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Abstract 
Importance: Studies measuring outcomes after stapes surgery primarily direct their focus on 

audiometric outcomes. Recently, more studies have focused on measuring Quality of Life 

(QoL) in addition to audiological outcomes, extending the scope of how stapes surgery affects 

the patient in more ways than can be measured objectively. 

Objective: To collate and evaluate results from individual primary studies on the degree of 

post-operative relation between audiometric outcomes and QoL after stapes surgery in adult 

patients with otosclerosis, presented in a systematic review without meta-analysis. 

Methods: PubMed, Cochrane Library and OpenGrey were periodically searched for articles 

in the period January 3 - June 10, 2020. Dates of coverage for all databases were 2015-2020. 

Titles, abstracts and full texts of retrieved articles were screened for eligibility, on the basis of 

exclusion criteria illustrated in a PRISMA-style flow diagram. Additionally, article quality 

was assessed in accordance with GRADE and PRISMA guidelines. 

Results: Of 37 articles screened, three articles were eligible for critical appraisal and 

qualitative synthesis. The three articles assessed showed a very low grade of quality of 

evidence and low grade of study design. Results suggest that post-operative audiometric 

outcomes should not be the sole indication for surgical success, patient benefit or QoL. There 

was inconclusive evidence regarding correlation between different QoL measures and 

components of audiometric results. 

Conclusions and relevance: Disease-specific QoL measures should be developed, translated 

and validated to be implemented in future clinical studies. Combining objective and 

subjective measures pre- and post-operatively can provide a clearer picture of the degree of 

relation between audiometric and QoL outcomes. 
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1 Introduction 
 
1.1 Background and rationale for this thesis 

The purpose of this review and thesis was to identify, evaluate and summarize all 

relevant findings of individual studies measuring and evaluating Quality of Life (QoL) (see 

point 2.3 in chapter 2) before and after stapes surgery in adult patients with otosclerosis. 

Further, the overall aim was to fill a small but significant gap in the research literature with 

the purpose of shedding light on which tools that are used to measure QoL in the specific 

patient group that is the otosclerotic population. 

Acquiring a progressive hearing loss affects multiple aspects of life, as the gradual 

nature of the deterioration that occurs can go undetected for some amount of time before it is 

noticed. The patient is often led to continuously face new and progressively difficult obstacles 

and challenges; in everyday life, at work and in social settings, hearing loss could result in 

compensation mechanisms that eventually lead to fatigue (Hornsby, Naylor, & Bess, 2016).  

Such mechanisms can be straining one’s neck to improve perception of sound and/or 

avoiding social activity to avoid continually asking others for repetitions. Additionally, the 

‘invisibility’ of hearing loss, and any cultural stigma associated with the disability and/or use 

of hearing aids can make it difficult to accept the condition and seek further help (Wallhagen, 

2009). On this note, two Norwegian studies have found evidence suggesting that factors 

relating to hearing loss and fatigue can lead to prolonged sick leave and/or disability 

retirement in the work place (Svinndal, Jensen, & Rise, 2020; Svinndal, Solheim, Rise, & 

Jensen, 2018).  

The majority of studies concerning the otosclerotic population with regards to pre- and 

post-operative follow-up have mainly focused on objectively measurable outcomes, such as 

audiometric outcomes. This is understandable with respect to validity and reliability. 

However, along with furthering the development of medical practice and follow-up 

procedures, it would be interesting to see the measurements of QoL gain more traction in 

future studies concerning stapes surgery. The patient perspective should receive more focus, 

even though maintenance and development of the technical aspects of surgery are essential. It 

is, after all, the patient who will be impacted and affected by the surgical intervention.  

However short or long, a rehabilitation process follows surgery, and that process is 

experienced first-hand by the patient. Thus, in terms of success rates of surgical procedures, 

patient focus and satisfaction should be included and weighted when looking at contributing 
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factors for successful surgery (Fayers & Machin, 2016). Whatever deems surgery to be 

successful can indeed be gaged by the surgeon’s technical skills, but without the patient there 

is no surgery. Therefore, the patient’s QoL should be an integral part of the evaluation 

process, as audiometric outcomes could prove dissimilar and uncorrelated from the patient’s 

reported experience of QoL (Weiss et al., 2019). 

Seeing as there are currently no reviews observed concerning QoL after stapes 

surgery, I have chosen to explore this area of research through the method of a systematic 

review (without meta-analysis). The systematic review might fill a small but significant gap in 

the research literature concerning QoL after stapes surgery. 

 

1.2 Thesis structure 
 This is an article-based master thesis, and is structurally divided into two parts: The 

first part, the theoretical framework of this thesis, provides the theoretical background and 

methodological considerations for the research, and the second part is the article manuscript. 

The intent behind choosing an article-based master thesis was to conduct research that will be 

sent to a peer-reviewed journal, and hopefully published. Consequently, as an author, I have 

the opportunity to reach a wider audience, and my research will be reviewed by other skillful 

research peers. The ultimate goal is to contribute with enlightening and useful research that 

can make a difference for future research and in clinical practice. 

 As described by Khan, Kunz, Kleijnen & Antes (2003), the chosen structure for this 

thesis will reflect the steps taken in conducting a systematic review (without meta-analysis), 

and are as follows: The first part of this thesis, namely the theoretical framework, will 

describe the framing of the theme (QoL after stapes surgery), where the first chapter herein 

provides a rationale and theoretical background for choosing this theme in particular. The 

second chapter will identify the relevant work, by shedding light on relevant research already 

conducted in the field of otosclerosis and stapes surgery, as well as QoL. This will provide a 

necessary theoretical backdrop for the discussion in the article manuscript. The third chapter 

is where any and all methodological considerations and issues are described, in addition to a 

detailed description of exclusion criteria, which is an important step in assessment of quality. 

The fourth and final chapter will include a short conclusion and thoughts on further 

implications for future research. Qualitative synthesis and appraisal of findings will be 

described in the second part of this thesis, the article manuscript. 
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The chosen journal is JAMA Otolaryngology – Head and Neck Surgery (URL: 

https://jamanetwork.com/journals/jamaotolaryngology). This journal has an impact factor of 

3.5 and is, according to their website, the highest ranking otolaryngology journal in the world.  

The reasoning behind choosing this esteemed journal were the benefits that come with 

this being a highly respected journal as well as a journal providing established article 

instructions (see Appendix 1), thus allowing for an opportunity to conduct research that is 

both valuable and necessary to the emerging field of QoL after stapes surgery, as well as 

having said research reviewed by esteemed peers who are specialized in the particular field. 
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2 Theoretical and empirical background 

 
2.1 Hearing loss 
According to Stach (2009), hearing loss is the term describing the ear’s lack of ability to 

conduct airwaves to the inner ear, and/or the inner ear’s inability to produce electric signals to 

the brain. Hearing loss is commonly divided into two main types, conductive and 

sensorineural. Conductive hearing loss is determined by any physiological hindrance in the 

outer or middle ear, such as atrophy of the ear canal, excessive cerumen or fluid in the middle 

ear. Hearing loss is categorized as sensorineural when the inner ear, most notably the cochlea 

and its hair cells are damaged, or fail to produce electric signals to the brain from the air 

waves passed on through the outer and middle ear. In some cases the hearing function works 

normally, yet the individual is still classified as suffering from hearing loss, as the brain is 

unable to deduce electric signals into what the individual interprets as meaningful sound. 

Hearing loss can be congenital, meaning the individual is born with it (or it manifest in very 

early childhood), or it can be acquired later in childhood or in adult age. For some acquired 

types of hearing loss, the loss is a progressive one that often takes its time in manifesting to 

the point of notice. One such type of hearing loss is the middle ear disease called otosclerosis. 

2.1.1 Otosclerosis 
Otosclerosis is a middle-ear disease, which gradually leads to new bone growth on the stapes, 

and can thus fixate the stapes in the oval window over time. This leads to a conductive 

hearing loss, although in progressive cases (also termed advanced otosclerosis), the bone 

growth permeates and damages the outermost part of the cochlea and the hair cells, thus 

determining the hearing loss as mixed (Heining, Banga, Irving, Coulson, & Monksfield, 

2017). Otosclerosis is a common reason behind hearing loss in adults, but research concerning 

the specific genetic pathophysiology of otosclerosis remains inconclusive. Gentil et al. (2016) 

has found evidence of otosclerotic prevalence in women, as it can manifest during or after 

pregnancy, likely attesting to the hormonal changes that occur. Even though otosclerosis has 

been genetically linked, it occurs sporadically in roughly half the cases, although these areas 

of research on otosclerosis remain somewhat inconclusive (Ealy & Smith, 2011). 
 

