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Abstract

:

Otosclerosis is a pathological condition affecting the temporal bone, and is characterized by remodelling of the labyrinthine bone tissue through a dynamic process of osteolysis and osteogenesis. This condition progressively leads to hearing loss, tinnitus, and vertigo. Stapedotomy, a surgical procedure involving the removal of the stapes superstructure and its replacement with a prosthesis, is the treatment of choice to improve hearing in individuals with otosclerosis. However, vestibular dysfunction is a significant complication associated with this procedure, which can occur intraoperatively or postoperatively, ranging from the immediate postoperative period to weeks, months, or even years after surgery. This paper aims to provide a comprehensive review of the most important causes of vertigo associated with otosclerosis and stapes surgery with the goal of minimizing the incidence of this complication. Understanding the underlying factors contributing to vertigo in this context is crucial for the prevention and effective management of vertigo in patients undergoing stapedotomy.
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1. Introduction


Otosclerosis, also known as otospongiosis, is a progressive primary bone disorder of the otic capsule. It is characterized by abnormal focal resorption and recalcification of the endochondral layer of the temporal bone. This results in progressive conductive hearing loss, evolving in severe cases to a combination of conductive and sensorineural hearing loss. The otosclerotic process starts in the anterior part of the oval window, near the fissula ante fenestram resulting in fenestral otosclerosis. The disease can progress beyond the fissula ante fenestram and extend to the pericochlear otic capsule in cochlear otosclerosis or retrofenestral otosclerosis. The advanced stages can affect structures such as round window, semicircular canals, labyrinth, or vestibular nerve endings [1].



While progressive hearing loss is the main complaint in otosclerosis, other symptoms such as tinnitus and balance disorders are frequently associated with the condition. Up to 30% of patients with otosclerosis may experience vestibular symptoms, including instability, dizziness, and vertigo [2]. These symptoms can occur before or after treatment, and may arise as immediate or delayed complications of stapes surgery.



Surgical intervention is the preferred treatment for otosclerosis, with the aim of restoring the mechanism of sound transmission from the ossicular chain to the inner ear receptors, resulting in an air–bone gap closure of less than 10 dB in over 80% of cases [3,4]. Stapedotomy has become the most commonly performed surgical technique, replacing stapedectomy. For patients who are not suitable for or decline surgery, hearing aids can be recommended to improve hearing [5].



Considering the significant impact of vertigo on quality of life, this study aims to evaluate the presence of vertigo in otosclerosis and assess the risk of developing vestibular disorders following stapes surgery. By understanding the relationship between otosclerosis, vertigo, and stapes surgery, clinicians can better manage and minimize the incidence of this distressing complication.




2. The Otosclerotic Process


The otosclerotic process consists of abnormal replacement of enchondral bone with cancellous bone and subsequently with sclerotic bone. The process occurs in waves of osteolysis followed by osteogenesis. During the active phase of otospongiosis, the resorption process consists of replacing the normal bone around the blood vessels, which has cellular fibrous connective tissue, with mononuclear histiocytes, osteocytes, and osteoclasts [6]. A number of studies have shown that the enzymes secreted by the cells from the otospongiotic foci play a role in bone decalcification [7,8], while other studies have investigated the level of alkaline phosphates in the decalcification process of the otic capsule [9]. The final stage of the process is the otosclerosis stage, when the bone becomes mineralized and presents a mosaic appearance [10].



Lim et al. [11] described three types of otosclerotic lesions: cellular or spongiotic, characterized by the activation of monocytes, macrophages, osteoblasts, and osteoclasts; fibrotic, in which extensive bone fibrosis occurs; and sclerotic, characterized by a marked reduction of bone cells. Chevance et al. [12] reported the presence of osteolytic enzymes in the perilymph of patients who underwent surgery for otosclerosis, and suggested that these enzymes may have an important role in the development of otosclerotic lesions in the inner ear.



Stapes fixation occurs due to calcification of the annular ligament and the invasion of otosclerotic lesions at the oval window [13]. Otosclerotic lesions in the cochlear endosteum can lead to atrophic and hyalinization changes of the spiral ligament [14]. Damage to the spiral ligament can disrupt the chemical balance of ion-fluid recycling [15] and obstruct the endolymphatic duct and sac, resulting in biochemical changes [16,17]. Gros et al. [18] observed that vestibular disorders are frequently associated with sclerotic lesions. Saim and Nadol [19] reported that patients with vestibular symptoms have elevated bone-conduction thresholds and suggested that the degeneration of the vestibular nerve and Scarpa ganglion cells could be responsible for these symptoms, regardless of otosclerotic damage to the vestibular end organs.



Otosclerosis is associated with inflammation, disturbed collagen expression, and the presence of viral receptors and antigens in the otosclerotic foci [20]. At the molecular level, the bone remodelling process is regulated by a series of cytokines, signalling molecules that play a crucial role in regulating various cellular processes including bone remodelling. In otosclerosis, cytokines such as osteoprotegerin (OPG), receptor activator of nuclear factor kB (RANK), and RANK liand (RANKL), as well as transforming growth factor ß1 (TGF-ß1), are involved in controlling the balance between bone resorption and bone formation [20,21]. The presence of the measles virus and concurrent inflammation may trigger the abnormal bone remodeling that is a characteristic of otosclerosis. In the active phase, there is an increase in inflammation, detectable measles virus particle, local expression of tumor necrosis factor alpha (TNF-α), and negativity for OPG expression. During this phase, the balance between bone resorption and formation may be disrupted. In the inactive phase of otosclerosis, OPG positivity and TNF-α negativity are observed, along with absence of inflammation [22,23]. The increased level of TNF-α can stimulate osteoclast activation, induce RANKL expression, and reduce osteoclast apoptosis. This sequence of events ultimately leads to osteolysis and contributes to the process of otospongiosis [22,24]. TNF-α overexpression stimulates osteoclast formation both by inhibiting OPG secretion and by stimulating RANKL formation [23,24].




3. Anatomy of the Membranous Labyrinth


The anatomy of the membranous labyrinth is essential to understanding certain pathological processes; in surgical procedures involving the inner ear, these particularly relate to otosclerosis and stapes surgery. The middle ear communicates with the inner ear through the oval and round windows. The footplate articulates with the oval window through the annular ligament. Beyond the oval window is the vestibule, which is filled with perilymph. The membranous labyrinth is supported by periotic connective tissue within the perilymphatic space, which is medial and superior to the utricle and saccule and absent lateral to them [25].



The otolith organs of the vestibule are the macula of the utricle and saccule, located medially in the vestibule. Their role is to detect the position and direction of the head as well as the linear and gravitational acceleration [26].



