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Purpose: The aim of the present study was to evaluate the accuracy of 3-dimensionally (3D) printed

patient-specific guides (PSGs) to direct the passage of inlet and outlet needles into the superior joint spaces

of the temporomandibular joint (TMJ) in preparation for arthrocentesis.

Patients and Methods: The present study included 10 patients with 14 TMJs with anterior disc

displacement with reduction. A 3D PSG was designed for each patient to lead the inlet and outlet needles

into the superior joint space of the TMJ. The PSGs were implemented, and their accuracy for guiding the
needles into the superior joint space was assessed.

Results: Both arthroscopic verification and clinical evaluation revealed that direct access to all the pre-
determined anatomic locations inside the TMJs had been obtained, except for 1 case, during which the

patient had failed to maintain the maximum mouth opening during computed tomography scanning.

Conclusions: The virtual computer-initiated PSGs were beneficial for directing the passage of the nee-

dles into the superior joint space.
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Management of the internal derangement of the tempo-

romandibular joint (TMJ) was limited to surgery by

either excision of the articular disc or relocating it to

its original position until 1975. Ohnishi1 introduced

arthroscopic lavage to break down adhesions and flush
out the inflammatorymediators, resulting in a reduction

of pain and an increase in the mouth opening. Although

the anatomic relationship between the articular disc and

the mandibular condyle was not restored, lavage repre-
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sented a breakthrough as a much less invasive approach

with successful clinical results.1 However, TMJ damage

and infection; otitis media; lateral pterygoid muscle,

ear, and parotid gland injuries; perforations of the tym-

panic membrane and middle cranial fossa; and deficits
of facial, auriculotemporal, and mandibular nerves

have all been reported as potential complications.2,3

The high rate of success of arthroscopic lavagemoti-

vated Nitzan et al4 to replace arthroscopy with
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arthrocentesis, which had been implemented to treat

large joints since 1960. They discarded the require-

ment for expensive tools by introducing arthrocentesis

as a conservative approach for TMJ lavage, with fewer

complications and lower cost.1,5 The investigators

considered direct visualization of the joint unneces-

sary. They identified surface landmarks and demarca-

tion points for needle insertion to approach the
superior joint space of the TMJ.4,6 However, the blind

technique used surface landmarks that had been map-

ped as reference points to approach the deeply situ-

ated superior joint space inside the TMJ, which

required considerable experience. In addition, the

technique resulted in the risk of extra-articular injec-

tion and could require multiple punctures with subse-

quent postoperative discomfort and the probability of
facial nerve injury and extradural hematoma forma-

tion.6-9

The introduction of computer-assisted surgical

simulation has provided an opportunity to create a vir-

tual plan and bring it into the surgical theater using

various surgical splints and devices.10,11 Despite the

progressive use of computer-guided surgical planning,

computer-guided approaches to the superior joint
space of the TMJ have not been reported.

The present study sought to bridge the gap between

arthroscopy and arthrocentesis by exactly locating the

superior joint space of the TMJ intraoperatively. We

developed a method that is straightforward, precise,

inexpensive, and does not require an invasive

custom-made device. Our method can be used to

guide the needle insertion depth and angulation to
precisely predetermined anatomic locations.
FIGURE 1. Three-dimensional view of the 2 virtual hollowed tubes,
drawn at the suggested pathways to allow for the guided passage of
the needles.
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Patients and Methods

PATIENT SELECTION CRITERIA

A total of 10 female patients ranging in age from

17 to 35 years were included in the present study.

Disc displacement with reduction of the TMJ had

been diagnosed in all 10 patients. Of the 10 patients,

6 had unilateral joint disease and 4 had bilateral joint

disease for a total of 14 TMJs. All 10 patients had a
history of conservative TMJ management, including

splint therapy for at least 3 months without com-

plete relief of pain, clicking, or mouth opening

limitation. Any patient with a history of TMJ arthro-

centesis, arthroscopy, or surgery was excluded. All

the patients were free of any systematic disease

that would have contraindicated the surgical proced-

ure. The present study was conducted at the oral
and maxillofacial surgery department (Faculty of

Dentistry, Cairo University, Cairo, Egypt). The com-

mittee of ethical research approved the pre-

sent study.
All the patients had undergone computed tomogra-

phy (CT) scans, using bone and soft tissue windows,

with maximum jaw opening. The patients were in-

structed to open widely, and a bite block was used

to maintain the maximum opening. The maximum

mouth opening was measured using a caliper and re-

corded to formulate a virtual device to guide TMJ ar-

throcentesis, whether either unilateral or bilateral.
VIRTUAL PLANNING AND GUIDE FABRICATION

The retrieved Digital Imaging and Communication

in Medicine (DICOM) files from the CT scans were im-

ported using a specialized DICOM viewer. Planning for

the patient-specific guides (PSGs) was performed us-

ing the Materialise Mimics medical software, version

19.0 (Materialise, Leuven, Belgium). Thresholding

was performed first using segmentation, followed by
region growing to produce a mask for the entire area

of interest. Subsequently, a 3-dimensional model of

the patient’s skull and soft tissue profiles was calcu-

lated from the selected mask.