2.1.2 Tinnitus 
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Many otosclerosis patients suffer from the additional burden of chronic tinnitus, and 

many choose stapes surgery in an effort to tackle it (Danesh, Shahnaz, & Hall, 2018). 

According to Baguley, Andersson, McFerran & McKenna (2012), tinnitus is termed a 

subjective (albeit in rare cases, objective) perception of sound without the presence of 

external stimuli, and is often a symptom of hearing loss. Tinnitus can manifest as multiple 

sounds, in some cases at the same time, unilaterally or bilaterally. The sound characteristics 

may vary from a low frequency humming, a high frequency pure tone, a swishing sound or a 

crackling sound. Often dependent on the individual’s physical and mental state, it can be 

perceived as stronger or louder. This can also be the case if the individual has been subjected 

to loud noise (Baguley et al., 2012). 

Ismi et al. (2017) have found evidence that the estimated incidence of tinnitus in the 

otosclerotic population is 56-84,5%, which points to tinnitus as being a symptom of the 

hearing loss that otosclerosis patients experience. On the same note, chronic tinnitus could be 

the reason why many opt for surgical intervention, as it has been shown that a decrease in 

tinnitus improves QoL for otosclerosis patients (Drexler et al., 2016). This point is furthered 

by a study by Skarzynski et al. (2018), who note that perceived changes in tinnitus are 

associated with comorbid hearing difficulties, and importantly, that otosclerosis patients are 

not representative of the tinnitus population as a whole. 

 

2.2 Stapes surgery 
Although many new advances and surgical techniques are emerging in the field of 

stapes surgery (e.g. laser and robot-assisted surgery), the two most established and commonly 

used surgical techniques are stapedectomy and stapedotomy (Balu, Kumar, Nair, John, & 

Sreekumar, 2019; Sedwick, Louden, & Shelton, 1997). However, there is evidence found that 

stapedotomy yields better surgical outcomes (Cheng, Agrawal, & Parnes, 2018). Both 

surgical procedures aim to facilitate airwave conduction, and the main difference between the 

two techniques is in how much of the stapes footplate is removed and replaced by a 

prosthesis. In stapedectomy the entire footplate is removed, and in stapedotomy only a limited 

hole in the stapes footplate is produced.  
 

2.2.1 Success and complication rates 
In surgery, the aim is to achieve a reduced air-bone gap (ABG), which is the 

difference in air and bone conduction in hearing thresholds. As previously mentioned, in most 
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cases of otosclerosis the hearing loss is conductive, meaning the bone conduction thresholds 

are at a functional level. Generally the desired audiometric outcome after stapes surgery is a 

reduced ABG  (<10 dB) (Weiss et al., 2019). Many studies have reported high success rates 

regardless of surgical method and type of prosthesis, however, few studies that focused on 

complication risks and follow-up procedures have been found. This could be attested to the 

fact that complications during and following stapes surgery is relatively uncommon 

(Antonelli, 2018).  
Although stapes surgery is an established and safe form of surgical intervention for the 

otosclerotic population, certain complications during or following surgery can occur. Due to 

the frontal placement of the corda tympani, maneuvering surgical tools around it can cause 

damage to the nerve, leading to dysgeusia, meaning loss or distortion of the taste sense 

(Guder, Böttcher, Pau, & Just, 2012). Other complications are tinnitus (more elevated than the 

pre-operative stage), vertigo or hearing loss (Mohseni, Daneshi, Asghari, Mohebi, & Moradi, 

2019). However, ensuring patient follow-up and care, there are methods for retraining the 

taste sense and cognitive retraining therapy for those suffering from tinnitus (Jastreboff, 

2015). 

 

2.2.2 Hearing aids and pre-operative evaluation 
 Not all cases of otosclerosis are treated surgically, and many opt for hearing aids 

instead. A common reason behind this is the progressive nature of the disease, and many will 

need revision surgery years after primary surgery (Eshraghi & Telischi, 2018). Generally, if 

the patient with otosclerosis is overall healthy, surgical treatment will be considered once they 

have had a pre-operative evaluation (Antonelli, 2018). Due to potential risks associated with 

an invasive surgical procedure, in combination with an evaluation of each patient’s health, 

stapes surgery may not be a treatment alternative for everyone. 

Additionally, practice guidelines for preoperative evaluation, care and follow-up can 

differ between countries and clinics, especially with respect to the patient’s age, health, 

degree of hearing loss and perceived difficulties. As McElveen & Kutz (2018) note, in the 

field of pre-operative evaluation and post-operative care for otosclerosis patients, there are 

varying opinions as to how to conduct this optimally. An example worthy of mention here, 

are the national guidelines for hearing aids in Norway, where they are covered by the 

Norwegian National Insurance Act, with an upper cost limit (forskrift om stønad til 
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høreapparat og tinnitusmaskerer, 1997). Due to this variation in guidelines and pre-operative 

evaluation, these two components will not be evaluated further. 

 

2.3 Quality of life 

Within the scope of this review the abbreviation QoL was chosen to denominate the 

term Quality of Life. QoL is a broad definition, and many studies use other and more specific 

sub-terms such as Health Related Quality of Life (HRQoL), patient-reported outcomes and 

patient satisfaction (Fayers & Machin, 2016). Nonetheless, it has become evident that 

researchers view QoL as a valuable source of outcome in health-related research, despite 

lacking a common interpretation of a term which is already ill defined (Bowling, 2019; Fayers 

& Machin, 2016). 

Ring (2007) quotes Socrates in saying that value should not be placed on living, but on 

living well. The most salient thing about QoL is that it is individual at the core for each 

person, and that makes it a difficult term to define in detail and thus, quantify and measure in 

a cohort. However, the relevancy of QoL in clinical trials has emerged as more prominent in 

the medical field, as researchers and practitioners view QoL as a holistic approach that sheds 

light on the psychosocial aspect of health; the acceptance of QoL as a valuable measure can 

lead to enhanced patient-information and care, as well as clinical decision-making. However, 

for this to happen the QoL measurement tools need to be reliable and sensitive to change 

(Ring, 2007). 

 

2.3.1 Response shift and QoL psychometrics 
 What is important to consider when assessing QoL is something called response shift. 

According to Ring (2007), this term refers to someone’s altered assessment of an idea or 

concept based on a change of internal values. To exemplify this she points to the fact that in 

terms of measured QoL, people with severe diseases view their own QoL as better than what 

is measured in people who are healthy. Further, she states that a response shift can have a 

masking effect on treatment outcomes, especially when measuring QoL, yet the response shift 

itself could be viewed as a sign of a patient’s ability to adapt to a new way of life and its 

challenges (Ring, 2007). Similarly, the use of questions of symptoms or challenges in a QoL 

measurement, poses the belief that these components do have an effect (Fayers & Machin, 

2016). 
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 Schwartz & Rapkin (2004) argue that the appraisal process of QoL psychometrics has 

been wrongly applied, as there is no such thing as a “true” score for QoL because the 

phenomena related to it are not susceptible to nomothetic measurement. The problematization 

of the psychometric appraisal can be viewed in the same vein as the core notion of why 

measuring QoL is still complicated; subjectivity, feelings, sense of self and individual life 

experiences are abstract notions to anyone but the patient who is experiencing them, and to 

whom they remain intrinsically personal. On this note, Ring (2007) describes how previous 

measures were based on healthcare workers’ assessment of patient QoL, although it is 

currently accepted that patients are in the best position to evaluate their own QoL. However, 

the possible outcome impact of questionnaires is relevant, as their questions are formulated by 

investigators rather than patients, perhaps as a way of circumventing the issue of a lack of a 

QoL definition (Fayers & Machin, 2016). 

 

2.3.2 Measuring QoL  
The challenge in clinically assessing a patient’s QoL lies in the term’s inherent 

subjectivity. Quality of life cannot be measured with easily applicable, objective criterion, yet 

it functions as an important goalpost when assessing the effects of a surgical intervention. The 

reason behind can perhaps be attributed to the fundamental notion about personal wellbeing 

being different across people and cultures (Fayers & Machin, 2016). Whilst objectively 

measurable components are an obvious and essential tool to gage the effect of an intervention 

(e.g. measuring audiometric results before and after stapes surgery), considering the broader 

effect on the patient’s life should be equally important. 

