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MR-guided navigation for botulinum toxin injection in the lateral pterygoid muscle. First results in the treatment of temporomandibular joint disorders
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Introduction

Prevalence of temporomandibular disorder (TMD) varies from 35 to 50 % in general population (1,2). Pain is one of the main symptoms (3,4). Arthrogenic and myogenic forms can be described. Myogenic one is characterized by acute (5) (muscle twitches, spasms) and chronic pain (myofacial pain from muscular hyperactivity leading to chronic myositis and hypoxia) (6). Temporalis muscle, masseter muscle and lateral pterygoid muscle (LPM) are usually involved in myogenic TMD (7).

Botulinum toxin A (BT A) is an exotoxin which inhibits the release of acetylcholine around the neuromuscular junction and leads to muscle weakness and transitory palsy. BT A for treatment of TMD was first described in a 15 patients study by Freund in 1999, where injections of temporalis and masseter muscles were performed (8).

Intramuscular injections of those superficial muscles are usually performed transcutaneously with simple clinical tracking (voluntary muscle contraction asking the patient to bite down on his teeth) (9,10). Targeting and approach of the LPM is more difficult and this muscle is not often injected. However it's an essential component in masticatory function and TMD genesis (11). Several studies showed that the location of the injection site in the muscle body could change, in some important way, the spread of the toxin, this fact being responsible of side effects such as a diffusion to nearby muscles (12)(13)(14). To narrow the diffusion beyond the target muscle (injections out of the target area or close to the limit of the target) and to increase action of BT A and reduce adverse events, various guidance techniques have been described such as electromyography, ultrasonography, fluoroscopy or, in an original way, personalized 3D injection guides (15).

The main objective of our study was to investigate the feasibility of MR-guided navigation for BT A injection in the upper head of the LPM. The secondary objective was to evaluate first clinical results with this new technique in the treatment of myogenic TMD.

Patients and method

This was a prospective study from April 2015 to December 2016, including all patients with painful myogenic TMD refractory to our first treatment line (10 periarticular infiltration sessions bilaterally with lidocaine without epinephrine, at a rate of 2 per week for 5 weeks ; associated with an oral muscle relaxer [Méphénésine 500 mg -Décontractyl® 1 tablet in the evening at bedtime] ; occlusal splint and osteopathic sessions) and who agreed to participate in the study. The injection protocol, as a matter of routine health care, was not considered as an interventional study and only needed an approval from the ethic committee.

The outcomes investigated were: technical feasibility (and possible failure), virtual planning duration and complete operating duration, adverse event or complication and treatment efficacy. Assessment of efficacy was the pain, by comparison of pain intensity (with a numeric scale (NS) from 0 to 10) before and after injection at 1 and 3 months postoperatively.

Incidentally, progression of joint sounds and maximum interincisal opening were studied too.

We proceeded to a descriptive analysis, quantitatives variables being described by mean and standard deviation, qualitatives variables being described by ratio and percentage.

Comparisons between patient data before and after injection were studied with a Wilcoxon test for quantitative variables and Fisher exact test for qualitative variables.

Patient anatomy and most precisely LPM anatomy was acquired with an MRI of the entire head on axial slices T1 MPRAGE with 1 mm thickness from the vertex to the seventh cervical vertebrae (fig. 1). MRI data were transferred on the infrared Brainlab  platform (Kolibri ® , Brainlab  , Munich, Germany). Platform virtual planning software (iPlan CMF  , Brainlab  , Munich, Germany) was used to establish, in all spatial planes, the target in the central area of the upper head of the LPM (fig. 2) and the needle's cutaneous entry point. This entry point was so placed that the needle tip could reached the target passing under the zygomatic process through the mandibular notch without any osseous interference and that vessels (superficial temporal vessels, maxillary artery and vein, internal jugular vein, internal carotid artery) and nerves (trigeminal nerve, auriculotemporal nerve) could be avoided.

Procedures were performed under local or general anesthesia in the out-patient surgery unit.

Patients were placed in supine position and a headband equipped with reflective markers was positioned (fig. 3a et 3b). Registration of the patient in the navigation system was performed with a contact free laser pointer (Z-touch  , Brainlab  , Munich, Germany). A 18 gauge calibration needle, 40 mm length ((BD Microlance ® 3, Becton Dickinson S.A., Fraga, Spain) was put together on a 1 cc syringe with a Luer Lock  connexion (Nipro syringe, Nipro Europe N.V., Zaventem, Belgium). Reflective markers were fixed on the syringe body by mean of a tool adapter and the calibration needle was introduced for registration in the narrowest hole of the calibrating tool provided by Brainlab ® . (fig. 4a et 4b). Once the registration was done, calibration needle was switched with an intra-muscular needle, thinner (21 gauge) but with an identical length. This modification was a necessity because of our will to use the thinnest needle possible and because the diameter of the injection needle is too small to be used in the calibrating tool.

