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11. Outcome-based healthcare

Over the past years, increasing pressure is exerted on healthcare providers to 

communicate outcome data. Outcomes reflect the change in health status following 

treatment, and are essential to evaluate the effectiveness of healthcare. Primarily, 

outcome information is of great importance to governments and regulators. Healthcare 

systems are facing a sustainability crisis: the ageing population and consequently rising 

chronic disease burden are placing an increasing demand on healthcare, at a backdrop 

of limited resources. To contain costs, insights in precisely what interventions achieve 

what health benefit are critical to ensure that every euro spent produces the best 

outcomes. Whereas traditionally these outcomes encompassed more clinical metrics 

such as mortality and readmissions, the focus is now shifting towards a more patient-

centered approach concentrating on results that matter to patients. Patient-relevant 

outcomes are expected to play an increasingly important role in reimbursements, 

accreditation programs, quality inspections and clinical trials.1-3 

Apart from policy makers and payers, the demand for more relevant outcome 

information also arises from patients. In order to make educated decisions about their 

health, patients rely on meaningful and comprehensible outcome information. Patients 

are keen to participate in the decision-making process, but are often not provided 

with the information they need.4-6 This particularly concerns outcome information 

that they can relate to, such as whether they can climb stairs rather than whether 

their spirometry has improved.7 In addition, data on how well their individual doctor 

performs is absent, information that patients consider important in choosing where 

to receive treatment.8-10 Patients are unlikely to receive data-driven answers from their 

clinicians: although clinicians acknowledge the value of outcome information, very few 

monitor their own outcomes.11 Most clinicians rely on gut feeling to determine how well 

they perform. Since clinicians commonly judge their own performance as unusually 

succesful, the validity of this gut feeling is questionable; 90% rate themselves in the 

upper quartile and no-one sees themselves as below average in relation to peers.12,13 

Certainly, patients, clinicians and interested third parties can consult the scientific 

literature to retrieve information about the expected effect of interventions. Due 

to their design, randomized controlled clinical trials (RCTs) are considered the gold 

standard to study the effect of an intervention.14 As the impact of bias is minimized 

by strictly controlling the study population, setting and methods, RCTs provide the 

highest level of evidence on the efficacy of treatment. For many therapies however, 

including surgery, this evidence is missing because attaining such evidence poses 

significant technical, ethical or financial challenges.15 Moreover, even if efficacy has 
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been demonstrated in well-controlled experimental settings, interventions could 

perform differently in general clinical practice.16 Patient characteristics may be more 

diverse, many interventions are subject to substantial procedural variability, and the 

background, experience or interests of providers may differ significantly.17 For example, 

most doctors quote scientific literature to inform and council patients. But can a 

surgeon who performs a certain procedure twice a year reliably quote the results of 

a study from surgeons performing that procedure 50 times a year? A discrepancy 

therefore exists between efficacy; demonstrated health benefit in an ideal, controlled 

situation, and effectiveness: the benefit of an intervention in the uncontrolled setting 

of daily practice. Evidence-based results may differ substantially from practice-based 

results, and it is precisely this practice-based evidence that is lacking. 

These considerations are the foundation of an increasing interest in routinely measuring 

patient-relevant outcomes in healthcare. Over the past two decades, clinicians have 

acknowledged the value of outcome-based healthcare and have started to incorporate 

systematic outcome measurements in practice. In functional and aesthetic nasal 

surgery, or rhinoplasty, numerous outcome instruments that measure the effect of 

rhinoplasty have recently emerged.18,19 Still, these instruments have primarily been used 

in a scientific setting and consensus on what instruments to use, how to incorporate 

outcome measurements in practice and how to analyze collected outcomes is absent. 

Consequently, rhinoplasty outcome data remain scarce. This thesis studies the selection 

and implementation of routine outcome measures in rhinoplasty, in an attempt to 

advance from gut feeling and intuition to data-driven decision-making. 
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1The history of outcome measurements in healthcare

Although outcome measurements began to gain momentum over the past years, 

measuring outcomes in healthcare is not new. Florence Nightingale was the first to 

systematically measure outcomes: her revolutionary system of recording outcomes 

among soldiers during the Crimean War (1853-1856) enabled her to link death 

to poor hygiene, a finding that effectuated a spectacular decline of mortality.20 

Another protagonist of outcome measurements is pioneering surgeon Ernest 

Codman (Boston, 1869-1940). In order to evaluate treatment effects, learn from 

unwanted outcomes and enable comparisons between surgeons and hospitals, he 

proposed to systematically measure surgical results.21 Unfortunately, Codman was 

far ahead of his time; his ideas received little appreciation by his colleagues and the 

evolution of outcomes measurement was brought to a halt. It was not until after 

the Second World War that, as a result of rapidly expanding health services, third-

party payers demanded evidence of healthcare effectiveness and containment of 

costs.22 Primarily, traditional measures of clinical outcomes such as mortality and 

complications were used as endpoints. During the 1960s and 1970s, it became 

eminent that these traditional indices were not always the most relevant outcomes. 

A more holistic approach of outcomes that are important to patients was adopted, 

in order to capture the multidimensionality of health status.23 Most treatments do 

not aim to reduce mortality but rather aim to decrease specific symptoms, minimize 

disability or improve quality of life; examples of which are chronic conditions or 

elective procedures. Therefore, an understanding of the full range of different 

outcomes was necessary if outcomes relevant to patients were to be measured. 

A widely accepted model describing the different dimensions of patient outcomes 

is that of Wilson and Cleary.24 In this model, five conceptually distinct measures of 

health status are identified: biological and physiological factors (e.g. blood pressure 

or serum hemoglobin level), symptoms (such as pain or fatigue), functioning (e.g. 

reduced ability to climb stairs), general health perceptions and overall quality of life. 

Patient-reported outcome measures

With the exception of biological and physiological factors, the dimensions of Wilson 

and Cleary’s model are aspects that require the perspective of patients. To capture 

this perspective, patient-reported outcome measures (PROMs) were introduced.25 

A PROM aims to measure the patients’ view of his or her own health experience 

in a reliable, valid and feasible manner.26 This self-reported assessment, usually a 

questionnaire, provides a quantitative evaluation of otherwise subjective results. 

PROMs can be subdivided into disease-specific and generic instruments. Disease-

specific PROMs examine symptomatic or functional manifestations specifically 

related to a disease or treatment, generic PROMs are targeted at measuring 
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functional ability or quality of life in general.27 Disease specific PROMs are usually 

considered more sensitive to measure change, e.g. after treatment, whereas generic 

PROMs are more suitable when comparisons across conditions are necessary. 

Value-based healthcare

Measuring health outcomes has gained exponential interest through the voice of prof. 

Michael Porter (Harvard Business School, USA). As a result of rising and unsustainable 

healthcare costs, variable quality and ineffective competition among healthcare 

providers and payers, many consider a rigorous transformation of healthcare 

organization inevitable. Healthcare as we know it is a fee-for-service system; providers 

are rewarded for quantity of care, such as the number of consultations or procedures 

completed, irrespective of what those services achieve for patient health. In 2010, 

Porter proposed the value-based healthcare (VBHC) model: a radically different system 

in which reimbursements are based on outcomes.28 In this model, the ‘value’ of delivered 

healthcare is determined by achieved patient-relevant outcomes, relative to the costs 

necessary to deliver those outcomes. In VBHC, the patient perspective is the yardstick 

of treatment success. For example, increased blood flow after coronary bypass surgery 

is not considered a successful outcome if the patient’s primary concern, pain and 

shortness of breath during exercise, has not improved. By focusing on such patient-

relevant outcomes, VBHC should be profitable for all three pillars of the healthcare 

system: clinicians can focus on improving outcomes relevant to patients, payers only 

pay for services that achieve results important to patients, and patients receive better 

care for the best price. 

From theory to practice

Whether VBHC truly effectuates a reduction of expenditures remains to be seen, but 

even critics agree that VBHC offers credible and legitimate principles of maximizing 

patient outcomes. Given their dependency on PROMs, specialties like rheumatology 

(dealing with chronic conditions) or psychiatry (managing mental disorders) have 

emerged as frontrunners in routinely measuring patient-relevant outcomes on a large-

scale basis.29,30 Furthermore, numerous successful projects, for instance among patients 

with diabetes, prostate cancer and physiotherapy, have implemented the principles of 

VBHC to monitor and maximize patient outcomes, build outcome-based registries, 

create a learning community of providers, and tie reimbursements to achieved 

outcomes.31 Governments increasingly acknowledge that apart from using outcome 

data to decide which healthcare bills to pay and which not to pay, routinely measuring 

patient-relevant outcomes provides transparency that both patients and providers can 

use to their advantage. The ‘Hoofdlijnenakkoord’, a national agreement for specialist 

medical care in the Netherlands, addresses the importance of healthcare professionals 
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1focusing on outcomes and the development of outcome indicators.32 In this agreement, 

all stakeholders support the ambition to define relevant outcomes for 50% of the 

disease burden by 2022. The overarching goals are to promote benchmarking between 

health care professionals and institutions, provide better access for patients to relevant 

and up-to-date outcomes information, and facilitate more outcome-based organization 

and payment. 

Still, significant barriers remain. What exactly are the outcomes that are relevant to 

patients? How do we measure these outcomes? And how do we use these outcomes to 

improve healthcare? In this thesis, we attempt to address these questions for patients 

in need of rhinoplasty. 
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2. What is rhinoplasty?

Rhinoplasty is a surgical procedure that aims to restore functional or aesthetic 

deformities of the nose. It ranks among the most frequently performed facial plastic 

operations, with approximately 33.000 cases performed in the United Kingdom and 

over 200.000 cases in the United States in 2019.33,34 The goal of functional rhinoplasty 

is to correct nasal obstruction caused by collapse or narrowing of the anterior nasal 

airway, whereas aesthetic rhinoplasty aims to improve nasal shape. Function and 

appearance of the nose are closely interrelated: aesthetic deformities can cause nasal 

obstruction and rhinoplasties intended to improve function may alter nasal appearance. 

Given the wide variation in individual nasal anatomy and the endless number of 

available interrelated operative techniques to manage similar problems, rhinoplasty is 

considered one of the most difficult facial plastic surgical procedures.35 For the surgeon, 

challenges are to master these techniques and develop an artistic sense of aesthetics 

to balance the nose to the rest of the face, while improving or at least preserving the 

nasal airway. 

Anatomy of the nose

The external nose consists of a framework of bony and cartilaginous structures, 

covered by a skin-soft tissue envelope. The bony framework of the nose is formed 

by paired nasal bones that communicate with the frontal bone cephalically, frontal 

process of the maxilla laterally, and the upper lateral cartilages caudally. Inferiorly and 

posteriorly, this bony pyramid fuses with the perpendicular plate of the ethmoid bone, 

the bony part of the nasal septum. The cartilaginous nasal septum, anterior to its bony 

counterpart, forms a cartilaginous nasal pyramid together with the upper lateral, or 

triangular, cartilages. Caudally, the cartilaginous septum rests on the maxillary crest and 

anterior nasal spine. The lower lateral cartilages, or alar cartilages, form the structural 

components of the nasal tip (Figure 1). The nose contains two nasal valves that create 

physiological resistance to nasal airflow. The external valve is bounded by the alar 

lobule laterally, nasal base or sill inferiorly and columella medially. The internal nasal 

valve is located a few millimeters posterior to the external valve, and is delineated by 

the septum medially, caudal edge of the upper lateral cartilage superiorly and head of 

the inferior turbinate inferolaterally (Figure 2). The cross-sectional area of the internal 

nasal valve is the narrowest part of the nasal airway.36,37 

The nasal airway and nasal obstruction

Nasal airflow is a complex phenomenon. The task of the nasal airway is to heat, humidify 

and filter inhaled air, as well as direct inhaled air towards the olfactory groove, cephalad 

in the nasal cavity, to provide smell. Simultaneously, air must be forwarded to the 



General introduction and aims   |   15

1remaining upper and lower airway. To accomplish these goals, the nasal airway produces 

two types of airflow. Turbulent airflow, caused by airway resistance, ensures sufficient 

contact between the mucosa of the nose so that inhaled air can be conditioned, whereas 

laminar airflow facilitates unobstructed transmission of air to the pulmonary system.38 

To maintain both functions, an intricate balance between turbulent and laminar airflow 

is necessary. Narrowing of the nasal airway can increase nasal resistance, which may 

result in decreased laminar airflow. This narrowing can roughly be divided into mucosal 

causes (e.g. allergic or infectious rhinitis, polyps or tumours of the nasal cavity) and 

structural causes (i.e. framework pathology of the bony and cartilaginous parts of the 

nose causing insufficiency of the nasal valves). 

Figure 1. Nasal anatomy.  

Figure 2. The internal and external nasal valve. 
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It is important to realize that physiological nasal airflow and the subjective 

perception of nasal breathing are two different constructs, that do not necessarily 

correlate with one another. Nasal obstruction is defined as a sensation of 

insufficient airflow through the nose, and is hence per definition a subjective 

complaint.39 Nasal obstruction is not always accompanied by physical parameters 

of increased nasal airway resistance or decreased peak nasal flow, and reversely, 

decreased parameters of physiological nasal airflow do not necessarily induce nasal 

obstruction. Most recent studies suggest that the primary physiological mechanism 

that produces the sensation of sufficient nasal airflow is nasal mucosal cooling, 

causing activation of trigeminal thermoreceptors.40 This would explain, for instance, 

why menthol spray creates a sensation of improved airflow without affecting nasal 

airway morphology.41 A thorough history taking and a detailed examination by an 

experienced rhinologist remains the key combination to determine whether nasal 

obstruction is related to a specific anatomical cause.

Impact of nasal obstruction on quality of life

Although not life-threatening, nasal obstruction is a distressing symptom that can have 

a significant impact on the quality of life. Studies reveal that patients with chronic nasal 

obstruction, irrespective of the cause, attain lower scores on generic quality of life 

instruments compared to patients without nasal obstruction.42,43 The burden of nasal 

obstruction has been studied extensively in patients with allergic rhinitis, attributing 

nasal obstruction to impaired daily functioning, adverse emotional and mental effects 

and sleep disorders.44-46 For patients with structural causes of nasal obstruction such 

as turbinate hypertrophy, septal deviation or nasal valve collapse, quality of life is also 

negatively affected.47 Given the fact that nasal obstruction is a common complaint in 

otorhinolaryngology, its impact likely poses a socially relevant health problem. Although 

there is no data on the economic burden of nasal obstruction itself, costs associated 

with allergic rhinitis and chronic rhinosinusitis are significant and nasal obstruction is 

the most frequent and disturbing complaint of these diseases.48 

Functional rhinoplasty

If nasal obstruction is caused by insufficiency of the nasal valves, functional rhinoplasty 

may be indicated. Airflow through the narrow nasal valves causes an increase in velocity, 

leading to a decrease in intraluminal pressure, consistent with Bernoulli’s principle.49 If 

the cartilages and soft tissues surrounding the nasal valves do not possess sufficient 

rigidity and strength or are not adequately positioned, the nasal valves may collapse, 

resulting in obstruction of airflow. Given the anatomical borders of the nasal valves, 

septal deviations in the nasal valve area and hypertrophic inferior turbinates may also 

contribute to incompetency of the nasal valves. Accordingly, the goal of functional 
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1rhinoplasty is to restore these structures and their relationships, ultimately leading 

to improved nasal breathing. A wide variety of surgical options, mainly encompassing 

autologous cartilage grafting and suture techniques, exist to accomplish this. 