The virtual designing of the guides began with the

selection of the ideal positions, angulations, and depth

of penetration for the inlet and outlet needles. The se-

lection of these positions was performed virtually,
aided by the bone and soft tissue components of the

CT scan. Next, 2 virtual hollowed tubes, acting as

sleeves, were drawn at the suggested pathways to

allow for guided passage of the needles intraopera-

tively (Fig 1). The internal diameter of the tubes was

designed to be identical to the diameter of 20-gauge

needles (1.4 mm), and the virtual depth of needle

penetration from the top of the sleeve to the depth
of insertion inside the superior joint space was

measured and recorded.

Using the bony component of the CT scan, the roof

of the glenoid fossa was demarcated as a fixed



FIGURE 3. The canthotragal line was labeled on the soft tissue
computed tomography scan and was used as a reference to select
the points of entry at the skin.
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reference, with the aim of securing the insertion of the

needles in the superior joint space of the TMJ (Fig 2).

Preservation of the relationship between the superior

joint space of the TMJ and the PSGswas attained by the

intraoperativemaintenance of the previously recorded

maximum mouth opening of the patient during CT

scanning. The canthotragal line was labeled on the

soft tissue CT scan and acted as a reference to select
the points for needle entry through the skin. The 2

points were demarcated 10 and 20 mm apart from

the tragus and 2 and 10 mm beneath the canthotragal

line (Fig 3).12

For verification of the accuracy of the guides, a third

tube, with an internal diameter of 2.7 mm, was de-

signed to allow for access of the arthroscope trocar

and camera, with the hope of recording the exact loca-
tions of the needles (Fig 4). However, the use of this

tube failed to allow for arthroscopic confirmation of

the position of the needles intraoperatively, because

the guided angle of the insertion limited the ability

to freely move the camera inside the TMJ. Hence, the

design was modified by opening a window to allow

for wide access and ensure smooth arthroscopic navi-

gation (Fig 5).
Designing the main body of the PSG relied on the

maxillary teeth and the soft tissue component of the

CT scan. The PSGwas composed of 2 parts: 1) a maxil-

lary wafer adapted to the maxillary teeth; and 2) the

body of the guide, whether unilateral or bilateral.

The guide body rested on the outer contour of the

cheek, extending to anchor the undercut beneath

the tragus and supported by an arm surrounding the
ear to ensure supreme intraoperative stability. Both

parts can be integrated and fixed to each other by

screws intraoperatively through an interconnecting

arm. The right and left bodies were designed to

integrate with the occlusal wafer for the patients

who were scheduled for bilateral joint lavage (Figs 6,
FIGURE2. The roof of the glenoid fossa on the computed tomogra-
phy scan was used as a fixed reference.
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7). Finally, the guides were exported as an STL

(standard tessellation language) format file and were

3D printed from polylactic acid. The printed guides

were tested to ensure they would accommodate the

patient’s maxillary teeth and fit to the patient’s

cheeks and ears. Finally, the PSGs were chemically

sterilized in glutaraldehyde solution for 24 hours
before surgery (Fig 8).
OPERATIVE PROCEDURE

All the patients were nasally intubated, scrubbed,

and draped in the standard manner, followed by in-

traoral and extraoral povidone-iodine (Betadine)

swabbing. The maxillary wafer was brought to bear
over the maxillary teeth, and the prerecorded mouth

opening was achieved and maintained. Next, the

body part of the PSG was applied and adapted, unilat-

erally or bilaterally, to fit the patient’s face, and the
FIGURE 4. Three-dimensional view of the virtual design of the
guide adapted to the soft tissue component of the computed tomog-
raphy scan.
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FIGURE5. Three-dimensional view of the modified design to allow
for free arthroscopic navigation.
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FIGURE 7. Three-dimensional view of the virtual design of the
patient-specific guide of a unilateral case (occlusal view).

Mahmoud et al. Computer-Guided Arthrocentesis Using PSGs. J
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connecting arms were assembled and fixed in the

planned position.

Two 20-gauge needles were marked to the planned

depth of insertion and inserted 1 by 1, each guided by

its sleeve. Next, a few drops of Ringer’s lactate solution

were injected through the first needle to ensure direct
inflow and outflow.

