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Investigation of the effects of temporomandibular joint
arthrocentesis on blood volume of the retinal structures
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Objective: Arthrocentesis is a minimally invasive surgical procedure that is used to alleviate the symptoms of
temporomandibular joint (TMJ) disorders. The aim of this study was to investigate the effect of arthrocentesis
on the blood supply to the retinal structures.

Materials and Methods: Arthrocentesis was performed on 20 patients with TMJ disorders, and choroidal thickness
(CT) in patients was measured to evaluate retinal blood circulation. The blood volume of the retinal structures
was evaluated ipsilaterally before and after arthrocentesis, and these measurements were then compared with
measurements obtained from the contralateral side.

Results: Before arthrocentesis, there wete no differences in retinal blood volumes between the ipsilateral and
contralateral sides (P = 0.96). When ipsilateral CT' measurements taken before and after arthrocentesis were
compared, retinal blood supply was found to have significantly decreased after arthrocentesis (P = 0.04). When
contralateral CT' measurements taken before and after arthrocentesis were compared, retinal blood supply was
also found to have decreased after arthrocentesis, but not significantly (P = 0.19).

Conclusion: The solution of local anesthesia with epinephrine applied before the arthrocentesis procedure was
found to reduce the blood volume of the retinal structures. To the best of our knowledge, this is the first
study that has investigated the blood volume of the retinal structures following arthrocentesis.

Keywords: Anesthesia; Arthrocentesis; Epinephrine; Retinal Structure; Temporomandibular Joint.

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in

any medium, provided the original work is properly cited.

INTRODUCTION

Arthrocentesis is a minimally invasive procedure that
is used to alleviate the symptoms of temporomandibular
joint (TMJ) disorders. It is usually the first method of
treatment when there is no response to the more
conservative treatment options. In the arthrocentesis
procedure described by Nitzan [1], lavage is performed
by entering into the upper joint cavity of the TMJ with

cannula tips to remove the inflammatory mediators,

release the intra-articular adhesions, and free the articular
disc [1-4].

Although arthrocentesis is considered a reliable and
minimally invasive procedure, complications may occur
during and/or after the procedure due to the operation
site’s proximity to important anatomical structures. These
complications include facial paralysis, hematoma, vertigo,
tinnitus, dizziness, arterial injury, and cranial injury [5-7].
Ocular and ear structures, found on the anterior and
posterior regions of the TMJ, respectively, are frequently

affected. The majority of complications in these regions
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Fig. 1. Retinal blood volumes in the right eye shown

are in fact caused by the anesthetic solution applied
before the arthrocentesis procedure [5,8].

Anesthetic solutions can spread to the surrounding
tissues and cause complications. Complications such as
diplopia and mydriasis have been reported in the
ophthalmic region as a result of dental anesthetics [9].
In local anesthetic solutions, epinephrine is often added
as a vasoconstrictive agent, with the aim of providing
more effective anesthesia through less anesthetic reagents,
thus preventing systemic toxicity which can be caused
by excessive anesthetic agents. The addition of epine-
phrine also increases the duration and strength of the
anesthesia. Furthermore, epinephrine reduces blood flow
through its vasoconstrictive effects, thus facilitating easier
control of the tissue during surgical procedures [10].

The choroidal layer is one of the most important
structures for nourishing and supplying the retinal
structures with blood. The thickness of the choroidal layer
is measured by optical coherence tomography (CT),
which is a non-radioactive, non-invasive, reliable, and
high-resolution imaging method [11,12]. In the CT
measurements performed using this method, a decrease
in choroidal layer thickness suggests a decrease in the
blood supply to the retinal region, whereas an increase
in thickness indicates an increase in retinal blood volume
[13,14].

In a study by Dogan et al., it was determined that local
anesthetics applied to the nasal area resulted in decreased
blood supply in the retinal region through measurement

of the choroidal layer [13]. In another study, Berrones
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before arthrocentesis (ipsilateral side).

et al. evaluated changes in retinal blood flow after the
use of sildenafil by measuring choroidal layer thickness
[15].

In this study, we aimed to evaluate the thickness of
the choroidal layer, which is important for blood supply
in the retinal structures, with respect to the arthrocentesis

procedure.