 Developing a successful surgical technique and/or practice and ensuring a desired 

effect for each patient is of great importance, yet the two have seldom received equal focus in 

terms of research in the field of QoL after stapes surgery. More often than not the main focus 

lies on the objectively measurable, such as audiometric outcomes, however, favoring 

objective outcomes has been the modus operandi in medical research for a long time (Ring, 

2007). This is to a certain degree understandable, as the objective measures and outcomes are 

less invasive and more easily interpreted before and after surgical intervention.  

A surgical intervention such as stapes surgery is serious and does not come without 

risks of complications, and could therefore have a considerable impact—positive, negative or 

both—on a patient’s QoL, both short-term and long-term. In a study on hearing outcomes 

after stapes surgery, Andersen, Ohman, & Sorensen (2015) argued that changes in 

audiometric outcomes between a short-term and long-term follow-up were clinically 
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insignificant. However, few patient-centered longitudinal follow-up studies have been 

conducted on QoL after stapes surgery, perhaps because many studies have been seen to only 

include an audiometric follow-up measurement <1 year post-operatively. 

Considering the fast development in stapes surgery and the medical field in general, 

longitudinal studies with aged data (>10 years) provide an informative insight to long-term 

outcomes, yet one could raise the question of how much reliance can be placed upon studies 

of such design; Schwartz & Sprangers (1999) point to response shift not being accounted for 

in modern QoL measurement tools. Thus, factors relating to intrapersonal change, cultural 

change and interventional change can be seen as necessary to control for in any interpretation 

of QoL outcomes in future research (Bowling, 2019; Fayers & Machin, 2016). 

 

2.3.3 QoL measurement tools 
 According to Bowling (2019) there exist a multitude of disease-specific QoL 

measures, although the level of standardization is below par. In the field of QoL after stapes 

surgery there has been observed some variation in QoL measurement tools used in addition to 

audiometric outcomes. There are especially three noteworthy QoL measurement tools to 

consider in this instance, as they are used to measure QoL in the articles to be reviewed. They 

are as follows: Tinnitus Functional Index (TFI); Glasgow Benefit Inventory (GBI); Stapes-

Plasty-Outcome-Test (SPOT-25). 

 TFI is a validated questionnaire which focuses on diagnosing the impact of tinnitus 

into quantifiable measures. A UK study by Fackrell, Hall, Barry, & Hoare (2018) found the 

range of psychometric properties satisfying in terms of covering symptom domains, as well as 

good reliability. As mentioned previously (see point 2.1.2), many people with otosclerosis 

suffer from tinnitus, and TFI is very applicable for those studies focusing on the part of the 

otosclerotic population who have received surgical intervention because of tinnitus, or for the 

part who finds their tinnitus exacerbated by it. 

 GBI is a validated questionnaire specific to otorhinolaryngological surgical 

interventions, measuring patient benefit post-surgery (Robinson, Gatehouse, & Browning, 

1996), and questions formulate the intervention as such, an otorhinolaryngological surgical 

intervention in general. The GBI questionnaire has been validated in Swedish also; a study by 

Redfors, Jonsson, Tideholnn, & Finizia (2019) found the Swedish version of GBI to be 

satisfactory in terms of psychometric properties. 
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 SPOT-25 is a recent German addition to the plethora of QoL measurement tools (the 

term used for this tool is HRQoL), and is the first disease-specific measure to be validated for 

otosclerosis and stapes surgery (Lailach et al., 2017). The validation process has shown a high 

internal consistency, and the measurement tool can discriminate between healthy subjects and 

otosclerosis patients. However, being a recent addition it has yet to be validated in English, 

but is in the process of being validated in Dutch (Blijleven, Thomeer, Stokroos, & Wegner, 

2019). 
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3 Method 

3.1 Systematic review without meta-analysis 

A way to phrase the meaning of systematic reviews is ‘to know what is known’ 

(Gough, Oliver, & Thomas, 2017). Conducting a systematic review means to compile relevant 

literature, with the aim to provide a more comprehensive and reliant body of evidence with 

which to answer a research question or achieve an overview of something specific. The need 

for systematic reviews, or perhaps all types of literature reviews, has arisen from the 

challenge of navigating through the ever expanding plethora of research which has been made 

readily available through numerous databases across the worldwide web.  

In order to continually evolve and develop new areas of research and knowledge, it is 

evident that one needs to gage which way to go forward. As a means of attaining new depths 

of knowledge, and developing new and interesting hypotheses, it is necessary to find research 

holes and aim to fill them. To achieve this goal, it all depends on knowledge about and 

thorough research on what has previously been done on a research topic, and if any gaps exist 

in the literature. Conducting a systematic review is one such method of research. 

Per author instructions from the chosen journal (JAMA Otolaryngology - Head and 

Neck Surgery), this systematic review will not include a meta-analysis, and is therefore 

termed a qualitative or narrative review which will make inferential claims based on theory 

rather than statistical analysis (Gough et al., 2017). 

Gough et al. (2017) points to the framework in qualitative reviews allowing for a more 

open approach to themes or research questions, emergent concepts, less formal procedures, 

theoretical inference and an aim to impact on the basis of enlightenment. It must be stated 

here that the qualitative term does not mean that the synthesis of the review (in the article 

manuscript) is based purely on qualitative data input. All studies included in the review have 

results based on numerical data, however, the synthesis of the review is of a qualitative 

nature. 

 

3.2 Theoretical considerations 
In writing this thesis there were a number of limitations considered, with the aim to 

produce a valuable review. Firstly, the issue of including other reviews in this thesis was 

thought of at length. Reviews offer valuable overviews on relevant research, yet my aim with 
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this systematic review was to get as close to the empirical reality as possible. Consequently, 

there is to a certain degree a risk of bias in reviews (perhaps from the primary studies 

included), and I deliberately sought to avoid risk of bias as much as possible. This review did 

also not evaluate other reviews due to the apparent lack of reviews concerning QoL after 

stapes surgery in the adult otosclerotic population, which was also a reason for choosing to 

conduct a systematic review as a research method for this thesis. 

A deliberate exclusion in this review was the issue of cost-efficiency of treating 

otosclerosis surgically. Within cost there lie many factors, such as national healthcare and 

benefits associated with it (Casazza et al., 2019). Due to the fact that the articles that were 

reviewed are country or area specific, factoring in healthcare would make for a complicated 

variable, although factors relating to cost are and will continue to be important for future 

research. Thus, the exclusion of cost will hopefully make this research more relevant on an 

international level. 

The second limitation was the exclusion of studies concerning newer and less 

established surgical techniques, such as laser and robot-assisted. Surgical practice can vary 

across countries and among surgeons, as their practice changes and improves with time and 

experience (Nguyen, Bernardeschi, & Sterkers, 2018). Therefore, opting for the two most 

common and well established surgical techniques, namely stapedectomy and stapedotomy, 

would contribute to research that is generalizable yet sufficiently specific. The same principle 

as mentioned above applies to studies concerning stapes prosthesis, as these studies were too 

technically specific to be included in this thesis, which aims to focus on patient-related studies 

and outcomes. 

The otosclerotic population is also highly heterogenous, especially with respect to age 

and disease trajectory (Van Den Bogaert et al., 2002). In some cases otosclerosis will 

manifest in children, and diagnostic procedures and clinical evaluation of the disease may 

differ from those concerning adults. Consequently, the process of deciding when surgery is 

necessary is different in each country, as previously mentioned, and therefore studies 

concerning juvenile otosclerosis were not included in the review.  

With respect to disease trajectory, there were several issues to consider. Due to the 

progressive nature of otosclerosis as a disease and the heterogeneity of the otosclerotic 

population, each case is, as with most disease-specific issues, slightly different in each 

patient. A patient will sometimes need revision surgery due to recurring hearing loss and/or 

failure of primary surgery (Gros, Vatovec, Zargi, & Jenko, 2005). Therefore, studies with 

only revision cases were not included. On a similar note, studies concerning far advanced 
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cases of otosclerosis and mixed hearing loss were not included, as this raises the issue of 

cochlear implants (Abdurehim, Lehmann, & Zeitouni, 2016). 