In the first patient, arthroscopic confirmation of the

position of the needles inside the superior joint space

failed. The device aborted the advancement of the

arthroscopic camera to determine the exact location

of the needles because the guided entry through the

sleeve limited the capacity of arthroscopic explora-

tion. Thus, the design of the PSGwasmodified to aban-
don arthroscopic guidance. The use of a window was

suggested to allow for a wide field of arthroscopic in-

spection (Fig 9). This design was implemented for

the second and third patients, which succeeded in

exactly locating the needles inside the superior

joint space.
FIGURE 6. Three-dimensional view of the virtual design of the
patient-specific guide for a bilateral case (occlusal view). The
colored cylinders represent the angulation of the proposed needles.
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For the remaining 7 patients, identification of the

position of the needle was limited to the clinical eval-

uation by direct visualization of the inflow and outflow
of the irrigating solution and by palpation of the resis-

tance during injection after engorgement of the space.

Accordingly, the design included only the installment

of the 2 guided sleeves for needle entry and eliminated

the arthroscopic access (Fig 10, Video 1).

After verification of the needle positions, 400 mL of

Ringer’s lactate solution was injected through the inlet

needle under moderate pressure. Next, the bite blocks
were removed, and the lower jaw was manipulated to

open and close and move in the lateral and protrusive

directions. Finally, the outlet needle was removed, and

20 mL of sodium hyaluronate (Hyalgan vial; Fidia

Pharma USA, Florham Park, IL) was injected through

the inlet needle. After removal of the inlet needle

and disassembly of the device, the stab wounds were
FIGURE 8. View of the 3-dimensionally printed patient-specific
guide after assembly and fixation of the parts using miniscrews
(lateral view).
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FIGURE 9. Photograph showing entrance of the arthroscopic
trocar through the window of the modified design of the patient-
specific guide.
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sutured in the cases in which the arthroscope had

been used.

Postoperatively, nonsteroidal anti-inflammatory

drugs and muscle relaxants were prescribed to the pa-

tients, and the patients were advised to follow a soft

diet regimen and perform jaw opening exercises. After

5 days, the patients were instructed to use their own

hard splint, which had been fabricated during the pre-
vious conservative therapy.
Results

A total of 10 females were included in the present

study with a total of 14 joints (6 unilateral and 4 bilat-

eral cases) with anterior disc displacement with reduc-

tion. All had undergone computer-guided

arthrocentesis. An arthroscope was used in the first

3 patients to verify the accuracy of the PSGs by

capturing the exact positions of each of the inlet and

outlet needles using the arthroscopic camera. In the
first patient, the original design of the device had
FIGURE 10. Photograph showing the inlet and outlet needles in
their exact positions with backflow through the outlet needle.
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included guided access to the trocar of an arthroscope

through a sleeve. However, the design failed to capture

the exact position of the needles inside the superior

joint space. Thus, arthroscopic verification was dis-

carded for the first patient and replaced by clinical

confirmation, which revealed copious irrigation

through the superior joint space. Design modifications

were performed for the second and third patients by
creating a window instead of using the arthroscopic

sleeve. This allowed for the arthroscopic identification

of the exact locations of the inlet and outlet needles in-

side the superior joint spaces among the 3 inspected

TMJs. The position of the needles was captured by

the arthroscopic camera and indexed (Fig 11). This

can be attributed to the free movement of the arthro-

scopic trocar through the window that was mapped
in the modified design.

One of the patients (patient 7) with advanced unilat-

eral joint rigidity had failed to properly open her

mouth during the CT scan. Consequently, the design

had been reproduced with the mouth in a restrained

condylar position. This position resulted in failure to

access the shallow superior joint space intraopera-

tively. Thus, conventional lavage was performed for
this patient. In contrast, for all other TMJs, direct un-

modified needle entry was accomplished with profuse

flow of the irrigation solution through the

outlet needles.
Discussion

The purpose of the present study was to enhance

the evolution of computer-assisted surgical simulation

that enabled the transfer of a virtual plan from soft-

ware into the operating room. We sought to formulate

a systematic technique using a 3D printed PSG that

would ensure precise access to the superior

joint space.
FIGURE 11. Arthroscopic view showing the needle in the superior
joint space.
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Internal derangement of the TMJ is a disease charac-

terized by an altered relationship between the mandib-

ular condyle and the articular disc, most often induced

by acute or chronic trauma. It will usually manifest by

pain and joint sounds and limitation of the mouth

opening, with the potential for degenerative changes

if not treated.12 The superior joint space represents a

compartment that is enclosed between the roof of
the glenoid fossa and the articular disc. The latter

serves as a barrier that separates the upper and lower

joint spaces. Although it is undetectable in the closed

mouth position, opening and protrusion of the lower

jaw will expand the superior joint space by translating

the mandibular condyle with the attached disc anteri-

orly along the slope of the articular eminence. Hence,

the space can be palpated as a depression above the
translated condyle, allowing for space entry.13

Conservative treatment of TMJ disc displacement,

including medication, splint therapy, muscle exer-

cises, and physiotherapy, seeks to reduce the degree

of displacement. However, when advanced morpho-

logic changes have occurred, the condition can

improve in the short-term, followed by recurrence of

the signs and symptoms.14 In contrast, open surgery
of the articular disc will result in pain alleviation and

improved function. However, it cannot result in long-

term disc stability and always carries the risk of

altering the dynamics of the joints with progression

to osteoarthritis.15

TMJ lavage through the superior joint space was

advocated to wash out the inflammatory mediators.

