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Introduction: Temporomandibular joint ankylosis and pseudoankylosis are uncommon conditions that can lead to devastating consequences. Surgery is the standard of care with different surgical techniques described.

Objectives: This study compared the outcomes of segmental mandibulectomy (SM), excisional ostectomy (EO), gap arthroplasty (GA), and interpositional arthroplasty (IA) in the surgical management of temporomandibular joint (TMJ) ankylosis and pseudoankylosis in cats and dogs.

Methods: Case accrual was requested from the members of the American Veterinary Dental College listserv. The inclusion criteria included a diagnosis of TMJ ankylosis or pseudoankylosis, confirmed either by helical computed tomography (CT) or cone beam computed tomography (CBCT), surgical treatment, and follow-up information of 2 weeks for short-term complications, 3–6 weeks for medium-term complications, and >4 months for long-term complications.

Results: A total of 26 cases (14 cats and 12 dogs) from 10 institutions were included from 2011 to 2024. Surgical treatment outcomes were categorized with a proposed improvement score classification system based on the percent range of motion (ROM) improvement, requirement for revision surgery, and presence of transiente or permanent complications. Excellent, good, and fair outcomes were observed across all procedure types, with no poor outcomes diagnosed. SM resulted in complications in all cases, with no excellent outcomes. Perioperative complications were rare, with only one case of hypothermia reported in a cat. Conversely, the postoperative complication rate was 50% (13/26) and included neuromuscular issues (19.2%; 5/26), malocclusion (26.9%; 7/26), callus formation not requiring surgical revision (3.8%; 1/26), and re-ankylosis requiring surgical revision (15.4%; 4/26). Surgical revision was only required in patients initially treated with SM and GA.

Conclusion: This study confirms that excellent outcomes are possible for cats and dogs affected by TMJ ankylosis and pseudoankylosis, and that IA may have postoperative advantages compared to GA and SM.
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Introduction

Temporomandibular joint (TMJ) ankylosis is defined as a fibrous or bony fusion of the mandibular head of the condylar process and the mandibular fossa of the squamous part of the temporal bone (1–3). While “true” ankylosis involves the intraarticular structures of the TMJ, pseudoankylosis or “false” ankylosis occurs with fibrous or bony encapsulation of the joint, or structures remote to the joint (4–6). TMJ ankylosis and pseudoankylosis are uncommon conditions that may occur individually or in tandem, and occur secondary to trauma, osteoarthritis, neoplasia, or inflammatory conditions (7–11). These conditions are severely debilitating with potential life-threatening consequences if no intervention is performed, including aspiration pneumonia, impaired heat regulation, or malnutrition. In addition, lack of airway access may negatively impact the patient if an elective or emergency anesthetic procedure is required.

The standard of care for TMJ ankylosis and pseudoankylosis is surgery to release the fusion and increase the TMJ range of motion. When possible, non-surgical management such as stretching maneuvers and periarticular corticosteroid administration can be attempted, but these results in increased recurrences of TMJ fusion compared to surgery (12). In humans and animals, radical resection, as well as timely intervention, have been shown to play an important role in the prevention of postoperative adhesions and re-ankylosis (13, 14). Gap arthroplasty (GA), which involves zygomectomy, coronoidectomy, condylectomy, and removal of the mandibular fossa of the temporal bone, has been shown to provide favorable results in both humans and animals (14–18) (Figure 1). When interpositional materials such as fat graft and temporalis myofascial graft are placed into the gap, the procedure is referred to as interpositional arthroplasty (IA) (19, 20). Human studies have shown that the application of IA results in increased mouth opening and reduced risk of re-ankylosis when compared to GA (21, 22). In veterinary medicine, both the temporal myofascial flap and fat grafts have been used with anecdotal success, while published data are limited and only includes case reports for this procedure in cats (18, 23). Overall, definitive data are lacking to determine if IA yields better outcomes than GA in veterinary species.
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FIGURE 1
 Lateral view of surgical interventions for ankylosis and pseudoankylosis: (A) gap arthroplasty (GA)—zygomectomy, coronoidectomy, condylectomy, and removal of the mandibular fossa of the temporal bone, (B) segmental mandibulectomy (SM)—excision of a segment of the mandible rostral to the fusion, (C) interpositional arthroplasty (IA)—interpositional material application into the surgically created gap following GA, and (D) excisional ostectomy (EO)—removal of the bony callus remote to the joint. Dotted red lines denote the margins of the excision.