 During the process of collecting literature and searching for primary studies, the 

theme of this thesis was narrowed over time. Originally it was planned that the thesis would 

focus on success rates of primary studies on otosclerosis, looking specifically at study design, 

hearing thresholds, tinnitus and QoL. After much deliberation, I came to the conclusion that 

this theme needed a narrower approach, and decided to solely focus on QoL after stapes 

surgery. Thus the theme would have been more patient-centered and relevant to special needs 

education and educational audiology. Using this angle still allowed for tinnitus and hearing 

thresholds to be included, as they are very much relevant, without relinquishing the patient-

centered perspective. 

   

3.3 Data search 

Data search and collection was done by periodically searching in PubMed, Cochrane 

Library and OpenGrey, with the last search completed in June 10, 2020. Before starting the 

article search process, I sought and received guidance by a certified librarian at University of 

Oslo’s Main Library, who helped me in regards to search string production and database 

search processes. To be able to conduct a search in a database that would lead to all (or as 

many as possible) relevant articles it is important to produce a search string that encompasses 

as many synonyms as possible. Researchers can use different terms to denote similar or 

identical objects/goals/outcomes. One such example is the term stapes surgery, which can be 

named stapedial surgery, stapesplasty, stapedotomy or stapedectomy, to name the most 

common ones. 

The search string applied in every database search is as follows: otosclerosis AND 

quality of life AND (qol OR hrqol OR stapes OR stapedial OR stape* OR outcome* OR 

result* OR tinnitus OR hearing OR surgery OR surgeries OR operation OR operations OR 

stapedotomy* OR stapedectom* OR stapedotomy OR stapedectomy OR stapesplasty OR 

outcome* OR satisfaction). The search process was conducted six times in the period from  

January 3 to June 10, 2020, to avoid missing new and relevant articles that may have been 

published since the first database search was conducted. 

As is customary in systematic reviews, searching multiple databases is necessary to 

minimize publication bias. The database PubMed contains citations from a plethora of 
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journals, and seemed a good option to start the search process. Cochrane Library is esteemed 

in terms of quality of content, and was a natural addition to my selection of databases. 

Additionally, as is important when conducting a systematic reviews, is to search the gray 

literature. Again, to minimize publication bias, it is essential to search for content that may 

not have been published due to an ongoing research process or a lack of “sufficient” effect 

size (Booth, Sutton, & Papaioannou, 2016). 

3.3.1 Exclusion criteria 

The database search range in terms of years was set to 2015-2020. For a systematic 

review this seems quite a short range, and the reason behind was the decision to exclude 

studies with data aged more than 10 years. Due to the development in the surgical field of 

stapes surgery, comparing data from 35 years ago with data from last year does would 

probably make for a review with mostly incomparable data. Setting the lower year limit to 

2015 would allow the search to find studies with data from at most 5 years past (2010). 

I made the conscious decision to exclude retrospective studies from the review 

articles. Many studies are found to apply a method of retrospectively analyzing data, which all 

together does not come without its issues. Useful and practical as it may be to apply analyzes 

to existing data sets (perhaps owing to a lack thereof), this method could lend itself to 

hypothesizing on the basis of an apparent trend, rather than hypothesizing before data 

collection and appraisal, as is the case in prospective studies. I did not want to risk skewing 

the result of the review by using retrospective studies. 

With respect to language, any studies in languages other than English, Norwegian, 

Swedish and Danish were excluded. Only a small handful of studies in other languages with 

abstracts in English were observed in the search results, but including them on the basis of an 

abstract and/or recounted from a secondary source would entail a risk of bias that is too great. 

 

3.4 Ethical implications 

 Conducting research that involves personal data comes with a great responsibility. 

Even in systematic reviews, where the data consists of data collected from other researchers, 

there is a need to ascertain the ethics applied in the collection of primary data used in the 

review are taken into account. The systematic review conducted here has only collected 

secondary data, and each article selected for critical appraisal has stated that study design and 
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conduct is in accordance with the Declaration of Helsinki (Dziendziel, Skarzynski, Gos, & 

Skarzynski, 2019; Lailach et al., 2018; Weiss, Schuldt, Oberhoffner, Ginzkey, & Mlynski, 

2020). 

3.5 Methodological considerations 
 
3.5.1 Qualitative validity 

When conducting research, especially in the realm of subjective measurements such as 

QoL, validity and reliability are of utmost importance; to produce applicable and clinically 

useful results in a systematic review, certain basic properties need to be satisfied. The first 

one is validity, which is relevant for this thesis. 

In the overall sense, validity is the property that describes how well the measurement 

captures what is supposed to be measured. Applying this in a review poses the challenge of 

ensuring good validity in the studies chosen for the review. Additionally, as the author of the 

review, other steps need to be taken to ensure validity of the review itself. This is called 

qualitative validity, and is first and foremost accomplished by conducting thorough 

examination of the findings in the selected literature to be reviewed. Checking the accuracy of 

the findings in the selected studies can be operationalized through a set of procedures, with 

the aim of honing in to the researcher’s assessable ability, and in turn, produce research that is 

convincing to the readers (Creswell & Creswell, 2018). 

 There are two procedures that need to be highlighted here. First and foremost, it is 

important to evaluate the results in each article in the light of risk of bias (Booth et al., 2016). 

To consider if study design, conduct, subject selection or measurement tools are used in any 

way distort or influence the analysis of the results, is essential. Secondly, and equally 

important, is to look for confounding elements, where one needs to assess the intervariable 

effect, and ascertain whether the articles to be reviewed account for any confounding 

variables at an early stage. According to Booth et al. (2016), a common example of such 

variables can be age, ethnicity and sex. 

 

3.5.2 Qualitative reliability 
 To gage the trustworthiness and strengths of the results in the articles to be reviewed is 

important, and is what the term reliability refers to. Analyzing results that possibly happened 

due to chance is something which should be avoided, and one way to check for reliability is 
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by whether the study design allows for repeated testing by others (Booth et al., 2016). 

However, as this systematic review is conducted without a meta-analysis, which would entail 

an assessment of numerical and statistical data in the studies, the reliability in this instance 

relates more to the qualitative part of the analysis, and in checking if any results are ignored, 

distorted or exaggerated. What is a challenge, however, is assessing the generalizability of the 

results (Creswell & Creswell, 2018). What needs to be checked for generalizability is the 

study design, tools and procedures. 
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4 Conclusion and further implications 

In writing this thesis and review I have evaluated three articles concerning QoL after stapes 

surgery. A limitation is the small selection of articles, however, few articles met the strict 

inclusion criteria. Findings show that few studies have used SPOT-25, despite being the most 

specific and QoL measuring tool for the otosclerotic population to date. However, it is a 

relatively new QoL measurement tool. With this I would like to encourage authors of future 

studies to translate and validate SPOT-25 in English, with the aim of implementing it when 

measuring QoL in the otosclerotic population after stapes surgery. 

Considering studies which have hitherto used more general measuring tools, the 

findings of specific QoL aspects might be less reliable and generalizable than findings from 

studies using SPOT-25. On the question of how a surgical intervention such as stapes surgery 

impacts the patient’s QoL, the qualitative analysis from the review indicates that studies 

would benefit from raising the question of how much reliance can be placed on objective 

measures and overly general QoL measurement tools. Seeing as there is low correlation 

between audiometric outcomes and the patient’s QoL post-operatively, it reinforces the notion 

that audiometric outcomes need to be seen in the context of the patient’s QoL, as measured 

before and after stapes surgery, both short-term and long-term. 
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2 Abstract 
Importance: Studies measuring outcomes after stapes surgery primarily direct their focus on 

audiometric outcomes. Recently, more studies have focused on measuring Quality of Life 

(QoL) in addition to audiological outcomes, extending the scope of how stapes surgery affects 

the patient in more ways than can be measured objectively. 

Objective: To collate and evaluate findings from individual primary studies on the degree of 

post-operative relation between audiometric outcomes and QoL after stapes surgery in adult 

patients with otosclerosis, presented in a systematic review without meta-analysis. 

Evidence review: PubMed, Cochrane Library and OpenGrey were periodically searched for 

articles in the period January 3 - June 10, 2020. Dates of coverage for all databases were 

2015-2020. Titles, abstracts and full texts of retrieved articles were screened for eligibility, on 

the basis of exclusion criteria illustrated in a PRISMA-style flow diagram. Additionally, 

article quality was assessed in accordance with GRADE and PRISMA guidelines. 