Aesthetic rhinoplasty

The nose is one of the most prominent features of the face. Due to its central and 

protruding position, the nose draws much unconscious attention and is a major 

determinant of facial attractiveness.50-52 As a result of its static nature during speech 

and facial expression (as opposed to eyes, eyebrows and mouth), the nose is the 

most important feature used to discriminate faces.53 Concordantly, deformities of the 

nose tend to attract attention. Pronounced nasal deformities are often conspicuous 

and negatively affect facial attractiveness. This can have a significant impact on 

body image and psychological functioning and may even influence the perception of 

personality characteristics.54,55 However, the gradual difference between ‘normal’ and 

‘deformity’ is subtle and what one might interpret as a deformity someone else might 

perceive as normal. Furthermore, nasofacial aesthetic ideals are culturally variable 

and time sensitive. Hence, it has proven difficult to express the exact definition of what 

constitutes an aesthetically pleasing nose. Pre-established aesthetics standards for 

the nose have primarily been based on classical Greek and Egyptian ideals of beauty, 

without any support from population-based studies.56 Remarkably, attractive faces 

do not resemble these neoclassical canons more than do less attractive faces.57,58 

Even though no exact definition of the ideal, these canons are not rendered useless: 

the proportions and rules of thumb for nasofacial proportions have proven useful in 

analyzing the nose and offer rhinoplasty surgeons guidance in developing an artistic 

sense of aesthetics.59 

Generally speaking, aesthetic rhinoplasty aims to correct nasal deformities in order 

to draw attention away from the nose. Given the cosmetic nature of the procedure, 

the goal of aesthetic rhinoplasty is largely dependent on patient’s concerns and 

expectations, and the aesthetic judgement of the surgeon plays a very pronounced 

role in determining surgical goals. A satisfactory aesthetic rhinoplasty creates a nose 

that is aesthetically pleasing, particularly to the patient, without compromising nasal 

function. Thorough nasofacial analysis is essential to identify deformities and establish 

goals for surgery. Alterations to the bony or cartilaginous vault can be done to correct 

nasal crookedness or remove a dorsal hump, and the appearance of the nasal tip can 

be altered by a wide variation of techniques usually encompassing cartilage resection, 

transposition, grafting and suturing. 
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Surgical approach

To access the bony-cartilaginous framework of the nose, a rhinoplasty can be approached 

in an external (open) approach or endonasal (closed) approach. In the open approach, 

a small skin incision is made in the columella that extends to incisions on the inside 

of the nose (marginal incisions). This allows elevation of the complete skin-soft tissue 

envelope, providing maximum exposure of the cartilaginous and bony structures. In the 

closed approach, the endonasal incisions provide less surgical exposure, but prevent a 

visible scar. The choice of approach depends largely on the goal of the rhinoplasty, but 

preference for an open or closed approach also varies between surgeons. Furthermore 

the preference for approach appears to be time dependent; In the beginning of the 20th 

century rhinoplasties were performed almost exclusively using the closed approach, 

whereas near the end of the 20th century the open approach was popularized, and 

currently is the most preferred procedure.60 The wide surgical exposure and direct 

visualization of anatomical deformities that the open approach provides facilitates 

precise corrections, and the procedure is technically less challenging compared to the 

closed approach. In recent years, however, the closed approach is increasingly being 

advocated by several rhinoplasty surgeons in selected cases in order to preserve the 

continuity of certain structures, such as the nasal dorsum when correcting dorsal hump 

deformities.61
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13. Outcomes in rhinoplasty

Rhinoplasty is both science and craftmanship. There is a tremendous variability 

between surgeons regarding aesthetic ideals, surgical indications and preferred 

surgical maneuvers to tackle similar aesthetic and functional nasal problems. Each 

rhinoplasty surgeon may have his or her own set of techniques that one is entrusted 

with, usually based on training and experience. Consensus on principles and techniques 

is limited, as the rhinoplasty literature largely consists of low-level evidence.62 Surgeons 

have typically evaluated the effect of a rhinoplasty by examining the nasal airway 

and comparing pre- and postoperative photographs on an individual patient basis. 

However, such assessments do not provide quantifiable, patient-relevant and reliable 

outcome data that are necessary to elevate the rhinoplasty evidence-base from expert 

opinion to cohort-level studies. Furthermore, outcome data is important to rhinoplasty 

surgeons to justify the clinical effectiveness of rhinoplasty towards third parties. 

Health insurance carriers nowadays increasingly demand evidence of effectiveness, 

and absence of level 1 or 2 evidence can have far stretched consequences, including 

the decline of expense coverages for functional rhinoplasty. Rhinoplasty surgeons 

have acknowledged the importance of outcome measurements and as a result, 

measuring outcomes in rhinoplasty has gained momentum over the past years.63,64 

Various outcome instruments that aim to measure the functional or aesthetic effect 

of rhinoplasty are currently available. 

Instruments measuring functional outcome

Functional rhinoplasty outcome instruments attempt to measure patency of the nasal 

airway. The measurement of nasal patency is multifaceted: it can refer to a subjective 

interpretation of a physician examining the nose, it can refer to a patient’s subjective 

evaluation of his or her ability to breathe through the nose, it can refer to cross-sectional 

measures of the nasal airway or it can refer to dynamic measures of flow, volume or 

resistance through the nasal cavity. Consequently, outcome instruments may measure 

any of these constructs. Several objective instruments measuring anatomic or physiologic 

parameters of the nasal airway exist. Using acoustic rhinometry or imaging studies such 

as computed tomography (CT) the width of the nasal cavity can be measured, expressed 

as acoustic reflections or direct measurements of the cross-sectional area of the nasal 

airway, respectively.65,66 One of the major limits of these techniques is that they are not 

able to measure airway narrowing that occurs during inspiration, in case of dynamic 

lateral nasal wall collapse. Methods such as rhinomanometry or peak nasal inspiratory 

flow (PNIF) do not possess this limitation. Rhinomanometry measures pressure and flow 

during in- and expiration through the nose, detecting nasal obstruction by means of 

increased resistance and pressure or reduced flow (Figure 3).67,68 PNIF measures the 
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amount of nasal airflow during a deep and quick forced inspiration through the nose.69 

Compared to rhinomanometry, PNIF is significantly easier and cheaper to perform, 

but disadvantages of PNIF are that it depends on patient cooperation and pulmonary 

function.70 A more recent technique, computational fluid dynamics, uses imaging studies 

to create computational 3-dimensional models of the nasal airway to calculate nasal 

airflow, resistance and heat flux.71 

Figure 3. Setup for rhinomanometry. From: Pallanch J. (2013) Physiology: Rhinomanometry. In: 

Önerci T. (eds) Nasal Physiology and Pathophysiology of Nasal Disorders. Springer, Berlin, Heidelberg.

Apart from possible technical or financial issues, a major drawback of objective instruments 

measuring the nasal airway is that the correlation with patient-reported outcomes is 

controversial. Although some investigations report significant correlations,69,72-76 other 

studies fail to find correlations between objective nasal airway parameters and subjective 

nasal patency.77-82 Possibly, the variables that objective instruments measure may not 

explain the physiological mechanism of nasal airflow sensation. As previously mentioned, 
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1perception of nasal airflow is a complex phenomenon that is not yet fully understood. 

Therefore, as long as no validated objective clinical instrument that correlates with 

symptoms exists, routine measurement of objective nasal airway parameters is not 

advocated.83 Since the success of functional rhinoplasty is primarily dictated by the 

patient’s perception of nasal patency, patient-reported outcomes that specifically assess 

nasal patency (disease-specific) are considered the most important to define functional 

outcome.84 This is in line with consensus-based clinical practice guidelines for nasal 

valve insufficiency and rhinoplasty, recommending the use of PROMs, not objective 

instruments, to routinely measure the benefit of nasal surgery.85,86 

Various PROMs have been used to evaluate the functional result of rhinoplasty. Whereas 

some PROMs have been validated extensively with compelling evidence of validity and 

reliability, the quality of others is questionable. Examples of PROMs that specifically 

measure nasal patency are the Nasal Obstruction Symptom Evaluation (NOSE) scale, Non-

invasive Assessment and Symptomatic Improvement of the Obstructed Nose (NASION), 

Standardized Cosmesis and Health Nasal Outcomes Survey (SCHNOS) functional scale, 

Rhinologic Quality of Life (RhinoQol) and Sino Nasal Outcome Test (SNOT-22).87-91 In 

addition, several authors have attempted to measure the effect of functional rhinoplasty 

on generic health-related quality of life, for instance using the Short Form (SF-12 or SF-36), 

General Health Questionnaire (GHQ-28), or EuroQoL-5 dimensions.92-94 

Although consensus exists that PROMs are the outcome instrument of choice to measure 

the functional effect of rhinoplasty, there is no consensus on which of these PROM to 

use. Considering that numerous PROMs measuring functional outcome in rhinoplasty are 

available, with variable quality and without consensus on which of these PROMs to use, 

two problems arise. First, research performed with poor-quality outcome instruments 

is considered a waste of resources.95,96 Measuring treatment effects using outcome 

instruments with insufficient quality may produce meaningless or unreliable data and 

should be avoided. Second, the arbitrary use of different outcome instrument hampers 

the use of one universal ‘language’ to measure a specific outcome, thus limiting the 

aggregation and comparison of outcome data. To select the best outcome instrument, a 

comprehensive systematic review that evaluates the quality of all available instruments 

is required. To date, such a review has not been conducted. 

Instruments measuring aesthetic outcome 

As with functional outcomes, there is a wide variety of different types of outcomes 

that have been measured to evaluate the aesthetic effect of rhinoplasty. Traditionally, 

aesthetic rhinoplasty outcomes have been evaluated using pre- and postoperative 

photographs, in which the interpretation or grading of results was primarily surgeon-
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based.97,98 However, given the cosmetic nature of the procedure, the most important 

parameter of success in aesthetic rhinoplasty is patient satisfaction. The first attempts 

to measure patient satisfaction with nasal appearance involved the use of ad-hoc 

questionnaires that fell short of proper development or validation.99,100 In 2001, the first 

validated patient-reported disease-specific outcome instrument specifically designed 

for aesthetic rhinoplasty, the Rhinoplasty Outcome Evaluation, was published.101 This 

6-item questionnaire evaluates patient satisfaction, confidence and social acceptance 

related to nasal appearance. Examples of other disease-specific questionnaires that are 

currently available are the Utrecht Questionnaire, assessing concern with body image 

in relation to nasal appearance, and the FACE-Q Rhinoplasty Module, assessing patient 

satisfaction with several dimensions of shape (e.g. size, width, straightness).102,103 Since 

it has long been recognized that psychological disturbances are relatively frequent in 

patients seeking aesthetic rhinoplasty104-106, another outcome assessed in aesthetic 

rhinoplasty is psychosocial functioning or body image. Examples of such questionnaires 

are the Derriford Appearance Scale (DAS-24 or DAS-59), Multidimensional Body-Self 

Relations Questionnaire or Rosenberg Self Esteem Scale.107-111 Also generic health 

or quality-of-life instruments such as the General Health Questionnaire, EuroQoL 

and Short Form (SF-12 or SF-36) have been used to measure the effect of aesthetic 

rhinoplasty.110-112 Similar to functional PROMs, the quality of these aesthetic PROMs is 

variable and no consensus exists on which of these PROMs to use to measure the 

aesthetic result of a rhinoplasty. 

Although patient satisfaction remains the major determinant of aesthetic rhinoplasty 

success, patient-reported outcomes are subjective in nature. Scores may be influenced 

by confounding factors not under the control of the surgeon. An objective measure 

ignores these influences and could therefore complement patient-reported outcomes. 

Numerous papers report on the objective quantification of changes in nasal shape 

after surgery. Traditionally, such quantifications encompassed the use of a caliper 

or ruler directly to the patient’s skin to measure anatomical proportions and angles 

of the nose.113,114 Since photography has become the mainstay of facial analysis, the 

use of calipers has largely been abandoned. Particularly the availability of digital 

photography and imaging software has enabled detailed and accurate analyses of 

nasal shape. Several authors describe the use of computer-assisted measurements 

to quantify postoperative changes after rhinoplasty, for instance regarding nasal tip 

projection, dorsal aesthetic lines or dorsal width.115-117 Following the notion that a nose 

should be interpreted as a 3-dimensional rather than a 2D structure, 3D-photography 

and optical surface scanners have recently been utilized to quantify differences after 

rhinoplasty (Figure 4).118-123 What is often lacking in order to qualify these instruments 

as outcome measures, however, is the definition of ‘ideal’. Measuring change alone is 
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1not a parameter of surgical success: it requires an interpretation of how successful that 

change was in order to function as an outcome instrument. Given the importance of 

patient satisfaction in the assessment of success, an objective outcome instrument 

would have to correlate with subjective (patient-reported) outcomes. To date, only 

specific nasal ratios or parameters have been studied in relation to subjective 

outcomes; whereas some authors have found correlations124, others did not encounter 

correlations between nasal ratios and subjective facial attractiveness.125 No studies 

exist objectively capturing the nose as a whole and correlating this measurement to 

subjective outcomes. 

Figure 4. Optical surface scanner. Left, preoperative optical surface scan; center, postoperative 

optical surface scan; right, difference in volume from pre- to postoperative scan. Warm colours (green 

to red) represent positive surface displacement (in millimeters), cold colours (blue to pink) represent 

negative displacement. Turquoise areas represent surfaces that have not changed. From: Chau et al, 

Use of an optical surface scanner in assessment of outcome following rhinoplasty surgery. J Laryngol 

Otol, 122(9);972-977, 2008.
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4. Aims of this thesis

Systematically collecting relevant outcomes generates valuable data that allow 

patients, surgeons and other stakeholders involved in rhinoplasty to make informed 

decisions. However, routinely measuring outcomes in rhinoplasty is currently 

hampered by large heterogeneity of available outcome instruments and lack of 

know-how on the implementation and analysis of outcome measurements. The 

goals of this thesis are to (1) provide an evidence-based recommendation on which 

rhinoplasty outcome instruments to use, (2) develop a methodology to implement 

routine outcome measurements into daily practice, and (3) explore additional 

advantages resulting from such measurements. Furthermore, this thesis attempts 

to quantify nasal attractiveness, which could aid in objectively measuring aesthetic 

rhinoplasty outcome and complement patient-reported outcomes.