MATERIALS AND METHODS

Twenty patients who underwent arthrocentesis in the
Department of Oral and Maxillofacial Surgery of the
Faculty of Dentistry at Adiyaman University between
April 1¥ and June 1%, 2018, were included in the study.
The study protocol was approved by the Adiyaman
University Ethics Committee (Project No: 2018/2-32). In
the study, written informed consent was obtained from
all patients. CT measurements were performed using
optical coherence tomography (Spectralis™ OCT,
Version 6.0, Heidelberg Engineering, Germany) in the
Department of Ophthalmology, Faculty of Medicine,
Adiyaman University. Four different comparisons were
made:

- Before arthrocentesis, between the ipsilateral and

contralateral regions

- Immediately after arthrocentesis, between the

ipsilateral and contralateral regions
- Before and immediately after arthrocentesis (during

the period in which the anesthetic effect continues)
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Fig. 2. Retinal blood volumes in the left eye shown before arthrocentesis (contralateral side).

2 \ 5.3 2 g
T 4 &

200 S i‘ pos ot

s 3 4 S >

Fig. 3. Retinal blood volumes in the right eye shown after arthrocentesis (ipsilateral side).

Fig. 4. Retinal blood volumes in the left eye shown after arthrocentesis (contralateral side).

in the ipsilateral regions chloride with 1/200,000 epinephrine was injected into the
- Before and immediately after arthrocentesis (during upper joint cavity of the TMJ region with dental
the period in which the anesthetic effect continues) anesthesia cannulas. Following anesthesia, 2 cannulas
in the contralateral regions (no: 21) were inserted into the upper joint space, and the
Arthrocentesis Procedure and CT Measurements: region was irrigated with ringer lactate (150-200 cc).
Arthrocentesis was performed using a double needle Finally, sodium hyaluronate was injected into the area,

as defined by Nitzan [1]. At the beginning of the and the procedure was then completed.

arthrocentesis procedure, 2 cc of 4% articaine hydro- Optical coherence tomography was used to measure the
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Table 1. Demographics characteristics

Patients (n:20)

Age (years)

30.05 = 11.77

Sex

Female (n:19), Male (n:1)

Affected sides

Right (n:11), left (n:9)

Diagnosis of TMJ Disorders

- Disc displacement without reduction (n:12)
- Disc displacement with reduction (n:8)

Table 2. Retinal blood volumes compared between ipsilateral and contralateral regions before arthrocentesis

Before . Paired T
. n Mean Min. Max.
Arthrocentesis Test P value
Ipsilateral 20 338.13 88.30 141.66 501.66 0.96
Contralateral 20 336.78 91.31 141.66 498.66 )

SD: Standard Deviation

Table 3. Retinal blood volumes compared between ipsilateral and contralateral regions after arthrocentesis

After . Paired T Test
) n Mean Min. Max.
Arthrocentesis P value
Ipsilateral 20 317.98 90.49 144.33 153.66 0.76
Contralateral 20 326.78 86.25 470.66 498.66 ’

SD: Standard Deviation

choroidal layer at 3 regions, and the mean values of these
3 regions were used to determine CT values. This
procedure was performed before and immediately after
arthrocentesis. All measurements are shown in Figures
1-4.

1. Statistical analysis

The data obtained in this study were analyzed with the
IBM SPSS Statistics Version 22 package program.
Because of the number of units, Shapiro Wilk’s test was
used for analyzing whether the variables had a normal
distribution. When interpreting the results, 0.05 was used
as the level of significance, with P values greater than
0.05 assumed to display a normal distribution and P
values less than 0.05 assumed to display a non-normal
distribution.

As the groups were interdependent, the Paired Samples
t-test was used for examining the differences between
groups when the variables displayed a normal distri-
bution.

When analyzing the relationships and differences

between groups, 0.05 was used as the level of signi-
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ficance. P values less than 0.05 were understood to
indicate a significant relationship or difference, and P
values greater than 0.05 were understood to indicate no

significant relationship or difference.

RESULTS

The mean age of the 20 patients who underwent
arthrocentesis was 30.05 £ 11.77 years. Of these twenty,
19 patients were female, and 1 patient was male. Eleven
of these patients were affected on their right side, while
9 were affected on their left side. Twelve of these patients,
who had not responded to conservative treatment,
experienced severe pain as well as complete restriction
in opening of their mouths (disc displacement without
reduction). The other 8 of these patients experienced
severe pain, but mouth opening could be achieved by
manipulation (disc displacement with reduction). Demo-
graphic characteristics of these patients are shown in
Table 1. There were no systemic or local factors that

would prevent carrying out arthrocentesis in these
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Table 4. Retinal blood volumes compared among ipsilateral regions before and after arthrocentesis

Ipsilaterally n Mean

SD

Paired T
Test P value

Min. Max.