Findings: Of 37 articles screened, three articles were eligible for critical appraisal and 

qualitative synthesis. The three articles assessed showed a very low grade of quality of 

evidence and low grade of study design. Findings suggest that post-operative audiometric 

outcomes should not be the sole indication for surgical success, patient benefit or QoL. There 

was inconclusive evidence regarding correlation between different QoL measures and 

components of audiometric results. 

Conclusions and relevance: Disease-specific QoL measures should be developed, translated 

and validated to be implemented in future clinical studies. Combining objective and 

subjective measures pre- and post-operatively can provide a clearer picture of the degree of 

relation between audiometric and QoL outcomes. 

 

Key points 
Question: To what degree is there a relation between audiometric and QoL outcomes after 

stapes surgery? 

Findings: 3 articles were assessed in this systematic review, evaluating the relation between 

QoL outcomes after stapes surgery in adult patients (n=276) with otosclerosis. Findings 

suggest that patients experience higher QoL after stapes surgery independent from 

audiometric outcomes. 

Meaning: Future studies should aim to develop, translate and validate more disease-specific 

QoL measures to widen the scope of disease-specific QoL measures after stapes surgery. 
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3 Introduction 
Otosclerosis is one of the most common reasons behind conductive and progressive 

hearing loss in adults, and has been shown to have an impact on patient QoL, sometimes also 

termed Health-Related Quality of Life (HRQoL)1,2. Its main characteristic is ossification of 

the stapes, which can become fixed in the oval window, producing conductive and 

progressive hearing loss. Stapes surgery is an established surgical intervention, and many opt 

for stapes surgery due to the additional psychological burden of tinnitus3,4 or lack of benefit 

from using hearing aids5.  

The prevalence of otosclerosis is highest in the Caucasian population, and is estimated 

to be 0.3-0.4%6. Past studies have been conducted regarding the effectiveness of stapes 

surgery through measuring audiometric outcomes, often reporting high success rates and low 

complication rates 7,8, and a common factor for desired audiometric outcomes is a reduced air-

bone gap (ABG) (>10 dB)2. but fewer studies factor in patient QoL when assessing surgical 

success9. 

The reason behind treating otosclerosis surgically will differ from patient to patient 

according to their perceived difficulties related to hearing loss. Depending on whether their 

wish is to primarily reduce tinnitus or improve hearing, or both, current evidence suggests that 

the impact of stapes surgery on patient QoL does not necessarily correlate with audiometric 

outcomes2, and it is the relation between audiometric and patient QoL outcomes after stapes 

surgery that will be covered in this review. 
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4 Methods 

A systematic review without meta-analysis was conducted, using studies published 

from November 7, 2017, through November 23, 2019, that evaluated the relation between 

QoL outcomes and audiometric data after stapes surgery in adult otosclerosis patients. This 

systematic review was conducted using the preferred PRISMA reporting guidelines (see 

Appendix 4 for PRISMA checklist). 

 

Database search and article selection 

A search string was applied periodically in the following databases: PubMed, 

Cochrane Library and OpenGrey. Titles and abstracts were screened, and non-relevant studies 

were removed. After removal of duplicates, full texts were screened, removing studies not 

conforming to inclusion criteria (see PRISMA-style flow diagram and search string in 

Appendix 2). All database searches and selection of articles were done by the author. 

Only primary and patient-centered studies focusing on QoL after stapes surgery were 

included. Reflecting the fast development in the medical field of stapes surgery, the date 

range was set to 2015-2020 so as to not include data >10 years of age. Although QoL is a 

broad term, choosing QoL + synonyms, in addition to otosclerosis and stapes surgery + 

synonyms would enable retrieval of any primary studies pertaining to this area of research. 

Guidance on search string development and database search was provided by a librarian from 

University of Oslo’s Main Library. 

Patients’ audiometric outcomes were objectively measured pre- and post-operatively, 

and self-reporting of QoL were measured by questionnaires. Retrospective studies were 

excluded to minimize risk of bias. Additionally, studies with a population characterized my 

only revision cases or mixed hearing loss were excluded. Articles were excluded if presented 

in languages other than English, Norwegian, Swedish or Danish. 

 
Quality assessment 

Quality assessment of the primary studies were first and foremost made on the basis of 

the Quality Rating Scheme for Studies and Other Evidence (PRISMA). Additional quality and 

risk of bias assessment was based on GRADE guidelines,10,11 in accordance with procedures 

for qualitative synthesis. Studies were independently assessed for quality (see Appendix 3).  
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5 Results 
Search strategy and study selection 

The data search resulted in 37 studies identified through application of search string. 

Two studies were duplicates and were thus removed. 35 studies were screened by title and 

abstract. 30 studies were removed in concordance with exclusion criteria. In total, five studies 

were screened for full-text, and two were removed in accordance with exclusion criteria. 

Thus, three 12-14 studies were eligible for critical appraisal and inclusion in qualitative 

synthesis. The 3 studies were published between November 7, 2017, and November 23, 2019, 

and met the inclusion criteria. 

 

Assessing quality of studies 
See study characteristics and assessment of quality presented in Appendix 3. All 3 

selected studies were assessed for quality in accordance with GRADE criteria for quality 

assessment and risk of bias, using a scoring system (high = > + 4, moderate = +3, low = +2, 

very low = less than +1). Specifically, assessment of quality was made on the basis of study 

design, population sample size, limitations and imprecision. 

The three studies selected for critical appraisal were varied in study design. The first 

study by Dziendziel et al.12 was a prospective clinical study with the largest sample size 

(n=191), the second study by Lailach et al.13 was a clinical case study with prospective 

analysis and had the smallest sample size (n=37), and the third study by Weiss et al.14 was a 

prospective longitudinal study with a smaller sample size (n=48). Stapedotomy was the 

surgical method used in two studies,12,14 and one study13 did not specify which surgical 

method was used. Total number of patients combined was 276, although missing data was an 

issue in all of three studies. 

The first study12 used Tinnitus Functional Index (TFI) and Abbreviated Profile for 

Hearing Aid Benefit (APHAB) to measure patient QoL. The second study13 used the newly 

validated HRQoL measure Stapesplasty Outcome Test 25 (SPOT-25), Hearing Handicap 

Inventory for Adults (HHIA) and a translated but not validated German version of the 

Glasgow Benefit Inventory. The third study14 used SPOT-25 and GBI. For this review topic, 

GBI, TFI and SPOT-25 are the QoL measures of interest. 

All studies measured audiometric outcomes by conducting pure tone audiometry pre- 

and post-operatively. However, the presented pure tone range was varied (highest pure tone 

ranging 3-8 kHz), one study included cases of mixed hearing loss12, and two studies included 
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revision cases.13,14 All studies reported on the relation between patient QoL and audiometric 

outcomes. 

All of the above factored into the assessment of quality, resulting in a GRADE score 

of -3 (very low), -5 (very low) and -3 (very low) in the first12, second13 and third study14 

respectively (see Appendix 3). 

Outcomes  

 Dziendziel et al.12 and Lailach et al.13 reported difference between pre- and post-

operative audiometric outcomes of air conduction thresholds (AC), bone conduction 

thresholds (BC) and air-bone gap (ABG), all of which were statistically significant. Weiss et 

al.14 reported statistically significant change in AC and ABG, however, BC thresholds 

remained stable after stapedotomy. 

In Dziendziel et al.,12 pre- and post-operative TFI scores were also reported to be 

statistically significant, with a moderate correlation between TFI and GBI scores. They 

analyzed GBI scores individually, and reported a 92% increase in QoL, 2% no change, and 

6% decrease.12 Their regression analysis pointed to AC and TFI change (especially) having a 

significant impact on patient QoL. 

Lailach et al.13 reported a significant increase in all subscores from the SPOT-25 after 

stapes surgery. They also found change and a strong association between pre- and post-

operative audiometric data and the overall SPOT-25 scores, with the exception of subscores 

pertaining to the areas of tinnitus, social restriction and mental condition. Their GBI outcomes 

showed a significant patient benefit, with all individual scores reporting benefit from surgical 

intervention. No considerable correlation between GBI and post-operative audiometric 

outcomes was observed. 