To improve the quality of rhinoplasty outcome data and counter heterogeneity 

in outcome reporting, the goal of chapter 2 is to select the most suitable 

instrument to measure functional and aesthetic outcomes after rhinoplasty. Using 

a consensus-based methodology, the measurement properties of all PROMs that 

measure functional or aesthetic outcomes are critically appraised, summarized and 

compared. The result is an evidence-based recommendation on the most suitable 

instruments. In addition, promising instruments worthy of further research are 

identified. 

An important aspect of using a PROM is that the instrument of choice is linguistically 

and culturally adapted to the target audience. An accepted PROM to quantify 

subjective nasal obstruction is the NOSE scale, published in 2004 by Stewart et al.87 

The NOSE scale is a valid, reliable and short PROM that measures the severity and 

impact of nasal obstruction. Although the NOSE scale has been validated in many 

languages, no validated Dutch version of the scale is available. Chapter 3 aims to 

translate and validate the NOSE scale into the Dutch language. 

Although the theoretical value of outcome data is evident for many, the anticipated 

difficulty of integrating routine outcome measurements in the clinical environment 

has been a common obstacle for health care providers, including rhinoplasty 

surgeons. Some of the suggested barriers include the workload associated with 

routinely collecting outcomes, the lack of a protocol on the data collection process 

(including patient eligibility, timing, and frequency of administration) and missing 

know-how on how to correctly analyze and interpret the data.126,127 In chapter 4, the 

functionality of a short and practical rhinoplasty outcome routine is investigated, 



General introduction and aims   |   25

1in an attempt to demonstrate that routinely measuring rhinoplasty outcomes in a 

busy practice is feasible and beneficial. Chapter 5 aims to discuss advantages of 

routine outcome measurements in secondary cleft lip rhinoplasty. 

A particular advantage of routine outcome measurements is evaluating performance 

of the individual rhinoplasty surgeon. Self-assessment provides valuable feedback in 

the life-long process of mastering rhinoplasty, but means to measure and evaluate 

personal performance are scarce. Rhinoplasty surgeons typically self-reflect on an ad-

hoc basis using pre- and postoperative photographs. Such evaluations are useful, but 

also subjective and difficult to quantify. Instead, datasets with patient-relevant surgical 

outcomes of all encountered patients would facilitate a substantially more accurate 

and data-based reflection of surgical performance. The aim of chapter 6, therefore, 

is to demonstrate the self-evaluative potential of routine outcome measurements in 

rhinoplasty. 

The final aim of this thesis is to lay a basis for an objective measure to evaluate aesthetic 

outcome. Developing an objective aesthetic outcome instrument requires a definition 

and objective quantification of ideal nasal shape. Based on previous research on facial 

attractiveness, chapter 7 explores the role of averageness on nasal attractiveness. In 

this experimental study the correlation between mathematical averageness of nasal 

shape and subjective attractiveness is investigated, in an attempt to identify objectively 

measurable traits of appealing noses.

In chapter 8, the main findings of this thesis are discussed, methodological 

considerations are addressed, and suggestions for future research are raised. A 

summary of the research presented in this thesis is provided in English and in Dutch 

in chapter 9.
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Abstract 

Importance: The number of available rhinoplasty outcome measurement instruments 

has increased rapidly over the past years. A large heterogeneity of instruments of 

different quality now exists, causing difficulty in pooling and comparing outcome data. 

Objective: To critically appraise, summarize and compare the measurement properties 

of all patient reported outcome instruments (PROMs) that measure functional or 

aesthetic symptoms of patients undergoing rhinoplasty, using consensus-based 

methodology and guidelines. This facilitates an evidence-based recommendation 

on the most suitable instrument to measure rhinoplasty outcomes and identifies 

promising instruments worthy of further research.

Evidence Review: A systematic literature search of EMBASE, Medline and Web-

of-Science was conducted from the databases’ respective inception dates to May 

18th, 2018. Thirty-three articles evaluating one or more measurement properties of 

instruments measuring symptoms related to nasal breathing or satisfaction with 

nasal appearance in patients who had undergone septoplasty and/or rhinoplasty were 

included. Measurement properties were graded according to the Consensus-based 

Standards for the selection of health Measurement Instruments (COSMIN) guidelines 

for systematic reviews of PROMs. 

Findings: The search strategy identified 33 studies that used 12 different instruments. 

In general, high-quality studies on measurement properties of instruments measuring 

aesthetic and/or functional symptom-specific outcome of rhinoplasty are scarce. 

The Nasal Obstruction Symptom Evaluation (NOSE) scale demonstrated high-quality 

evidence for sufficient structural validity, internal consistency, reliability, construct 

validity and responsiveness, along with favorable interpretability and feasibility 

aspects, and was therefore selected as most suitable instrument to measure 

functional outcome. Amongst instruments measuring aesthetic outcome, the FACE-Q 

and Standardized Cosmesis and Health Nasal Outcomes Survey (SCHNOS) aesthetic 

subscale are recommended for further study. Future studies on the measurement 

properties of the identified PROMs, in particular content validity studies, are necessary.

Conclusions and Relevance: Three instruments with high potential for further use 

were identified in a systematic review of rhinoplasty outcome instruments using a 

standardized, consensus-based methodology: the NOSE, FACE-Q and SCHNOS. These 

findings may contribute to standardized collection of outcome data in rhinoplasty.
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Introduction

The number of available rhinoplasty outcome measurement instruments has increased 

rapidly in recent years.1,2 As a result, great heterogeneity and a lack of standardization of 

rhinoplasty outcome measurement exists. The arbitrary use of instruments of different 

quality to measure different outcomes causes difficulties in pooling and comparing 

outcome data and hinders the transparent communication of outcomes to patients 

and third parties in a time of need. 

Although rhinoplasty outcome research is generally accepted to encompass the 

measurement of treatment effectiveness in functional and aesthetic terms, it can be 

expressed in numerous ways. Examples are anatomical and physiological factors (e.g. 

peak nasal inspiratory flow, rhinomanometry and acoustic rhinometry to measure nasal 

airflow and obstruction), patient-reported nasal symptoms, psychological functioning, 

satisfaction with health care, quality of life in general, or rhinoplasty revision rates.3 

While multiple endpoints are likely important to rhinoplasty patients, nasal symptoms 

are generally considered amongst the most important factors to determine the 

functional and aesthetical success of rhinoplasty.4-6 Symptoms are usually considered 

to be a 1-dimensional domain and are directly related to disease and treatment effects.7 

An accepted method of measuring nasal symptoms is the use of patient reported 

outcome measures (PROMs).8 Although many different PROMs have been developed, 

no consensus exists as to which PROM is optimal in the assessment of symptoms 

before and after rhinoplasty.2,9 Selecting the best PROM to evaluate both functional 

and aesthetic changes following rhinoplasty requires the evaluation of specific 

instrument characteristics, such as interpretability of results (e.g. normative values, 

minimal important change), feasibility of use (e.g. availability, patient compliance) and 

measurement properties. Measurement properties are quality aspects of an outcome 

measure, such as reliability, validity or responsiveness (Table 1).10 To make an evidence-

based recommendation on the most suitable PROMs, the measurement properties of 

each available PROM must be evaluated in a high-quality systematic review of studies 

on measurement properties. 

In 2017, Barone et al. performed a valuable systematic review on measurement 

properties of rhinoplasty outcome instruments.11 However, this review included original 

development studies only, while other available studies on measurement properties 

of the included PROMs were excluded. Furthermore, the guidelines proposed by the 

Scientific Advisory Committee12 lack comprehensive, detailed and consensus-based 

descriptions of what constitutes an adequate measurement property. A complementary 
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comprehensive systematic review that includes all available PROMs and corresponding 

measurement property studies, evaluated using consensus-based standards, could 

improve the selection of the most suitable rhinoplasty outcome instruments.

In this systematic review, the COSMIN (Consensus-based Standards for the selection of 

health Measurement Instruments) methodology and guidelines are used to critically 

appraise, summarize and compare the measurement properties of all PROMs that 

measure functional or aesthetic symptoms of patients undergoing rhinoplasty.13 The 

primary aim is to make an evidence-based recommendation on the most suitable 

PROMs to measure these rhinoplasty outcomes or to identify PROMs that are potentially 

suitable after further research.
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Methods

Search Strategy

A systematic literature search was performed by a senior biomedical information 

specialist (Wichor M. Bramer, BSc, Medical Library, Erasmus Medical Center, Rotterdam, 

the Netherlands) on November 1st 2017, with an update on May 18th, 2018. The search 

was conducted in EMBASE, Medline and Web-of-Science, without time limit. The search 

strategy consisted of three search elements: (1) construct: nasal function/obstruction 

or nasal shape/deformity (this term was kept as broad as possible to minimize missing 

relevant studies); (2) target population: those undergoing rhinoplasty or nasal surgery; 

and (3) a sensitive and validated search filter for instrument measurement properties 

(validity, reliability and/or responsiveness) in Medline and EMBASE.14 Reference lists 

of articles were screened for potentially eligible studies. The full search strategy is 

available on request. 

Inclusion and Exclusion Criteria

One of us (F.V.W.J. van Z.) screened all titles and abstracts from the search result, and 

then two of us (F.V.W.J. van Z. and F.R.D.) assessed the full texts for eligibility. Original 

articles written in the English language were included if the following criteria were met:

(1)  Construct of interest: the aim of the PROM was to measure symptoms related to 

nasal breathing or satisfaction with nasal appearance as judged by the patient. 

Instruments measuring other end points (e.g. screening or prediction tools, general 

quality of life, tools to measure complication and revision rates or graft survival) 

were excluded. 

(2)  Study sample: the study sample consisted of patients who had a septoplasty or 

rhinoplasty. Rhinoplasty was defined as any surgical manipulation of the bony and 

cartilaginous nasal framework, targeted to improve nasal shape or nasal breathing. 

Septoplasty populations were included, since the main treatment goal is similar to 

the goal of a functional rhinoplasty. Excluded were articles describing the effect of 

turbinate surgery, cadaveric or animal studies, reconstructive (following trauma) 

or filler rhinoplasty studies and studies performed on a pediatric, cleft or other 

craniofacial population. 

(3)  Study aim: the aim of the study concerned the evaluation of one or more 

measurement properties (validity, reliability and/or responsiveness). Additionally, 

articles describing the development of a PROM were included, as well as articles 

aiming to evaluate interpretability (e.g. distribution of scores, change scores for 

relevant subgroups, minimal important change [MIC]). Articles simply using a PROM 

(e.g. to display outcomes of a specific clinic, population or surgical technique), 
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without the specific aim of evaluating measurement properties, were excluded. For 

example, instrument score change after rhinoplasty in longitudinal studies was not 

considered evidence of responsiveness. 

Assessment of Methodological Quality of Included Studies 

The methodological quality of each single study on measurement properties was assessed 

using the COSMIN Risk of Bias checklist.15 Studies were stratified to having very good, 

adequate, doubtful or inadequate methodological quality. The COSMIN taxonomy was used 

to determine which measurement properties were assessed in each study (Table 1). The 

full data extraction process was performed independently by two of us (F.V.W.J. van Z. and 

J.A.H.). A third reviewer (L.B.M.) was consulted in case of uncertainties or disagreements. 

Relevant characteristics of included studies and instruments were extracted. 

Assessment of Measurement Property Results

The result of each study on a measurement property was rated independently by two 

of us (F.V.W.J. van Z. and J.A.H.) against criteria for good measurement properties (+, - 

or ?).16 Of note, “criterion validity” (Table 1) was not assessed because a gold standard 

for the measurement properties of PROMs is lacking. 

The content validity of a questionnaire arises from assessment of relevance, 

comprehensiveness and comprehensibility of items (and instructions). Evidence of 

these parameters can be derived from PROM development studies or content validity 

studies. Additionally, the COSMIN manual for the assessment of content validity advises 

the reviewers to assess relevance, comprehensiveness and comprehensibility of 

questionnaire items themselves.17 This requires a predefined definition of what aspects 

should or should not be included in a PROM measuring a specific construct to label it 

as relevant or comprehensive. Unfortunately, there is no consensus in the rhinoplasty 

literature on what specific symptoms or aspects are relevant and need to be included 

in a symptom outcome instrument. It is therefore impossible to predefine standards 

about relevance or comprehensiveness of items in a questionnaire. Hence, we confined 

the assessment of content validity to the quality of the development study of a specific 

PROM in which patient input was a major determinant. 

Regarding hypotheses testing and responsiveness, we used the following predefined 

hypotheses about expected correlations and directions:16

1. Correlations with (changes in) instruments measuring similar constructs (i.e. other 

instruments identified in this review, or visual analogue scale [VAS] measuring 

similar construct) should be 0.50 or greater. 
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2. There should be significant differences in scores between relevant subgroups 

(e.g. patients with nasal obstruction should score significantly worse than controls 

without nasal obstruction). 

3. It is expected that any instrument measuring the effect of nasal breathing-related 

symptoms after functional rhinoplasty should find a large effect size, defined as 

Cohen’s d > 0.80. This hypothesis was based on findings of two reviews reporting 

large effect sizes of nasal valve surgery measured using the Nasal Obstruction 

Symptom Evaluation (NOSE) questionnaire and a VAS (“how well can you breathe 

through your nose”, range 0-10).18,19 Since the literature holds no data on the effect 

of septoplasty alone on this construct, we were unable to define hypotheses for 

septoplasty. 

4. It is expected that any instrument measuring the effect of satisfaction with nasal 

appearance after aesthetic rhinoplasty should measure an effect size of Cohen’s 

d > 0.80 as well. Yang et al. pooled change scores of the Rhinoplasty Outcome 

Evaluation (ROE) scale after rhinoplasty and reported large effect sizes.20 

Evidence Synthesis and Generating Recommendations 

All results per measurement property of each PROM were checked for consistency, 

and the results were qualitatively summarized by two of us (F.V.W.J. van Z. and J.A.H.). 

These summarized results were evaluated against the criteria for good measurement 

properties to get an overall rating (i.e. sufficient, insufficient, inconsistent, or 

indeterminate) for the measurement property.16 The focus was on the PROM specifically, 

while in the previous steps the focus was on the single studies. Using the GRADE 

approach (Grading Recommendations Assessment, Development and Evaluation21), 

we graded the quality of evidence, determining the trustworthiness of the summarized 

result, based on 4 factors: (1) risk of bias as determined using the COSMIN Risk of Bias 

checklist, (2) inconsistency of results across studies, (3) imprecision (i.e. low sample 

size), and (4) indirectness (referring to evidence coming from different populations).16 

Subsequently, information on interpretability and feasibility was appraised. Important 

aspects of feasibility were defined as length of the instrument and completion time, 

ease of score calculation or access fee of an instrument. The aim of this methodology 

was to determine the most suitable PROM for each construct on the basis not only of 

the evaluation of measurement properties, but of the instrument’s interpretability and 

feasibility aspects as well.
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Table 1. COSMIN definitions of domains, measurement properties, and aspects of measurement properties. 