In cases of pseudoankylosis where the TMJ is not directly affected, excisional ostectomy (EO) of the bony callus remote to the joint is a less radical surgical option than GA to restore function. Another alternative surgical treatment for both ankylosis and pseudoankylosis is segmental mandibulectomy (SM), where there is excision of a segment of the mandible rostral to the fusion (Figure 1). This does not improve ROM by addressing restricted motion of the joint, but rather permits mandibular movement from the rostral to the fusion to improve functionality. The primary theoretical benefit of this approach is a decreased risk of intraoperative hemorrhage, while the theoretical negative includes an increased risk of re-ankylosis compared to more radical techniques. Use of SM has been shown to effectively manage unilateral ankylosis in cats (19, 20), but the technique was not compared directly to GA, and clinical outcome data are lacking in dogs, leaving knowledge gaps about its utility. This study aimed to compare the perioperative and postoperative outcomes of SM, EO, GA, and IA for the surgical management of TMJ ankylosis and pseudoankylosis in cats and dogs.



Materials and methods

Case accrual was solicited from the American Veterinary Dental College members using the members’ listserv. A single-case solicitation email was submitted to the listserve in October of 2023. All received cases were reviewed, and case updates were accepted through February 2025. Inclusion criteria were (1) restricted TMJ range of motion as determined by operator assessment at clinical presentation, (2) confirmation of TMJ ankylosis or pseudoankylosis using helical computed tomography (CT) or cone beam computed tomography (CBCT) (Figure 2), (3) surgical intervention with either SM, EO, GA, or IA, and (4) in person patient outcome assessments performed 2 weeks after surgery or greater. Patient data retrieved included species, breed, gender, and age at presentation. Diagnosis and treatment data included the type of ankylosis diagnosed on CT or CBCT imaging as reported in the patient medical records, skull conformation (mesocephalic, brachycephalic, or dolichocephalic) as determined by the veterinary surgeon, presence of preoperative malocclusions, if surgical planning included 3D and multiplanar reconstruction (MPR) or 3D printing, surgical technique performed, preoperative and postoperative interincisal distance, presence of complications, and if surgical revisions were required. Complications were defined as (1) intraoperative: occurring during surgery, (2) short term: occurring within 2 weeks of postoperative follow-up, (3) medium term: occurring within 3 to 6 weeks of postoperative follow-up, (4) long term: occurring in patients with > 4 months of postoperative follow-up, and (5) transient (resolved) or permanent (did not resolve). Only patients with sufficient in-person follow-up were evaluated for the presence of medium or long-term postoperative complications.
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FIGURE 2
 Transverse multiplanar reconstruction (MPR) (A) and corresponding 3D volume rendering CT image (B) of a cat with right TMJ ankylosis; dorsal CT image (C) and corresponding 3D volume rendering CT image (D) of a dog with left TMJ pseudoankylosis.


ROM at the initial visit was measured as interincisal distance in millimeters (mm). Postoperative interincisal distance in mm was variably reported, and ROM recovery was determined as an estimated percentage of normal based on recheck evaluation findings by the veterinarian (<20%, 20 to 50%, 50 to 80, and >80%). A postoperative outcome score was developed to include the occurrence of postoperative complications, ROM improvement, and need for revision surgery to better classify the degree of success experienced by canine and feline patients following surgical intervention (Table 1). Score classification required that at least one of the criteria be met.



TABLE 1 Postoperative evaluation criteria for outcome score.
[image: Table1]

The commercial software Excel (version 16.83 for mac) was used to register and standardize variables and perform graphical representations of results. Statistical analysis was made using a commercial software package (IBM SPSS, version 29 for Mac). The following variables were grouped for the analysis: cases presenting both ankylosis and pseudoankylosis were grouped with cases presenting solely ankylosis, and one case undergoing both IA and EO was included in the group IA. Categorical variables were analyzed using a non-parametric test, chi-square, and Fisher’s exact test. An age interval was defined as ≤ 1 year and 1 year as a categorical variable. A p-value of <0.05 was considered significant for a 95% confidence interval.