Weiss et al.14 also found indications of subjective patient benefit from stapedotomy in 

the SPOT-25 and GBI scores, as well as a positive correlation with post-operative ABG, with 

the exception of subscores pertaining to tinnitus and mental condition (SPOT-25) and social 

support (GBI). The change in tinnitus and mental condition scores were found to not correlate 

with the change in ABG. 
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6 Discussion 
In this systematic review results are presented from three studies concerning the 

relation between audiometric outcomes and patient QoL. The most important finding is first 

and foremost that there seems to be an increase in patient QoL after stapes surgery, in 

concordance with what is reported in current literature.2 However, stapedectomy and 

stapedotomy have been compared in the literature, and evidence points to stapedotomy 

yielding better audiometric outcomes, especially in relation to audiometric outcomes.8 The 

findings in this review, however, were found on the basis of stapedotomy. Only one study did 

not specify surgical method.13 

Another finding is how few prospective studies exist on the topic of the relation 

between patient QoL and audiometric outcomes, perhaps due to previous studies primarily 

focusing on hearing thresholds. There has not been found any highly rated study designs 

applied on this topic, perhaps due to very few disease-specific QoL measures available; 

SPOT-25 is the most specific QoL which applies to the part of otosclerotic population that 

opts for surgical intervention, and is validated in German and in the process of being validated 

in Dutch.15,16 

Interestingly, Lailach et al.13 and Weiss et al.14 did not find much difference between 

audiometric data and QoL questionnaire subscores relating to tinnitus, pre- and post-

operatively. In contrast, Dziendziel et al.,12 concluded with reduction in tinnitus having the 

greatest impact on patient QoL, as they performed statistical tests on the correlation between 

TFI and GBI scores with the difference in AC thresholds. Weiss et al.14 on the other hand, 

found no significant correlation between ABG and the tinnitus score of SPOT-25. These 

findings point to a risk of bias due to possibly skewed results in Dziendziel et al.,12 perhaps 

explained by the heavy focus on tinnitus in their study. 

Weiss et al.14 noted very weak correlation between audiometric data and QoL 

measures, and points to the observation of different correlations depending on AC, BC, ABG 

threshold changes. Similarly, Lailach et al.13 found no significant association between post-

operative audiometric outcomes and GBI scores. These results suggested the need to 

implement one or several patient QoL measures in future studies, as studies evaluated in this 

review concluded with the notion that post-operative audiometric outcomes were not 

necessarily indicative of subjective measures of post-operative QoL, and vice versa. 

Furthermore, due to the studies’ categorization of their population as a whole, this systematic 

review was unable to discern and evaluate the difference of revision surgery cases and cases 
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presenting mixed hearing loss to those cases with conductive hearing loss receiving primary 

stapes surgery. 

In relation to long-term outcomes, the study by Lailach et al.13 highlighted an 

important point in relation to how habituation processes in measures of patient (HR)QoL are 

seldomly taken into account; few studies on this particular review topic are longitudinal, 

perhaps because of this reason. The phenomenon pertaining to how each patient’s internal 

views on personal health and well-being can change after acquiring a disease and being 

treated surgically is called response shift.17 It has been argued that response shift needs to be 

controlled for in the development of future measures of patient QoL, so that they can be 

applied in a long-term setting.18,19 

Apart from the overall arc in the results, which was that change in hearing thresholds 

indicate an increase in patient QoL, the studies had limitations in the form of considerable 

variation in study design, audiometric testing, post-operative follow-up period, statistical 

analyses and small sample sizes (in addition to missing data). These factors resulted in very 

low quality of evidence scores (GRADE) and low quality rating of study design (PRISMA) in 

all three studies. Thus it was difficult to synthesize all study outcomes into a conclusion 

which answers to what degree of relation there is between patient QoL and audiometric 

results after stapes surgery. 

 
Limitations and future directions 
 The findings and conclusions of this systematic review need to be appraised in light of 

its limitations. A limitation in this systematic review is that it was conducted solely by the 

author, which lowers reliability considerably, as it would have been preferable to have at least 

two reviewers in the evaluation process. The sample size of articles in this systematic review 

was very small, as few articles met the strict exclusion and inclusion criteria, although this 

measure was consciously made with the aim to elevate the research quality.  

On a stronger note, this systematic review highlighted a topic that spans across the 

subject areas of QoL, otosclerosis and stapes surgery; a topic that has yet to be reviewed, until 

now. Although results may not be as generalizable as preferred, this systematic review fills a 

small gap in the literature. The patient-centered perspective was implemented with the aim to 

conduct research that will result in continued development of clinical practice, enhanced 

communication between patient and surgeon/healthcare professional, better patient outcomes 

and more frequent monitoring of post-operative patient QoL. 
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In the future, researchers should aim to conduct studies with study designs of higher 

evidence rating, such as prospective controlled trials or prospective cohort trials using 

validated and disease-specific QoL questionnaires. 
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7 Conclusions 
Disease-specific QoL measures should be implemented in future clinical studies, with 

the aim to evaluate audiometric outcomes’ relation to patient QoL after stapes surgery in the 

otosclerotic population. Combining two types of objective and subjective measures can 

provide a clearer empirical picture of the relation between audiometric outcomes and patient 

QoL both short- and long-term. For this to be achieved, future QoL measuring tools need to 

be more surgery and/or disease specific, as well as translated and validated in a greater variety 

of languages to obtain reliable and generalizable results. 
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DOVR�EH�LQFOXGHG�DV�DQ�RQOLQH�RQO\�VXSSOHPHQW��,Q�DGGLWLRQ��D�FRPSOHWHG��35,60$�FKHFNOLVW�
VKRXOG�EH�VXEPLWWHG�IRU�WKH�LWHPV�FRPSOHWHG�WKDW�DSSO\�WR�V\VWHPDWLF�UHYLHZV��WKH�FKHFNOLVW�
LWHPV�WKDW�DSSO\�WR�PHWD�DQDO\VHV�GR�QRW�QHHG�WR�EH�FRPSOHWHG�IRU�V\VWHPDWLF�UHYLHZV�ZLWKRXW�
PHWD�DQDO\VLV���7KH�FKHFNOLVW�ZLOO�EH�XVHG�GXULQJ�UHYLHZ�EXW�ZLOO�QRW�EH�SXEOLVKHG��

%DFN�WR�WRS�
5HVXOWV������������ZRUGV��
)LUVW��EULHIO\�UHSRUW�WKH�UHVXOWV�RI�WKH�OLWHUDWXUH�VHDUFK��LQFOXGLQJ�WKH�QXPEHU�RI�DUWLFOHV�UHYLHZHG�
DQG�LQFOXGHG��QXPEHUV�RI�YDULRXV�W\SHV�RI�VWXGLHV��HJ��FOLQLFDO�WULDOV��FRKRUW�VWXGLHV��LQFOXGHG��
DQG�WKH�DJJUHJDWH�QXPEHUV�RI�SDWLHQWV�LQFOXGHG�LQ�WKH�UHYLHZHG�VWXGLHV��$OVR�SURYLGH�D�EULHI�
VXPPDU\�RI�WKH�TXDOLW\�RI�WKH�HYLGHQFH��'HWDLOV�RI�WKLV�LQIRUPDWLRQ�FDQ�EH�LQFOXGHG�LQ�D�
35,60$�VW\OH�IORZ�GLDJUDP�DQG�WDEOH�V���

1H[W��WKH�VXEVHFWLRQV�OLVWHG�EHORZ�VKRXOG�JHQHUDOO\�DSSHDU�LQ�WKH�5HVXOWV�VHFWLRQV�RI�PRVW�
5HYLHZV�DOWKRXJK�DOO�RI�WKHVH�VXEVHFWLRQV�PD\�QRW�EH�QHFHVVDU\�IRU�VRPH�WRSLFV��GHSHQGLQJ�RQ�
WKH�VSHFLILF�TXHVWLRQ�RU�LVVXH�DGGUHVVHG��7KH�ZRUG�FRXQWV�IROORZLQJ�HDFK�VXEVHFWLRQ�DUH�
VXJJHVWHG�WR�DVVLVW�ZLWK�NHHSLQJ�WKH�RYHUDOO�5HVXOWV�VHFWLRQ�OLPLWHG�WR�����������ZRUGV��

