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The Equine Temporomandibular Joint: Comparisons Between Standard and Needle Arthroscopic Examination of Cadaver Specimens and Standing Horses
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Background: Definitive diagnosis of equine temporomandibular joint osteoarthritis (TMJ-OA) may require advanced diagnostic imaging. Arthroscopy is a modern, minimally invasive, diagnostic, and treatment modality. Standing arthroscopic treatment of joint disease is a relatively recent advance in equine surgery, despite which there are few published comparisons between the available arthroscopic systems.

Objective: To compare and contrast two arthroscopic systems for assessing the equine temporomandibular joint compartments in cadavers and standing horses.

Study design: Experimental study.

Methods: Phase I involved the assessment of the discotemporal joint (DTJ) and discomandibular (DMJ) joint compartments of both temporomandibular joints (TMJ) of 14 cadaveric equine heads using a caudally placed arthroscopy portal. Joints were initially examined using the needle arthroscope and the results compared to the findings of examination using a 2.5 mm 30° arthroscope system (standard). Three healthy horses were subsequently examined to determine the validity of the procedure in live animals in Phase II.

Results: Needle and standard arthroscopy, in combination with mandibular manipulation, allowed evaluation of the caudal aspects of both joint compartments of the TMJ in Phase I. However, the extreme margins of the joint were more commonly visualized using standard arthroscopy. Live horses in phase II were restrained in stocks and both the rostral and caudal aspects of the DTJ and DMJ compartments of both TMJs were examined successfully understanding sedation and local analgesia. The use of a modified Guenther speculum allowed the mandible to be manipulated and offset, which facilitated a complete examination of the joint compartments. Despite adverse behavior encountered during the procedure in one horse, no surgical complications ensued.

Main Limitations: Not blinded—bias; learning curve.

Conclusions: The needle arthroscope system is a relatively inexpensive diagnostic tool, which can be used to evaluate the TMJ in the absence of advanced diagnostic imaging such as computed tomography or magnetic resonance imaging. However, if arthroscopic treatment is required after advanced imaging and pre-operative diagnosis, superior image quality and ease of manipulation may favor the use of the standard equipment.
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INTRODUCTION

Diseases of the temporomandibular joint (TMJ) are a common problem in humans and domestic animals. They encompass both intra- and extra-articular conditions which, in humans, accounts for significantly higher health care costs and sick leaves in affected vs. non-affected individuals (1).

Similar to the human anatomy, the equine TMJ is comprised of two independent synovial compartments (2), the larger dorsal discotemporal joint (DTJ) and the smaller discomandibular joint (DMJ), separated by a biconcave intra-articular disc. The arthroscopic approach and anatomy of the equine joint compartments have been well-described (3–7).

Osteoarthritis of the human TMJ (TMJ-OA) can be a primary condition or, less commonly, occurs secondary to trauma. Until recently, equine TMJ literature focused on TMJ-OA as a result of trauma and sepsis (8–16). However, over 35% of horses older than 1 year of age undergoing CT for reasons other than TMJ disease have been reported to have changes in their TMJs suggestive of osteoarthritis, despite not having any clinical signs attributable to disease of this joint (17). Equine TMJ-OA has also been associated with colic (18), poor performance (19), and behavioral abnormalities under saddle (20). Specialized radiographic projections have been described to evaluate this joint (21, 22); however advanced imaging, including contrast-enhanced computed tomography (CT), has been shown to be useful in the assessment of this joint (2). When access to these advanced modalities is limited, or when surgical treatment is required, arthroscopic techniques offer the ability to thoroughly assess the articular cartilage and intra-articular disc (3, 19, 23).

The objective of the study was to compare and contrast the use of a 65-mm-long, 1.2-mm-diameter, 10° forward viewing angle (FVA) needle arthroscope system (NAS), and a standard 2.5-mm-diameter, 30° FVA arthroscope (STAN) for the assessment of the equine TMJ. Further, to validate the technique and feasibility in living, standing, horses.

The hypotheses were that arthroscopy using NAS would be as effective in assessing the TMJ as the STAN method and that either technique would be successfully employed in standing horses.