Term Definition

Domain Measurement property Aspect of a measurement property

Reliability The degree to which the measurement is free from measurement error

Reliability 

(extended definition)

The extent to which scores for patients who have not changed are the same for repeated 

measurement under several conditions: e.g. using different sets of items from the same health 

related-patient reported outcomes (HR-PRO) (internal consistency); over time (test-retest); 

by different persons on the same occasion (inter-rater); or by the same persons (i.e. raters or 

responders) on different occasions (intra-rater)

Internal consistency The degree of the interrelatedness among the items

Reliability The proportion of the total variance in the measurements which is due to ‘true’ differences 

between patients

Measurement error The systematic and random error of a patient’s score that is not attributed to true changes in the 

construct to be measured

Validity The degree to which an HR-PRO instrument measures the construct(s) it purports to measure

Content validity The degree to which the content of an HR-PRO instrument is an adequate reflection of the 

construct to be measured

Face validity The degree to which (the items of) an HR-PRO instrument indeed seems to be an adequate 

reflection of the construct to be measured

Construct validity The degree to which the scores of an HR-PRO instrument are consistent with hypotheses (for 

instance with regard to internal relationships, relationships to scores of other instruments, or 

differences between relevant groups) based on the assumption that the HR-PRO instrument validly 

measures the construct to be measured

Structural validity The degree to which the scores of an HR-PRO instrument are an adequate reflection of the 

dimensionality of the construct to be measured

Hypotheses testing Idem construct validity

Cross-cultural validity The degree to which the performance of the items on a translated or culturally adapted HR-PRO 

instrument are an adequate reflection of the performance of the items of the original version of 

the HR-PRO instrument

Criterion validity The degree to which the scores of an HR-PRO instrument are an adequate reflection of a ‘gold 

standard’

Responsiveness The ability of an HR-PRO instrument to detect change over time in the construct to be measured

Responsiveness Idem responsiveness

Interpretability Interpretability is the degree to which one can assign qualitative meaning – that is, clinical or 

commonly understood connotations – to an instrument’s quantitative scores or change in 

scores. Note that interpretability is not considered a measurement property, but an important 

characteristic of a measurement instrument.

Abbreviations: COSMIN, COnsensus-based Standards for the selection of health Measurement 

INstruments10; HR-PRO, health-related patient-reported outcomes
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Results

The search strategy identified 6057 unique publications, of which only 74 remained 

eligible for further review after title and abstract screening. Forty-four articles were 

excluded based on different study sample characteristics (N = 27), no assessment of 

measurement properties (N = 8), evaluation of an instrument that does not measure 

symptoms (N =7) and review articles (N = 2). Reference checking of included papers 

identified 3 measurement property studies that met inclusion criteria. A total of 33 

articles, evaluating 12 different outcome instruments, were included in this review 

(Figure 1).

In 28 of the 33 included articles, development and/or other measurement properties 

were described. Most articles measured more than one measurement property; these 

28 articles included a total of 98 separate studies. Five articles yielded additional 

information on interpretability. Of the 12 instruments identified, 5 measured symptoms 

related to nasal obstruction or other rhinologic complaints (hereinafter referred to 

as functional outcome); 2 focused on satisfaction or concern with nasal appearance 

(hereinafter referred to as aesthetic outcome); and 5 included items on both domains. 

The general characteristics of the included instruments and articles are summarized 

in Table 219,22-26 and Table 3,25-52 respectively. Table 2 also includes interpretability and 

feasibility aspects of each PROM.

Supplement 1 summarizes the results of the included studies on measurement 

properties per instrument. For every included study the methodological quality and 

the result of that study is detailed. Table 4 provides an overview of these findings and 

corresponding quality of evidence. Of note, the ROE, SNOT-23 (Sino-Nasal Outcome 

Test), FROI-17 (Functional Rhinoplasty Outcome Inventory), and RHINO (Rhinoplasty 

Health Inventory and Nasal Outcomes) included both functional and aesthetic items 

without separate sum scores for the separate domains; these PROMs have therefore 

been categorized as measuring both outcomes in one scale. The SCHNOS (Standardized 

Cosmesis and Health Nasal Outcomes Survey) also includes both domains, but subscale 

scores for each domain are reported, and therefore we present the results of these 

subscales individually.44
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Figure 1. Flowchart of article inclusion.



46   |   Chapter 2

Table 2. PROM characteristics. 

Instru-
ment

Construct(s) 
(according to 
reviewers) 

Target 
population 
(according 
to author)

Conceptual 
model used 
(if stated)

(Sub)scale(s); 
number of items

Symptoms or 
domains assessed 

Recall 
period

Response 
options

Range of 
scores

Interpretation Admini-
stration 
time

Available languages 
(validated for 
rhinoplasty/
septoplasty)

Access 
fee

ROE 
(2001)

Satisfaction with 
nasal appearance, 
nasal breathing

Facial plastic 
surgery 
patients

WHO; 
physical, 
mental and 
social well-
being

Single (sub)scale, 
6 items

Satisfaction with nasal 
appearance, social 
acceptance, confidence, 
desire for change 

‘Current’ 5-point 
Likert, 
0–4

0-100 (dividing 
raw score by 24 
and multiplying 
by 100), higher 
score indicates 
better outcome

Cutoff for 
normal scores: 
12 and higher 
(distribution 
based)22 

No 
reported 
data

English, German, 
Portuguese

No

NOSE 
(2004)

Symptoms 
related to nasal 
obstruction

Patients 
with nasal 
obstruction

Items 
on nasal 
obstruction 
extracted 
from existing 
PROMs 
(mostly on 
rhinosinusitis)

Single (sub)scale; 
5 items

Nasal congestion and 
obstruction; trouble with 
nasal breathing (regular 
and during exercise), 
sleeping 

Last 4 
weeks

5-point 
Likert, 
0–4

0-100 
(multiplying 
raw score by 
5), higher score 
indicates worse 
outcome

MIC, 4.2-7.5 
(distribution 
based)23,24 
Cutoff for 
normal scores, 
less than 30 
(distribution and 
review based)19,24 
Severity groups24 

No 
reported 
data

English, Spanish, 
Chinese, Portuguese, 
Italian, Greek, French, 
Dutch, Arabic, 
Slovenian, Turkish

No

RhinoQoL 
(2005)

Symptoms related 
to rhinosinusitis 
and its physical 
and emotional 
impact

Patients 
with 
sinusitis

Existing 
PROMS 
reviewed, 
expert 
opinion, 
patient focus 
groups

Symptom 
frequency, 5 
items; symptom 
bothersomeness, 
3 items; symptom 
impact, 9 items

Facial pain, blocked 
nose, post-nasal drip, 
nasal discharge. Trouble 
sleeping and concentration; 
frustration/irritation/
depression/embarrassment 
due to nasal symptoms

7 days 14 5-point 
Likert 
scales, 3 
VAS, 0-10

Scores 
normalized to 
0-100 for each 
subscale

MIC, 3.8-6.1 
(distribution 
based)23 

No 
reported 
data

English, French No

SNOT-22 
(2009)

Symptoms related 
to rhinosinusitis 
and its physical 
and emotional 
impact

Patients 
with 
sinusitis 

Based on 
SNOT-20, 2 
items added 
following 
expert 
opinion

Single (sub)scale, 
22 items

Sneezing, nasal discharge, 
coughing, ear pain, 
dizziness, facial pain, 
trouble sleeping/sleepiness, 
reduced productivity/
concentration, frustration/
sadness/embarrassment, 
taste/smell, blockage/
congestion of the nose

Past 2 
weeks

6-point 
Likert, 
0-5

0-110, higher 
score indicates 
worse outcome

Subgroup scores 
included25

No 
reported 
data

English, Persian No

FACE-Q 
rhinoplasty 
module 
(2010)

Satisfaction with 
nasal appearance

Rhinoplasty 
patients

Interview 
with patients, 
expert 
opinion, 
literature 
review

Satisfaction with 
nose, 10 items; 
satisfaction with 
nostrils, 5 items

Several dimensions of 
shape (e.g. size, width, 
straightness), views from 
different angles (in profile, 
photographs), how well the 
nose matches the face

Past 
week

4-point 
Likert, 1–4

Rasch logit 
scores 
transformed to 
range 0-100, 
higher score 
indicates better 
outcome, using 
conversion 
table

Cutoff for 
normal scores: 
47 and higher, 
satisfaction 
with nose; 64 
and higher, 
satisfaction with 
nostrils26

No 
reported 
data

English No for 
non-
profit 
users

UQ (2013) Concern with 
nasal appearance

Aesthetic 
rhinoplasty 
patients

Designed 
based on 
ROE, no 
further 
description

Single (sub)
scale, 5 items; 
additional VAS 
rating nasal 
appearance

Concern and 
bothersomeness with nasal 
appearance, professional/
social impact and stress 
due to this concern

Not 
specified

5-point 
Likert, 1-5; 
1 VAS

5-25, additional 
VAS, higher 
score indicates 
worse outcome

No norm- or 
subgroup scores 
or MIC available

No 
reported 
data

English, German No

SNOT-23 
(2014)

Symptoms related 
to rhinosinusitis 
and its physical 
and emotional 
impact, including 
aesthetic item

Septorhi-
noplasty 
patients

Based on 
SNOT-22, 
1 item 
added (no 
conceptual 
model)

Single (sub)scale, 
23 items.

As SNOT-22, with 
additionally concern with 
nasal shape.

Past 2 
weeks

6-point 
Likert, 
0-5

0-115, higher 
score indicates 
worse outcome

No norm- or 
subgroup scores 
or MIC available

No 
reported 
data

English No
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expert 
opinion

Single (sub)scale, 
22 items

Sneezing, nasal discharge, 
coughing, ear pain, 
dizziness, facial pain, 
trouble sleeping/sleepiness, 
reduced productivity/
concentration, frustration/
sadness/embarrassment, 
taste/smell, blockage/
congestion of the nose

Past 2 
weeks

6-point 
Likert, 
0-5

0-110, higher 
score indicates 
worse outcome

Subgroup scores 
included25

No 
reported 
data

English, Persian No

FACE-Q 
rhinoplasty 
module 
(2010)

Satisfaction with 
nasal appearance

Rhinoplasty 
patients

Interview 
with patients, 
expert 
opinion, 
literature 
review

Satisfaction with 
nose, 10 items; 
satisfaction with 
nostrils, 5 items

Several dimensions of 
shape (e.g. size, width, 
straightness), views from 
different angles (in profile, 
photographs), how well the 
nose matches the face

Past 
week

4-point 
Likert, 1–4

Rasch logit 
scores 
transformed to 
range 0-100, 
higher score 
indicates better 
outcome, using 
conversion 
table

Cutoff for 
normal scores: 
47 and higher, 
satisfaction 
with nose; 64 
and higher, 
satisfaction with 
nostrils26

No 
reported 
data

English No for 
non-
profit 
users

UQ (2013) Concern with 
nasal appearance

Aesthetic 
rhinoplasty 
patients

Designed 
based on 
ROE, no 
further 
description

Single (sub)
scale, 5 items; 
additional VAS 
rating nasal 
appearance

Concern and 
bothersomeness with nasal 
appearance, professional/
social impact and stress 
due to this concern

Not 
specified

5-point 
Likert, 1-5; 
1 VAS

5-25, additional 
VAS, higher 
score indicates 
worse outcome

No norm- or 
subgroup scores 
or MIC available

No 
reported 
data

English, German No

SNOT-23 
(2014)

Symptoms related 
to rhinosinusitis 
and its physical 
and emotional 
impact, including 
aesthetic item

Septorhi-
noplasty 
patients

Based on 
SNOT-22, 
1 item 
added (no 
conceptual 
model)

Single (sub)scale, 
23 items.

As SNOT-22, with 
additionally concern with 
nasal shape.

Past 2 
weeks

6-point 
Likert, 
0-5

0-115, higher 
score indicates 
worse outcome

No norm- or 
subgroup scores 
or MIC available

No 
reported 
data

English No
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Table 2. Continued.

Instru-
ment

Construct(s) 
(according to 
reviewers) 

Target 
population 
(according 
to author)

Conceptual 
model used 
(if stated)

(Sub)scale(s); 
number of items

Symptoms or 
domains assessed 

Recall 
period

Response 
options

Range of 
scores

Interpretation Admini-
stration 
time

Available languages 
(validated for 
rhinoplasty/
septoplasty)

Access 
fee

FROI-17 
(2014)

Nasal symptoms 
including physical 
and emotional 
impact, including 
aesthetic item

Septorhi-
noplasty 
patients

Expert 
opinion 

Single (sub)scale; 
17 items.

Nasal obstruction, nasal 
discharge, dry throat, 
ear pressure, olfactory 
impairment, sleeping, 
sleepiness/decreased 
energy, concentration, 
irritability, depression, self-
esteem, embarrassment 
with nasal shape, overall 
nasal adverse effects.

Not 
specified

6-point 
Likert, 
0–5

0–100, dividing 
raw score by 85 
and multiplying 
by 100, higher 
score indicates 
worse outcome

No norm- or 
subgroup scores 
or MIC available

5-10 
minutes

English No

NSQ 
(2015)

Nasal symptoms, 
use of nasal 
medication

Septoplasty 
patients

Not stated. Unknown, 13 
items and 3 VAS.

Nasal breathing (including 
at night and during 
exercise), crusting, 
bleeding, sneezing, 
secretion, pain, use of nasal 
sprays/ antihistamines, 
smoking, allergy

Not 
specified

1 5-point 
Likert, 3 
VAS, 8 
4-point 
Likert, 2 
3-point 
Likert

No total range 
of scores, VAS, 
0-10

No norm- or 
subgroup scores 
or MIC available

No 
reported 
data

English No

NASION 
(2016)

Postoperative 
change of 
symptoms 
related to nasal 
obstruction

Nasal 
surgery 
patients

Expert 
opinion and 
focus group 
with patients

Single (sub)scale, 
6 items

Nasal congestion and 
obstruction; trouble with 
nasal breathing (regular 
and during exercise), 
sleeping, quality of life as a 
result of nasal treatment

Past 4 
weeks

5-point 
Likert, -2 
to +2

-12 to 0 to +12 
(maximum 
worsening)

No norm- or 
subgroup scores 
or MIC available

No 
reported 
data

English No

RHINO 
(2016)

Satisfaction with 
nasal breathing 
and nasal 
appearance

Rhinoplasty 
patients, 
both 
functional 
and 
aesthetic

WHO; 
physical, 
mental and 
social well-
being

Single (sub)scale, 
10 items

Nasal attractiveness/
proportionality/symmetry, 
trouble with nasal 
breathing (regular, during 
exercise, while sleeping), 
professional/social impact 
of nasal appearance, smell

Not 
specified

5-point 
Likert, 1-5

20-100, 
multiplying 
raw score by 
2, higher score 
indicates better 
outcome

No norm- or 
subgroup scores 
or MIC available

No 
reported 
data

English No

SCHNOS 
(2017)

Symptoms 
related to nasal 
obstruction, 
concern with 
nasal shape

Rhinoplasty 
patients, 
both 
functional 
and 
aesthetic

Existing 
PROMs, 
patient 
interviews, 
expert 
opinion

Nasal obstruction 
domain, 4 items; 
nasal cosmesis 
domain, 6 items

Nasal obstruction and 
congestion; trouble with 
nasal breathing (during 
exercise and sleeping), 
mood/self-esteem 
related to nose, nasal 
shape (straightness, tip, 
symmetry), profile view, 
how well the nose matches 
the face

Past 4 
weeks

6-point 
Likert, 
0-5

0-20, nasal 
obstruction 
domain; 0-30, 
cosmesis 
domain

No norm- or 
subgroup scores 
or MIC available

No 
reported 
data

English No

Abbreviations: FROI-17, Functional Rhinoplasty Outcome Inventory; MIC, minimal important change; 

NASION, Noninvasive Assessment and Symptomatic Improvement of the Obstructed Nose; NOSE, 

Nasal Obstruction Symptom Evaluation; NSQ, Nasal Surgical Questionnaire; PROM, patient-reported 

outcome measure; 

RHINO, Rhinoplasty Health Inventory and Nasal Outcomes; RhinoQoL, Rhinologic Quality of Life; 

ROE, Rhinoplasty Outcome Evaluation; SCHNOS, Standardized Cosmesis and Health Nasal Outcomes 

Survey; SNOT, SinoNasal Outcome Test; UQ, Utrecht Questionnaire; VAS, visual analogue scale; WHO, 

World Health Organization.
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Table 2. Continued.