3DWKRSK\VLRORJ\ �����������ZRUGV���3URYLGH�D�EULHI�RYHUYLHZ�RI�WKH�
SDWKRSK\VLRORJ\�RI�WKH�GLVHDVH��7KH�LQWHQW�LV�WR�SURYLGH�UHDGHUV�ZLWK�VXIILFLHQW�
EDFNJURXQG�LQIRUPDWLRQ�DERXW�WKH�XQGHUSLQQLQJV�RI�D�GLVHDVH�WR�SURYLGH�FRQWH[W�IRU�
WKH�UHVW�RI�WKH�DUWLFOH��
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&OLQLFDO�3UHVHQWDWLRQ�����������ZRUGV���%ULHIO\�GHVFULEH�WKH�FOLQLFDO�FKDUDFWHULVWLFV�
WKDW�UHVXOW�LQ�D�SDWLHQW�VHHNLQJ�PHGLFDO�FDUH�IRU�WKH�FRQGLWLRQ�RU�ZKDW�IHDWXUHV�RI�WKH�
GLVHDVH�VKRXOG�OHDG�D�FOLQLFLDQ�WR�HYDOXDWH�RU�WUHDW�LW��

$VVHVVPHQW�DQG�'LDJQRVLV �����������ZRUGV���'HVFULEH�WKH�FOLQLFDO�H[DPLQDWLRQ�
IRU�HYDOXDWLRQ�RI�WKH�GLVHDVH�DQG�H[SODLQ�WKH�PRVW�VDOLHQW�SK\VLFDO�H[DPLQDWLRQ�
ILQGLQJV��,I�ODERUDWRU\�RU�LPDJLQJ�VWXGLHV�DUH�QHFHVVDU\��SURYLGH�WKH�VHQVLWLYLW\�DQG�
VSHFLILFLW\�DQG�GLDJQRVWLF�DFFXUDF\�RI�WKHVH�WHVWV�DQG�FRQVLGHU�SURYLGLQJ�SRVLWLYH�
DQG�QHJDWLYH�OLNHOLKRRG�UDWLRV��6HTXHQFHV�RI�GLDJQRVWLF�WHVWV�DUH�EHVW�SUHVHQWHG�DV�
DOJRULWKPV�RU�LQ�WDEOHV��

7UHDWPHQW�����������ZRUGV���7UHDWPHQWV�VKRXOG�EH�EDVHG�RQ�WKH�PRVW�UHFHQWO\�
DYDLODEOH�DQG�KLJKHVW�OHYHO�RI�HYLGHQFH��7UHDWPHQW�RSWLRQV�VKRXOG�EH�VXPPDUL]HG�
LQ�WKH�WH[W�DQG�SUHVHQWHG�LQ�GHWDLO�LQ�WDEOHV�DORQJ�ZLWK�DQ�LQGLFDWLRQ�RI�WKH�VWUHQJWK�
RI�HYLGHQFH�VXSSRUWLQJ�WKH�LQGLYLGXDO�WUHDWPHQWV��,Q�JHQHUDO��WUHDWPHQW�
UHFRPPHQGDWLRQV�VKRXOG�EH�VXSSRUWHG�E\�D�V\VWHPDWLF�UHYLHZ�RI�WKH�OLWHUDWXUH��
HLWKHU�SHUIRUPHG�E\�WKH�DXWKRU�RI�WKH�5HYLHZ�RU�SXEOLVKHG�LQ�WKH�IRUP�RI�D�
KLJK�TXDOLW\�UHYLHZ�RU�JXLGHOLQH��,I�SRVVLEOH��WKH�FRVWV�IRU�YDULRXV�WUHDWPHQWV�VKRXOG�
EH�SURYLGHG��

3URJQRVLV �����������ZRUGV���$�VHFWLRQ�RXWOLQLQJ�WKH�RYHUDOO�SURJQRVLV�IRU�WKH�
FRQGLWLRQ��RQFH�WUHDWHG��VKRXOG�EH�LQFOXGHG��

'LVFXVVLRQ���$SSUR[LPDWHO\������ZRUGV��

.H\�ILQGLQJV�VKRXOG�EH�VXPPDUL]HG�LQ�WKH�ILUVW�SDUDJUDSK�RI�WKH�'LVFXVVLRQ�VHFWLRQ��$OO�
VWDWHPHQWV�PDGH�VKRXOG�EH�VXSSRUWHG�E\�HYLGHQFH��,W�LV�YHU\�LPSRUWDQW�WR�QRW�VLPSO\�OLVW�ILQGLQJV�
IURP�WKH�VWXGLHV�UHYLHZHG��7KLV�LQIRUPDWLRQ�LV�EHVW�SUHVHQWHG�LQ�WDEOHV��7KH�'LVFXVVLRQ�VKRXOG�
SURYLGH�D�FULWLFDO�V\QWKHVLV�RI�GDWD�DQG�LQIRUPDWLRQ�EDVHG�RQ�WKH�UHVXOWV�RI�WKH�UHYLHZ��DQ�
DVVHVVPHQW�RI�WKH�TXDOLW\�RI�VWXGLHV�VXPPDUL]HG��DQG�D�GHVFULSWLRQ�RI�KRZ�VWXGLHV�FDQ�EH�
LQWHUSUHWHG�DQG�XVHG�WR�JXLGH�FOLQLFDO�SUDFWLFH��7KH�OLPLWDWLRQV�RI�WKH�HYLGHQFH�DQG�RI�WKH�UHYLHZ�
VKRXOG�EH�GLVFXVVHG��DQG�JDSV�LQ�HYLGHQFH�VKRXOG�EH�DGGUHVVHG��$�GLVFXVVLRQ�RI�FRQWURYHUVLDO�
RU�XQUHVROYHG�LVVXHV�DQG�WRSLFV�LQ�QHHG�RI�IXWXUH�UHVHDUFK�DOVR�VKRXOG�EH�LQFOXGHG��

&OLQLFDO�3UDFWLFH�*XLGHOLQHV��,Q�WKH�'LVFXVVLRQ�VHFWLRQ��GHVFULEH�FXUUHQW�FOLQLFDO�SUDFWLFH�
JXLGHOLQHV��UHOHYDQW�WR�WKH�WRSLF�RI�WKH�UHYLHZ��LI�DYDLODEOH��DQG�ZKHWKHU�WKH�FRQFOXVLRQV�RI�WKLV�
UHYLHZ�DJUHH�ZLWK��RU�GLVDJUHH�ZLWK��WKH�FXUUHQW�FOLQLFDO�SUDFWLFH�JXLGHOLQHV��,I�WKLV�LV�GRQH�DQG�
WKHUH�LV�PRUH�WKDQ���JXLGHOLQH��D�WDEOH�VKRXOG�EH�SUHSDUHG�FRPSDULQJ�WKH�PDMRU�IHDWXUHV�WKDW�
GLIIHU�EHWZHHQ�WKH�JXLGHOLQHV��*XLGHOLQH�TXDOLW\�VKRXOG�EH�GLVFXVVHG�XVLQJ�WKH�VWDQGDUGV�
RXWOLQHG�IRU�WKH��-$0$�&OLQLFDO�*XLGHOLQHV�6\QRSVLV���
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,QFOXGH�D����WR���VHQWHQFH�VXPPDU\�RI�WKH�PDMRU�FRQFOXVLRQV�RI�WKH�UHYLHZ��

7DEOHV�
&RQVWUXFW�WDEOHV�WKDW�VXPPDUL]H�WKH�VHDUFK�UHVXOWV��7DEOHV�VXPPDUL]LQJ�WUHDWPHQWV�VKRXOG�
KDYH�LQIRUPDWLRQ�RUJDQL]HG�E\�FDWHJRU\�RI�WUHDWPHQW�DQG�WKHQ�E\�LQGLYLGXDO�WUHDWPHQWV��
&ROXPQV�VKRXOG�LQFOXGH�WKH�QDPH�RI�WKH�WUHDWPHQW��VWUHQJWK�RI�HYLGHQFH�VXSSRUWLQJ�WKH�
WUHDWPHQW��WKH�WUHDWPHQW
V�HIIHFW��SUHIHUDEO\�VKRZQ�DV�WKH�WUHDWPHQW
V�HIIHFW�DV�FRPSDUHG�WR�
FRQWURO�RQ�WKH�PHDVXUHG�RXWFRPH�WRJHWKHU�ZLWK�����FRQILGHQFH�LQWHUYDOV���DGYHUVH�HIIHFWV��DQG�
YHU\�EULHI�FRPPHQWV��LI�QHFHVVDU\��/HQJWK\�WH[W�EDVHG�WDEOHV�VKRXOG�EH�DYRLGHG��$GGLWLRQDO�RU�
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UDWLQJV�RI�LQGLYLGXDO�VWXGLHV���

