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ABSTRACT 
INTRODUCTION: Temporomandibular disorder is one of the most prevalent health disorders affecting psychological and 
physiological abilities of those affected, with disc displacement being one of its most common types. Lateral pterygoid muscle 
(LPM) injection with botulinum toxin (BTX) is a promising management modality for disc displacement with reduction 
(DDWR). However, its deep location and its surrounding structures necessitate use of guidance technique during its injection. 
In this study, a new guidance technique has been introduced using LPM segmentation for 3d guided injection. 

OBJECTIVE: To evaluate the effectiveness of LPM segmentation for 3D guided botulinum toxin injection.  
METHODOLOGY: This study included 10 patients suffering from DDWR. Evaluations were done after 1,3 and 6 months for 
maximum interincisal opening (MIO), temporomandibular joint (TMJ) and LPM tenderness, and TMJ clicking and for disc 
position after 3 months. 
RESULT: Maximum interincisal opening (MIO) showed insignificant reduction after 1 month. However, significant increase 
in MIO was detected at 3-and 6-month post injection. For disc position, improvement was detected at 3-month post injection. 
Significant improvement in TMJ and LPM tenderness and disappearance of TMJ clicking were also detected at 1-, 3-and 6-
month post injection. 
CONCLUSION: The findings suggest that muscle segmentation technique for LPM is a reproducible and effective guidance 

modality for accurately targeting LPM for BTX injection in the management of DDWR. 
KEYWORDS: Temporomandibular joint, Lateral pterygoid muscle, Disc displacement with reduction, Computed 
Tomography. 
ABBREVIATION: TMJ: Temporomandibular joint; BTX: Botulinum toxin; DDWR: Disc displacement with reduction; LPM: 
LATERAL PTERYGOID MUSCLE; MIO: Maximum interincisal opening. 
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INTRODUCTION 
Temporomandibular disorders (TMDs), being one of 

the most prevalent health disorders affecting 

individual psychological and physiological abilities, 

include several disorders that may involve muscles 

of mastication, temporomandibular joint (TMJ) or its 

adjoining structures (1-5). Myofascial pain, 

arthralgia, disc displacement and dislocation are 
some of the most common types of TMDs (2, 3). 

Disc displacement, one of the most common causes 

of TMJ sounds, has been classified by diagnostic 

criteria of temporomandibular disorders (DC/TMD) 

into 4 types: disc displacement with reduction 

(DDWR), DDWR with intermittent locking, disc  

displacement without reduction (DDWoR) with 

limited opening 

and DDWoR without limited opening (3, 6). In disc 

displacement with reduction, the articular disc is 

slightly displaced anteriorly during jaw closure, and  
 

 

 

it returns to its normal position in TMJ during jaw 

opening (3,7, 8). A lot of modalities, such as oral 

appliances, pharmacological therapy, cognitive 

behavior therapy, arthrocentesis, lateral pterygoid 

muscle injection with Botulinum toxin (BTX) and 
TMJ arthroscopy, have been used for management 

of DDWR, as the main complaints of these patients 

are ongoing pain and TMJ clicking that do not 

improve with time (8-11). Botulinum toxin (BTX) is 

a toxin produced through the fermentation of 

Clostridium botulinum bacteria, with Botulinum 

toxin type A (BTX-A) being the most widely used 

due to its duration and effectiveness. This toxin 

induces muscle relaxation by inhibiting 

acetylcholine release at the presynaptic neuron in the 

neuromuscular junction (12, 13). Also, BTX can 

manage chronic pain conditions by producing anti-
inflammatory and analgesic effect (14, 15). 

Administration of BTX-A into LPM was introduced 

by Bakke et al. and Emara et al. as a treatment 
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modality for DDWR. That modality depends on the 

theory of LPM hyperactivity role in displacing the 

articular disc anteriorly to counteract action of 

retrodiscal tissues (8, 11). Lateral pterygoid muscle 

is a deeply located muscle, surrounded with multiple 

vital structures such as pharyngeal muscles and 

shows also interindividual anatomical variations 

(16-18). Therefore, guided BTX injection in LPM is 

mandatory as dysphonia and dysphagia may be 

accompanied with its blind injection(17, 18). 
Recently, advancements in computer aided design, 

computer aided manufacturing (CAD/CAM) 

technology and virtual planning have enhanced 

several oral and maxillofacial procedures such as 

implantology and orthognathic surgeries (19, 20). 

This study depends on these technologies to 

introduce a new guidance technique for BTX 

injection in LPM based on LPM segmentation 

technique for 3d visualizing muscle location and 

depth.  

In this study, a novel guidance technique for BTX 
injection into LPM is introduce to enhance the 

precision and safety of the procedure in patients with 

DDWR. The aim of the study is to evaluate the 

effectiveness of muscle segmentation technique in 

accurately targeting the LPM for BTX injection.  

 

MATERIALS AND METHODS 
10 patients were enrolled in the study and informed 

consent were obtained before participating. This 
study followed Helsinki principles (21). 

Study design:  

This study is approved by the Research Ethics 

Committee, Faculty of Dentistry, Alexandria 

University, Egypt (IRB No.001056 - IORG 

0008839, ethics committee number:0837-01/2024). 