Instru-
ment

Construct(s) 
(according to 
reviewers) 

Target 
population 
(according 
to author)

Conceptual 
model used 
(if stated)

(Sub)scale(s); 
number of items

Symptoms or 
domains assessed 

Recall 
period

Response 
options

Range of 
scores

Interpretation Admini-
stration 
time
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(validated for 
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fee
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score indicates 
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Nasal symptoms, 
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Not stated. Unknown, 13 
items and 3 VAS.

Nasal breathing (including 
at night and during 
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sprays/ antihistamines, 
smoking, allergy

Not 
specified

1 5-point 
Likert, 3 
VAS, 8 
4-point 
Likert, 2 
3-point 
Likert

No total range 
of scores, VAS, 
0-10

No norm- or 
subgroup scores 
or MIC available

No 
reported 
data

English No

NASION 
(2016)

Postoperative 
change of 
symptoms 
related to nasal 
obstruction

Nasal 
surgery 
patients

Expert 
opinion and 
focus group 
with patients

Single (sub)scale, 
6 items

Nasal congestion and 
obstruction; trouble with 
nasal breathing (regular 
and during exercise), 
sleeping, quality of life as a 
result of nasal treatment

Past 4 
weeks

5-point 
Likert, -2 
to +2

-12 to 0 to +12 
(maximum 
worsening)

No norm- or 
subgroup scores 
or MIC available

No 
reported 
data

English No

RHINO 
(2016)

Satisfaction with 
nasal breathing 
and nasal 
appearance

Rhinoplasty 
patients, 
both 
functional 
and 
aesthetic

WHO; 
physical, 
mental and 
social well-
being

Single (sub)scale, 
10 items

Nasal attractiveness/
proportionality/symmetry, 
trouble with nasal 
breathing (regular, during 
exercise, while sleeping), 
professional/social impact 
of nasal appearance, smell

Not 
specified

5-point 
Likert, 1-5

20-100, 
multiplying 
raw score by 
2, higher score 
indicates better 
outcome

No norm- or 
subgroup scores 
or MIC available

No 
reported 
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English No

SCHNOS 
(2017)

Symptoms 
related to nasal 
obstruction, 
concern with 
nasal shape

Rhinoplasty 
patients, 
both 
functional 
and 
aesthetic

Existing 
PROMs, 
patient 
interviews, 
expert 
opinion

Nasal obstruction 
domain, 4 items; 
nasal cosmesis 
domain, 6 items

Nasal obstruction and 
congestion; trouble with 
nasal breathing (during 
exercise and sleeping), 
mood/self-esteem 
related to nose, nasal 
shape (straightness, tip, 
symmetry), profile view, 
how well the nose matches 
the face

Past 4 
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6-point 
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0-5

0-20, nasal 
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domain
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or MIC available

No 
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English No

Abbreviations: FROI-17, Functional Rhinoplasty Outcome Inventory; MIC, minimal important change; 

NASION, Noninvasive Assessment and Symptomatic Improvement of the Obstructed Nose; NOSE, 

Nasal Obstruction Symptom Evaluation; NSQ, Nasal Surgical Questionnaire; PROM, patient-reported 

outcome measure; 

RHINO, Rhinoplasty Health Inventory and Nasal Outcomes; RhinoQoL, Rhinologic Quality of Life; 

ROE, Rhinoplasty Outcome Evaluation; SCHNOS, Standardized Cosmesis and Health Nasal Outcomes 

Survey; SNOT, SinoNasal Outcome Test; UQ, Utrecht Questionnaire; VAS, visual analogue scale; WHO, 

World Health Organization.
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Table 3. Study characteristics.

Article PROM Population Patient n, control n Gender % male Age mean (SD) and/

or range

Country Language

Alsarraf,27 2000 ROE Rhinoplasty (aesthetic facial 

plastic surgery)

Development; no 

patients included

Alsarraf et al., 28 2001 ROE Rhinoplasty (aesthetic facial 

plastic surgery)

26 No data for 

rhinoplasty alone. 

Whole cohort 19.0.

47.7 USA English

Amer et al.,29 2017 NOSE Septoplasty 101, 102 controls 59.4 31.92 +- 8.83 (16-53) Egypt Arabic

Bezerra et al.,30 2011 NOSE Septoplasty 33, controls unknown 57.6 39.3 +/- 11.9 (21-65) Brazil Portuguese

Bulut et al.,31 2014 FROI-17 Septorhinoplasty (functional and 

aesthetic)

41 alpha version, 103 

patients

50.4 28.7 +- 11.4 Germany Not reported

Bulut et al.,32 2016 ROE Primary septorhinoplasty (not 

specified)

100, 30 controls 50.0 24 (range 18-65) Germany German

Haye et al.,33 2015 NSQ Septoplasty 55 (test retest), 75 

(responsiveness)

Test-retest 67.3, 

responsiveness 64.0

Test retest 40.4 (12.9), 

responsiveness 41.6 

(13.8)

Norway Presumably Norwegian 

(The exclusion criteria were 

inadequate command of the 

Norwegian language)

Izu et al.,34 2014 ROE Aesthetic rhinoplasty w/wo 

functional surgery

56, 100 controls Cases 41.07, controls 

44.0

Cases 29.65 (9.86 

range 14-53), controls 

30.79 (9.07 range 

18-66).

Brazil Portuguese

Jalessi et al.,35 2013 SNOT-22 Septoplasty candidates 30, 30 controls Cases 40.0, controls 

36.7.

Cases 30.4 (7.1), 

controls 33 (6.7).

Iran Persian

Karahatay et al.,36 2018 NOSE Septoplasty 168, 88 controls 67.6, controls 51.1 28.6 +/- 8.4, controls 

28.06 +/- 10.

Turkey Turkish

Klassen et al.,37 2010 FACE-Q Plastic surgery 50 qualitative 

interview, 35 cognitive 

debriefing

Qi 12.0, cd 14.0 Qi 51 (range 20-79), cd 

45 (20-68).

USA and 

Canada

English

Klassen et al.,38 2016 FACE-Q Rhinoplasty (plastic surgery 

clinics)

158 25.3 32.6 (11.4) range 18-70. USA, Canada, 

England.

English

Radulesco et al.,26 2018 FACE-Q Cosmetic rhinoplasty 52 patients, 52 

controls. 

30.7 both groups 32.9 (11.2), controls 

34.5 (13.1)

France French

Lachanas et al.,39 2014 NOSE Septoplasty 132, 123 control 66.1 35.4 (18-64) Greece Greek

Larrosa et al.,40 2014 NOSE Septoplasty 58, 58 controls 62.1 43.9 ± 15.1 Spain Spanish

Lee and Most,41 2016 RHINO Functional and/or aesthetic 

rhinoplasty

22 (8 functional, 4 

aesthetic, 10 both)

45.5 34.9 (range 18-67) USA English

Lohuis et al.,42 2013 UQ Aesthetic rhinoplasty 121 15.7 34 (range 17-66) Netherlands Not reported

Marro et al.,43 2011 NOSE, 

RhinoQol

Septoplasty 50, 50 controls 68.0, controls 50.0 42.5, controls 40.1. France French
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Table 3. Continued.

Article PROM Population Patient n, control n Gender % male Age mean (SD) and/

or range

Country Language

Moubayed et al.,44 2017 SCHNOS Functional and/or aesthetic 

rhinoplasty

18 (development), 

191 (measurement 

properties), 107 

cosmetic or both, 52 

functional, 32 other 

facial patients.

33.0 41.5 (15.8) USA English

Mozzanica et al.,45 

2013

NOSE Septoplasty 116, 232 controls 64.6 43.8 (18-85) Italy Italian

Nouraei et al.,46 2016 NASION Functional: conservative 

treatment, septoplasty, 

septorhinoplasty

71 total. 12 medical, 28 

septal/turbinate, 31 

septorhinoplasty

50.7 33. England English

Onerci Celebi et al.,47 

2018

NOSE Septoplasty 50, 50 controls 62, controls 56 30.8 +/- 11, controls 

33.4 +/- 10.

Turkey Turkish

Poirrier et al.,25 2013 SNOT-22 Functional and reconstructive 

septorhinoplasty

76 55.3 35.53 (11.41) England English

Spiekermann et al.,48 

2017

UQ Aesthetic and functional 

rhinoplasty

Cases not clearly 

reported, 36 controls

Cases not clearly 

reported, controls 

40.0

Cases male 25 (15-63), 

female 26 (16-70), 

controls 30 (21-58).

Germany German

Stewart et al.,49 2004 NOSE Septoplasty 32 78.1 47, 19-78 USA English

Takhar et al.,50 2014 SNOT-23 Functional and reconstructive 

septorhinoplasty

69, 10 controls 66.7, controls not 

specified.

34.5 (12.9), controls 

30.3 (6.3).

England English

Urbancic et al.,51 2017 NOSE Septoplasty 58, 58 controls 25.7 37.8 +- 13.92 Slovenia Slovenain

van Zijl et al.,52 2017 NOSE Septoplasty or septorhinoplasty 129, 50 controls 63.6 34.6 +- 14.5 (17-74) Netherlands Dutch

Abbreviations: FROI-17, Functional Rhinoplasty Outcome Inventory; NASION, Noninvasive Assessment 

and Symptomatic Improvement of the Obstructed Nose; NOSE, Nasal Obstruction Symptom 

Evaluation; NSQ, Nasal Surgical Questionnaire; PROM, patient-reported outcome measure; 

RHINO, Rhinoplasty Health Inventory and Nasal Outcomes; RhinoQoL, Rhinologic Quality of Life; 

ROE, Rhinoplasty Outcome Evaluation; SCHNOS, Standardized Cosmesis and Health Nasal Outcomes 

Survey; SNOT-22 and SNOT-23, SinoNasal Outcome Test; UQ, Utrecht Questionnaire.
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Article PROM Population Patient n, control n Gender % male Age mean (SD) and/

or range

Country Language
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2013
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rhinoplasty
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reported, controls 

40.0

Cases male 25 (15-63), 
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controls 30 (21-58).

Germany German

Stewart et al.,49 2004 NOSE Septoplasty 32 78.1 47, 19-78 USA English

Takhar et al.,50 2014 SNOT-23 Functional and reconstructive 

septorhinoplasty

69, 10 controls 66.7, controls not 
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34.5 (12.9), controls 
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England English
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Abbreviations: FROI-17, Functional Rhinoplasty Outcome Inventory; NASION, Noninvasive Assessment 

and Symptomatic Improvement of the Obstructed Nose; NOSE, Nasal Obstruction Symptom 

Evaluation; NSQ, Nasal Surgical Questionnaire; PROM, patient-reported outcome measure; 

RHINO, Rhinoplasty Health Inventory and Nasal Outcomes; RhinoQoL, Rhinologic Quality of Life; 

ROE, Rhinoplasty Outcome Evaluation; SCHNOS, Standardized Cosmesis and Health Nasal Outcomes 

Survey; SNOT-22 and SNOT-23, SinoNasal Outcome Test; UQ, Utrecht Questionnaire.
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Table 4. Summary of findingsa

Instrument Structural 

validity

Internal 

consistency

Cross-cultural 

validity

Measurement 

invariance

Reliability Measurement 

error

Criterion 

validity

Construct 

validity

Responsiveness

Functional outcome

NOSE + (high) + (high) NA NA + (high) NA NA + (high) + (high)

RhinoQol NA NA NA NA NA NA NA ? (moderate) NA

SNOT-22 NA NA NA NA NA NA NA + (low) + (low)

NSQ NA NA NA NA NA NA NA NA ? (low)

NASION NA NA NA NA NA NA NA + (moderate) NA

SCHNOS Fb + (moderate) + (high) NA NA NA NA NA + (high) ? (moderate)

Aesthetic outcome

FACE-Q + (low) + (high) + (very low) NA NA NA NA + (high) + (low)

UQ NA NA NA NA NA NA NA + (high) + (high)

SCHNOS Ac + (moderate) + (high) NA NA NA NA NA + (low) ? (moderate)

Both outcomes in one scale

RHINO NA NA NA NA NA NA NA + (low) + (very low)

ROE NA NA NA NA + (low) NA NA + (moderate) + (high)

SNOT-23 NA NA NA NA NA NA NA + (moderate) + (low)

FROI-17 NA NA NA NA NA NA NA NA + (high)

Abbreviations: Plus sign (+), sufficient overall rating measurement property; question mark (?), 

indeterminate overall rating measurement property; FROI-17, Functional Rhinoplasty Outcome 

Inventory; NA, data not available; NASION, Noninvasive Assessment and Symptomatic Improvement 

of the Obstructed Nose; NOSE, Nasal Obstruction Symptom Evaluation; NSQ, Nasal Surgical 

Questionnaire; RHINO, Rhinoplasty Health Inventory and Nasal Outcomes; RhinoQoL, Rhinologic 

Quality of Life; ROE, Rhinoplasty Outcome Evaluation; SCHNOS, Standardized Cosmesis and Health 

Nasal Outcomes Survey; SNOT-22 and SNOT-23, SinoNasal Outcome Test; UQ, Utrecht Questionnaire.

a For the parenthetically reported quality level of evidence, high indicates that we are very confident 

that the true measurement property lies close to that of the estimate of the measurement 

property; moderate, we are moderately confident in the measurement property estimate – the true 

measurement property is likely to be close to the estimate of the measurement property, but there 

is a possibility that it is substantially different; low, our confidence in the measurement property 

estimate is limited – the true measurement property may be substantially different from the estimate 

of the measurement property; and very low, we have little confidence in the measurement property 

estimate – the true measurement property is likely to be substantially different from the estimate 

of the measurement property.
b Functional subscale
c Aesthetic subscale
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FACE-Q + (low) + (high) + (very low) NA NA NA NA + (high) + (low)