BT A (Botox®, Allergan, Westport, Ireland) was obtained according to the manufacturer at a concentration of 10 UI per 0,1 ml. Injection needle was put on the cutaneous entry point and progressively moved towards the target through the planned trajectory, following its real-time progression on the navigation screen (fig. 5). Once the target reached, 20 UI of BT A (0,20 cc of prepared solution) were injected.

Injections were always bilateral. Masseter and temporalis muscles were consistently treated in the same operating time, under simple clinical tracking (3 x 10 UI for each masseter muscle and 2 x 10 UI for each temporalis muscle with the unique concentration of 10 UI / 0,1 ml) (fig 6).

Results

A total of 6 patients were studied, 5 women and one man, mean age 28.5 years (Table 1). Initial mean pain intensity was 7.7/10 ( = 0.8). Joint sounds were noticed in half of the patients. Mean maximum interincisal opening before injection was 31 mm ( = 5.9). One patient had 2 infiltration sessions at nine-month interval (Patient 2). Every patient had an occlusal disease or a history of occlusal disease.

All the patients could be treated with this technique. Navigation was achievable for all of our cases, and target has been reached in every situation. This target was about 33 mm from the skin.

Injections realized under local anesthesia (Patient 6) didn't cause any discomfort for the patient beside a mild pain when the needle went through the muscle aponeurosis of the masseter and temporalis muscles.

Mean preoperative planning duration (definition of the targets, entry points and trajectories from the preoperative MRI) was about 15 minutes per patient. Mean duration of the total intervention was 47.7 minutes by patient (21 -90 minutes) (Table 2). The longer time was about the installation (surface matching registration of the patient and needle calibration in the navigation system).

Four patients of the 6 had an improvement of pain. This improvement was major (NS < 3) in 50% of cases (3/6 patients), partial (5 > NS ≥ 3) in 16.7% of cases (1/6 patients), and unsatisfactory (NS ≥ 5) in 33.3% of cases (2/6 patients). Overall efficiency of our protocol was 66.7%. An average improvement of 4.4 points on the NS was obtained (p=0.0579) (Table 3).

Joint sounds resolved for the two-third of patients who were suffering from before treatment.

Mean improvement of maximum interincisal opening was 4.6 mm (p = 0.0360) (Table 3).

The period of effectiveness of the treatment (continuation of pain improvement) was 4.4 months (2 -11 months). For patient 2, pain relapse 6.5 months after the first injection required a new session 9 months after the first one.

There was no intensification of symptoms, nor complications or adverse events after injections during the study period. The main disadvantage of the technic is the need for access to the navigation system.

However, such systems are nowadays often available in operating rooms and can be shared.

Preoperative and installation time, that may be considered as a brake, reduce progressively with user experience and gradual skill for the navigation system.

In our team, BT A injection in masticatory muscles was, until April 2015, made only by clinical tracking for masseter and temporalis muscles and without any tracking for LPM.

« Blind » injection of deep muscles can lead to 2 threats: injection out of the muscle and injection too close to contiguous muscles. When considering the LPM, injection in the pharyngeal muscles is responsible for dysphagia and inhalation, and injection in soft palate muscles can lead to dysphonia.

Injections close to adjacent muscles can lead to an uncontrolled spread risk with the same adverse events. In a study identifying regional BT A spread from muscle biopsy, Borodic showed a diffusion gradient between 30 to 45 mm away from the injection site ( 16). Even if those adverse events are temporary and reversible, they are responsible for functional discomfort and those out-target injection or uncontrolled spread reduce treatment efficiency, since only partial dose of the toxin reaches the target. We have been faced, before May 2015, to several patients with symptoms of injection and/or spread out-target from the LPM. It seems to be useful to inject the toxin not only in the correct muscle but also in its center.

For superficial muscles, those objectives seem to be achievable only with a clinical guidance, but for deep muscles, less accessible, as the LPM, a more efficient tracking is required (17).

In a recent study, Wu (18) established that adverse events incidence such as dysphagia is significantly higher in the group of patient who receive toxin injection by clinical guidance that those who had electromyography (EMG) tracking.

Among other tracking techniques, the most commonly used method is EMG (6,19-21).

Hollow detection needles are used (fig. 7) and injection is only realized when a muscle EMG signal is detected at voluntary muscle contraction. It is thus a pure functional guidance. Its main advantage is that the spontaneous activity of the muscles may be measured in order to only inject spontaneous hyperactive muscles. However, it doesn't allow any morphologic tracking and therefore doesn't prevent from out-target injections (in a voluntary move, muscles groups often activate together and nothing state the origin of EMG signal which is gathered), nor from injections limit from the target. For upper limb dystonia, Molloy (22) showed that needle reaches the targeted muscle only in 37% of all cases with clinical guidance. Regarding the LPM, the EMG guidance doesn't indicate what part of the muscle (upper or lower head) is injected (19) (assuming that the choose of one head is important), the 2 heads being usually activated simultaneously during mandibular protrusion. Some studies have even demonstrated an inactivity of the upper head of the LPM during protrusion which permits to identify only the lower head of the LPM (7,23,24). Mahan has shown a wrong position of the EMG needle in 2 cases of 9 while percutaneous access of the upper head of the LPM under EMG guidance alone, electrode being either out of the muscle or not in the center of the muscle (25).