Pre- Arthrocentesis 338.13

88.30

141.66 501.66

0.04

Post-Arthrocentesis 317.98

90.49

144.33 470.66

SD: Standard Deviation

Table 5. Retinal blood volumes compared in contralateral regions before and after arthrocentesis

Contralaterally n Mean

SD

Paired T
Test P value

Min. Max.

Pre- Arthrocentesis 20 336.77

91.31

141.66 498.66

0.19

Post-Arthrocentesis 20 326.78

86.25

153.66 498.66

SD: Standard Deviation

patients. No complications was observed in any patient
during as well as after arthrocentesis. In addition, it was
observed that patients had less pain and increased mouth
opening upon follow-up. In these patients, when CT
values were compared between the ipsilateral and
contralateral sides before arthrocentesis, the mean CT
value for the ipsilateral side was 338.13 + 88.30, while
the mean CT value for the contralateral side was 336.78
+ 91.31. This difference was not statistically significant
(Table 2).

When CT values were compared between the ipsilateral
and contralateral sides after arthrocentesis, the mean CT
value for the ipsilateral side was 317.98 + 90.49, while
the mean CT value for the contralateral side was 326.78
+ 86.25. This difference was not statistically significant
(Table 3).

When the retinal blood volume on the ipsilateral side
was compared before and after arthrocentesis, CT values
were found to decrease from 338.13 + 88.30 to 317.98
+ 90.49 after the arthrocentesis process. This decrease
was statistically significant (Table 4).

In addition, when CT values were evaluated on the
contralateral side before and after the arthrocentesis
procedure, CT values were found to decrease from 336.77
+ 91.31 to 326.78 £ 86.25, which was also not statistically
significant (Table 5). These results are shown in the graph
in Fig. 5.

600

Retinal Blood Volumes

100

Contralateral after ~ Contralateral after
arthrocentesis arthrocentesis

Ipsilateral after
arthrocentesis

Ipsilateral before
arthrocentesis

Fig. 5. Retinal blood volumes in the ipsilateral and contralateral sides
shown before and after arthrocentesis.

DISCUSSION

TMI related problems are common in the population
[16,17]. When the conservative methods are found to be
inadequate in treating these problems, arthrocentesis is
usually performed [3,4]. Although arthrocentesis is
considered to be a minimally invasive surgical procedure,
compared to open joint surgery, this procedure can also

cause various complications. The TMJ region is adjacent
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to several anatomical structures, such as the cranial bones,
mid-ear equilibrium organs, the facial nerve, the temporal
artery, and the parotid gland [5-8]. Complications from
arthrocentesis usually stem from two factors, one being
the mechanical damage caused by the cannula during
arthrocentesis. This damage can include facial nerve
injuries, periauricular hematoma, superficial temporal
artery bleeding, arteriovenous fistula formation, hemo-
rrhage, or perforation in the intracranial structures and
breaking of the cannula in the joint. The second factor
is the local anesthesia-induced complications in the
arthrocentesis procedure, which include allergic reactions,
facial paralysis, vertigo, dizziness, and hearing problems
when the middle ear is affected [5,8,18,19]. Anesthesia-
induced complications usually occur when the anesthetic
solution spreads to the surrounding tissues, and these
complications were found to be mostly temporary.
Therefore, in this study, the effect of local anesthesia
performed during arthrocentesis on retinal regions was
investigated.

There are few studies looking at the complications
caused by local anesthetics in arthrocentesis. Viara et al.
reported that 65.1% of patients who underwent arthro-
centesis procedures displayed temporary frontal and
orbicular oris paresthesia due to anesthesia (433 total
arthrocentesis procedures), while 23.5% of these patients
had external ear canal problems which lasted less than
1 week [5]. Senturk et al. observed temporary facial
paralysis due to anesthesia in 22.1% of 22 patients who
underwent arthrocentesis [20]. In the study by Yapici,
Yavuz et al, 18 complications were observed in 102
arthrocentesis procedures, and 4 of these complications
were identified as temporal paresthesia of the facial (n:
2), lingual (n: 1), and inferior alveolar nerves (n: 1) as
a result of anesthesia [8]. In a case report, Vaira et al.
reported that vertigo was observed temporarily after
arthrocentesis, and it was thought that vertigo could have
been caused by the anesthetic effects [21]. Our study
demonstrated that anesthesia decreased blood supply to
the retinal structures during the arthrocentesis procedure.