MATERIALS AND METHODS


Phase I—Cadaver Specimens

The study population comprised of 14 cadaver heads from 8 geldings and 6 mares with an age range of 2–30 years old (mean 17 years, SD ± 8.8) which had been euthanized for reasons unrelated to the study. As previously reported (7) heads were placed in lateral recumbency with a roll of towels under the opposite TMJ to allow angulation of the head in its long-axis toward the surgeon by ~30°. Using a full-mouth speculum (Stubbs Equine Innovations, Johnson City, TX, USA) the mandible of each head was opened maximally prior to surgical intervention to allow unimpeded manipulation during the procedure. The ipsilateral aural pinna was taped to the contralateral one to pull it caudally and away from the surgery site. The same surgeon performed all of the arthroscopies (cadaver and live horses) to ensure consistency.

To prevent fluid extravasation due to the differences in the size of the arthroscopic cannulae, the joint compartments of the TMJs were first examined using NAS and then STAN. Each TMJ was palpated identifying the intra-articular disc and caudal extent of the condylar process of the mandible. To assess the DTJ a 20G 1″ needle was placed directly into the joint compartment in a lateromedial direction immediately dorsal to the intra-articular disc and ventral to the lateral extent of the mandibular fossa of the temporal bone. Access to the DMJ was achieved by placing the 20G 1″ needle in either a lateromedial direction, dorsal to the condylar process of the mandible, immediately under the intra-articular disc; or as previously described, into the caudal aspect of the joint from a caudodorsal to the rostroventral direction (when viewed from the side of the horse) (7). Irrespective of needle position, ventral deflection of the hub resulting in dorsal movement of the intra-articular disc was used to confirm placement. Five milliliters of saline were used to distend the joint compartments. DTJ access was confirmed by distention of the joint capsule dorsal to the intra-articular disc with retention of the anatomical contour of the caudal aspect of the mandible. DMJ access was confirmed when the joint compartment at, and below, the palpable level of the condylar process of the mandible occurred. Additionally, rostral and lateral distention of the joint under the intra-articular disc could be palpated. Fluid reflux into the syringe when the plunger pressure was released was another way to confirm correct needle placement into either joint space. Irrespective of the chosen joint compartment, or arthroscope system, a straight Beaver (376700) blade was used to make a vertical skin and capsular incision.

A wide-bore (high flow) cannula and blunt obturator were inserted through the incision into the joint when using NAS. Once within the joint, the obturator was replaced with a 1.2 mm-diameter, 10° forward-viewing needle arthroscope (Biovision, Denver, USA). A fluid line attached to an arthroscopic fluid pump (SCB Hamou Endomat 263310 20, Karl Storz Endoskope, Tuttlingen, Germany) was used to maintain the intra-articular pressure at between 110 and 150 mm Hg. This pressure was consistent between arthroscope systems. Confirmation of entry into the correct joint compartment was determined when the dorsal aspect of the compartment was noted to be the articular cartilage of the mandibular fossa (DTJ); or the intra-articular disc (DMJ) which billowed synchronously with the incoming fluid. Additionally, in the latter scenario, the linear rostrocaudal striations of the fibrocartilage covering the condylar process of the mandible could be identified ventrally.

Joint exploration subsequently followed a routine pattern to identify specific anatomical structures within the joint compartment. Data were recorded as seen or not seen (Table 1). Subsequent to thorough joint exploration the NAS was removed and replaced with the STAN system 3.5 mm arthroscopy sheath. The obturator was removed and a 2.5 mm 30° arthroscope (ConMed Linvatec, Largo, FL, USA) was inserted into the joint. The same routine pattern of joint exploration was repeated with this arthroscopic system and the findings were recorded as described above.


Table 1. Anatomical structures are visualized with each of the arthroscope systems.
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Phase II—Live Animals