Study setting 

Participants were recruited from the outpatient clinic 

at Oral and Maxillofacial Department, Faculty of 

Dentistry, Alexandria University, Egypt. 

Eligibility criteria: 

10 patients from both sexes were enrolled after 
fulfilling the inclusion criteria which were:  

1- Age range 20 to 45 years old. 

2- Angle class I maxillo-mandibular relation. 

3- Diagnosed with DDWR according to 

DC/TMD criteria. 

While the exclusion criteria were: 

1- No BTX-A sensitivity. 

2- No previous TMJ intervention. 

3- No musculoskeletal disorders. 

4- Not contraindicated to MRI examination. 

Sample size calculation: 
Sample size was calculated based on the primary 

outcome, which is the change in MIO, assuming a 

5% alpha error and 80% study power, based on 

previous studies (22, 23). A minimum of 9 patients 

was required and increased to 10 patients to account 

for potential loss to follow-up. The calculation was 

performed using Rosner’s method (24) with 

G*Power software version 3.1.9.7 (25).  

Statistical analysis: 

Data were fed to the computer and analyzed using 

IBM SPSS software package version 20.0. (Armonk, 

NY: IBM Corp) Qualitative data were described 

using number and percent. The Shapiro-Wilk test 

was used to verify the normality of distribution. 

Quantitative data were described using range 

(minimum and maximum), mean, standard 
deviation, median and interquartile range (IQR). 

Significance of the obtained results was judged at the 

5% level.  

Assessment: 

Maximum interincisal opening, TMJ clicking, LPM 

tenderness were evaluated at 1-,3-and 6- month 

follow-up. Articular disc position was only 

evaluated after 3-month post injection. 

Maximum interincisal opening  

Maximum interincisal opening was measured in 

millimeters between incisal edges of upper and 
lower central incisors. 

TMJ clicking and TMJ tenderness: 

Bilateral palpation in front of ear tragus by index 

finger and patient was asked to open and close the 

mouth several times. Then, TMJ clicking was 

recorded as present or absent and TMJ tenderness 

was recorded according to visual analogue scale 

(VAS) with rating 0 (no pain) and 10 (the severest 

pain). 

LPM tenderness: 

Intraoral palpation by index finger behind tuberosity 

was done to record LPM tenderness with rating 0 (no 
pain) and 10 (the severest pain) according to VAS. 

For Articular disc position: 

Disc position was evaluated on MRI according to the 

Kruita et al. method (26). 3 points were drawn on 

MRI: point (T) at the lowest point of articular 

eminence; point (P) at the highest point of the 

external auditory canal; point (D) at the intersection 

between tangent between point (T) and (P) and 

posterior point of the articular disc. 

Intervention: 

Preparation of 3d virtual model: 
Computed tomography (CT) scan with soft tissue 

window (slice width 0.5 mm) with patient biting on 

a bite block preventing inter-arch teeth contact 

between posterior teeth and saved as Digital Imaging 

and Communication in Medicine (DICOM) format.  

An intraoral scan for the upper jaw using intraoral 

scanner (CEREC Omnicam AC; Dentsply Sirona) 

and saved as standard tessellation language file 

(STL). 

After that, DICOM file of CT was imported to 

Mimics software system (Mimics innovation suite; 

Materialise) and segmentation to skull bone was 
done first followed by manual segmentation to 

targeted LPM with lasso tool in the axial cuts 

showing LPM. A 3d model was created by merging 
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the segmented skull bone and segmented LPM and 

exported as STL. Figure.1,2 

Preparation of customized needle insertion 

guide: 

DICOM file and STL file of jaw scan and segmented 

3d model were imported to blue sky plan software 

(Blue sky plan V 4.7; Blue Sky Bio). Needle 

direction and insertion point into the midpoint of the 

muscle was planned using custom implant as the 

injection needle with a hole diameter of 1.5 mm, 
from 15-20 mm height and zero offset guide tube. 

Then, the guide was printed using manufactured 

resin (Esun standard resin; Esun). Figure.3 

Botulinum toxin injection: 

25 Units of BTX-A (Botox; Allergan) was prepared 

according to manufacture instruction. Then, the 

customized needle insertion guide was inserted 

inside the patient mouth while biting on the same 

bite block used during CT scan. Injection of BTX-A 

was injected using 22-gauge cannula needle 

prepared according to the planned length after 
negative aspiration. After that, mandible 

manipulation was started by opening and closing 

multiple times. Figure.4 

 
Figure.1: Axial cut of CT scan showing 

segmentation of lateral pterygoid muscle. 

 
Figure.2: Showing 3D model of skull with lateral 

pterygoid muscle in its actual position. 

 
Figure.3: Showing customized needle insertion 

guide. 

 

 
Figure.4: Showing needle insertion guide with 
patient biting on the same readymade bite block. 

 

RESULTS: 
Participants’ baseline data: 

Nine female patients and one male patient with mean 

age 27.30 ± 5.36 years were enrolled in this study 

based on the previous inclusion and exclusion 

criteria without any drop out.  