CT measurements were performed by optical coherence
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tomography to measure this retinal blood volume. In the
present study, a decrease in CT levels was observed after
local anesthesia in the regions where arthrocentesis was
performed, and this decrease was statistically significant.
In addition, after unilateral procedures, CT levels in the
retinal regions were lower in both eyes, but this decrease
was not statistically significant. In a study on local
anesthetics by Dogan et al., it was shown that anesthetics
had bilateral effects on the retina [13]. This is thought
to be due to the abundance of arteries in the cranium.
In this study, the wvasoconstrictor effects of local
anesthetics result in decreased blood supply to the retinal
structures, so it is thought that this decrease in retinal
blood volume is a temporary effect. In previous studies,
it was thought that the complications caused by the
anesthetic solution during arthrocentesis were due to the
effects of the anesthetic solution spreading to the
surrounding tissues. However, in the present study, we
report that these complications are due to the
vasoconstrictor effects of the anesthetics.

In a study on the ophthalmological complications
caused by intraorally applied anesthetics, Von Arx et al.
examined the complications (diplopia, enophthalmos,
mydriasis, ptosis) on 108 eyes in 65 patients, noting that
it is common for anesthetic solutions in maxillofacial
regions to affect the eye [9]. In our study, no
complications similar to the ones observed by Von et al.
were observed. In one study, Dogan et al. reported that
the presence of epinephrine in local anesthetics applied
to the nasal area reduced CT, consequently reducing
retinal blood supply [13]. In our case, a temporary
decrease in retinal blood supply due to the anesthesia was
detected. Epinephrine is usually added to anesthetic
agents as a vasoconstrictor agent, as it minimizes
systemic toxicity by using less articaine. Thus, more
effective anesthesia can be achieved with less articaine
[10]. Verlinde et al. reported that, based on its vasocon-
strictor effects, excessive amounts of epinephrine cause
ischemic damage by reducing blood flow [22]. With this
knowledge, it was concluded that the decrease in retinal

blood volume seen in our study was due to the use of
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epinephrine together with articaine. Therefore, excessive
use of epinephrine should be avoided. In our study, an
anesthetic with one of the lowest epinephrine ratios was
preferred.

Among anesthetics used in the maxillofacial region,
epinephrine is used in different proportions. In the present
study, an anesthetic with a low epinephrine ratio was
used, with the aim of preventing both the ischemic effects
of epinephrine and its systemic damages. One of the
limitations of this study was the lack of comparison with
anesthetics that do not include epinephrine, which would
have enabled us to better understand the effects of
epinephrine. However, caution should be taken when
using epinephrine-free anesthetics for an operation such
as arthrocentesis, where hemorrhaging may increase due
to the high cranial blood supply. In addition to the
anesthetic agent, ringer lactate and hyaluronic acid were
applied in the arthrocentesis procedure. As the decrease
in retinal blood supply was temporary, the anesthetic
agent was thought to be the most probable cause of this
change; however, further studies should be performed to
also evaluate the effects of ringer lactate and hyaluronic
acid on retinal blood supply. In line with these limitations,
it is suggested that further studies be performed on the
effects of anesthetics in the arthrocentesis process.

In conclusion, the local anesthesia applied in the
arthrocentesis procedure reduces the retinal blood supply
in the operated region. The reason for this is thought to
be the epinephrine mixed with the local anesthetic
solution. Although this effect is temporary, excessive use
of local anesthetics containing epinephrine agents should
be avoided. In addition, the present study is the first to
investigate the change in blood supply in the retinal

structures during arthrocentesis.

Aydin Keskinruzgar: http://orcid.org/0000-0001-5735-6890
Dilek Aynur Cankal: http://orcid.org/0000-0003-0043-9315
Mahmut Koparal: http://orcid.org/0000-0003-1817-1230

Ali Simsek: http://orcid.org/0000-0002-5077-8721

Ayse Sevgi Karadag: http://orcid.org/0000-0002-7662-6531

CONFLICT OF INTEREST: The present study has no con-

flict of interests.
FUNDING: No source of funding was used in this study.

REFERENCES

1. Nitzan DW, Dolwick MF, Martinez GF. Temporoman-
dibular joint arthrocentesis: a simplified treatment for
severe, limited mouth opening, | Oral Maxillofac Surg 1991;
49: 1163-7.

2. Gouveia MV, Barbalho JC, Pereira Junior ED, Nascimento
MM, Vasconcelos BC. Effectiveness and satisfaction
evaluation of patients submitted to TM]J arthrocentesis:
a case series. Braz Oral Res 2015; 29: 50.

3. Sentiirtk MF, Findik Y, Baykul T. Intraoperative
comparison of single-and double-puncture techniques in
temporomandibular joint arthrocentesis. Int ] Oral
Maxillofac Surg 2018; 47: 1060-4.