UQ NA NA NA NA NA NA NA + (high) + (high)

SCHNOS Ac + (moderate) + (high) NA NA NA NA NA + (low) ? (moderate)

Both outcomes in one scale

RHINO NA NA NA NA NA NA NA + (low) + (very low)

ROE NA NA NA NA + (low) NA NA + (moderate) + (high)

SNOT-23 NA NA NA NA NA NA NA + (moderate) + (low)

FROI-17 NA NA NA NA NA NA NA NA + (high)

Abbreviations: Plus sign (+), sufficient overall rating measurement property; question mark (?), 

indeterminate overall rating measurement property; FROI-17, Functional Rhinoplasty Outcome 

Inventory; NA, data not available; NASION, Noninvasive Assessment and Symptomatic Improvement 

of the Obstructed Nose; NOSE, Nasal Obstruction Symptom Evaluation; NSQ, Nasal Surgical 

Questionnaire; RHINO, Rhinoplasty Health Inventory and Nasal Outcomes; RhinoQoL, Rhinologic 

Quality of Life; ROE, Rhinoplasty Outcome Evaluation; SCHNOS, Standardized Cosmesis and Health 

Nasal Outcomes Survey; SNOT-22 and SNOT-23, SinoNasal Outcome Test; UQ, Utrecht Questionnaire.

a For the parenthetically reported quality level of evidence, high indicates that we are very confident 

that the true measurement property lies close to that of the estimate of the measurement 

property; moderate, we are moderately confident in the measurement property estimate – the true 

measurement property is likely to be close to the estimate of the measurement property, but there 

is a possibility that it is substantially different; low, our confidence in the measurement property 

estimate is limited – the true measurement property may be substantially different from the estimate 

of the measurement property; and very low, we have little confidence in the measurement property 

estimate – the true measurement property is likely to be substantially different from the estimate 

of the measurement property.
b Functional subscale
c Aesthetic subscale
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According to the COSMIN guidelines, the most important measurement property 

of a measurement instrument is content validity, but without recognized standards, 

this cannot be assessed. Structural validity and internal consistency are the next 

most important measurement properties, and subsequently the results of the other 

measurement properties are considered. As detailed in Table 4, the NOSE scale, the 

FACE-Q Rhinoplasty Set, and the SCHNOS are the only instruments with evidence for 

sufficient structural validity and internal consistency, and these 3 instruments will 

therefore be discussed in more detail. For the Rhinologic Quality of Life (RhinoQoL), 

SNOT-22, SNOT-23, Nasal Surgical Questionnaire (NSQ), Non-invasive Assessment and 

Symptomatic Improvement of the Obstructed Nose (NASION), Utrecht Questionnaire 

(UQ), ROE, FROI-17, and RHINO, no information on structural validity and internal 

consistency was available.

NOSE Scale

The NOSE was developed by Stewart et al. in 2004 and assesses symptoms related to 

nasal obstruction (the degree of congestion, obstruction, trouble breathing, trouble 

sleeping, and nasal obstruction during exercise).49 The unidimensional questionnaire 

consists of 5 items. The quality of the development study was rated inadequate because 

no cognitive interview study including patients was performed. Other content validity 

studies were not encountered. High-quality evidence for sufficient structural validity, 

internal consistency, reliability, construct validity and responsiveness was found. The 

limits of agreement were evaluated by the Greek translation, but the measurement 

error cannot be formally determined because the authors do not provide an estimate 

of the MIC.39 

FACE-Q Rhinoplasty Module

In 2013, Pusic et al. introduced the FACE-Q, a set of over 40 subscales measuring various 

patient-reported outcomes of facial aesthetic treatments, such as satisfaction with facial 

appearance, health-related quality of life, satisfaction with care, and adverse effects.53 

We included the 10-item subscale measuring satisfaction with nasal appearance and 

the 5-item subscale measuring satisfaction with nostril appearance in this review. 

The FACE-Q was developed by conducting cognitive interviews with patients.37 The 

quality of this development study was rated inadequate because data were not coded 

independently. No other content validity studies were identified. The nasal appearance 

and nostril appearance scales both carried low-quality evidence for sufficient structural 

validity and high-quality evidence for sufficient internal consistency. There was very 

low evidence for sufficient cross-cultural validity. Furthermore, high-quality evidence 

for sufficient construct validity and low-quality evidence for sufficient responsiveness 

was found for both subscales. 
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SCHNOS

Moubayed et al. developed and tested the SCHNOS in 2018.44 The list consists of a 

functional domain (4 items: e.g. blocked nose, nasal breathing during sleep) and an 

aesthetic domain (6 items, 5 evaluating several aspects of nasal shape and 1 measuring 

mood and self-esteem due to the nose). For each domain, subscores are calculated. The 

design of the PROM was relatively comprehensive and included a cognitive interview 

study with patients; however, the quality of the PROM design was rated doubtful owing 

to missing information on how the interviews were performed and analyzed, and 

missing documentation on the results of the pilot test. The study contains moderate 

evidence for sufficient structural validity and high-quality evidence for good internal 

consistency. Furthermore, the authors report sufficient construct validity supported 

by high-quality evidence for the functional domain and low-quality evidence for the 

aesthetic domain. Responsiveness of the SCHNOS cannot accurately be assessed 

because data to calculate effect sizes were not provided. 

Recommendations for the Most Suitable PROM to Measure Functional Outcome and 

Aesthetic Outcome

Regarding PROMs measuring functional symptoms, the NOSE scale carries the best 

evidence for sufficient measurement properties (Table 4). It has been studied extensively, 

resulting in high-quality evidence for sufficient structural validity, internal consistency, 

reliability, construct validity, and responsiveness. Normative values, symptomatic 

ranges, and relevant scores for subgroups have been calculated. Furthermore, the 

instrument is short and available in at least 11 languages. Of note is that content validity 

is yet to be investigated because the development study was of inadequate quality. 

The most suitable instrument to measure aesthetic outcome is less evident. The FACE-Q 

rhinoplasty module has sufficient structural validity, internal consistency, cross-cultural 

validity, construct validity and responsiveness, but with varying degrees of evidence 

quality. Apart from recently published cutoffs for normal scores, no other information 

on interpretability is yet available, and validated translation studies have not yet been 

published, but these may emerge in the future. The ROE questionnaire is a popular 

instrument to measure results of aesthetic rhinoplasty, but information on structural 

validity and internal consistency is lacking. Also the SCHNOS, including both a functional 

and aesthetic domain, carries potential for further research. 
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Discussion

This is the first systematic review in which measurement properties of available 

rhinoplasty outcome instruments measuring symptoms are analyzed using a 

standardized, consensus-based methodology. Recently updated methodological 

guidance for these type of reviews, developed by the COSMIN initiative, was adhered to 

ascertain sufficient quality of the systematic review.15,16 In general, high-quality studies on 

measurement properties of PROMs measuring aesthetic and/or functional symptom-

specific outcome of rhinoplasty are scarce. This review identified 12 instruments, but a 

majority of these have not been evaluated thoroughly.

The two constructs that are important to patient-reported outcome in rhinoplasty, 

referred to as functional and aesthetic outcome, have deliberately been separated in 

this review. Some PROMs identified, such as the ROE, SNOT-23, FROI-17 and RHINO, 

have integrated questions on both domains in one sum score. However, it is preferable 

to measure functional and aesthetic outcome separately, especially since most 

rhinoplasty practices focus on either construct rather than the two equally distributed. 

Our recommendation on outcome instruments is therefore disaggregated into an 

instrument or subscale measuring function and an instrument or subscale measuring 

shape.

It is important to note that the results of this systematic review do not imply that the 

other identified PROMs, not suggested for further study, are inadequate. It merely 

demonstrates that the measurement properties of these PROMs have not or have 

barely been tested. An important factor to consider on this issue is the influence of 

publication bias, as is suggested by the data detailed in Table 4 and Supplement 1. Of 

98 identified separate studies on measurement properties, only one result was rated 

insufficient (Supplement 1). 

Apart from further studies on the measurement properties of the identified PROMs, 

an even more important suggestion for future research is defining which constructs 

should be measured in patients undergoing rhinoplasty. We have focused on symptoms 

in this review, but there are numerous other constructs that are potentially important 

to measure in rhinoplasty patients, such as quality of life or satisfaction with care. 

Consensus on the framework of constructs allows the development of core outcome 

sets, which are agreed minimum sets of outcomes that should be measured and 

reported in clinical trials in a specific area.54 An agreed standardized collection of 

outcomes considered important by patients and clinicians counteracts heterogeneity in 

outcome reporting and enables inclusion of more studies in future systematic reviews 
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on rhinoplasty interventions. Especially in rhinoplasty, a field in which the success of an 

intervention is difficult to quantify, standardized outcomes collection facilitates a large 

step toward transparency for both patients, clinicians and third parties.

Limitations

An important limitation of this systematic review is the absence of content validity 

evaluation. Without consensus on the definition of nasal function and nasal shape 

symptoms, a judgement of whether the content of a PROM is comprehensive and 

relevant cannot be made. Therefore, establishing a well-substantiated framework 

on which a questionnaire measuring nasal functional or aesthetic symptoms should 

be built is crucial. Methodologically sound qualitative studies including both patients 

and clinicians could contribute to defining these constructs. After consensus on the 

definitions and operationalization of the constructs, content validity of an existing 

PROM can be assessed in a content validity study by systematically asking patients 

and professionals about the relevance, comprehensiveness and comprehensibility of 

the PROM. Although we have rated the quality of NOSE and FACE-Q design studies as 

inadequate according to COSMIN standards, future content validity studies could still 

establish sufficient content validity of these PROMs. Of additional practical value is the 

content analysis that Barone et al have included in their review, providing an overview 

of aspects covered per PROM11. This could also aid in selecting the proper instrument 

after the construct has been defined. A comment on using the COSMIN standards could 

be that the quality criteria are rather strict; development studies, especially, must be 

of excellent quality to obtain a sufficient score. 
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Conclusion

Using consensus-based methodology, we evaluated the measurement properties of 

12 different PROMs that measure outcomes after rhinoplasty. In general, high-quality 

studies on measurement properties of the identified PROMs are scarce. However, the 

available evidence of the NOSE has given this PROM a substantial head start, and the 

combination with available interpretation scores and favorable feasibility aspects allows 

us to state that the NOSE currently carries the most potential for further use. The 

FACE-Q and SCHNOS are, to a lesser extent, currently most suitable to measure aesthetic 

outcome. Further studies on the measurement properties of the identified PROMs, in 

particular content validity studies, are crucial to consolidate these recommendations. 
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Supplement 1. Measurement properties results.

PROM (ref) Country (language) Structural validity Internal consistency Cross-cultural validity Reliability

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating)

ROE Alsarraf 2001 USA (English) 60 doubtful 0.84 (? no 

evidence for 

unidimensionality)

26 doubtful Pearson 

correlation 

0.83 (?)

ROE Bulut 2016 Germany (German) Preop 

100, 6mo 

postop 

54, 12mo 

postop 69.

doubtful Pre 0.64, 6mo 

post 0.82, 12mo 

post 0.73(? no 

evidence for 

unidimensionality)

ROE Izu 2014 Brazil (Portuguese) 56 doubtful 0.86 (? no 

evidence for 

unidimensionality)

56 adequate Test-retest ICC 

0.94 (+)

ROE Summary 0.64-0.86 (?) 0.94 (+)

NOSE Amer 2017 Egypt (Arab) 101 very good 0.995 (+) 101 inadequate Pearson 

correlation 

0.97 (?)

NOSE Bezerra 2011 Brazil (Portuguese) 33 very good 0.81 (+) 29 inadequate Gamma 

coefficient 0.78 

(?)

NOSE Karahatay 2018 Turkey (Turkish 170 very good Test 0.928, retest 

0.942 (+)

85 doubtful Pearson 

correlation 

0.95 (?)

NOSE Lachanas 2014 Greece (Greek) 109 very good 0.74, retest group 

0.76 (+)

109 doubtful Pearson r >0.70 

(?)

NOSE Larrosa 2014 Spain (Spanish) 58 very good 0.955 (+) 58 inadequate Gamma 

coefficient 0.96 

(?)

NOSE Marro 2011 France (French) 50 very good 0.86 (+) 50 inadequate Spearman 

correlation all 

>0.40 (?)

NOSE Mozzanica 2013 Italy (Italian) 116 very good 0.81 (+) 86 adequate ICC 0.85 (+)

NOSE Onerci Celebi 2018 Turkey (Turkish) 100 Very good 0.966 (+) 50 inadequate Wilcoxon 

nonparametric 

test: no 

significant 

difference. (?)

NOSE Stewart 2004 USA (English) 32 inadequate No factor analysis on 

5 definitive items (?)

32 inadequate 0.785 (+) 21 inadequate Gamma 

coefficient 0.70 

(?)

NOSE Urbancic 2017 Slovenia (Slovenian) 116 very good 0.971 (+) 90 inadequate Gamma 

coefficient 0.98 

(?)
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Supplement 1. Continued.

PROM (ref) Country (language) Structural validity Internal consistency Cross-cultural validity Reliability

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating)

NOSE van Zijl 2017 Netherlands (Dutch) Preop 126, 

postop 50, 

control 50

very good Unidimensional scale 

preop (CFI 0.968, TLI 

0.935) and postop 

(CFI 0.999, TLI 

0.998) (+), control 

poor indices CFI 

0.876, TLI 0.752).

Preop 129, 

postop 50

very good Preop 0.81, postop 

0.91 (+)

77 Adequate ICC 0.89 (+)

NOSE Summary 1 factor preop and 

postop (+)

0.74-0.995 (+) 0.85-0.89 (+)

RhinoQoL Marro 2011 France (French) 50 

patients, 

50 

controls 

(not 

mentioned 

in which 

group 

Cronbach 

alpha was 

calculated)

doubtful Frequency 

score 0.57, 

bothersomeness 

0.67, impact 

scores 0.83 (? 

no evidence for 

unidimensionality 

in septoplasty 

population)

50 inadequate Wilcoxon 

nonparametric 

test: no 

significant 

difference. (?) 

RhinoQol Summary (?) (?) (no ICCs)

SNOT-22 Jalessi 2013 Iran (Persian) 30 doubtful 0.89 (? no 

evidence for 

unidimensionality 

in septoplasty 

population)

30 doubtful Pearson 

correlation 

0.85 (?)

