 
subzigomatic (SBZ) and the intraoral approaches. In 
a recent study in canine cadavers, an infraorbitary (IO) 
approach was described using an over-the-needle catheter 
that was introduced into the IO foramen and advanced 
toward the maxillary nerve (VISCASILLAS et al., 2013). 
In this latter study, a higher percentage of maxillary nerve 
staining with methylene blue dye was reported after the IO 
approach when compared with the SBZ approach (64.9% 
versus 21.6%) (VISCASILLAS et al., 2013). To our 
knowledge, the IO approach of the maxillary nerve has 
not been described in cats. The primary aim of this study 
was to compare the spread of methylene blue dye using 
two techniques (IO and SBZ approaches) of maxillary 
nerve blockade in cat cadavers. The hypothesis was that 
a greater percentage of success would be obtained with 
the IO than the SBZ approach. A secondary aim was 
to compare the spread of methylene blue dye on the 
maxillary nerve between different untrained anesthetists.

MATERIALS   AND   METHODS

Forty heads obtained from feline cadavers 
were used. Cadavers were from cats admitted to the 
Veterinary Teaching Hospital, after natural death or 
euthanasia due to reasons unrelated to the study. On 
all occasions, the owners decided to discard cats’ 
bodies. Heads were separated from their bodies 
and were stored under refrigeration (<4oC) until the 
experiments were performed (within 1 to 5 days after 
the death). Exclusion criteria were: brachycephalic 
breeds, age less than six months, head trauma and 
skulls with evidence of bone pathology. 

This was a prospective, randomized, blinded 
study. Three veterinarians with no previous experience 
with the IO approach performed the experiments. 
Veterinarians A and B were enrolled in a residency 
program in veterinary anesthesiology, which had 
approximately one year of experience in clinical practice. 
Veterinarian C had completed the residency program and 
had approximately three years of experience in clinical 
practice. Prior to the beginning of the study, both the 
SBZ and IO approaches were standardized among the 
three veterinarians using a cat skull to help identifying 
anatomical landmarks.

On each head, the SBZ approach was 
performed on one side (left or right) and the IO 
approach was performed in the contralateral side 
of the same head. The side of the head allocated 
for each approach was chosen randomly. For each 
approach, 1mL plastic syringes filled with 0.2mL of 
1% methylene blue dye were used.

For the SBZ technique, a 22G x 1 inch 
hypodermic needle was inserted perpendicular to the 
skin in a point located between the caudal margin of the 
maxilla and the cranial border of the jaw body, ventral to 
the rostral portion of the zygomatic arch. The needle was 
advanced into the pterygopalatine fossa and, when it was 
considered by the veterinarian to be in close proximity to 
the maxillary nerve, injection of methylene blue dye was 
performed (Figure 1). For the IO approach, the upper lip 
was elevated and the IO foramen was palpated dorsal to 
the first premolar tooth. A 22G x 25mm over-the-needle 
catheter was introduced 3 to 4mm into the IO foramen 
in a rostrocaudal direction, parallel to the occlusion of 
the dental arches. The catheter was then advanced with 
the stylet held in place. When the catheter was entirely 
introduced into the IO canal, the stylet was removed, 
and injection of methylene blue dye was performed 
(Figure 2). On all occasions, methylene blue dye was 
injected with the head in a latero-lateral position (i.e. 
with the side to be blocked uppermost). Before each 
injection, negative aspiration of blood was confirmed 
and methylene blue dye was injected without resistance 
as a fast bolus injection (<2 seconds). The veterinarian 
performing the experiment subjectively evaluated lack 
of resistance to injection. 