Results

A total of 26 cases, including 14 cats and 12 dogs, met the criteria for inclusion. Excluded cases displayed ROM deficits unrelated to ankylosis or pseudoankylosis, or lacked follow-up information. Animals that were surgically treated from the years 2011 to 2024 were contributed by four universities and six privately owned dental surgical centers. The median age of cats was 1 year (range: 4 months to 14 years), with nine cats being 1 year of age or less. Gender distribution was five males and nine females. Cat breeds included 12 Domestic Short Hairs and 2 Persians. The median age of dogs was 1 year (range 4 months to 7 years), and the gender distribution was five males and seven females. Dogs were represented by nine medium to large breeds, one small breed, and two mixed breeds. Preoperative hematology and serum biochemical profiles revealed non-specific abnormalities in all patients. Pseudoankylosis was diagnosed in 11 patients and ankylosis in 15 patients. Diagnosis was associated with species, with cats significantly more likely to have ankylosis than dogs (OR dogs compared to cats: 0.136, 95% CI [0.18, 0.99], p = 0.045).

3D printing was performed in addition to 3D and MPR in eight cats and three dogs. The use of 3D printing as a tool for pre-operative planning was not significantly associated with the type of surgery performed (p = 0.211), need for revision surgery (p = 0.123), ROM improvement (p = 0.187), nor the presence of postoperative malocclusion (p = 0.100).

Surgical treatments included five SM (three dogs, two cats), seven EO (five dogs, two cats), nine GA (three dogs, six cats), and five IA (one dog, four cats). IA utilized temporal muscle transposition in three cases and local subcutaneous fat in two cases. All IAs were performed in cases of TMJ ankylosis. The surgery technique performed was significantly (p = 0.002) associated with the diagnosis; the most common surgery performed in cases of ankylosis was GA, while EO was the most common surgery performed in pseudoankylosis cases (Table 2).



TABLE 2 Complications and patient outcomes observed in a group of 26 dogs and cats treated surgically for temporomandibular joint ankylosis or pseudoankylosis.
[image: Table2]

Malocclusions were noted preoperatively in 38.5% (10/26; six dogs, four cats) of cases, with 23.1% (6/26) believed by the surgeon to be related to the fusion and included class 4 (n = 5) and class 2 (n = 1) malocclusions as defined by the AVDC (24). In 11.5% (3/26) of patients, a malocclusion suspected to be unrelated to the fusion was observed (class 3). The suspected origin of one case of class 2 malocclusion was not identified.

Intraoperative and postoperative complications related to the primary surgical intervention were evaluated. Only one intraoperative complication during the initial surgery was reported, which was hypothermia in a 1-year-old cat. Complications encountered during the surgical revision procedures were not uniformly available and were therefore not included in this analysis.

Postoperative complications were seen in 50% (13/26) of all cases. Complications included neuromuscular complications, acquired malocclusions, callus formation not requiring surgical revision, and re-ankylosis with the need for revision surgery (Figure 3). Neuromuscular complications occurred in 19.2% (5/26) of cases. Cases treated with GA, IA, and EO experienced neuromuscular complications, with three experiencing transient facial nerve neuropraxia (one treated with GA, one treated with EO, and one with IA) and two experiencing temporal muscle atrophy reported following IA. The presence of neuromuscular complications was not correlated with diagnosis (p = 0.428), but was correlated with the surgery technique (p = 0.010). Malocclusions acquired following surgical intervention occurred in 26.9% of cases (7/26), one in IA, three in SM, one in EO, and two in GA. Callus formation not requiring surgical revision was noted in 3.8% (1/26) of cases. This one case was treated with SM. The presence of acquired postoperative malocclusions was not related to diagnosis (p = 1.000), the need for revision surgery (p = 1.000), ROM improvement (p = 0.705), nor surgical technique (p = 0.179).
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FIGURE 3
 (A–D) Represent clinical photographs of post-operative malocclusions following surgical treatment for TMJ fusion in two cats, highlighting the importance of monitoring and surgical intervention for acquired malocclusions. The cats in A,B would benefit from either crown height reduction or selective dental extractions to alleviate trauma and discomfort.


Surgical revision due to re-ankylosis was required in 15.4% of cases (4/26): two cats and two dogs, 75% (3/4) being diagnosed primarily with ankylosis. SM was initially performed in two dogs and one cat, and GA was initially performed in one cat. No cases with IA or EO required revision surgery. The need for revision surgery was significantly associated with the surgical technique (p = 0.016), with 60% (3/5) of animals treated with SM requiring surgical revision (Table 2). Surgical revision techniques utilized included two GA, one IA, and one SM. All cases requiring surgical revisions were mesocephalic animals less than 1 year of age. Age interval was not significantly associated with the need for revision surgery (p = 0.122). Conversely, surgical technique was significantly associated with the need for a revision surgery (p = 0.041). Identification of re-ankylosis and surgical revision occurred within 1 month in three cases, and within 6 months in one case.