Three horses donated for teaching advanced techniques, approved by the institutional Animal Research Ethics Board, with no apparent dental or TMJ disease, were used in this portion of the study. Horses were restrained in stocks and sedated using 2 mg detomidine hydrochloride and 2 mg butorphanol tartrate through an intravenous catheter placed in the left jugular vein. Top-up sedation using the same dose of medication was administered as necessary. A modified Guenther full-mouth speculum (Equine Dental Instruments, Elmwood WI) was placed on the head, and the skin caudal to the eye and cranial to the ear was shaved and aseptically prepared in a routine manner for arthroscopic surgery. A large 3″ by 3″ square was desensitized using line blocks of 2% lidocaine, leaving the contours of the TMJ readily palpable in the center of the prepared area. Due to the size difference between the NAS and STAN systems, live horses were examined in the same order as that reported for Phase I. The condylar process of the mandible and intra-articular disc of the left TMJ were identified by palpation and a 22G 1″ needle was inserted into the caudal recess of the DMJ in a lateral to medial direction. Lack of resistance to fluid flow was taken as an indication of successful entry into the joint, after ventral deflection of the needle hub resulted in appreciable movement of the intra-articular disc, 4 ml 2% lidocaine was injected into the joint. The rostral recess was seen to distend laterally, with no obvious change in the contour of the tissues above the intra-articular disc. The needle was removed and entry into the joint was performed using a Beaver blade as previously described above. After placement of the NAS, the mandible of the horse was moved, by an assistant, away from the surgeon, and the bite plate was secured in position using the retaining pin. After joint exploration using NAS, the arthroscopic equipment was removed and the mandible returned to the neutral (midline) position before the STAN instrumentation was inserted into the joint and the mandibular excursion was repeated. After completing the examination of the DMJ, the DTJ was entered and explored using the same sequence of events.



Data Analysis

A two-sided Fisher's Exact test was used to compare the ability of the two arthroscopic systems to visualize individual anatomical structures in the TMJ joint compartments. A chi-squared test was used to compare the overall ability of the two systems to identify anatomical structures of interest and to evaluate whether there was a joint compartment effect in this ability. P-values <0.05 were considered significant.




RESULTS


Cadaver Specimens

Complications entering the joint compartments were common in the first few cadaver specimens and hinged on adapting to the flexibility of the NAS instrumentation compared to the rigidity of the STAN systems. Additionally, the use of Beaver blades to create arthroscopic portals after joint distention was critical in preventing significant fluid extravasation as previously reported (7). Determining whether the correct compartment (DMJ or DTJ) had been entered was not immediately clear in the early phase of the cadaver study (Figure 1) as the investigators had to adapt to the image quality of the NAS (Figures 2, 3). Additionally, when attempting entry into the DMJ, the reported visual cue of billowing of the intra-articular disc was frequently absent when using this equipment. Multiple abnormalities were identified with both systems (Figure 4); however, some were missed during NAS exploration (Figure 5). As the operator became more familiar with the imaging of the NAS, these abnormalities were being more consistently identified.


[image: Figure 1]
FIGURE 1. Still arthroscopic image of the medial aspect of the discotemporal joint (DTJ) using the needle (NAS) (A) and standard (STAN) (B) arthroscopic systems. 1, the articular eminence of the temporal bone; 2, intra-articular disc.
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FIGURE 2. Still arthroscopic image of the caudolateral aspect of the discotemporal joint (DTJ) using the NAS (A) and the STAN (B). 1, intra-articular disc; 2, caudal aspect of the joint.
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FIGURE 3. Still arthroscopic image showing the caudal aspect of the condylar process of the mandible (1) with synovial plical insertion (2) within the discomandibular joint (DMJ) using the NAS (A) and STAN (B).
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FIGURE 4. Still arthroscopic image of the caudomedial aspect of the DTJ using the NAS (A) and the STAN (B). A perforation (black arrow) in the intra-articular disc was identified at the caudomedial fibrous expansion (cfe) with both modalities. 1, intra-articular disc; 2, articular eminence of the temporal bone.
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FIGURE 5. Still arthroscopic image of the DMJ using the STAN illustrating two abnormalities identified with this system which were not identified during joint exploration using the NAS. (A) View of an abnormal discoloration on the ventral aspect of the intra-articular disc from a distance. (B) Advancing the arthroscope highlights the dark pigmentation (blue arrow) present on the ventral aspect of the intra-articular disc. (C) Caudal aspect of the condylar process of the mandible with a defect on the articular surface. (D) Advancing the arthroscope confirms the presence of a cloaca associated with a mandibular cyst (black arrow). 1, Intra-articular disc; 2, condylar process of the mandible.