After both techniques had been completed, 
a fourth veterinarian performed the dissections 
on each side of the head to allow visualization of 
the pterygopalatine fossa and the maxillary nerve. 
Briefly, using scalpel and anatomic forceps, the skin 
over the fossa, maxilla and mandible, and muscles 
from the temporomandibular joint were dissected. 
The ramus of the mandible was cut just below de 
condylar process using a pruner, and the mandible 
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taken off. Muscles over the zygomatic arch were also 
dissected, and the arch was cut just at the emergence 
of the zygomatic and temporal processes on each side. 
The muscles and connective tissue in the fossa were 
then carefully dissected in order to expose the nerves 
from as close as possible of the foramen rotundum 

Figure 1 - Illustration of the subzigomatic approach (SBZ) for 
injection of methylene blue dye over the maxillary 
nerve in the head of a cat cadaver. A 22G x 1 inch 
hypodermic needle was inserted perpendicular 
to the skin in a point located between the caudal 
margin of the maxilla and the cranial border of 
the jaw body, ventral to the rostral portion of the 
zygomatic arch. The needle was advanced into 
the pterygopalatine fossa until it was considered 
to be in close proximity to the maxillary nerve 
and injection of methylene blue dye was then 
performed. (a) Lateral view. (b) Dorsal view. 

Figure 2 - Illustration of the infraorbital foramen 
approach (IO) for injection of methylene 
blue dye over the maxillary nerve in the 
head of a cat cadaver (lateral view). (a) 
The upper lip was elevated and the IO 
foramen was palpated dorsal to the first 
premolar tooth. A 22G x 25mm over-the-
needle catheter was introduced 3 to 4mm 
into the IO foramen in a rostrocaudal 
direction, parallel to the occlusion of 
the dental arches. (b) The catheter was 
advanced with the stylet held in place. 
(c) When the catheter was entirely 
introduced into the IO canal, the stylet 
was removed, and injection of methylene 
blue dye was performed. 
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to the infraorbital, sphenopalatine and lesser palatine 
foramina. The veterinarian that performed the 
dissections was unaware of what technique had been 
used and assigned a score for length of nerve staining 
as follows: 0 (failure), no staining; 1 (moderate), 
<6mm of nerve stained; and 2 (ideal), ≥6mm of 
nerve stained. Data were analyzed using a General 
Linear Model performed with SPSS version 18. First, 
a two-way repeated measures ANOVA was used 
to investigate the effect of approach (SBZ or IO), 
veterinarian (A, B and C) and their interaction on the 
scores for length of nerve staining. In the event of 
a significant effect of veterinarian, a Bonferroni test 
was performed to compare the scores among the three 
veterinarians. A P value of <0.05 was considered 
statistically significant. 

RESULTS 

Median scores (interquartile range) 
for length of nerve staining (polled data from all 
veterinarians) were 2.0 (0.3-2.0) and 1.0 (0.0-2.0) 
for the SBZ and IO approaches, respectively. The 
SBZ approach was associated with a higher score 
for length of nerve staining than the IO approach 
(P=0.016) (Table 1).

Veterinarians A, B and C performed 
40, 22 and 18 approaches in 20, 11 and 9 heads, 
respectively. Scores from each veterinarian according 
to the extension of maxillary nerve staining are 
summarized in table 2. There was a significant effect of 
veterinarian on the scores for length of nerve staining 
(P=0.002). Considering the scores from both the SBZ 
and IO approaches, veterinarian B had lower scores 
than veterinarians A and C (P=0.011 and P=0.004, 
respectively). There was no significant difference 
between scores from veterinarians A and C (P=1.00). 

When no staining of the maxillary nerve was 
observed after performing the IO approach, deposition 

of methylene blue dye was reported on infraorbitary 
fat, on the infraorbitary nerve or adjacent structures. 
In one head, there was evidence of methylene blue dye 
deposition on the sclera and cornea on the same side of 
the head which the IO approach was performed. When 
no staining of the maxillary nerve was observed after 
performing the SBZ approach, deposition of methylene 
blue dye was reported on infraorbitary fat or the lateral 
rectus muscle (medial to the maxillary nerve).