4. Laskin DM. Arthroscopy Versus Arthrocentesis for
Treating Internal Derangements of the Temporomandi-
bular Joint. Oral Maxillofac Surg Clin North Am 2018;
30: 325-8.

5. Vaira LA, Raho MT, Soma D, Salzano G, Orabena G,
Piombino P, et al. Complications and post-operative
sequelac  of temporomandibular joint arthrocentesis.
Cranio 2017; 15: 1-4.

6. Tvrdy P, Heinz P, Pink R. Arthrocentesis of the temporo-
mandibular joint: a review. Biomed Pap Med Fac Univ
Palacky Olomouc Czech Repub 2015; 159: 31-4.

7. Alpaslan C, Dolwick MF, Heft MW. Five year retrospective
evaluation of temporomandibular joint arthrocentesis. Int
J Oral Maxillofac Surg 2003; 32: 263-7.

8. Yavuz GY, Keskinruzgar A. Evaluation of Complications
of Arthrocentesis in the Management of the Temporo-
mandibular Joint Disorders. Galore Int ] Heal Sci Res
2018; 3: 50-3.

9. Von Arx T, Lozanoff S, Zinkernagel M. Ophthalmologic
complications after intraoral local anesthesia. Swiss Dent

J 2014; 124: 784-806.

http://www.jdapm.org 43



Aydin Keskinruzgar, et al

10.

11.

12.

13.

14.

15.

14

Cazaubon Y, Mauptivez C, Feliu C, Binet L, Oget O,
Gozalo C, et al. Population pharmacokinetics of articaine
with 1: 200,000 epinephrine during third molar surgery
and simulation of high-dose regimens. Eur ] Pharm Sci
2018; 114: 38-45.

Fujimoto JG, Hee MR, Huang D. Principles of optical
coherence tomography. In: Schuman JS, Puliafito CA,
Fujimoto ]G, editors. Optical coherence tomography of
ocular diseases. Thorofare (NJ): Slack Inc, 2004, pp 3-20.
Huang D, Swanson EZ, Lin CP, Schuman ]S, Stinson
WG, Chang W, et al. Optical coherence tomography.
Science 1991; 254: 1178-81.

Dogan S, Simsek A, Bayraktar C, Yazict H, Sarikaya Y,
Karatas M, et al. Ocular blood flow alterations during
inferior turbinate radiofrequency reduction under local
anesthesia. Am ] Rhinol Allergy 2016; 30: 185-8.
Keskinruzgar A, Kalenderoglu A, Yapici Yavuz G, Koparal
M, Simsek A, Karadag AS, et al. Investigation of
neurodegenerative and inflammatory processes in sleep
bruxism. Cranio 2018; 8: 1-7.

Berrones D, Salcedo-Villanueva G, Morales-Canton V,
Velez-Montoya R. Changes in Retinal and Choroidal
Vascular Blood Flow after Oral Sildenafil: An Optical
Coherence Tomography Angiography Study. ] Ophthalmol
2017; 2017: 7174540.

J Dent Anesth Pain Med 2019 February; 19(1): 37-44

16.

17.

18.

19.

20.

21.

22,

Kumar S, Kiran K, Yadav A. Temporomandibular joint
arthrocentesis: A prospective study and audit of 500 joints
of central. ] Int Soc Prev Community Dent 2018; 8: 124-9.
Al-Khotani A, Naimi-Akbar A, Albadawi E, Ernberg M,
Hedenberg-Magnusson B, Christidis N. Prevalence of
diagnosed temporomandibular disorders among Saudi
Arabian children and adolescents. ] Head Pain 2016; 17:
41.

Carroll TA, Smith K, Jakubowski J. Extradural haematoma
following temporomandibular joint arthrocentesis and
lavage. Br | Neurosurg 2000; 14: 152-4.

Etoz OA, Er N, Alkan A. Accidental use of alcohol during
arthrocentesis of the temporomandibular joint. Br ] Oral
Maxillofac Surg 2011; 49: el-2.

Sentiitk MF, Koger G, Bilte M, Aksoy MC. Intra and
post operative complications of temporomandibular joint
arthrocentesis. ] Dent Fac Atatiirk Uni 2016; 26: 292-5.
Vaira LA, Soma D, Meloni SM, Orabena G, Piombino
P, Deu Rio G. Vertiginous ctisis following temporoman-
dibular joint arthrocentesis: a case report. Oral Maxillofac
Surg 2017; 21: 79-81.

Vetlinde M, Hollmann M, Stevens M, Hermanns H,
Werdehausen R, Lirk P. Local anesthetic-induced neuro-
toxicity. Int ] Molec Sci 2016; 17: 339.