Live Animals

Arthroscopic evaluation of the joint compartments of both TMJs was successfully performed in all three live horses. Placement of the modified Guenther speculum, which allowed mandibular manipulation by an assistant, was integral to the successful evaluation of the joint compartments. It allowed mandibular distraction and prevented the horses from chewing, which causes cavitation of the intra-articular fluid and potential damage to the arthroscopic equipment and intra-articular structures. Working within the relatively large de-sensitized region allowed the surgeon to palpate the anatomically pertinent landmarks necessary for correct arthroscope placement—namely the external margins of the mandibular fossa of the temporal bone, and the condylar process of the mandible, as well as the intra-articular disc—prior to distending the joint with a local anesthetic solution. The ease of arthroscope placement would not have been possible if these structures had been obscured by placing local analgesia solution solely at the site of the projected arthroscopy portal. The sedative and local analgesic protocol worked well in two of the three horses, but one horse was unexpectedly responsive to touch and noise during the procedure. This horse would aggressively throw his head up, or rotate it, at times, which complicated joint exploration. Despite the need for repeated re-introduction of the arthroscope, completion of the procedure occurred, which was aided by having the arthroscopes held such that the middle finger of the surgeon's hand manipulating the instrument was in contact with the skin of the head (within the desensitized region). This allowed the surgeon to grasp the arthroscope securely when it was dislodged from the joint, while preventing it from being driven deeply, and uncontrollably, into the joint when the horse unexpectedly turned its head toward the surgeon.



Statistical Analysis

A total of 14 horses, each with two TMJs, for a total number of 28 joints had nine anatomical structures of interest in each of the DTJs and eight in each DMJ compartment examined. Therefore, if all structures were visualized in all DTJs, then 252 would have been identified. Similarly, if this occurred in the DMJs, then 224 would have been identified. Both the NAS and STAN equipment allowed examination of the joint compartments of the TMJ, however adequate visualization of the most lateral and rostral aspects of the joint was more frequently compromised when using the NAS than the STAN systems (Table 1). Overall, significantly more anatomical structures were identified with the STAN system (p < 0.0001; Table 2). The ability of the STAN system to identify anatomical structures was independent of the joint compartment examined (p = 0.57) however this was not the case with the NAS (p = 0.02, Table 3). NAS allowed the identification of more structures in the DTJ, but less in the DMJ than expected.


Table 2. The total number of anatomical structures visualized compared by arthroscope system and joint compartment.
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Table 3. A comparison between arthroscope systems by joint compartment.
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DISCUSSION

The primary objective of the study was to compare and contrast the use of a 65-mm-long, 1.2-mm-diameter, 10° forward viewing angle (FVA) needle arthroscope (NAS), and a standard 2.5-mm-diameter, 30° FVA arthroscope (STAN) for the assessment of the equine TMJ.

While the use of both sets of equipment requires an intimate knowledge of anatomy and arthroscopic principles, the authors would suggest that most surgeons are more comfortable with, and have been trained in, the use of the STAN equipment. The NAS is fundamentally different in its design, being a fiberoptic endoscope rather than a video endoscope, and by being limited to a 10° FVA rather than a 30° FVA commonly used in the STAN arthroscopes. The majority of the intra-articular exploration reported in this study was unaffected by these limitations—beyond that of image quality. However, there were two situations in which the difference between the equipment was most appreciable. Firstly, when confirming entry into the DMJ surgeons have become accustomed to assessing the movement of the intra-articular disc. This is especially useful in low visibility conditions, such as in the presence of purulent material or blood. The inherent difference in image quality between the NAS and STAN hampers this assessment. Further, despite using the same pressure settings on the fluid pump, there is a fundamental limit on the flow rate of fluids into the joint compartment when using the NAS, even when the high-flow cannula was used. In most specimens, and in the live horses, this lack of flow prevented the use of intra-articular disc movement as confirmation of DMJ entry. Secondly, when attempting to view the most lateral aspect of the joints, portions of the rostral aspect of the joint compartment, and enter the lateral cul-de-sac ventral to the condylar process of the mandible, the difference between the 10° and 30° FVA became apparent (Figure 3), especially as the authors elected to only access the caudal aspect of the joint compartments in the cadaver heads. While the flexibility of the NAS has been reportedly useful in other joints, it was frustrating in the TMJ. The authors routinely use the rigidity of the STAN equipment to aid in maneuvering the arthroscope within this joint. Even with practice, and the use of the surgeon's second hand to steady and stiffen the shaft of the NAS, a few areas of the joint remained a challenge to image, especially if the arthroscope portal was placed slightly too ventral, or caudal, or if there was a significant synovial proliferation in the caudal region of the joint.