SNOT-22 Poirrier 2013 UK (English)

SNOT-22 Summary (?) (?) (no ICCs)

FACE-Q nose Klassen 2016 USA/Canada/UK (English) 158 doubtful Item residual 

correlations <0.30, 

nonsignificant x2 P 

values (+)

158 Very good 0.96 (+) 158 inade-

quate

No 

differential 

item 

function 

detected 

(+)

FACE-Q nose Radulesco 2018 France (French) 52 Very good 0.93 (+)

FACE-Q nose Summary (+) 0.93-0.96 (+) (+)

FACE-Q nostrils Klassen 2016 USA/Canada/UK (English) 158 doubtful Item residual 

correlations <0.30, 

nonsignificant x2 P 

values (+)

158 Very good 0.96 (+) 158 inade-

quate

No 

differential 

item 

function 

detected 

(+)

FACE-Q nostrils 

Radulesco 2018

France (French) 52 Very good 0.93 (+)

FACE-Q nostrils Summary (+) 0.93-0.96 (+) (+)
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PROM (ref) Country (language) Structural validity Internal consistency Cross-cultural validity Reliability

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating)

NOSE van Zijl 2017 Netherlands (Dutch) Preop 126, 

postop 50, 

control 50

very good Unidimensional scale 

preop (CFI 0.968, TLI 

0.935) and postop 

(CFI 0.999, TLI 

0.998) (+), control 

poor indices CFI 

0.876, TLI 0.752).

Preop 129, 

postop 50

very good Preop 0.81, postop 

0.91 (+)

77 Adequate ICC 0.89 (+)

NOSE Summary 1 factor preop and 

postop (+)

0.74-0.995 (+) 0.85-0.89 (+)

RhinoQoL Marro 2011 France (French) 50 

patients, 

50 

controls 

(not 

mentioned 

in which 

group 

Cronbach 

alpha was 

calculated)

doubtful Frequency 

score 0.57, 

bothersomeness 

0.67, impact 

scores 0.83 (? 

no evidence for 

unidimensionality 

in septoplasty 

population)

50 inadequate Wilcoxon 

nonparametric 

test: no 

significant 

difference. (?) 

RhinoQol Summary (?) (?) (no ICCs)

SNOT-22 Jalessi 2013 Iran (Persian) 30 doubtful 0.89 (? no 

evidence for 

unidimensionality 

in septoplasty 

population)

30 doubtful Pearson 

correlation 

0.85 (?)

SNOT-22 Poirrier 2013 UK (English)

SNOT-22 Summary (?) (?) (no ICCs)

FACE-Q nose Klassen 2016 USA/Canada/UK (English) 158 doubtful Item residual 

correlations <0.30, 

nonsignificant x2 P 

values (+)

158 Very good 0.96 (+) 158 inade-

quate

No 

differential 

item 

function 

detected 

(+)

FACE-Q nose Radulesco 2018 France (French) 52 Very good 0.93 (+)

FACE-Q nose Summary (+) 0.93-0.96 (+) (+)

FACE-Q nostrils Klassen 2016 USA/Canada/UK (English) 158 doubtful Item residual 

correlations <0.30, 

nonsignificant x2 P 

values (+)

158 Very good 0.96 (+) 158 inade-

quate

No 

differential 

item 

function 

detected 

(+)

FACE-Q nostrils 

Radulesco 2018

France (French) 52 Very good 0.93 (+)

FACE-Q nostrils Summary (+) 0.93-0.96 (+) (+)



68   |   Chapter 2

Supplement 1. Continued.

PROM (ref) Country (language) Structural validity Internal consistency Cross-cultural validity Reliability

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating)

UQ Lohuis 2013 Netherlands (not reported) 121 doubtful Preop 0.857, 

postop 0.837, 

re-postop 0.846 

(? no evidence for 

unidimensionality) 

74 doubtful Pearson 

correlation 

0.30 (?)

UQ Spiekermann 2017 Germany (German) Not clearly 

reported

doubtful Preop 0.91, postop 

0.91-0.92 (? no 

evidence for 

unidimensionality)

UQ Summary (?) (?) (no ICCs)

SNOT-23 Takhar 2014 UK (English) 69 inadequate Correlation 

0.81, method 

not reported 

(?)

SNOT-23 Summary (?) (no ICCs)

FROI-17 Bulut 2014 Germany (not reported) 41 inadequate No factor analysis on 

17 definitive items (?)

103 inadequate Nasal symptoms 

0.78, general 

symptoms 0.92, 

self-confidence 

0.74 (? Not at 

least low evidence 

for sufficient 

structural validity)

FROI-17 Summary ? ?

NSQ Haye 2015 Norway (Norwegian) 55 doubtful 0.82 (? no 

evidence for 

unidimensionality)

55 inadequate Wilcoxon 

signed rank 

test: no 

significant 

difference (?)

NSQ Summary ? ?

NASION Nouraei 2016 UK (English) 71 doubtful 0.90 (? no 

evidence for 

unidimensionality)

NASION Summary (?)

RHINO Lee 2016 USA (English) 22 doubtful 0.92, (? no factor 

analysis)

22 doubtful Pearson 

correlation 

0.94 (?)

RHINO Summary (?) (?) (no ICCs)

SCHNOS Functional subscale

Moubayed 2017

USA (English) 191 adequate 2 unidimensional 

factors (functional 

and cosmesis) (+)

191 very good 0.94 (+)

SCHNOS F Summary 2 factors (+) 0.94 (+)

SCHNOS Aesthetic subscale

Moubayed 2017

USA (English) 191 adequate 2 unidimensional 

factors (functional 

and cosmesis) (+)

191 very good 0.94 (+)

SCHNOS A Summary 2 factors (+) 0.94 (+)
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PROM (ref) Country (language) Structural validity Internal consistency Cross-cultural validity Reliability

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating)

UQ Lohuis 2013 Netherlands (not reported) 121 doubtful Preop 0.857, 

postop 0.837, 

re-postop 0.846 

(? no evidence for 

unidimensionality) 

74 doubtful Pearson 

correlation 

0.30 (?)

UQ Spiekermann 2017 Germany (German) Not clearly 

reported

doubtful Preop 0.91, postop 

0.91-0.92 (? no 

evidence for 

unidimensionality)

UQ Summary (?) (?) (no ICCs)

SNOT-23 Takhar 2014 UK (English) 69 inadequate Correlation 

0.81, method 

not reported 

(?)

SNOT-23 Summary (?) (no ICCs)

FROI-17 Bulut 2014 Germany (not reported) 41 inadequate No factor analysis on 

17 definitive items (?)

103 inadequate Nasal symptoms 

0.78, general 

symptoms 0.92, 

self-confidence 

0.74 (? Not at 

least low evidence 

for sufficient 

structural validity)

FROI-17 Summary ? ?

NSQ Haye 2015 Norway (Norwegian) 55 doubtful 0.82 (? no 

evidence for 

unidimensionality)

55 inadequate Wilcoxon 

signed rank 

test: no 

significant 

difference (?)

NSQ Summary ? ?

NASION Nouraei 2016 UK (English) 71 doubtful 0.90 (? no 

evidence for 

unidimensionality)

NASION Summary (?)

RHINO Lee 2016 USA (English) 22 doubtful 0.92, (? no factor 

analysis)

22 doubtful Pearson 

correlation 

0.94 (?)

RHINO Summary (?) (?) (no ICCs)

SCHNOS Functional subscale

Moubayed 2017

USA (English) 191 adequate 2 unidimensional 

factors (functional 

and cosmesis) (+)

191 very good 0.94 (+)

SCHNOS F Summary 2 factors (+) 0.94 (+)

SCHNOS Aesthetic subscale

Moubayed 2017

USA (English) 191 adequate 2 unidimensional 

factors (functional 

and cosmesis) (+)

191 very good 0.94 (+)

SCHNOS A Summary 2 factors (+) 0.94 (+)
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PROM (ref) Country 

(language)

Measurement error Construct validity Responsiveness

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result (rating)

ROE Alsarraf 2001 USA (English) 26 doubt-

ful

38.8 to 83.3 = 

+44.5. No SD 

provided (?)

ROE Bulut 2016 Germany (German) 100 patients, 30 

controls

adequate Control group sign. difference 

(+)

6mo 54, 12mo 

69.

very 

good

Only SRM 

available; after 

6mo 1.28, after 

12mo 0.96 (+)

ROE Izu 2014 Brazil (Portuguese) 56 patients, 100 

controls

adequate Control group sign. difference 

(+)

56 very 

good

After 3m Cohen’s 

d 3.93 (+)

ROE Summary 2+ 

Overall (+)

Cohen’s d 0.96-

3.93 (+)

NOSE Amer 2017 Egypt (Arab) 101 patients, 102 

controls.

very good Control group sign. difference 

(+)

101? Not clearly 

reported

ade-

quate

Cohen’s d 5.87 (+)

NOSE Bezerra 2011 Brazil (Portuguese) 33 patients, 

controls not 

reported.

doubtful Control group sign. difference 

(+)

33 very 

good

Effect size 

(method not 

specified) 2.72 (+)

NOSE Karahatay 2018 Turkey (Turkish) 85 patients, 88 

controls. 

Adequate

doubtful

Control group sign. difference 

(+)

Correlation with VAS 

(‘regarding severity of nasal 

obstruction’) r= 0.948 (+)

83 Very 

good

Effect size 

Wilcoxon Z = 

7.9 (+)

NOSE Lachanas 2014 Greece (Greek) 109 doubtful Substantial agreement, 

Limits of Agreement -11.17 

to 11.27 (range 0-100) (?, 

no MIC)

132 patients, 123 

controls

very good Control group sign. difference 

(+)

50 very 

good

Cohen’s d 3.22 (+)

NOSE Larrosa 2014 Spain (Spanish) 58 patients, 58 

controls

very good

doubtful

Control group sign. difference 

(+)

Correlation patient group with 

VAS (difficulty in breathing 

through your nose”) r > 0.50 for 

all items (+)

58? Not clearly 

reported

very 

good

Effect size 

(method not 

specified) 2.65 (+)

NOSE Marro 2011 France (French) 50 patients, 50 

controls.

very good 

very good

Control group sign. difference 

(+)

Correlation patient group with 

RhinoQol r = 0.30-0.48 (-)

Correlation control group with 

RhinoQol r = 0.49-0.66 (+)

NOSE Mozzanica 2013 Italy (Italian) 116 patients, 232 

controls

very good

doubtful

Control group sign. difference 

(+)

Correlation patient group with 

VAS (subjective sensation of 

nasal obstruction) all items r > 

0.50 except item 4 (+)

40 ade-

quate

Cohen’s d 2.20 (+)

NOSE Onerci Celebi 2018 Turkey (Turkish) 50 patients, 50 

controls.

Very good Control group sign. difference 

(+)
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PROM (ref) Country 

(language)

Measurement error Construct validity Responsiveness

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result (rating)

ROE Alsarraf 2001 USA (English) 26 doubt-

ful

38.8 to 83.3 = 

+44.5. No SD 

provided (?)

ROE Bulut 2016 Germany (German) 100 patients, 30 

controls

adequate Control group sign. difference 

(+)

6mo 54, 12mo 

69.

very 

good

Only SRM 

available; after 

6mo 1.28, after 

12mo 0.96 (+)

ROE Izu 2014 Brazil (Portuguese) 56 patients, 100 

controls

adequate Control group sign. difference 

(+)

56 very 

good

After 3m Cohen’s 

d 3.93 (+)

ROE Summary 2+ 

Overall (+)

Cohen’s d 0.96-

3.93 (+)

NOSE Amer 2017 Egypt (Arab) 101 patients, 102 

controls.

very good Control group sign. difference 

(+)

101? Not clearly 

reported

ade-

quate

Cohen’s d 5.87 (+)

NOSE Bezerra 2011 Brazil (Portuguese) 33 patients, 

controls not 

reported.

doubtful Control group sign. difference 

(+)

33 very 

good

Effect size 

(method not 

specified) 2.72 (+)

NOSE Karahatay 2018 Turkey (Turkish) 85 patients, 88 

controls. 

Adequate

doubtful

Control group sign. difference 

(+)

Correlation with VAS 

(‘regarding severity of nasal 

obstruction’) r= 0.948 (+)

83 Very 

good

Effect size 

Wilcoxon Z = 

7.9 (+)

NOSE Lachanas 2014 Greece (Greek) 109 doubtful Substantial agreement, 

Limits of Agreement -11.17 

to 11.27 (range 0-100) (?, 

no MIC)

132 patients, 123 

controls

very good Control group sign. difference 

(+)

50 very 

good

Cohen’s d 3.22 (+)

NOSE Larrosa 2014 Spain (Spanish) 58 patients, 58 

controls

very good

doubtful

Control group sign. difference 

(+)

Correlation patient group with 

VAS (difficulty in breathing 

through your nose”) r > 0.50 for 

all items (+)

58? Not clearly 

reported

very 

good

Effect size 

(method not 

specified) 2.65 (+)

NOSE Marro 2011 France (French) 50 patients, 50 

controls.

very good 

very good

Control group sign. difference 

(+)

Correlation patient group with 

RhinoQol r = 0.30-0.48 (-)

Correlation control group with 

RhinoQol r = 0.49-0.66 (+)

NOSE Mozzanica 2013 Italy (Italian) 116 patients, 232 

controls

very good

doubtful

Control group sign. difference 

(+)

Correlation patient group with 

VAS (subjective sensation of 

nasal obstruction) all items r > 

0.50 except item 4 (+)

40 ade-

quate

Cohen’s d 2.20 (+)

NOSE Onerci Celebi 2018 Turkey (Turkish) 50 patients, 50 

controls.

Very good Control group sign. difference 

(+)
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PROM (ref) Country 

(language)

Measurement error Construct validity Responsiveness

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result (rating)

NOSE Stewart 2004 USA (English) 32 patients, 12 

controls

doubtful

doubtful

Control group sign. difference 

(+)

Correlation patient group with 

VAS (“difficulty in breathing 

through your nose”) r > 0.50 

item 1-3, r < 0.50 item 4-5 (?)

21 doubt-

ful

Effect size 

(method not 

specified) 2.65 (+)

NOSE Urbancic 2017 Slovenia (Slovenian) 58 patients, 58 

controls.

very good Control group sign. difference 

(+)

21 very 

good

Cohen’s d 4.58 (+)

NOSE van Zijl 2017 Netherlands (Dutch) 129 patients, 50 

controls

Adequate

doubtful

Control group sign. difference 

(+)

Correlation patient group with 

VAS (difficulty in breathing 

through your nose”) r < 0.50 

preop and r > 0.50 postop (?)

Correlation control group with 

VAS r > 0.50 (+)

50 ade-

quate 

Effect size cannot 

be calculated (?)

NOSE Summary MIC not defined (?) 13+, 2? and 1-

Overall (+)

Cohen’s d 2.20-

5.87 (+)

RhinoQoL Marro 2011 France (French) 50 patients, 50 

controls

very good

very good

Control group sign. difference 

(+)

Correlation patient group with 

NOSE r = 0.30-0.48 (-)

Correlation control group with 

NOSE r = 0.49-0.66 (+)

RhinoQol  Summary 2+ and 1- 

Overall (?)