Importantly, regarding complications, the follow-up was variable in the study cohort. Specifically, 4 cases had only short-term follow-up (2 weeks), 8 cases had medium-term follow-up (3–6 weeks), and 13 cases had long-term follow-up (> 4 months). To not understate the rate of complications due to lack of follow-up, we have also reported the rate of complications and the type of complications seen in each group based on follow-up time (Table 2). Furthermore, the final outcome score was also only assessed in patients with long-term follow-up (> 4 months, n = 13). The outcome was excellent in seven cases, good in three cases, and fair in three cases. Poor outcomes were not registered in this case series.

ROM improvement to varying degrees was noted among all patients. ROM was reported as an interincisal distance in mm in all cases preoperatively. In cats (n = 14), the mean initial interincisal opening was 5.71 mm (range <1 to 20 mm). In five cats, postoperative interincisal distance was measured, and the mean improved post-surgical interincisal distance was 33.6 mm (26–40 mm). When postoperative interincisal distance was not measured, ROM was estimated (n = 7) or not assessed (n = 2). In these cases, veterinarian estimations ranged from 50 to 85% improvement of ROM, normal or near normal ROM, or return to good or normal function, where measurements were not available. In dogs, the mean initial interincisal distance (n = 12) was 10.3 (range: 2 to 30 mm). When measured postoperatively (n = 8), the mean improved post-surgical interincisal distance was 65.3 (range 50 to 80 mm). In four cases, postoperative interincisal distance was estimated, and ROM improvement ranged from 50% normal to normal.



Discussion

This study aimed to compare the outcomes of SM, GA, IA, and EO for TMJ fusion (ankylosis and pseudoankylosis) in cats and dogs. In this study, intraoperative complications were rare, being noted in only one case, but postoperative complications were frequent, occurring in 50% (13/26) of all cases, most noted with long-term follow-up. Postoperative complications encountered included 19.2% (5/26) of patients developing neuromuscular compromise, 26.9% (7/26) developing malocclusions, and/or 15.4% (4/26) of patients requiring revision surgery. Regardless of complications, ROM improvement occurred in all patients, and no poor outcomes were registered based on the proposed outcome score.

Contrary to this study, more severe intraoperative complications and poor outcomes were reported in a historical retrospective study where blood transfusion was necessary (25). In the same series, euthanasia was elected in one case due to the severity of the disease, while no such severe endpoints were observed here (25). Although devastating complications appear rare, this may reflect patient selection bias within our current case series, as it is possible that higher-risk patients may not have proceeded with intervention. Additionally, all cases in the previous retrospective analysis came from a university setting, while this case set included a mix of university and private practices. The results of this study support the concept that clients and surgeons should approach this surgery with the expectation that treatment carries a high risk of postoperative complications, but with appropriate patient selection life-threatening surgical complications can be considered rare.

In the absence of a generally accepted classification for outcome scores relating to surgical intervention for TMJ ankylosis in human or veterinary patients, a scoring system for TMJ ankylosis and pseudoankylosis surgical intervention success was proposed to better classify surgical successes and failures. We evaluated outcomes only in patients with long-term postoperative follow-up. The outcome score was excellent in 58.3% (7/13) of cases, good in 23.1% (3/13) of cases, and fair in 23.1% (3/13) of cases. Poor outcomes were not registered in this case series. The outcome score was not significantly associated with the diagnosis. While the possibility of complications must be considered and discussed with owners, these results support the use of current surgical techniques to improve the quality of life and function of animals affected by TMJ ankylosis and pseudoankylosis.