The utricle has an elongated shape and communicates with the semicircular canals. On the inferior wall, the more lateral is the macula of the utricle, oriented horizontally. It is localized next to the upper edge of the oval window at 0.5–1 mm distance [27]. In surgical procedures, the macula of the utricle can be observed as a white plaque within the vestibule [28].



The saccule is situated in the spherical recess, and its macula has a vertical orientation perpendicular to the macula of the utricle. The anterior wall of the saccule is adjacent to the footplate. Between these two structures is found a connective tissue, named the reinforced area of the saccular membrane [29]. The macula of the saccule projects below the horizontal line passing through the arm of the stapes [30]. The distance between the saccule and the anterior edge of the oval window is between 1 and 1.5 mm [27]. The saccule communicates with the utricle through the utriculo-saccular duct, with the cochlea through the reuniens duct, and with the endolymphatic duct through the sinus of the duct.



The membrana limitans is a membranous structure, similar to a network, which delimits the superior vestibular labyrinth from the inferior part, laying below the utricle and supporting its macula [31]. In certain cases, the membrana limitans can present thin fibrillary attachments to the footplate, especially in the posterior third [25]. Its role is more of a support than a barrier, as it has a discontinuous structure that allows the passage of perilymph. Its insertion is in the superior part of the vestibule, superior to the oval window, immediately above the stapes footplate. In certain cases, the membrana limitans can be directly inserted in the footplate [25]. Pauw et al. [32] reported that the distance between the footplate and the utricle is smaller in patients with otosclerosis than in normal subjects. These rapports and adhesions of the labyrinthine structures to the footplate may partially explain the vertigo experienced during stapes surgery.



Vestibular symptoms can be part of the clinical manifestations of otosclerosis or can occur during or after stapes surgery, either immediately or with delayed onset.




4. Preoperative Vertigo


The incidence of preoperative vestibular symptoms in otosclerosis patients varies greatly from one study to another. Different studies have reported incidence ranging from 8.6 to 30% [33,34,35]. While the exact cause of vertigo in patients with otosclerosis is not fully understood, several factors have been proposed (Table 1).



One factor is the presence of otosclerotic foci, which can affect the endolymphatic duct and sac, leading to hydrops [15]. This abnormal accumulation of fluid in the inner ear can contribute to vertigo. Temporal bone studies have shown the presence of endolymphatic hydrops (EH) in specimens with extensive otosclerotic lesions in the cochlear endosteum or in the vestibular aqueduct, obstructing the flow of endolymph and disrupting labyrinthine fluid homeostasis [15,16]. The presence of endolimphatic hydrops can be visualized on delayed three-dimensional (3D) fluid-attenuated inversion recovery (FLAIR) MRI images obtained after intravenous administration of gadolinium. Sone et al. [36] suggested that the presence of preoperative asymptomatic vestibular EH could serve as a predictive factor for postoperative complications following stapes surgery. EH located adjacent to the oval window could be a contraindication for stapes surgery. The proximity of EH to the surgical site may increase the risk of vestibular complications after the procedure, including vertigo.



Detachment of the otoconia from the macula of the utricle is another factor that could contribute to positional vertigo, and may explain anomalies observed in the ocular and cervical vestibular-evoked myogenic potentials (oVEMP and cVEMP), which are used to assess the status of the utricle and saccule, respectively [37,38,39].



The third factor is vestibular end organ and/or neural degeneration due to otosclerotic foci involving the utricular or ampullary nerve. These changes could be related to the utricular deficit and oVEMP anomalies in patients with vertigo and otosclerosis [40].



Additionally, hydrolytic enzymes originating in the otosclerotic foci have been identified in the perilymph of otosclerosis patients; these can produce vascular and neuroepithelial lesions. Moreover, the cytokines produced in these foci can cause changes in labyrinthine fluids’ chemical composition and homeostasis [41].



Degeneration of receptor cells in the vestibule and changes in the nonsensory epithelium have been observed in temporal bone studies of otosclerosis patients. Kaya et al. [42] studied temporal bones harvested from patients diagnosed with otosclerosis and found a decrease in the population of vestibular dark cells and vestibular transitional cells in temporal bone specimens with endosteal involvement. The role of these cells is to maintain the homeostasis of the labyrinthine fluid by controlling the transport of ions and water in order to prevent vestibular dysfunction. Another study by Hizli et al. [43] found that the mean density of type I hair cells in the saccule was significantly reduced in cases with endosteal involvement, suggesting that the extension of the otosclerotic foci towards the endosteum may be an important factor in the occurrence of vestibular symptoms in patients with otosclerosis. They suggested that this might explain the abnormal oVEMP and cVEMP response in patients with otosclerosis and vestibular symptoms.



Saka et al. [44] studied the vestibular-evoked myogenic potential in response to bone-conducted sound (BC-VEMP) in a group of 25 patients and showed that 9 of 10 patients with vestibular dysfunction presented abnormal BC-VEMPs. This suggests that saccular dysfunction may be involved in these patients, possibly due to saccular hydrops or the extension of otosclerotic foci to the saccular macula or saccular afferent, considering the anatomical proximity of the saccule to the oval window.



On the other hand, another study involving 27 patients with otosclerosis and vertigo reported abnormal oVEMPs in response to impulsive stimulation, suggesting pathological abnormalities related to the utricle [40]. Hayasi et al. [37] studied 35 temporal bones with otosclerosis, reporting a higher incidence of cupular deposits compared to temporal bone without otosclerosis. They suggested that the origin of these deposits was probably the otoconia from the utricle, from where they detached and migrated to the cupula of semicircular canals.



The specific manifestation of vestibular symptoms can vary from person to person, and may be influenced by factors such as the extent of otosclerotic involvement and individual differences in anatomy and physiology. A study conducted by Eza-Nuñez et al. [45] highlighted the diversity of vestibular symptoms experienced by patients with otosclerosis. Patients with otosclerosis mention vertigo or imbalance, which can manifest in different ways, including a single episode or recurrent attacks either triggered by positional changes or occurring spontaneously. In their study, positional vertigo was associated with otosclerosis in 32.5% of patients and Ménière syndrome was reported in 30% of patients. Around 27.5% of patients experienced spontaneous recurrent vertigo, approximately 7.5% of patients presented with chronic unrelapsing imbalance, and a small percentage of patients (2.5%) had acute unilateral vestibulopathy [45].



These findings suggest that multiple factors, including endolymphatic hydrops, detachment of otoconia, degeneration of receptor cells, and cupular deposits, may lead to vertigo in otosclerosis patients. Further research is needed in order to fully understand the underlying mechanisms and develop targeted interventions for vestibular symptoms in this population.