The secondary objective of the study was to validate the technique and assess the feasibility, of examination of the TMJ in living, standing, horses using these arthroscopic systems. Standing surgery of the equine TMJ has been reported (11), and routine standing arthroscopic surgery has been reported as an alternative to that performed under general anesthesia in the TMJ and fetlock (24, 25). The NAS was initially reported as a diagnostic imaging modality in the equine stifle (26). More recently, the feasibility of its use has been reported in the equine caudal cervical articular process, scapulohumeral, hock, carpus, and fetlock joints, as well as a method to examine the sinuses and tendon sheath (27–33). These procedures avoid the risks and costs of general anesthesia, as well as reportedly reduce complications such as bleeding in some specific situations. The authors found that both the NAS and STAN arthroscopic equipment was well-tolerated by the horses and rendered an acceptable assessment of the joint, with no intra-operative complications noted during the use of either system. The use of the modified Guenther full-mouth speculum prevented inadvertent jaw motion and allowed mandibular displacement which has been reported as critically important in assessing the DMJ in horses (7, 20). The lack of jaw motion is an important consideration in the protection of the surgical equipment, but at the same time the lack of versatility, and immediacy, of mandibular motion is also an impediment to the arthroscopic assessment of the TMJ compartments. It is possible that the flexibility of the NAS would become significantly more important if used without a speculum, or in situations (as experienced in Phase II) where a horse's behavior precludes safe, standing arthroscopic assessment of the TMJ using the STAN system. Additionally, the fact that the NAS is fiberoptic means that even if broken in the process, it will not leave glass fragments within the joint.

There is an inherent bias in this study, which is important to acknowledge. As noted, the difference in size between the equipment necessitated that the NAS was used before STAN. Thus, any questions as to joint compartment of entry, possible pathological findings, etc., had already been discussed and agreed upon before the STAN equipment was placed. This led the authors, who were already more comfortable with the latter equipment, to have this bias reinforced. With that understood, there is no doubt that fundamental, inherent, differences between the NAS and STAN render the image quality between the systems incomparable, and these same differences prevent the NAS from having a 30° FAV. Despite these differences, NAS is substantially cheaper than STAN and allows exploration of the equine TMJ.



CONCLUSION

The exploration of the synovial structure is one component of joint surgery. Given that one is unlikely to surgically explore a supposedly normal joint, there has to be an expectation of treatment when one initiates surgery. In the author's experience, arthroscopic exploration of the equine TMJ typically occurs after exhaustive investigation and advanced diagnostic imaging. In these cases, the superior image quality and ease of manipulation may favor the use of the STAN equipment. It is possible that the NAS will render a diagnosis in the absence of advanced imaging, but in this hypothetical situation, treatment is still likely to remain a necessity. As such, it is the opinion of the authors that the image quality of a small 30° FAV video endoscopic STAN system will be preferable to most surgeons.
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Compartment Anatomical Structure Visualized* p-value
STAN NAS
Dorsal Medial aspect of joint 26 18 0.02
Dorsal Caudal aspect of joint 26 22 025
Dorsal Articular eminence 28 2 0.49
Dorsal Mandibular fossa of temporal bone 28 2 0.49
Dorsal Intra-articular disc 28 2 0.49
Dorsal Retro-discal tissue 25 18 006
Dorsal Rostral attachment of disc 14 1 <0.001
Dorsal Lateral attachment of disc 6 2 025
Dorsal Rostral aspect of joint 18 6 0.003
Ventral Medial aspect of joint 27 13 <0.001
Ventral Mandibular condyle 28 2 024
Ventral Intra-articular disc 28 2 024
Ventral Caudal synovial plicae 26 21 0.14
Ventral Lateral attachment of disc 20 6 <0.001
Ventral Lateral cul-de-sac 19 9 002
Ventral Rostral aspect of joint 15 5 001
Ventral Retro-discal tissue 9 1 001

*Visualized numbers represent the sum of both (the left and right) TMJs for each of the 14 horses, for a maximum total of 28.
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Number of

anatomical
structures
Compartment System visualized % p-value
Dorsal (n = 262) STAN 199 79.0 <0.001
NAS 145 57.5
Ventral (n = 224) STAN 172 768 <0.001

NAS 105 46.9
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Number of

anatomical
structures
System Compartment identified % p-value
STAN Dorsal 199 790 057
Ventral 172 768
NAS Dorsal 145 575 0.02
Ventral 105 469
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