Restoration of ROM is one of the most critical aspects of determining surgical success. Within the current study, the mean (range) interincisal distance improved from 10.3 (2–30) to 65.3 (50–80) mm in dogs and from 5.71 (<1–20) to 33.6 (26–40) mm in cats. Of note, although improved, in most patients, the full expected ROM was not fully achieved. Interincisal opening in normal dogs and cats has been previously reported as 107 (range 40–180 mm) in dogs and 62 (range 41–84 mm) in cats (26). In previous studies, where animals had improved ROM but never regained normal ROM, quality of life, pain-free status, and functional mastication were still reported by all owners (23). Within the current study, 53.8% (7/13) of animals experienced Excellent response to treatment with 80% or greater return of ROM, and no animals experienced less than 20% return of ROM. Delayed return of ROM may be anticipated due to factors including inflammation of the TMJ and the surrounding bones, inflammation, and/ or contracture of the musculature, and potential nerve damage following surgical intervention. Appropriate time to evaluate treatment response should be permitted, and discussions are necessary to appropriately set owner expectations regarding supportive care, anticipated timeline for return to function, and incorporating measures to prevent contracture. Rehabilitation measures can be recommended to optimize recovery by restoring function, reducing pain, and preventing stiffness. These include anti-inflammatories, analgesics, and non-pharmacological therapies such as thermotherapy (cold and heat), electric stimulation, and physiotherapy (massage and stretching exercises), among other possibilities used in human patients (46). Pending patient temperament, stretching exercises similar to those performed in humans are possible with the adapted use of tools such as OraStretch (CranioMandibular Rehab, Wanaque, NJ). Yet, in most patients, focus on encouraging daily consistent maximum mouth opening through large food and toy play is often the most reliable and repeatable rehabilitation option.

Interestingly, the rate of complications and surgical outcomes was not associated with diagnosis. The authors expected to find fewer complications in cases of pseudoankylosis. Primary involvement of the TMJ in ankylosis is expected to require more extensive resection, with a suspected higher risk of iatrogenic damage and re-ankylosis. The lack of a significant association could be a result of the limited number of cases. However, other factors such as the surgical technique and planning can have a significant impact on complication rates and may have led to a confounding effect.

Furthermore, no association was found between 3D volume rendering and 3D printing in regards to the type of surgery performed, incidence of postoperative complications, postoperative malocclusions, the need for revision surgery, ROM improvement, or outcome score. CT or CBCT have been well established as the gold-standard imaging modalities for these disorders to provide proper diagnosis of the condition and allow for improved surgical planning (28, 29). Thus, this finding may be biased due to the small sample size, as 3D surgical planning has been shown to increase surgical predictability and safety in other surgical models, especially in animals of smaller size, such as the cat. It leads to improved surgical planning, more precise procedures, and reduced surgical time, which in combination can lead to lower complication rates and improved patient outcomes (14, 17, 18, 27, 30, 31).

Surgical technique was significantly associated with the occurrence of postoperative complications, the need for a revision surgery, and the outcome score. Given the heterogeneity of follow-up times, it is possible that complications were underestimated in the short and medium-term follow-up time groups. Regardless, even in short-term follow-up cases, complications such as acquired malocclusions and re-ankylosis were registered. EO was the most common surgical choice for pseudoankylosis cases and was associated with favorable outcomes, similar to a previous case report of EO in a cat (14). In contrast, SM was the technique associated with the highest number of complications, as they were noted to varying degrees in all five cases. SM also represented the procedure requiring the greatest frequency of revision surgeries. The complication rate, including the need for revision surgery, of SM was higher than that reported in a 2022 study, which included four cats (32). This may be a result of the limited number of cases in the 2022 report and the resultant limited representation of diagnosis and age of the animals. Cats receiving SM have been shown to experience complications of mandibular drift and malocclusion, but the current study elucidates the need to consider the likelihood of revision surgery when selecting SM compared to other surgical management options (32, 33). Regardless of procedure type, the frequency of malocclusion development following surgical correction highlights the importance of follow-up. Adequate clinical monitoring to identify the need for crown height reduction with endodontal therapy or selective dental extractions due to occlusal interference is an important component in achieving patient comfort and function. Clinical monitoring of ROM will also identify patients who would benefit from repeated diagnostic imaging to identify re-ankylosis. Within our case series, all patients developed re-ankylosis within 6 months of surgery. We recommended monthly evaluation of ROM for 6-month post-operatively and repeated diagnostic imaging if ROM decrease is noted.

While all cases requiring surgical revisions were mesocephalic animals less than 1 year of age, age was not significantly associated with the need for revision surgery. In young human and canine patients, mandibular regeneration following mandibulectomy has been documented and suspected to be due to regeneration via the periosteum (34, 35). Despite a lack of statistical significance between age and surgical revision in this study, the results of this case series may demonstrate that the creation of an insufficient gap defect during the procedure is not the primary cause of surgical failure, and that failure was ultimately a result of the regenerative abilities of the periosteum in young animals.