5. Immediate Postoperative Vertigo


Treatment of otosclerosis is mainly surgical, generally with good results. The most common technique is stapedotomy, a minimally invasive technique that has largely replaced stapedectomy due to having fewer complications, including vestibular disorder [33]. The surgical approach can be either classical, using a microscope, or endoscopic, and the stapedotomy can be carried out by a conventional or laser-assisted technique.



Vertigo is reported to occur intraoperatively in 2.1% of patients, mainly due to the manipulation of the footplate. It may occur due to frequent suctioning in the middle ear, and less often to a floating footplate. This is treated by reassurance of the patient and vertiginous drugs [46] (Table 1).



After surgical treatment, immediate postoperative vertigo can occur in a significant percentage of patients. The reported incidence of vestibular symptoms varies among studies, ranging from 3.4% to 70% [47,48,49] (Table 1).



Early postoperative vertigo is usually temporary, and authors report remission of symptoms in most cases after 5 to 7 days with conservative management, including medication and bed rest [50,51].



The use of a CO2 Laser in footplate perforation has been suggested to reduce the prevalence of postoperative vertigo due to minimal mechanical trauma to the inner ear through lesser footplate manipulation [47,52].



Several factors contribute to the occurrence of immediate postoperative vertigo. A possible cause of premature vertigo could be serous and chemical labyrinthitis, which involves irritation of the membranous labyrinth, particularly the macula of the utricle located near the oval window [53]. Suction of the perilymph from the vestibule or contact of the instrument with the membranous labyrinth can trigger vertigo [54]. According to measurements taken Pauw et al., penetration of instruments or the prosthesis into the vestibule is considered less risky in the centre and lower third of the oval window [32].



Nystagmus is observed postoperatively in approximately 65.7% of patients, and may persist for over one month, as shown by Fukuda et al. [55] in a study conducted in 2021.



Singh et al. [52] used posturography to evaluate patients, and found that patients experienced vestibular deficits and increased subjective symptom scores at one week after surgery, with remission occurring after four weeks.



Assessment of cVEMP with air conducted stimuli before surgery and three months after stapedotomy showed a significant reduction in the amplitude of P1/N2 waves in patients who complained of dizziness and vertigo, suggesting a saccular lesion in these patients [56]. The reduction of air conduction (AC) and bone conduction (BC) VEMPs in patients with otosclerosis was reported by Trivelli et al. [57], with the observation that although the air conduction thresholds improved after surgery in all patients, AC-VEMP and BC-VEMP did not significantly improve in operated patients. Akazawa et al. [58] evaluated the cervical and ocular VEMPs through bone-conducted vibration before and after surgery, finding no significant changes in VEMPs in the operated ear after stapes surgery.



Postoperative vertigo following stapedotomy may be attributed to traumatization of the utricle, release of proteolytic enzymes, antigen–antibody reactions, pressure changes in labyrinthine fluids, and reduction of blood supply to the labyrinth caused by a floating footplate during the operation [53,59].



Among the three semicircular canals (SCC), the lateral SCC appears to be the most affected in both otosclerosis and after stapes surgery. SCC function can be evaluated by vHIT. Postoperative vHIT results have indicated subclinical damage to the lateral and posterior SCC. This is further supported by studies on temporal bones which revealed degeneration of the sensory epithelium in the cristae of the SCC [60,61]. Kujala et al. [62] evaluated patients after stapes surgery and found latent spontaneus horizontal-torsional nystagmus in 33% of patients on the day of surgery. The presence of this nystagmus suggests minimal impairment of the SCC.



Overall, immediate postoperative vertigo is a common occurrence following surgery for otosclerosis, though it is usually temporary and resolves with conservative management. Monitoring vestibular function through VEMPs and other tests can provide insights into the underlaying mechanisms and help to evaluate the impact of surgery on vestibular function.




6. Late Postoperative Vertigo


Late postoperative vertigo can occur following stapes surgery for otosclerosis, with a reported incidence ranging from 0.5% to 17% [54]. The persistence of vertigo beyond four weeks is observed in approximately 4% of patients, as shown by Birch et al. [63] in a study of 722 patients, while in Albera’s study 17% (58/347) [54] showed changes in the caloric test even up to 15 years after surgery. A small percentage of patients (2.6%) may experience vertigo lasting over 12 months, indicating permanent postoperative vestibular hypofunction [64] (Table 1).



One potential cause of late postoperative vertigo is the perilymphatic fistula, which occurs due to inadequate sealing around the prosthesis at the oval window. Its incidence is variable from one study to another, ranging from 1.3% to 10% [65,66,67,68]. Pedersen et al. [65] suggested that the cause may be inadequate sealing around the prosthesis in the oval window. A systematic review of the results and complications of stapes surgery confirms that perilymphatic fistula is a rare complication of stapes surgery and represents approximately one third of surgical revision cases [69]. Although its existence has been highlighted intraoperatively in only a few cases, the correlation between filling with tissue or fibrin glue and remission of symptoms suggests that the perilymphatic fistula is often underestimated [70].



The perilymphatic fistula can persist postoperatively if the hole around the prosthesis has not been closed, or may appear later if the graft or prosthesis moves as a consequence of increased pressure due to coughing or sneezing. Usually, complaints involve fluctuating hearing loss and vertigo, and the audiogram indicates deterioration of cochlear function [71]. Incidence can be reduced in the case of stapedectomy by placing a graft over the oval window [72].



Due to the risk of meningitis and hearing loss, the presence of perilymphatic fistula represents a serious complication. If a perilymphatic fistula is suspected and the symptoms do not improve with treatment, surgical exploration of the ear is necessary in order to close the fistula with a soft tissue graft. Persistence of the fistula can lead to irreversible hearing loss and persistence of vertigo [2].



According to Nakashima et al., the incidence of perilymphatic fistula can reach 22% in patients in whom the obliteration was performed with gelfoam and 4% in those in whom the obliteration was performed with tissue [73]. An older study comparing gelfoam, fat tissue, and fascia showed an incidence of perilymphatic fistula of 3.5% in case of gelfoam, 1.9% in case of fat tissue, and 0.6% in the case of fascia [74]. According to Lim et al. [75], from an auditory point of view fatty tissue is to be preferred in stapedotomy and fascia in stapedectomies.



Other causes of postoperative vertigo include irritation produced by a protracted prosthesis or a displaced one. Symptoms intensify when moving the head or during the Valsalva manoeuvre. The patient may experience dizziness related to hiccupping, burping, yawning, popping of the ears, and specific acoustic stimuli [76].