Outcomes: 

Maximum interincisal opening: 

The mean MIO preoperatively was 35.60 ± 2.37. at 

1-month follow-up. The mean MIO decreased 

insignificantly to be 31.30 ± 4.81 mm (p=0.163). 

Then at 3-and 6- month follow-up, it increased 

significantly to be 41.20 ± 3.74 mm and 41.40 ± 3.47 

mm respectively. (p <0.001*) 

 Clicking: 

100% of patients had TMJ clicking preoperatively. 

After 1 month, 100% of patients lost their clicking. 

At 3-month follow-up, only 10% of patients (n=1) 

regained clicking till the end of the study. 

Measurement of articular disc position 

A statistically significant increase in mean of TD/TP 

from 0.40 ± 0.00 to be 0.48 ± 0.04 (P<0.001*) at 3-

month post injection. Figure.5A, B 

 

 
 

Figure.5: A, disc position in preoperative MRI. B, 

improvement in disc position in post operative MRI. 
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Temporomandibular joint tenderness 

Temporomandibular joint tenderness decreased 

significantly from a median of 6.50(5.0 – 7.0) to a 

median of 0.0(0.0 – 0.0) at 1-,3-and 6- month follow-

up. 

Lateral pterygoid muscle tenderness 

Lateral pterygoid muscle tenderness decreased 

significantly from a median of 10.0(10.0 – 10.0) to a 

median of 0.0 (0.0 – 0.0), 0.0(0.0 – 1.0) and0.0(0.0 – 
2.0) respectively at 1-,3-and 6- month follow-up. 

 

DISCUSSION 
Botulinum toxin administration into LPM has been 

considered as an effective modality for the 

management of oromandibular dystonia, DDWR 

and TMJ dislocation (11,18, 27-29). Lateral 

pterygoid muscle injection remains challengeable 

due to the unintentional complications of the blind 
injection. Therefore, guided injection is necessary. 

Several guidance modalities for LPM injection have 

been introduced such as electromyography (EMG), 

ultrasonography and MRI guided navigation (17, 18, 

30). Although EMG is the most commonly used, it 

does not prevent out target injection as it is a 

functional guidance that depends on operator skills 

for estimation of the muscle location(17, 18). For 

MRI guided navigation, it is still not widely used in 

clinical practice due to its special equipment and 

operator skills(17, 23). Ultrasonography is a real 
time image, however, the surrounding bony 

structures around the muscle hinder easily 

visualizing the muscle and make it different to 

reproduce the procedure(17,30,31). 

In this study, fully guided BTX injection in LPM is 

introduced using muscle segmentation technique for 

LPM based on CT with soft tissue window which is 

considered an actual viewing and measuring method 

for the muscles (32). After that, a 3D virtual model 

is created that mimics skeletal and dental structures 

of the patient together with the segmented LPMs in 

it with its actual location and depth. Virtual planning 
to determine needle insertion, direction and depth 

performed on this virtual 3D model and a 

customized needle insertion guide is fabricated using 

CAD/CAM technology.  

In the present study, although MIO decreased 

insignificantly after 1 month post injection, it 

increased significantly at 3-month follow-up and till 

the end of the study. These results come in 

accordance with Altaweel et al. using EMG and pons 

et al using MRI navigation, while are in 

disagreement with Emara et al. who detected not 
significant decrease in MIO till 4 months post 

injection(11,17,33). 

For TMJ clicking, all the patients lost clicking at 1-

month follow-up and only one patient regained 

clicking after 3 months post injection till the end of 

the study without any repeatable injection. These 

results are in agreement with Taema et al., Bakke et 

al. and Emara et al. who explained regaining of 

clicking in some patients by disappearing effect of 

BTX-A using EMG in guidance(8, 11, 28). 

This fully guided technique for LPM using muscle 

segmentation technique showed significant 

improvement in disc position. This is in agreement 

with previous studies that confirmed the theory of 

LPM hyperactivity role in displacing the disc 

anteriorly to counteract retrodiscal tissues(11, 28). 

Significant reduction in TMJ and LPM tenderness 
was detected at 1-,3-and 6-month follow-up. These 

results come in accordance with Altaweel et al who 

recorded TMJ and LPM reduction using EMG (33). 

At 1-and 3-month follow-up, relief of symptoms can 

be explained by the effect of BTX on the muscle 

while the prolonged relief after 3-month can be 

explained by muscle deprogramming after BTX 

effect (33).  

This newly introduced technique of the fully guided 

BTX injection in LPM using muscle segmentation 

technique has showed significant effect in MIO, 
TMJ clicking, disc position and TMJ and LPM 

tenderness. This technique differs from previous 

studies that introduced needle insertion guide based 

on estimation of the muscle location rather than true 

visualization of the muscles by getting rid of EMG 

that was essential for determining muscle location in 

these studies (18, 34).  

 

CONCLUSION 
The findings of this study suggest that muscle 

segmentation technique for LPM is a reproducible 

and effective guidance modality for accurately 

targeting LPM for BTX injection in the management 

of DDWR. By creating 3D environment that mimics 

patient’s skeletal anatomy.  
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