In addition, the hydraulic pressure of the irrigation so-
lution would disrupt the adhesions and free the en-

trapped disc along the roof of the glenoid fossa, both

of which would lead to resolution of the symptoms.

Although arthroscopic lavage is minimally invasive

and provides supreme accuracy because the lavage is

performed under direct vision, the proximity of TMJ

to the ear, middle cranial fossa, and parotid gland,

and enclosing the facial nerve, was attributed to the re-
ported complications.3

Since its description by Nitzan et al,4 arthrocentesis

has attained wide popularity because it eliminated the

need for expensive tools and resulted in less postoper-

ative pain and fewer complications. The only disadvan-

tage of the technique is that it must be performed

blind. Multiple punctures can be required, with subse-

quent increased postoperative discomfort, an
increased probability of facial nerve injury, and the

inability of locating the needles inside the superior

joint space, leading to extradural hematoma formation

and failure of the procedure.1

Many investigators have tried to incorporate imag-

ing modalities with arthrocentesis, with the hope of

confirming the anticipated anatomic position. In

2006, Honda and Bjørnland16 used demarcation of
the summit of the glenoid fossa on cone beam CT

(CBCT), with maximummouth opening, to determine

the optimum insertion angulations and depths to

approach the superior joint space,. The investigators

recorded the precise entry to the superior joint space

in 50 of 52 patients.

In 2011, Matsumoto et al17 compared CBCT

imaging-guided needle insertion with the conven-
tional maneuver. They reported a success rate of

97% for CBCT imaging-guided needle insertion among

76 patients, with direct access to the superior joint

space and no need for corrections encountered. In

contrast, the success rate was 82% in the conventional

therapy group.17 This coincided with the results from

our study. The computer-guided needle entry to the

superior joint space was precise. The PSG allowed
for direct access for both the inlet and outlet needles

to the superior joint space. No modifications were

needed to alter either the diameter or the angle of

the guiding sleeves throughout all the properly de-

signed cases. However, the failure to maintain the

proper mouth opening during the CT scan in the sev-

enth case aborted proper guidance for needle passage.

The guided arthroscopic sleeve, implemented in the
first patient could not be used to verify the needle’s po-

sition. Thus, the guided arthroscopic sleeve was elim-

inated, allowing for free arthroscopic movement

through design modification for the second and third

patients. The final design did not include arthroscopic

entry, which had only been attempted to allow for

confirmation of the needle positions. The final design

only used the guided needles sleeves, through which
clinical verification was performed.

In 2009, Fritz et al18 used magnetic resonance imag-

ing (MRI), the reference standard for evaluating the

TMJ, to guide arthroscopy. Despite the outstanding

outcomes, the long period needed to perform MRI-

guided arthroscopy and the limited capacity of the

MRI room to occupy both the patient and the surgeon,

restricted establishment of the technique as a routine
clinical procedure.

In 2016, Sivri et al19 compared ultrasound-guided ar-

throcentesis, which had first been reported by Dayi-

soylu et al,9 in 2013, with the standard technique.

Sivri et al19 reported that the technique neither mini-

mized the number of needle insertions nor shortened

the operating time. They reported accurate needle

insertion during the first trial in 5 patients, 8 correct
insertions in the second trial, and 7 correct insertions

in the third trial.19 The rigidity of the computer guid-

ance was, by far, more concrete, with all the properly

designed cases accomplished at the first attempt,

conserving time and resulting in patient satisfaction.

Although the patients showed variable degrees of

TMJ improvement, the postoperative outcomes were

not evaluated statistically, because the standard
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technique of arthrocentesis was used.19 None of the

patients complained of postoperative pain, discom-

fort, facial nerve effects, or hematoma formation.

In conclusion, the construction of virtual PSGs re-

quires sophisticated planning, including CT scans,

and access to designing software and 3D printing.

Once constructed, the device can guide ready access

to the superior joint space of the TMJ, eliminating
the need for multiple punctures, even if the surgeon

lacks the required experience. With the rapid evolu-

tion of surgical computer guidance, the increasing

new applications, and the increasing passion for digi-

tal dentistry and guided oral and maxillofacial surgery,

widespread use of the technology can be expected

to decrease its cost. We anticipate that digital

manufacturing of such devices could replace the cur-
rent conventional maneuvers of treatment.
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