Reparative granuloma, which is a pyogenic inflammatory reaction, autoimmune or allergic reaction, or exuberant healing response, can occur in approximately 0.1% to 18% of cases after stapedectomy or stapedotomy [77,78,79,80]. Reparative granulomas occur more frequently after stapedectomy, and are characterized by sensorineural hearing loss along with vertigo. Typically, reparative granuloma manifests 7 to 15 days after surgery [81].



Persistent late vertigo can be due to bone fragments entering the vestibule during surgery; additional causes include direct compression of the saccule due to adhesion between the prosthesis and the tympanic membrane, Eustachian tube dysfunction, and Tullio phenomenon [82,83,84]. Stapes surgery can damage the inner ear and eventually leads to endolymphatic hydrops without decreasing the hearing threshold at low frequencies [85]. Endolymphatic hydrops (EH) can be associated with otosclerosis as a secondary condition following stapes surgery, when EH can occur immediately after the surgery or at a later time. Clinical manifestations include low-frequency fluctuating sensorineural hearing loss, episodic vertigo, tinnitus, and aural fullness. However, according to Halpin et al. [85] these symptoms are much more rare compared to the presence of histopathological findings on TB specimens of patients who underwent otosclerosis surgery.



Rarely, late-onset vertigo can be associated with pneumolabyrinth or barotrauma, a condition presented by Mandala et al. in a patient who started to have vertigo years after surgery [86]. Additionally, Gomes et al. [87] published a case report about a patient who came back 4 weeks after stapedectomy for displacement of the prosthesis and the graft. In most cases, this complication occurred a few weeks or months after the surgery. The diagnosis is based on HRCT scan showing the presence of air bubbles in the vestibule in patients with vertigo and a positive fistula test.



Several factors can contribute to prolonged vertigo, including age, sex, stapes surgery in the opposite ear, the seal around the prosthesis in the footplate, and postoperative hearing outcomes. A history of stapes surgery in the opposite ear has been identified as a significant predictive factor for prolonged nystagmus and subjective vestibular symptoms [55].



Intractable vertigo may be an indicator for revision surgery in otosclerosis cases [54]. Prompt diagnosis and appropriate management are crucial in addressing the underlying causes of late postoperative vertigo and improving patient outcomes.




7. Treatment of Vertigo


The treatment of vertigo in patients with otosclerosis depends on the underlying cause and the severity of symptoms.



The immediate postoperative vertigo during the surgical procedure and in the first few days resolves mostly with bed rest and symptomatic treatment within approximately 5 to 7 days, rarely lasting more than 4 weeks.



If vertigo symptoms persist or are caused by specific complications such as a perilymphatic fistula or malposition of the prosthesis, surgical intervention can be considered to obliterate a possible perilymphatic fistula, reposition the prosthesis, or take other corrective measures to address the underlying cause of vertigo.



Postoperative or late vertigo can be improved by treatment with the latest generation of bisphosphonates or by physical therapy, including vestibular rehabilitation exercises. These exercises aim to improve balance, reduce dizziness, and promote central compensation of the vestibular system.



Medical treatment of otosclerosis includes drugs that can directly influence bone metabolism, anti-inflammatory agents that address the inflammatory etiology, targeted (biological) therapies, and, last but not least, anti-measles vaccination [88].



Bone metabolism inhibitors aim to preserve hearing thresholds and alleviate symptoms such as tinnitus and vertigo associated with otosclerosis. Sodium fluoride, often combined with calcium carbonate and vitamin D, is used to slow down the progression of otosclerosis. It has been shown to reduce the deterioration of hearing loss and help to control tinnitus and vestibular symptoms. However, there are differing opinions as to its overall effectiveness in treating otosclerosis. Studies have stated that sodium fluoride can slow down the evolution of the disease in more than 50% of cases [89], while others have shown reduced efficiency in the treatment of otosclerosis [88].



Studies have shown that bisphosphonates can influence vestibular symptoms in patients with otosclerosis before or after surgery. Brookler and Tanyeri have reported that 54% of patients presented an improvement in vestibular symptoms after treatment with bisphosphonates, while 39% reported disappearance of dizziness and 35% presented improvement in the results of tests performed with a rotatory chair [90]. The newer generations of bisphosphonates (e.g., risedronate, zoledronate) have more favorable tolerability and are more powerful bone resorption inhibitors [91].



Bioflavonoids can reduce bone resorption by inhibiting the phosphodiesterase enzyme. While they might not significantly affect hearing loss, they have been found to significantly reduce tinnitus [92].



Vitamin D’s anti-inflammatory effects and vitamin A’s ability to inhibit osteoclast differentiation could potentially have a beneficial impact on otosclerosis [88,93].



Regarding anti-inflammatory agents, corticosteroids are often used in inner ear diseases, including otosclerosis. Transtympanic administration can be a solution to minimize systemic side effects. Nonsteroidal anti-inflammatory drugs have been considered for their inhibitory effect on bone resorption; however, there is a lack of long-term clinical data in otosclerosis [88,92].



From the class of immunosuppressive agents, only cyclosporine A has been studied, and there is limited data on the use of other immunosuppressive drugs in treating otosclerosis [94].



Emerging treatments such as anti-TNF-α agents (e.g., infliximab), recombinant human OPG (rhOPG), and other anti-osteoporotic targeted therapies (e.g., denosumab, odanacatib) hold potential for otosclerosis treatment, however, more long-term studies are needed [92].



Fluoride-based medications and bisphosphonates are among the treatments considered for medical management of otosclerosis-related hearing loss and associated symptoms such as tinnitus and vertigo.




8. Limitations of the Study


The reported percentages of balance disorders in otosclerosis patients both pre- and postoperatively varies significantly in the literature due to differences in study design and patient assessments. The main complaint in otosclerosis is typically hearing loss, with balance disorders often being secondary, which can lead to variations in the assessment and reporting of vestibular symptoms. Postoperative vertigo can vary depending on factors such as the individual patient, surgeon’s experience, surgical technique, and type of prosthesis used.



Advancements in technology have provided new tools for assessing vestibular deficits, allowing for more objective evaluation of vertigo. Objective measures can provide valuable information about vestibular function before and after surgery.



Multicentre studies with larger patient populations and standardized evaluation protocols would be beneficial in providing more comprehensive and reliable data on balance disorders in otosclerosis patients before and after surgery.




9. Conclusions


Vertigo is a common manifestation in otosclerosis both before and after surgical treatment. It can present as benign paroxysmal positional vertigo, vertigo attacks, or hydrops, as well as dizziness or light-headedness. While vertigo quite frequently appears immediately after surgery, the symptoms typically subside quickly with medical treatment, and only persist for longer periods of time in a very few cases.