DISCUSSION

The hypothesis of this study was rejected. 
Overall, the SBZ approach was associated with 
higher scores of maxillary nerve staining than the 
IO approach. A score of 2 (≥6mm of nerve staining) 
was observed in 62.5% of the SBZ techniques 
performed, compared to 37.5% of the IO approach. 
These findings differ from a similar study performed 
in cadavers of dogs (VISCASILLAS et al., 2013). In 
this previous study, a higher percentage of maxillary 
nerve staining ≥6mm was observed following the 
IO than the SBZ approach (64.9% versus 21.6%, 
respectively) (VISCASILLAS et al., 2013). The 
authors believe that discrepancies between the two 
species were due to anatomical differences between 
the skulls of dogs and cats. In domestic cats, the IO 
canal is short (DELLMANN & MCCLURE, 2008; 
HUDSON, 2010) and indeed it has been reported 
that cats actually lack a true IO canal (GROSS et al., 
2000). This anatomical feature allows a wide variety 
of angulations when introducing the catheter into the 
IO foramen. Conversely, the IO canal is longer in 
dogs than cats and serves as an anatomical reference 
to guide the catheter through the IO foramen towards 
the maxillary nerve (GIOSO & CARVALHO, 2005; 
HUDSON, 2010). These anatomical differences may 
explain, at least in part, the lower success rate in 
staining the maxillary nerve following the IO approach 
in cats as compared to dogs. Results of this study 
supports that the efficacy of a locoregional anesthetic 
technique in dogs should not be extrapolated to cats. 
Moreover, despite that the SBZ approach was more 
effective than the IO approach in the present study, 
further research is warranted to access the efficacy of 
each technique in the clinical setting. 

In the present study, veterinarians A and 
C had significantly higher scores of maxillary nerve 
staining than veterinarian B. Higher success rate 
for veterinarian C may be attributable to a longer 
professional experience in the field of veterinary 
anesthesiology than veterinarian B (3 years versus 1 
year). Conversely, veterinarians A and B had nearly 

Table 1 - Median (interquartile range) scores for each veterinarian 
according to the extension of maxillary nerve staining 
by methylene blue dye in cadaver of cats. 

Veterinarian SBZ IO 

A 2.0 (1.0-2.0) 1.0 (0.0-2.0) 
B 0.0 (0.0-2.0)* 0.0 (0.0-0.0)* 
C 2.0 (1.5-2.0) 2.0 (0.0-2.0) 
A+B+C 2.0 (0.3-2.0) † 1.0 (0.0-2.0) † 

*Within a column, significant difference compared to 
veterinarians A and C (P<0.05). †Within a row, significant 
difference between the IO and SBZ approaches (P<0.05). SBZ = 
subzigomatic approach; IO = infraorbital approach.  
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the same professional experience. One reason for 
the higher scores observed for veterinarian A might 
be the greater number of injections performed 
when compared with veterinarian B (40 injections 
in 20 heads versus 22 injections in 11 heads, 
respectively), which may have resulted in greater 
learning experience by veterinarian A. However, this 
statement is speculative and the differences in the 
number of approaches among the three veterinarians 
may actually be a source of bias in the present study. 
A better design for the study would be an equal 
distribution of injections for each veterinarian. 

For the IO technique, an over-the-needle 
catheter rather than a hypodermic needle was used. 
Advancing a hypodermic needle into the IO foramen 
might result in intravascular puncture and injection, 
hematoma formation, nerve damage or intraneural 
injection (VISCASILLAS et al., 2013). To avoid 
such complications, the stylet was introduced only 
for a few millimeters into the IO foramen and the 
catheter was then advanced alone, with the stylet held 
in place. Although, this methodology appears to be 
safer, it may result in kinking of the catheter when 
it is advanced. One alternative technique described 
in dog cadavers is to withdraw the stylet a few 
millimeters after introducing into the IO foramen and 
then advance the stylet and catheter together toward 
the maxillary nerve (VISCASILLAS et al., 2013).

It has been reported that 0.20 to 0.25mL of 
anesthetic solution per site of injection is necessary 
to accomplish locoregional anesthetic techniques 
in the oral cavity of dogs and cats weighing 1 to 
6kg (BECKMAN, 2006). In the present study, the 
veterinarians were unaware of the weight of the cats 
but it is likely that all cats were between 1 and 6kg. 
Therefore, a single volume of 0.2mL methylene blue 
dye was used for all injections and this volume is 
within the recommended range (BECKMAN, 2006).