4XDOLW\�5DWLQJ�6FKHPH�IRU�6WXGLHV�DQG�2WKHU�(YLGHQFH�

�� 3URSHUO\�SRZHUHG�DQG�FRQGXFWHG�UDQGRPL]HG�FOLQLFDO�WULDO��V\VWHPDWLF�UHYLHZ�ZLWK�
PHWD�DQDO\VLV�

�� :HOO�GHVLJQHG�FRQWUROOHG�WULDO�ZLWKRXW�UDQGRPL]DWLRQ��SURVSHFWLYH�FRPSDUDWLYH�FRKRUW�WULDO�

�� &DVH�FRQWURO�VWXGLHV��UHWURVSHFWLYH�FRKRUW�VWXG\�

�� &DVH�VHULHV�ZLWK�RU�ZLWKRXW�LQWHUYHQWLRQ��FURVV�VHFWLRQDO�VWXG\�

�� 2SLQLRQ�RI�UHVSHFWHG�DXWKRULWLHV��FDVH�UHSRUWV�

7KHUH�DUH�VHYHUDO�RWKHU�SUHIHUUHG�V\VWHPV�IRU�UDWLQJ�WKH�TXDOLW\�RI�HYLGHQFH�LQ�5HYLHZ�DUWLFOHV��
)RU�5HYLHZV�WKDW�V\QWKHVL]H�ILQGLQJV�IURP�QXPHURXV�VWXGLHV�LQWR�D�VLQJOH�VXPPDU\�
UHFRPPHQGDWLRQ��XVH�WKH�UDWLQJ�VFDOH�VKRZQ�DERYH�RU�WKH��2[IRUG�&HQWUH�IRU�(YLGHQFH�EDVHG�
0HGLFLQH
V�/HYHOV�RI�(YLGHQFH�DQG�*UDGHV�RI�5HFRPPHQGDWLRQ ��RU�WKH�UHFRPPHQGDWLRQV�LQ�WKH�
$PHULFDQ�&ROOHJH�RI�&DUGLRORJ\�)RXQGDWLRQ�$PHULFDQ�+HDUW�$VVRFLDWLRQ�7DVN�)RUFH�RQ�3UDFWLFH�
*XLGHOLQHV���)RU�UHYLHZV�WKDW�LQFOXGH�GLDJQRVWLF�VWXGLHV��XVH��7KH�5DWLRQDO�&OLQLFDO�([DPLQDWLRQ�
/HYHOV�RI�(YLGHQFH�WDEOH ���
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SDWLHQWV�SDUWLFLSDQWV�UHSUHVHQWHG�LQ�WKH�VWXGLHV�LGHQWLILHG��VFUHHQHG��HOLJLEOH��DQG�LQFOXGHG�LQ�WKH�
ILQDO�UHYLHZ��

$GGLWLRQDO�ILJXUHV�WKDW�LOOXVWUDWH�SDWKRSK\VLRORJ\�RU�FOLQLFDO�SUHVHQWDWLRQ�PD\�EH�FRQVLGHUHG��:H�
HQFRXUDJH�YLGHRV��LI�DSSURSULDWH��WR�LOOXVWUDWH�D�SRLQW�PDGH�RU�SURFHVV�GHVFULEHG�LQ�WKH�5HYLHZ��

)ROORZ�DGGLWLRQDO�LQVWUXFWLRQV�IRU�SUHSDUDWLRQ�DQG�VXEPLVVLRQ�RI��)LJXUHV��DQG��9LGHR ���

�

��

https://jamanetwork.com/journals/jamaotolaryngology/pages/instructions-for-authors%23SecFigures
https://jamanetwork.com/journals/jamaotolaryngology/pages/instructions-for-authors%23SecVideo


Appendix 2 
 
PRISMA-style flow diagram 

37    Studies identified through 
       database search 
       28 PubMed 
         3 Cochrane Library 
         6 OpenGrey 

2 Studies excluded (duplicates) 

35 Studies screened by title and abstract 
after removal of duplicates 

30 Studies excluded (not corresponding to 
inclusion criteria) 

5 Studies screened on full text 

Excluded (not corresponding) 
          1 Retrospective study design 

            1 Data aged >10 years 
 

3 Studies included in qualitative synthesis 

Search string applied in database search: 
otosclerosis AND quality of life AND (qol OR hrqol OR stapes OR stapedial OR stape* 
OR outcome* OR result* OR tinnitus OR hearing OR surgery OR surgeries OR 
operation OR operations OR stapedotomy* OR stapedectom* OR stapedotomy OR 
stapedectomy OR stapesplasty OR outcome* OR satisfaction) 



Appendix 3 
 
Study characteristics and assessment of quality 
 
* GRADE score: (high = > + 4, moderate = +3, low = +2, very low = less than +1) 

Study 
Population, 
No. 

Study design 
& surgical 
method Limitations 

QoL 
Measurement 
tool(s) Key findings 

Dzendziel 
et al., 
(2019) 

Lailach 
et al., 
(2018) 

Weiss 
et al., 
(2020) 

Prospective 
clinical study 
 
Stapedotomy 

191 
Glasgow Benefit 
Inventory (GBI) 
Tinnitus Functional 
Index (TFI) 
Abbreviated Profile 
for Hearing Aid 
Benefit (APHAB) 

QoL after stapes surgery 
depended on improvement in 
audiometric and self-reported 
hearing. The greatest impact 
on increase in QoL is 
reduction of tinnitus severity. 

37 Clinical case 
study, 
prospective 
analysis 
 
N/A 

Stapesplasty Outcome 
Test 25 (SPOT-25) 
Hearing Handicap 
Inventory for Adults 
(HHIA) 
Glasgow Benefit 
Inventory (GBI) 

Hearing handicap and 
disease-specific QoL is 
significantly improved by 
stapes surgery. Audiometric 
parameters are not a 
sufficient indicator of social 
and mental well-being. 

48 Prospective 
longitudinal 
study 
 
Stapedotomy 

Stapesplasty Outcome 
Test 25 (SPOT-25) 
Glasgow Benefit 
Inventory (GBI) 

Stapes surgery significantly 
improves hearing and 
HRQoL. Correlations 
between questionnaires and 
audiometric outcomes were 
inconclusive. 

GRADE score* 

Out of 191 patients, 
only 162 were available 
for post-operative 
audiometric results. 
Includes patients with 
mixed hearing loss. 

Smaller sample size. 
Low degree of 
information on 
population 
characteristics. Used 
non-validated version of 
GBI (German). Does not 
state type of surgical 
procedure. Includes 
revision cases. 

Smaller sample size. 18 
patients declined to 
complete 
questionnaires. 
Includes revision cases. 

-3 (very low) 

-5 (very low) 

-3 (very low) 



PRISMA 2009 Checklist
Section/topic # Checklist item Reported 

on page # 

TITLE 

Title 1 Identify the report as a systematic review, meta-analysis, or both. 

ABSTRACT 

Structured summary 2 Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 
criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number. 

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is already known. 

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 
comparisons, outcomes, and study design (PICOS). 

METHODS 

Protocol and registration 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 
registration information including registration number. 

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale. 

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched. 

Search 8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated. 

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis). 

Data collection process 10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 
for obtaining and confirming data from investigators. 

Data items 11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made. 

Risk of bias in individual 
studies 

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 
done at the study or outcome level), and how this information is to be used in any data synthesis. 

Summary measures 13 State the principal summary measures (e.g., risk ratio, difference in means). 
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From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. 

Synthesis of results 14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis. 

Section/topic # Checklist item Reported 
on page # 

Risk of bias across studies 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 
reporting within studies). 

Additional analyses 16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 
indicating which were pre-specified. 

RESULTS 

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram. 

Study characteristics 18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations. 

Risk of bias within studies 19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 

Results of individual studies 20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot. 

Synthesis of results 21 Present results of each meta-analysis done, including confidence intervals and measures of consistency. 

Risk of bias across studies 22 Present results of any assessment of risk of bias across studies (see Item 15). 

Additional analysis 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). 

DISCUSSION 

Summary of evidence 24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 
key groups (e.g., healthcare providers, users, and policy makers). 

Limitations 25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias). 

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications for future research. 

FUNDING 

Funding 27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review. 
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