When vertigo occurs months or years after the surgery, this can be an alarming signal of a complication that may require surgical reintervention. In such cases, careful evaluation and appropriate management are crucial in order to address the underlying cause and alleviate the vertigo symptoms.



Overall, understanding the occurrence and characteristics of vertigo in otosclerosis both pre- and postoperatively is essential for effective diagnosis, treatment, and patient management. Further research and standardized assessment protocols are needed in order to provide more comprehensive data and improve the management of balance disorders in otosclerosis patients.







Author Contributions


Conceptualization, V.N., A.A.M., L.-P.U., M.-G.D., M.T. (Mara Tănase), M.T. (Mihai Tănase) and C.M.B.; writing—original draft preparation, V.N., A.A.M., L.-P.U., M.-G.D., M.T. (Mara Tănase), M.T. (Mihai Tănase) and C.M.B.; writing—review and editing, V.N., A.A.M., L.-P.U., M.-G.D., M.T. (Mara Tănase), M.T. (Mihai Tănase) and C.M.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data sharing not applicable.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Schuknecht, H.F. Otosclerosis. In Pathology of the Ear, 2nd ed.; Lea & Febiger: New York, NY, USA, 1993; pp. 365–379. [Google Scholar]

	



Merchant, S.N.; McKenna, M.J.; Browning, G.G.; Rea, P.A.; Tange, R.A. Otosclerosis. In Scott-Brown’s Otorhinolaryngology, Head and Neck Surgery; Michael, G., Browning, G.G., Burton, M.J., Eds.; Edward Arnold Ltd.: London, UK, 2008; pp. 3453–3485. [Google Scholar]

	



Karimi Yazdi, A.; Sazgar, A.A.; Motiee, M.; Ashtiani, M.K. Improvement of bone conduction after stapes surgery in otosclerosis patients with mixed hearing loss depending from surgical technique. Eur. Arch. Otorhinolaryngol. 2009, 266, 1225–1228. [Google Scholar] [CrossRef] [PubMed]

	



Justicz, N.; Strickland, K.F.; Motamedi, K.K.; Mattox, D.E. Review of a single surgeon’s stapedotomy cases performed with a nickel titanium prosthesis over a 14-year period. Acta Otolaryngol. 2017, 137, 442–446. [Google Scholar] [CrossRef] [PubMed]

	



Batson, L.; Rizzolo, D. Otosclerosis: An update on diagnosis and treatment. JAAPA 2017, 30, 17–22. [Google Scholar] [CrossRef]

	



Rudic, M.; Keogh, I.; Wagner, R.; Wilkinson, E.; Kiros, N.; Ferrary, E.; Sterkers, O.; Bozord Grayeli, A.; Zarkovic, K.; Zarkovic, N. The pathophysiology of otosclerosis: Review of current research. Hear. Res. 2015, 330, 51–56. [Google Scholar] [CrossRef]

	



Ziff, J.L. A Molecular and Genetic Analysis of Otosclerosis. Doctoral Dissertation, University College London, University of London, London, UK, 2014. [Google Scholar]

	



Purohit, B.; Hermans, R. Imaging in otosclerosis: A pictorial review. Insights Imaging 2014, 5, 245–252. [Google Scholar] [CrossRef] [PubMed]

	



Huang, C.C. Bone resorption in experimental otosclerosis in rats. Am. J. Otolaryngol. 1987, 8, 332–341. [Google Scholar] [CrossRef]

	



Quesnel, A.M.; Moonis, G.; Appel, J.; O’malley, J.T.; McKenna, M.J.; Curtin, H.D.; Merchant, S.N. Correlation of computed tomography with histopathology in otosclerosis. Otol. Neurotol. 2013, 34, 22–28. [Google Scholar] [CrossRef]

	



Lim, D.J.; Robinson, M.; Saunders, W.H. Morphologic and immunohistochemical observation of otosclerotic stapes: A preliminary study. Am. J. Otolaryngol. 1987, 8, 282–295. [Google Scholar] [CrossRef] [PubMed]

	



Chevance, L.G.; Causse, J.; Bretlau, P.; Jorgrnsen, M.B.; Berges, J. Hydrolytic activity of the perilymph in otosclerosis. A preliminary report. Acta Otolaryngol. 1972, 74, 23–28. [Google Scholar] [CrossRef] [PubMed]

	



Linthicum, F.H., Jr. Histopathology of otosclerosis. Otolaryngol. Clin. N. Am. 1993, 26, 335–352. [Google Scholar] [CrossRef]

	



Schuknecht, H.F. (Ed.) Disorders of bone. In Pathology of the Ear, 2nd ed.; Lea & Febiger: Philadelphia, PA, USA, 1993; pp. 365–414. [Google Scholar]

	



Liston, S.L.; Paparella, M.M.; Mancini, F.; Anderson, J.H. Otosclerosis and endolymphatic hydrops. Laryngoscope 1984, 94, 1003–1007. [Google Scholar] [CrossRef] [PubMed]

	



Yoon, T.H.; Paparella, M.M.; Schachern, P.A. Otosclerosis involving the vestibular aqueduct and Meniere’s disease. Otolaryngol. Head Neck Surg. 1990, 103, 107–112. [Google Scholar] [CrossRef] [PubMed]

	



Ghorayeb, B.Y.; Linthicum, F.H., Jr. Otosclerotic inner ear syndrome. Ann. Otol. 1978, 87 Pt 1, 85–90. [Google Scholar] [CrossRef]

	



Gros, A.; Vatovec, J.; Sereg-Bahar, M. Histologic changes on stapedial footplate in otosclerosis. Correlations between histologic activity and clinical findings. Otol. Neurotol. 2003, 24, 43–47. [Google Scholar] [CrossRef]

	



Saim, L.; Nadol, J.B., Jr. Vestibular symptoms in otosclerosis—Correlation of otosclerotic involvement of vestibular apparatus and Scarpa’s ganglion cell count. Am. J. Otol. 1996, 17, 263–270. [Google Scholar] [PubMed]

	



Stankovic, K.M.; McKenna, M.J. Current research in oto sclerosis. Curr. Opin. Otolaryngol. Head Neck Surg. 2006, 14, 347–351. [Google Scholar] [CrossRef] [PubMed]

	



Thys, M.; Van Camp, G. Genetics of otosclerosis. Otol. Neurotol. 2009, 30, 1021–1032. [Google Scholar] [CrossRef] [PubMed]

	



