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Clinical application of a CT-designed guide plate for targeted injection into the lateral pterygoid muscle
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[Abstract] Objective To investigate the effectiveness of an extraoral guide plate system targeting the superior and
inferior heads of the lateral pterygoid muscle in improving the accuracy of injection therapy for anterior disc displace-
ment (ADD) of the temporomandibular joint (TMJ) with lateral pterygoid myalgia, and to provide a reference for precise
clinical treatment. Methods With approval from the institutional medical ethics committee and informed consent from

patients, spiral CT scans were performed on seven patients with ADD accompanied or not accompanied by lateral ptery-
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goid myalgia to acquire craniofacial data. Mimics 21.0 software was used to reconstruct three-dimensional craniofacial
structures, identify attachment points of the superior and inferior heads of the lateral pterygoid muscle, and design dual
injection paths along with a retention system. Personalized templates were fabricated using digital light procession-
based 3D printing. Under the guide plate, a single targeted injection of 20 U of botulinum toxin type A (BTX-A) was ad-
ministered into both the superior and/or inferior heads of the lateral pterygoid muscle. Immediate postoperative CT
scans were conducted to compare actual needle placement with preoperative plans. Pain was assessed using the visual
analogue scale (VAS) at 3 days and 1, 2, and 4 weeks postoperatively. Joint clicking was recorded at 2 and 4 weeks,
and complications were monitored throughout the duration of the study. Results A total of 15 sites in 7 patients were
injected into the upper / lower head of the lateral pterygoid muscle under the guidance of the guide plate. Under the
guide plate, all of the injections achieved an angular deviation within 2.5° (superior head: 2.49° + 0.17°, inferior head:
2.31° + 0.16°) and a needle tip positional deviation within 2 mm [superior head: (1.96 + 0.25) mm, inferior head: (1.65
+ 0.21) mm]. The significant pain improvement rate (defined as >3-point reduction in VAS score) increased from 60%
(9/15) at day 3 to 85% (13/15) at 2 weeks post-operation, stabilizing at 86.7% (13/15) at 4 weeks post-operation. Joint
clicking improvement rates reached 72% (11/15) at 2 weeks post-operation and 75% (11/15) at 4 weeks post-operation.
Regarding safety, only one case of injection site swelling and one case of transient paresthesia were observed; both re-
solved spontaneously within a short period of time. No neurovascular injury events occurred. Conclusion CT-guided
guide plate achieves precise targeting design to minimize injection errors in the lateral pterygoid muscle. This technol-
ogy is effective and safe, and it can provide an anatomically specific and operationally versatile targeted therapy for tem-
poromandibular disorders.

[Key words] CT guidance; computer aided design; 3D printing; extraoral guide plate; lateral pterygoid
muscle; precise injection;  botulinum toxin A; temporomandibular joint disorder; joint disc anterior displace-
ment; pain of lateral pterygoid muscle
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Figure 1 Spiral CT scan data were used to reconstruct craniofacial bone structure and skin in Mimics 21.0 software
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A: superior head of lateral pterygoid muscle; B: inferior head of
lateral pterygoid muscle; C: infratemporal crest of sphenoid; D:
lateral pterygoid plate; E: maxillary tuberosity
Figure 2 CT-guided localization of the attachment
points for the superior and inferior heads of the lateral
pterygoid muscle
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a: adjustment of the injection pathway and the needle exiting; b: stent positioned on the maxillofacial region; c: lateral view of the stent; d:

medial view of the stent; e: extraoral stent for targeting the superior and inferior heads of the lateral pterygoid muscle

Figure 3 Design and manufacture of the CT guided navigation guide plate for targeting lateral pterygoid muscle
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a-c: using high-precision 3D printing technology combined with biocompatible resin materials to ensure the safety and accuracy of the guide

plate, the intraoral guide plate can be smoothly positioned in the patient”’ s maxillofacial area. The outer side (a) and the inner side (b) of the

3D printed extraoral template and the template in position on the maxillofacial region (¢). d & e: by observing the overlap of the edge lines, it

was found that the guide plate has good positional repeatability. d: traced edge contour lines of the stent plate edge after repeated placement; e:

edge contour lines of the stent plate edge after two repeated placements

Figure 4 The CT-guided navigation guide plate for targeting lateral pterygoid muscle target has good stability , retention force,

and repeatability
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a: preset helix tubercle-to-tragus distance in stent design; b: achieved cannula-to-helix tubercle distance during actual injection. c: the distance

from the injection entry point to the helix tubercle ; d: 3D surface matching between designed and positioned stent

Figure 5 Positional accuracy of the CT guided navigation guide plate for targeting lateral pterygoid muscle
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al-b3: CT bone registration pre- and post-injection. al: lateral overview of registered pre- and post-injection CT volumes; a2: registered view tar-
geting the superior head of LPM; a3: registered view targeting the inferior head of the LPM. b1-b3: magnified views of al-a3, respectively. c¢1-d3:
color-mapped 3D deviation analysis. c1: lateral overview of surface deviations; ¢2: targeting error in the superior LPM head; ¢3: targeting error in
the inferior LPM head. d1-d3: magnified views of cl-c3, respectively. e: angular deviation and distance between the guide tube and injection
needle for the superior LPM head. f: angular deviation and distance between the guide tube and injection needle for the inferior LPM head. LPM:
lateral pterygoid muscle

Figure 6 Targeting accuracy of the CT guided navigation guide plate for targeting lateral pterygoid muscle
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Table 1  Comparison of different LPM injection guidance techniques
Be able to
distinguish
Equipment Technical ~Equipment Learning
Technical Parameter LPM supe- Advantages Disadvantages
dor/ info cost dependence dependence curve
rior bellies
Blind/landmark-guided No None High None Variable No additional equip- Low accuracy, high risk of
(Short-Long)  ment required neurovascular injury
Electromyogram-guided Partially ~ Moderate High High Relatively Provides muscle electri- Cannot precisely deter-
long cal activity information  mine if needle tip is within
target muscle
Ultrasound-guided Possible  Relatively High High Relatively Real-time imaging Deep LPM location, com-
high long plex surrounding hard/soft
tissues, prone to obstruc-
tion
MRI-navigated Yes Very high High High Long High soft tissue imag- ~ Expensive system, com-
ing quality & resolution plex preoperative prepara-
tion, time-consuming setup
Arthroscopically-guided Excellent  Very high High High Relatively Direct visualization of ~ Specialized equipment re-
long joint structures quired
Intraoral guide No Low Low Low Short Relatively simple op- Requires combination with
eration, aligns with den- ultrasound or electromyo-
tists’ intraoperative gram for improved accu-
habits racy; limited in patients
with restricted mouth open-
ing or narrow coronoid-
maxilla space
Guide technique in this Yes Low Low Low Short Simple operation, wide  Requires long-term clini-

study

applicability, suitable
for broad patient popu-

lations

cal outcome observation

LPM: lateral pterygoid muscle
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