In an in vitro study performed with sciatic nerves of 
frogs, when a length of 6mm or greater of the nerve 
was in contact with lidocaine, conduction blockade 
was observed (RAYMOND et al., 1989). Based on 
the concept that at least 6mm of nerve length should 
be exposed to local anesthetic to attain anesthetic 
blockade, an ideal score was assigned when staining 
of ≥6mm of the maxillary nerve was achieved. A 
similar scale has been used to access staining of the 
maxillary nerve in dogs (VISCASILLAS et al., 2013).

The main complication of the technique 
observed in this study was staining of the cornea 
and sclera on the same side that the IO injection 
was performed. This finding may have resulted from 
inadequate technique and deposition of methylene blue 
dye in close proximity to the eye globe or migration of 
dye from the place of injection. Other macroscopically 
observed events reported in previous studies, such as 
intraneural or intravascular injection and damage to 
the peribulbar tissue, were not evidenced in the present 
study (GROSS et al., 2000; PERRY et al., 2015). 
However, such complications might be difficult to 
observe in a cadaver study if histopathology or MRI 
was not performed. The anesthetist should be aware 
of the close proximity between the maxillary nerve 
and the eye globe in cats and has to be careful to 
avoid damage to the ocular globe when performing a 
maxillary nerve block by either approach.

This study has some limitations. First, 
the time elapsed from death until the experiments 
were performed could not be standardized. In 
most cases, the experiments were performed 
within 2 days after the death. However, in a few 
occasions, over 5 days were elapsed. Prolonged 
storing under refrigeration could impair the tissue 
and cell integrity, even when refrigerated, that 
could have influenced our results in both groups. 
Second, injection pressure was not measured and 

 

Table 2 - Distribution of attempts for each veterinarian according to the length of maxillary nerve staining by methylene blue dye in 
cadaver of cats. Description of scores are as follows: 0 (failure), no staining; 1 (moderate), < 6mm of nerve stained; and 2 
(ideal), ≥ 6mm of nerve stained. 

 --------------------------------SBZ------------------------------- ---------------------------------IO----------------------------- 

Veterinarian A B C A+B+C A B C A+B+C 
Score 2 13 (65.0) 5 (45.5) 7 (77.8) 25 (62.5) 9 (45.0) 1 (9.1%) 5 (55.6) 15 (37.5) 
Score 1 3 (15.0) 0 (0.0%) 2 (22.2) 5 (12.5) 4 (20.0) 1 (9.1%) 1 (11.1) 6 (15.0) 
Score 0 4 (20%) 6 (54.5) 0 (0.0%) 10 (25.0) 7 (35.0) 9 (81.8) 3 (33.3) 19 (47.5) 
Total 20 11 9 40 20 11 9 40 

 

SBZ = subzigomatic approach; IO = infraorbital approach.  
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resistance to injection was subjectively evaluated 
by the veterinarians performing the experiments. In 
one study, it has been reported that perception of 
appropriate resistance to injection may vary widely 
and may also be influenced by needle design 
(CLAUDIO et al., 2004). Therefore, intraneural 
injection, kinking or partial occlusion of the 
catheter can not be excluded in the present study.

CONCLUSION

Results of this study do not support the 
IO approach to perform a maxillary nerve block 
in cats. A greater accuracy of dye placement on 
the maxillary nerve was observed after the SBZ 
approach. A variable accuracy may exist between 
different anesthetists suggesting that professional 
experience may play a role in the success rate when 
performing a maxillary nerve block. Further studies 
are warranted to determine if similar findings will be 
observed in the clinical setting.

BIOETHICS   AND   BIOSSECURITY   
COMMITTE   APPROVAL

Institutional Animal Use and Care Committee 
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euthanasia due to reasons unrelated to the study.
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