Karosi, T.; Jokay, I.; Konya, J.; Szabo, L.Z.; Pytel, J.; Jori, J.; Szalmas, A.; Sziklai, I. Detection of osteoprotegerin and TNF-alpha mRNA in ankylotic Stapes footplates in connection with measles virus positivity. Laryngoscope 2006, 116, 1427–1433. [Google Scholar] [CrossRef]

	



Karosi, T.; Csomor, P.; Szalmas, A.; Konya, J.; Petko, M.; Sziklai, I. Osteoprotegerin expression and sensitivity in otosclerosis with different histological activity. Eur. Arch Otorhinolaryngol. 2011, 268, 357–365. [Google Scholar] [CrossRef]

	



Takayanagi, H. Osteoimmunology: Shared mechanisms and crosstalk between the immune and bone systems. Nat. Rev. Immunol. 2007, 7, 292–304. [Google Scholar] [CrossRef]

	



Mukherjee, P.; Cheng, K.; Curthoys, I. Three-dimensional study of vestibular anatomy as it relates to the stapes footplate and its clinical implications: An augmented reality development. J. Laryngol. Otol. 2019, 133, 187–191. [Google Scholar] [CrossRef]

	



Naganuma, H.; Tokumasu, K.; Okamoto, M.; Hashimoto, S.; Yamashina, S. Three-Dimensional Analysis of Morphological Aspects of the Human Saccular Macula. Ann. Otol. Rhinol. Laryngol. 2001, 110, 1017–1024. [Google Scholar] [CrossRef]

	



Rask-Andersen, H.; Schart-Morén, N.; Strömbäck, K.; Linthicum, F.; Li, H. Special Anatomic Considerations in Otosclerosis Surgery. Otolaryngol. Clin. N. Am. 2018, 51, 357–374. [Google Scholar] [CrossRef]

	



Nomura, Y. Structure of inner ear. In Morphological Aspects of Inner Ear Disease; Springer: Tokyo, Japan, 2014; pp. 1–22. [Google Scholar]

	



Igarashi, M. Comparative Histological Study of the Reinforced Area of the Saccular Wall in Mammals; NASA Order No. R-93; NASA: Washington, DC, USA, 1964.

	



Lindeman, H.H. Studies on the morphology of the sensory regions of the vestibular apparatus with 45 figures. Ergeb. Anat. Entwicklungsgesch. 1969, 4, 1–113. [Google Scholar]

	



Smith, C.M.; Curthoys, I.S.; Mukherjee, P.; Wong, C.; Laitman, J.T. Three-dimensional visualisation of the human membranous labyrinth: The membrana limitans and its role in vestibular form. Anatomical. Record. 2022, 305, 1033–1293. [Google Scholar] [CrossRef] [PubMed]

	



Pauw, B.K.; Pollak, A.M.; Fisch, U. Utricle, saccule, and cochlear duct in relation to stapedotomy. A histologic human temporal bone study. Ann. Otol. Rhinol. Laryngol. 1991, 100, 966–970. [Google Scholar] [CrossRef] [PubMed]

	



de Vilhena, D.; Gambôa, I.; Duarte, D.; Lopes, G. Vestibular Disorders after Stapedial Surgery in Patients with Otosclerosis. Int. J. Otolaryngol. 2016, 2016, 6830648. [Google Scholar] [CrossRef]

	



Shiao, A.S.; Kuo, C.L.; Cheng, H.L.; Wang, M.C.; Chu, C.H. Controversial issues of optimal surgical timing and patient selection in the treatment planning of otosclerosis. Eur. Arch. Otorhinolaryngol. 2014, 271, 1007–1014. [Google Scholar] [CrossRef]

	



Mansour, S.; Magnan, J.; Nicolas, K.; Haidar, H. Otosclerosis. In Middle Ear Diseases; Springer: Berlin/Heidelberg, Germany, 2018; pp. 1–83. [Google Scholar]

	



Sone, M.; Yoshida, T.; Sugimoto, S.; Morimoto, K.; Okazaki, Y.; Teranishi, M.; Naganawa, S.; Nakashima, T. Magnetic resonance imaging evaluation of endolymphatic hydrops andpost-operative findings in cases with otosclerosis. Acta Otolaryngol. 2017, 137, 242–245. [Google Scholar] [CrossRef]

	



Hayashi, H.; Cureoglu, S.; Schachern, P.A.; Oktay, M.F.; Fukushima, H.; Sone, M.; Paparella, M.M. Association between cupular deposits and otosclerosis. Arch. Otolaryngol. Head Neck Surg. 2006, 132, 1331–1334. [Google Scholar] [CrossRef]

	



Wang, S.J.; Tseng, C.C.; Young, Y.H. Selective effects of head posture on ocular vestibular-evoked myogenic potential (oVEMP) by bone-conducted vibration. Clin. Neurophysiol. 2014, 125, 612–616. [Google Scholar] [CrossRef]

	



Cozma, R.S.; Cristina, M.C.; Cobzeanu, M.D.; Olariu, R.; Bitere, O.R.; Mârţu, C.; Dima-Cozma, L.C.; Dascălu, C.G.; Georgescu, M.G.; Necula, V.; et al. Saccular function evolution related to cochlear implantation in hearing impaired children. Rom. J. Morphol. Embryol. 2020, 61, 113–119. [Google Scholar] [CrossRef] [PubMed]

	



Lin, K.Y.; Young, Y.H. Role of ocular VEMP test in assessing the occurrence of vertigo in otosclerosis patients. Clin. Neurophysiol. 2015, 126, 187–193. [Google Scholar] [CrossRef]

	



Adams, J.C. Clinical implications of inflammatory cytokines in the cochlea: A technical note. Otol. Neurotol. 2002, 23, 316–322. [Google Scholar] [CrossRef] [PubMed]

	



Kaya, S.; Paparella, M.M.; Cureoglu, S. Does Otosclerosis Affect Dark and Transitional Cells in the Human Vestibular Labyrinth? Otol. Neurotol. 2017, 38, 234–238. [Google Scholar] [CrossRef]

	



Hızlı, Ö.; Kaya, S.; Schachern, P.A.; Kwon, G.; Paparella, M.M.; Cureoglu, S. Quantitative assessment of vestibular otopathology in otosclerosis: A temporal bone study. Laryngoscope 2016, 126, E118–E122. [Google Scholar] [CrossRef] [PubMed]

	



Saka, N.; Seo, T.; Fujimori, K.; Mishiro, Y.; Sakagami, M. Vestibular-evoked myogenic potential in response to bone-conducted sound in patients with otosclerosis. Acta Otolaryngol. 2012, 132, 1155–1159. [Google Scholar] [CrossRef] [PubMed]

	