Compared to other procedures, GA was noted to result in the most varied outcome scores, which included Excellent, Good, and Fair results. Possible reasons for the variability include the extensive nature of the resection and minimal information regarding the recommended gap size in veterinary medicine. In humans, the recommended gap size for TMJ GA can range from 5 to 30 mm, depending on the severity of ankylosis, the use of interpositional materials, and the surgical technique used. Smaller gaps (5–9 mm) in humans are often sufficient when combined with interpositional materials and rigorous postoperative physiotherapy (36–39). One study in 16 adult dogs determined that the critical gap size in the mandible that would not spontaneously heal was 50 mm if the periosteum is preserved and 15 mm if the periosteum is removed (40); yet this gap size has not been corroborated with clinical patients with ankylosis that may have an accelerated healing potential, nor has a critical gap size ever been established in a juvenile population, which is the most likely group to undergo re-ankylosis post-surgery. Considered a salvage technique to restore adequate function, the need to completely excise the ankylosis site can naturally result in mandibular drift and malocclusion (17). The proximity of the TMJ to facial nerve branches also increases the risk of iatrogenic damage, especially in smaller-sized animals. When compared to the alternative, though, these are risks the operator and the client are often willing to accept to restore function to the patient, ideally with a single procedure.

The use of alloplastic materials instead of autologous tissues for IA has been utilized in human TMJ surgical interventions, with the goals of reducing donor site morbidity, decreasing ankylosis recurrence, and improving interincisal distance (22). Temporal myofascial flap utilization has been documented and shown to be successful in veterinary medicine as well, with temporal muscle atrophy being noted postoperatively in cats (23) and one dog (18). The requirement of GA and IA to resect the bony fusion in its entirety involves removal of a significant tissue mass, making these approaches more technically challenging and time-consuming than SM (32). In the initial surgical treatments that utilized IA, transposition of the temporal muscle or placement of fat was used as the interpositional material. IA resulted in improved outcome scores compared to GA, and no cases receiving IA required revision surgery. Due to the complexity and variability of the lesions, there is no uniform surgical treatment recommendation in humans for TMJ fusion; however, IA has been associated with a lower risk of re-ankylosis, improved mouth opening, and reduced pain compared to GA (21, 22, 41, 42). Alloplastic material development for use in veterinary medicine presents an opportunity for future research to improve surgical outcomes. IA cases resulted in excellent and good outcomes, but the majority were affected by muscle atrophy related to temporal muscle transposition. Development of alloplastic material options for veterinary patients could possibly result in outcomes with decreased recurrence of ankylosis as well as decreased patient morbidity. Additionally, a 2024 paper investigated TMJ replacement prosthesis in cadaveric cat and dog heads, displaying satisfactory function and mechanical stability (43). Research such as this can permit expansion of current human treatment modalities to veterinary patients, increasing surgical options and improving patient outcomes.

Review of the cases in this study confirms that positive outcomes are possible for both dogs and cats experiencing ankylosis or pseudoankylosis. Limitations of this study include the voluntary nature of case submission, the retrospective nature of the cases, lack of data on clinician decision making on surgical choice, varied clinician/skill levels in treatment, limited duration of postoperative follow-up information, and small sample size. Furthermore, the classification of complications as peri-operative, short-term, and long-term was challenging due to the range of follow-up time within the cohort as well as the variation within the literature as to what is classified as peri-operative, short-term, and long-term follow-up. Previous literature on oral complications defined short-term postoperative follow-up as either 25 h–30 days or 48 h–4 weeks, and long-term as >30 days (44, 45). As we had several patients who were lost to follow-up after 2 weeks, we broadly elected to refer to this group as short-term complications. We then added a medium-term complication group to capture patients who had more extended follow-up past the 2-week post-surgical recheck, but we did not feel they had long enough follow-up to identify re-ankylosis. Although the time to re-ankylosis is not documented in the literature, based on bone healing principles, we were concerned that 30 days would not be sufficient to capture this complication in all patients in a clinical setting. Thus, we elected to utilize 4 months as the inclusion criteria for identifying long-term complications, yet acknowledge that potentially a longer follow-up would have been more appropriate, and complications may have still been missed. We did not utilize a longer time period as we would have substantially decreased patients that met the inclusion criteria.

Despite these limitations, results of this study support that SM has the highest rate of postoperative complications and should be reserved only for cases at very high risk of iatrogenic complications with more extensive procedures (such as entering the skull base or very high risk of hemorrhage with no ability to remedy at the facility). When deciding upon the use of interpositional materials, the potential complication of atrophy related to temporal muscle transposition may be a worthwhile compromise to improve overall chances of good or excellent outcomes, and the use of patient fat and/or the development of alloplastic interpositional materials is a worthwhile endeavor for future research.
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