Among the morphologic guidance techniques, ultrasonography is the most commonly used. In the cephalic area, it is particularly used for intraparotid injection of BT in the treatment of sialorrhoea (26). It's an inexpensive, painless, non-irradiating and fast technique. It permits to follow trajectory of the needle, to avoid sensitive deep organs and to identify, in a relatively precise way, injection site. Ultrasound-guided LPM exploration is difficult because of the bony structures surrounding the muscle (condyle, mandibular notch, zygomatic process, skull basis…). Only the posterior approach is validated (ultrasound probe placed between the mastoid process medially and the mandible ramus laterally while the patient is doing a mandibular protrusion) (27). This method only provides a partial exploration of the muscle. It is operator dependent and hardly reproducible.

CT-guided injection seems to be satisfactory (28,29) but is an irradiating technic and, if contrast agent is used, presents allergic and nephrotoxic risks for the patient.

Fluoroscopy, alone, does not permit to determinate muscular structure. It is usually paired with EMG. For cervical dystonia treatment, this association does not prevent dysphagia (30). Some adverse events, related to the radiation, have been noted while combined fluoroscopic and EMG guidance (31). MRI isn't the most commonly used technic for guidance, but several authors use it to study BT spread after injection with EMG-guidance (32) or cystoscopic assistance (33). Its mean advantage is a correct display of tissues, particularly muscular and vascular structures. MRguided navigation in real time faces the difficult access to the MRI system machine and the necessity to have a non-magnetic injection equipment.

In an original way, Oliveira et al. (15) suggested, for the tracking of the 2 heads of the LPM, a mechanical guidance using a custom-made intra-oral injection guide, made by 3D printing from the patients CT-scan. This method is an irradiating one and requires a burdensome and long upstream work: cleaning teeth artifacts, precise identification of the muscles on the CTscan images, need for soft-and hardware tools for design and manufacture.

Shaari and Sanders in 1993 showed variability of efficiency of BT injections according to the distance between injection site and muscular motor plate (34). The anatomical location of the motor endplate is not known today for the LPM. This study also highlights the fact that, for a given concentration, multiple injections at different site into the same muscle were more efficient that a single injection. We only apply these split injection technique for masseter and temporalis muscles. Finally, it is known that, for equivalent doses (units), BT A efficiency is better for lower concentrations, a greater injection volume providing a better toxin spread (35). This represents an other way to modulate treatment efficacy. In the literature, mean dose of BT A for TMD treatment is between 100 and 150 UI for all (36). The use of higher doses (200 UI per side versus 140 UI for all) didn't show better results (37).

Our results are based on a very few patients and related only clinical symptoms, in particular pain. They are in the range of those found in the literature (9,(37)(38)(39). However, comparison to other studies is difficult because the LPM is very seldom injected by other teams and because statistical analysis of the results are rarely performed (6,21). Von Lindern studied 41 patients with myogenic TMD treated with BT A and showed a significant mean reduction of pain of 2.9 points (versus 4.4 points in our study) and an adverse event rate of 2.4% (versus none in our study) after injection in the masticatory muscles, including the LPM, under EMGguidance (37).

In spite of our encouraging first results, nothing really proves that injection of the LPM is valuable in the treatment of TMD or that the injection had to be realized in its upper head rather than in its lower head. However, injection of LPM seems obvious to us insofar this muscle, involved in all mandibular movements, is usually considered to be the muscle where TMD originates (11). In the same way, injection into the upper head of the LPM seems rational insofar upper head hypercontraction is the major significant cause of temporomandibular joint disc dislocation. However, Lafrenière in 2016 demonstrated a spontaneous hypercontractility of the lower head of the LPM and not the upper one, in a female group of patients suffering from TMD versus control (40).

The relationship between muscular hyperactivity at rest and muscular pain has been demonstrated in several studies (41-43). Liu showed that masticatory muscles relax less after contraction in TMD patients (42). BT A reduces muscle contraction through an inhibition of acetylcholine release around the neuromuscular junctions. As part of the treatment of TMD with BT A, myogenic TMD seem to be the target of choice for this therapeutic. It could be interesting to only inject hyperactive muscles, if the hypothesis that in myogenic TMD, pain is associated with muscles hyperactivity at rest, is confirmed.

A combination of morphologic guidance, as with the MR-guided navigation we use that guaranties an in-target injection, and of functional tracking, as with the EMG-guidance that is able to detect muscle hyperactivity, would make it possible to combine the advantages of both modalities. This combination would be easy by navigating the hollow needles commonly used for EMG-guidance (fig. 7).

Our first results have to be consolidated with a higher number of included patients. 

Figures legends

Discussion

  MRI infrared navigation is technically possible for BT injection in the upper head of the LPM. It is a reliable and a safe procedure, and is feasible under local anesthesia for cooperating patients. As a second-line treatment, introduced after failure of first-line one, the clinical results of this initial study are overall satisfactory.
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