Eza-Nuñez, P.; Manrique-Rodriguez, M.; Perez-Fernandez, N. Otosclerosis among patients with dizziness. Rev. Laryngol. Otol. Rhinol. 2010, 131, 199–206. [Google Scholar] [PubMed]

	



Kumar, D.; Kumaresan, S. Pitfalls and complications of stapedectomy: A prospective study. Int. J. Sci. Study 2016, 4, 70–78. [Google Scholar]

	



Wegner, I.; Kamalski, D.M.; Tange, R.A.; Vincent, R.; Stegeman, I.; van der Heijden, G.J.; Grolman, W. Laser versus conventional fenestration in stapedotomy for otosclerosis: A systematic review. Laryngoscope 2014, 124, 1687–1693. [Google Scholar] [CrossRef]

	



Danesh, A.A.; Shahnaz, N.; Hall, J.W., 3rd. The audiology of otosclerosis. Otolaryngol. Clin. N. Am. 2018, 51, 327–342. [Google Scholar] [CrossRef]

	



Harmat, K.; Thurén, G.; Simon, L.; Nepp, N.; Nemeth, A.; Gerlinger, I.; Bako, P. Comparative evaluation of vertigo in patients after stapedotomy and stapedectomy. Orv. Hetil. 2017, 158, 1503–1511. [Google Scholar] [CrossRef] [PubMed]

	



Magliulo, G.; Gagliardi, M.; Cuiuli, G.; Celebrini, A.; Parrotto, D.; D’Amico, R. Stapedotomy and postoperative benign paroxysmal positional vertigo. J. Vestib. Res. 2005, 15, 169–172. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Z.M.; Chi, F.L.; Dai, C.F. Modified stapes prosthesis to limit postoperative vertigo. Otolaryngol. Head Neck Surg. 2005, 132, 50–54. [Google Scholar] [CrossRef] [PubMed]

	



Singh, A.; Datta, R.; Prasad, B.K.; Nilakantan, A.; Rajguru, R.; Kanzhuly, M.K.; Gupta, S.K.; Singh, I. Post stapedotomy vestibular deficit: Is CO2 laser better than conventional technique? A non-randomized controlled trial. Indian J. Otolaryngol. Head Neck Surg. 2018, 70, 306–312. [Google Scholar] [CrossRef] [PubMed]

	



Causse, J.B.; Causse, J.R.; Cezard, R.; Briand, C.; Bretlau, P.; Wiet, R.; House, J.W. Vertigo in postoperative follow-up of otosclerosis. Am. J. Otol. 1988, 9, 246–255. [Google Scholar]

	



Albera, R.; Canale, A.; Lacilla, M.; Cavalot, A.L.; Ferrero, V. Delayed vertigo after stapes surgery. Laryngoscope 2004, 114, 860–862. [Google Scholar] [CrossRef]

	



Fukuda, A.; Fujiwara, K.; Morita, S.; Hoshino, K.; Yanagi, H.; Nakamaru, Y.; Homma, A. Prognostic factors for duration of vertigo after stapes surgery via a time-to-event analysis. Acta Otolaryngol. 2021, 141, 216–221. [Google Scholar] [CrossRef]

	



Catalano, N.; Cammaroto, G.; Galletti, B.; Freni, F.; Nicita, R.A.; Azielli, C.; Galletti, F. The role of cVEMPs and vHIT in the evaluation of otosclerosis and its eventual vestibular impairment: Preliminary findings. B-ENT 2017, 13 (Suppl. S27), 31–36. [Google Scholar] [PubMed]

	



Trivelli, M.; D’Ascanio, L.; Pappacena, M.; Greco, F.; Salvinelli, F. Air- and bone-conducted vestibular evoked myogenic potentials (VEMPs) in otosclerosis: Recordings before and after stapes surgery. Acta Otorhinolaryngol. Ital. 2010, 30, 5–10. [Google Scholar]

	



Akazawa, K.; Ohta, S.; Tsuzuki, K.; Sakagami, M. Bone-conducted vestibular-evoked myogenic potentials before and after stapes surgery. Otol. Neurotol. 2018, 39, 6–11. [Google Scholar] [CrossRef] [PubMed]

	



Sakamoto, T.; Kikuta, S.; Kikkawa, Y.S.; Tsutsumiuchi, K.; Kanaya, K.; Fujimaki, Y.; Ueha, R.; Saito, Y.; Yamasoba, T. Differences in postoperative hearing outcomes and vertigo in patients with otosclerosis treated with laser-assisted stapedotomy versus stapedectomy. ORL J. Otorhinolaryngol. Relat. Spec. 2015, 77, 287–293. [Google Scholar] [CrossRef] [PubMed]

	



Sando, I.; Hemenway, W.G.; Miller, D.R.; Black, F.O. Vestibular pathology in otosclerosis temporal bone histopathological report. Laryngoscope 1974, 84, 593–605. [Google Scholar] [CrossRef] [PubMed]

	



Satar, B.; Karaçaylı, C.; Çoban, V.K.; Özdemir, S. Do otosclerosis and stapedotomy affect semicircular canal functions? Preliminary results of video head impulse test. Acta Otolaryngol. 2021, 141, 348–353. [Google Scholar] [CrossRef]

	



Kujala, J.; Aalto, H.; Hirvonen, T. Video-oculography findings and vestibular symptoms on the day of stapes surgery. Eur. Arch. Otorhinolaryngol. 2010, 267, 187–190. [Google Scholar] [CrossRef]

	



Birch, L.; Elbrønd, O. Stapedectomy and vertigo. Clin. Otolaryngol. Allied Sci. 1985, 10, 217–223. [Google Scholar] [CrossRef]

	



Plaza Mayor, G.; Herraiz Puchol, C.; Martínez Rodríguez, B.; de los Santos Granados, G. Delayed vertigo after stapedotomy with good hearing results. Anales Otorrinolaringológicos Ibero-Americanos 2007, 34, 447–457. [Google Scholar]

	



Pedersen, C.B. Revision surgery in otosclerosis—An investigation of the factors which influence the hearing result. Clin. Otolaryngol. Allied Sci. 1996, 21, 385–388. [Google Scholar] [CrossRef]

	



Shea, J. LXVIII Fenestration of the Oval Window. Ann. Otol. Rhinol. Laryngol. 1958, 67, 932–951. [Google Scholar] [CrossRef]

	



Bellucci, R.J. Footplate extraction in stapedectomy. Laryngoscope 1978, 88, 701–706. [Google Scholar] [CrossRef]

	



Hall, A.C.; Mandavia, R.; Selvadurai, D. Total endoscopic stapes surgery: Systematic review and pooled analysis of audiological outcomes. Laryngoscope 2019, 130, 1282–1286. [Google Scholar] [CrossRef] [PubMed]

	



Betsch, C.; Ayache, D.; Decat, M.; Elbaz, P.; Gersdorff, M. Revision stapedectomy for otosclerosis: Report of 73 cases. J. Otolaryngol. 2003, 32, 38–47. [Google Scholar] [CrossRef]

	



Lippy, W.H.; Battista, R.A.; Berenholz, L.; Schuring, A.G.; Burkey, J.M. Twenty-year review of revision stapedectomy. Otol. Neurotol. 2003, 24, 560–566. [Google Scholar] [CrossRef]

	



Toscano, M.L.; Shermetaro, C. Stapedectomy. [Updated 2022 Aug 19]. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2022; Available online: https://www.ncbi.nlm.nih.gov/books/NBK562205/ (accessed on 5 June 2023).

	



Derlacki, E.L. Revision stapes surgery: Problems with some solutions. Laryngoscope 1985, 95 Pt 1, 1047–1053. [Google Scholar] [CrossRef] [PubMed]

	



Nakashima, T.; Sone, M.; Fujii, H.; Teranishi, M.; Yamamoto, H.; Otake, H.; Sugiura, M.; Naganawa, S. Blood flow to the promontory in cochlear otosclerosis. Clin. Otolaryngol. 2006, 31, 110–115. [Google Scholar] [CrossRef] [PubMed]

	



Gristwood, R.E.; Venables, W.N. Otosclerotic obliteration of oval window niche: An analysis of the results of surgery. J. Laryngol. Otol. 1975, 89, 1185–1217. [Google Scholar] [CrossRef]

	



Lim, J.; Goo, W.; Kang, D.W.; Oh, S.H.; Kim, N. Effect of closing material on hearing rehabilitation in stapedectomy and stapedotomy: A finite element analysis. Front. Neurosci. 2023, 17, 1064890. [Google Scholar] [CrossRef] [PubMed]

	



Yehudai, N.; Masoud, S.; Most, T.; Luntz, M. Depth of stapes prosthesis in the vestibule: Baseline values and correlation with stapedectomy outcome. Acta Oto-Laryngol. 2010, 130, 904–908. [Google Scholar] [CrossRef]

	



Seicshnaydre, M.A.; Sismanis, A.; Hughes, G.B. Update of reparative granuloma: Survey of the American Otological Society and the American Neurotology Society. Am. J. Otol. 1994, 15, 155–160. [Google Scholar]

	



Gacek, R.R. The diagnosis and treatment of poststapedectomy granuloma. Ann. Otol. Rhinol. Laryngol. 1970, 79, 970–975. [Google Scholar] [CrossRef]

	



Tange, R.A.; Schimanski, G.; van Lange, J.W.; Grolman, W.; Zuur, L.C. Reparative Granuloma Seen in Cases of Gold Piston Implantation after Stapes Surgery for Otosclerosis. Auris Nasus Larynx 2002, 29, 7–10. [Google Scholar] [CrossRef] [PubMed]

	



Burtner, D.; Goodman, M.L. Etiological Factors in Post-Stapedectomy Granulomas. Arch. Otolaryngol. 1974, 100, 171–173. [Google Scholar] [CrossRef]

	



Kaufman, R.S.; Schuknecht, H.F. Reparative granuloma following stapedectomy: A clinical entity. Ann. Otol. Rhinol. Laryngol. 1967, 76, 1008–1017. [Google Scholar] [CrossRef] [PubMed]

	



Pauli, N.; Strömbäck, K.; Lundman, L.; Dahlin-Redfors, Y. Surgical technique in stapedotomy hearing outcome and complications. Laryngoscope 2020, 130, 790–796. [Google Scholar] [CrossRef] [PubMed]

	



Dumas, G.; Lion, A.; Karkas, A.; Perrin, P.; Perottino, F.; Schmerber, S. Skull vibration-induced nystagmus test in unilateral superior canal dehiscence and otosclerosis: A vestibular Weber test. Acta Otolaryngol. 2014, 134, 588–600. [Google Scholar] [CrossRef]

	



Ramaswamy, A.T.; Lustig, L.R. Revision surgery for otosclerosis. Otolaryngol. Clin. N. Am. 2018, 51, 463–474. [Google Scholar] [CrossRef]

	



Ishai, R.; Halpin, C.F.; McKenna, M.J.; Quesnel, A.M. How Often Does Stapedectomy for Otosclerosis Result in Endolymphatic Hydrops? Otol. Neurotol. 2016, 37, 984–990. [Google Scholar] [CrossRef]

	



Mandalà, M.; Colletti, L.; Carner, M.; Barillari, M.; Cerini, R.; Mucelli, R.P.; Colletti, V. Pneumolabyrinth and positional vertigo after stapedectomy. Auris Nasus Larynx 2011, 38, 547–550. [Google Scholar] [CrossRef]

	



Gomes, P.S.; Caselhos, S.; Vide, A.T.; Fonseca, R. Pneumolabyrinth: A rare complication of stapes surgery. BMJ Case Rep. 2019, 12, e232190. [Google Scholar] [CrossRef]

	



Liktor, B.; Szekanecz, Z.; Batta, T.J.; Sziklai, I.; Karosi, T. Perspectives of pharmacological treatment in otosclerosis. Eur. Arch. Otorhinolaryngol. 2013, 270, 793–804. [Google Scholar] [CrossRef]

	



Colletti, V.; Fiorino, F.G. Effect of sodium fluoride on early stages of otosclerosis. Am. J. Otol. 1991, 12, 195–198. [Google Scholar]

	



Brookler, K.H.; Tanyeri, H. Etidronate for the neurotologic symptoms of otosclerosis: Preliminary study. Ear Nose Throat J. 1997, 76, 371–381. [Google Scholar] [CrossRef]

	



Brookler, K. Medical treatment of otosclerosis: Rationale for use of bisphosphonates. Int. Tinnitus. J. 2008, 14, 92–96. [Google Scholar] [PubMed]

	



Gogoulos, P.P.; Sideris, G.; Nikolopoulos, T.; Sevastatou, E.K.; Korres, G.; Delides, A. Conservative Otosclerosis Treatment With Sodium Fluoride and Other Modern Formulations: A Systematic Review. Cureus 2023, 15, e34850. [Google Scholar] [CrossRef] [PubMed]

	



Hu, L.; Lind, T.; Sundqvist, A.; Jacobson, A.; Melhus, H. Retinoic acid increases proliferation of human osteoclast progenitors and inhibits RANKL-stimulated osteoclast d