SNOT-22 Jalessi 2013 Iran (Persian) 30 patients, 30 

controls

adequate Control group sign. difference 

(+)

SNOT-22 Poirrier 2013 UK (English) 76 inadequate Correlation patient group with 

VAS (not defined) r = 0.82 (+)

76 ade-

quate

Cohen’s d 7.94 (+)

SNOT-22 Summary 2+ 

Overall (+)

(+)

FACE-Q nose Klassen 2016 USA/Canada/UK 

(English)

158 very good Correlation with facial 

appeareance scale r = 0.81 (+)

23 very 

good

Cohen’s d 1.7 (+)

FACE-Q nose Radulesco 2018

FACE-Q nose Summary 1+ 

Overall (+)

(+)

FACE-Q nostrils Klassen 2016 USA/Canada/UK 

(English)

158 very good Correlation with facial 

appearance scale r = 0.63 (+)

23 very 

good

Cohen’s d 1.1 (+)

FACE-Q nostrils 

Radulesco 2018
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PROM (ref) Country 

(language)

Measurement error Construct validity Responsiveness

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result (rating)

NOSE Stewart 2004 USA (English) 32 patients, 12 

controls

doubtful

doubtful

Control group sign. difference 

(+)

Correlation patient group with 

VAS (“difficulty in breathing 

through your nose”) r > 0.50 

item 1-3, r < 0.50 item 4-5 (?)

21 doubt-

ful

Effect size 

(method not 

specified) 2.65 (+)

NOSE Urbancic 2017 Slovenia (Slovenian) 58 patients, 58 

controls.

very good Control group sign. difference 

(+)

21 very 

good

Cohen’s d 4.58 (+)

NOSE van Zijl 2017 Netherlands (Dutch) 129 patients, 50 

controls

Adequate

doubtful

Control group sign. difference 

(+)

Correlation patient group with 

VAS (difficulty in breathing 

through your nose”) r < 0.50 

preop and r > 0.50 postop (?)

Correlation control group with 

VAS r > 0.50 (+)

50 ade-

quate 

Effect size cannot 

be calculated (?)

NOSE Summary MIC not defined (?) 13+, 2? and 1-

Overall (+)

Cohen’s d 2.20-

5.87 (+)

RhinoQoL Marro 2011 France (French) 50 patients, 50 

controls

very good

very good

Control group sign. difference 

(+)

Correlation patient group with 

NOSE r = 0.30-0.48 (-)

Correlation control group with 

NOSE r = 0.49-0.66 (+)

RhinoQol  Summary 2+ and 1- 

Overall (?)

SNOT-22 Jalessi 2013 Iran (Persian) 30 patients, 30 

controls

adequate Control group sign. difference 

(+)

SNOT-22 Poirrier 2013 UK (English) 76 inadequate Correlation patient group with 

VAS (not defined) r = 0.82 (+)

76 ade-

quate

Cohen’s d 7.94 (+)

SNOT-22 Summary 2+ 

Overall (+)

(+)

FACE-Q nose Klassen 2016 USA/Canada/UK 

(English)

158 very good Correlation with facial 

appeareance scale r = 0.81 (+)

23 very 

good

Cohen’s d 1.7 (+)

FACE-Q nose Radulesco 2018

FACE-Q nose Summary 1+ 

Overall (+)

(+)

FACE-Q nostrils Klassen 2016 USA/Canada/UK 

(English)

158 very good Correlation with facial 

appearance scale r = 0.63 (+)

23 very 

good

Cohen’s d 1.1 (+)

FACE-Q nostrils 

Radulesco 2018
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PROM (ref) Country 

(language)

Measurement error Construct validity Responsiveness

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result (rating)

FACE-Q nostrils Summary 1+ 

Overall (+)

(+)

UQ Lohuis 2013 Netherlands (not 

reported)

121 doubt-

ful

Effect size cannot 

be calculated (?)

UQ Spiekermann 2017 Germany (German) Presumably 214 

patients (only 

female n and 

ratio given), 36 

controls

very good

doubtful

Control group sign. difference 

(+)

Correlation patient group 

with VAS (subjective nasal 

appearance) preop r = 0.63, 12 

mo postop r = 0.69 (+)

214 (? Only fe-

male n and ratio 

given, number 

used in respon-

siveness not 

clearly reported)

very 

good

Cohen’s d 1mo 

1.05, 3mo 1.36, 

12mo 0.91 (+)

UQ Summary 2+ 

Overall (+)

Cohen’s d 1mo-

12mo > 0.80 (+)

SNOT-23 Takhar 2014 UK (English) 69 patients, 10 

controls

very good 

very good

inadequate

Correlation patient group with 

NOSE r = 0.82 (+)

Control group sign. difference 

(+)

“overall” VAS to SNOT-23, 

aesthetic VAS to only 23rd item. 

69 ade-

quate

Cohen’s d 1.07 (+)

SNOT-23 Summary 1+

Overall (+)

Cohen’s d 1.07 

(+)

FROI-17 Bulut 2014 Germany (not 

reported)

103 very 

good

Only SRMs, 

Cohen’s d cannot 

be calculated. 

SRMs are +

FROI-17 Summary (+)

NSQ Haye 2015 Norway (Norwegian) 75 ade-

quate

Cohen’s d 1.27 day 

VAS, 1.60 night 

vas (+)

NSQ Summary Only for VAS, not 

whole PROM: (?)

NASION Nouraei 2016 UK (English) 71 very good Correlation with nose r = 0.64 

(+), with SNOT-22 r = 0.77 (+)

NASION Summary 2+ 

Overall (+)

RHINO Lee 2016 USA (English) 22 very good 

(functional 

items)

Correlation of functional items 

with NOSE r = 0.85 (+)

22 ade-

quate

Cohen’s d 2.44 (+)

RHINO Summary 1+ 

Overall (+)

(+)

SCHNOS

Functional subscale Moubayed 

2017

USA (English) 159 patients, 32 

control

very good

doubtful 

Correlation of functional items 

with NOSE r = 0.94 (+)

Control group sign. difference 

(visually based on box plots) 

(+)

69 ade-

quate

Effect size cannot 

be calculated (?)
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PROM (ref) Country 

(language)

Measurement error Construct validity Responsiveness

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result (rating)

FACE-Q nostrils Summary 1+ 

Overall (+)

(+)

UQ Lohuis 2013 Netherlands (not 

reported)

121 doubt-

ful

Effect size cannot 

be calculated (?)

UQ Spiekermann 2017 Germany (German) Presumably 214 

patients (only 

female n and 

ratio given), 36 

controls

very good

doubtful

Control group sign. difference 

(+)

Correlation patient group 

with VAS (subjective nasal 

appearance) preop r = 0.63, 12 

mo postop r = 0.69 (+)

214 (? Only fe-

male n and ratio 

given, number 

used in respon-

siveness not 

clearly reported)

very 

good

Cohen’s d 1mo 

1.05, 3mo 1.36, 

12mo 0.91 (+)

UQ Summary 2+ 

Overall (+)

Cohen’s d 1mo-

12mo > 0.80 (+)

SNOT-23 Takhar 2014 UK (English) 69 patients, 10 

controls

very good 

very good

inadequate

Correlation patient group with 

NOSE r = 0.82 (+)

Control group sign. difference 

(+)

“overall” VAS to SNOT-23, 

aesthetic VAS to only 23rd item. 

69 ade-

quate

Cohen’s d 1.07 (+)

SNOT-23 Summary 1+

Overall (+)

Cohen’s d 1.07 

(+)

FROI-17 Bulut 2014 Germany (not 

reported)

103 very 

good

Only SRMs, 

Cohen’s d cannot 

be calculated. 

SRMs are +

FROI-17 Summary (+)

NSQ Haye 2015 Norway (Norwegian) 75 ade-

quate

Cohen’s d 1.27 day 

VAS, 1.60 night 

vas (+)

NSQ Summary Only for VAS, not 

whole PROM: (?)

NASION Nouraei 2016 UK (English) 71 very good Correlation with nose r = 0.64 

(+), with SNOT-22 r = 0.77 (+)

NASION Summary 2+ 

Overall (+)

RHINO Lee 2016 USA (English) 22 very good 

(functional 

items)

Correlation of functional items 

with NOSE r = 0.85 (+)

22 ade-

quate

Cohen’s d 2.44 (+)

RHINO Summary 1+ 

Overall (+)

(+)

SCHNOS

Functional subscale Moubayed 

2017

USA (English) 159 patients, 32 

control

very good

doubtful 

Correlation of functional items 

with NOSE r = 0.94 (+)

Control group sign. difference 

(visually based on box plots) 

(+)

69 ade-

quate

Effect size cannot 

be calculated (?)
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PROM (ref) Country 

(language)

Measurement error Construct validity Responsiveness

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result (rating)

SCHNOS F Summary 2+ 

Overall (+)

(?)

SCHNOS 

Aesthetic subscale Moubayed 

2017

USA (English) 159 patients, 32 

control

doubtful Control group sign. difference 

(visually based on box plots) 

(+)

69 ade-

quate

Effect size cannot 

be calculated (?)

SCHNOS A Summary 1+ 

Overall (+)

(?)

+ sufficient rating measurement property

? indeterminate rating measurement property

- insufficient rating measurement property

MIC: minimal important change

ICC: intraclass correlation coefficient

CFI: comparative fix index

TLI: Tucker-Lewis index

SD: standard deviation

SRM: standardized response mean
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PROM (ref) Country 

(language)

Measurement error Construct validity Responsiveness

n Meth. 

quality

Result 

(rating)

n Meth. 

quality

Result (rating) n Meth. 

quality

Result (rating)

SCHNOS F Summary 2+ 

Overall (+)

(?)

SCHNOS 

Aesthetic subscale Moubayed 

2017

USA (English) 159 patients, 32 

control

doubtful Control group sign. difference 

(visually based on box plots) 

(+)

69 ade-

quate

Effect size cannot 

be calculated (?)

SCHNOS A Summary 1+ 

Overall (+)

(?)

+ sufficient rating measurement property

? indeterminate rating measurement property

- insufficient rating measurement property

MIC: minimal important change

ICC: intraclass correlation coefficient

CFI: comparative fix index

TLI: Tucker-Lewis index

SD: standard deviation

SRM: standardized response mean
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Nasal Obstruction Symptom 

Evaluation (NOSE) scale
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Abstract

Background: The Nasal Obstruction Symptom Evaluation (NOSE) scale is a validated 

questionnaire for the assessment of quality of life related to nasal obstruction. The 

aim of this study was to validate the Dutch (NL-NOSE) questionnaire.

Methodology: Guidelines for the cross-cultural adaptation process from the original 

English language scale into a Dutch language version were followed. Patients 

undergoing functional septoplasty or septorhinoplasty and asymptomatic controls 

completed the questionnaire both before and three months after surgery to test 

reliability and validity. Additionally, we explored the possibility to reduce the NOSE 

scale even further using graded response models.

Results: 129 patients and 50 controls were included. Internal consistency and test-

retest reliability were good. The instrument showed excellent between-group and high 

response sensitivity to change. The NL-NOSE correlated well with the score on a visual 

analog scale measuring the subjective sensation of nasal obstruction, with exception 

of item 4 (trouble sleeping). Item 4 provided least information to the total scale and 

item 3 (trouble breathing through nose) most, particularly in the postoperative group.

Conclusion: The Dutch version of the NOSE (NL-NOSE) demonstrated satisfactory 

reliability and validity. We recommend the use of the NL-NOSE as a validated instrument 

to measure subjective severity of nasal obstruction in Dutch adult patients. 
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Introduction 

In 2004, Stewart et al. introduced the Nasal Obstruction Symptom Evaluation (NOSE) 

scale as a valid, reliable and responsive self-report instrument to quantify the subjective 

burden related to nasal obstruction.1 Patients are asked to answer five 5-point Likert 

Scale questions related to nasal obstruction resulting in a sumscore, ranging from 

0 to 20, which is then multiplied by 5. The instrument is easy to complete with a 

minimal respondent burden, likely contributing to its global popularity in outcome 

research and surgical technique evaluation. This is illustrated by validated adaptations 

of the NOSE scale for the Spanish, Chinese, Italian, French, Greek and Portuguese 

language.2-7 Additionally normative and abnormal value ranges for the NOSE scale have 

been outlined, allowing a more precise definition of treatment success and meaningful 

clinical changes of numerical scores.8 The primary aim of this study was to translate 

and validate the NOSE scale instrument into the Dutch language. 

An important remark when using (extensive) questionnaires to evaluate patient 

satisfaction, quality of life and change herein following medical treatment, is the 

influence of ‘respondent burden bias’ on given answers when questionnaires are too 

extensive. Although the NOSE scale is a relatively short questionnaire with only 5 items, 

the risk of inaccurate or incomplete answers might become important when the NOSE 

scale is offered to patients in addition to other questionnaires used for routine outcome 

monitoring. The secondary aim of this study was therefore to explore the possibility to 

reduce the NOSE scale into a more concise version including only the most indicative 

items.
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Materials and Methods

This single-center instrument validation study consisted of a cross-cultural adaptation 

phase and a statistical validation phase. All data were prospectively collected between 

April 1st 2015 and September 1st 2016 at the department of otorhinolaryngology and head 

and neck surgery and the department of urology of the academic Erasmus Medical 

Center, Rotterdam (the Netherlands). This study was approved by the Medical Ethics 

Committee of the Erasmus Medical Center, Rotterdam, the Netherlands, documented 

by study number MEC-2015-361.

Phase 1: cross-cultural adaptation to the Dutch language

General accepted guidelines for the process of cross-cultural adaptation were followed.9 

Forward translation of the original NOSE questionnaire was performed by one bilingual 

Dutch-native otolaryngologist and one bilingual Dutch-native professional translator 

without medical background. The two bilingual investigators reconciled differences 

between the two forward translations and checked for semantic and conceptual 

equivalence, resulting in one single provisional Dutch translation of the NOSE scale. Two 

English-native translators without medical background then translated the provisional 

Dutch questionnaire back into the original language. These backward translations were 

compared with the original NOSE scale focusing on discrepancies and item content. 

The end result was a final version of the questionnaire (NL-NOSE, Figure 1).

Phase 2: NL-NOSE validation

Study populations

For this study, two separate populations were recruited prospectively. The first group 

included patients with nasal obstruction caused by a septal deviation and/or nasal 

valve insufficiencies. Patients were included when they were eligible for surgery, able 

to speak and read the Dutch language and experienced nasal obstruction longer than 

three months, without a noticeable response to intranasal steroid treatment for a 

minimum of four weeks. We excluded patients younger than 18 years, patients with 

nasal obstruction related to mucosal disorders, craniofacial patients or patients who had 

prior septoplasty/septorhinoplasty or turbinate surgery. The second group consisted 

of healthy asymptomatic controls recruited at the department of urology. Controls 

needed to be older than 18 years, be able to read and speak the Dutch language and 

have no history of nasal obstruction and/or use of intranasal medication. 
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Methods and statistical analysis

Generally accepted quality criteria for validation were used as a guideline.10,11 Generally, in 

the various language NOSE validation studies correlations of at least 0.40 with criterion 

measures were reported.2-6 In order to detect a significant correlation coefficient of 

at least 0.40 we considered 50 cases as sufficient.12 In cases where one out of five NL-

NOSE items was missing, the total score was calculated from the mean of the completed 

items. If more than one item was missing, the case was excluded. 

Internal consistency 

Internal consistency was investigated using Cronbach’s alpha coefficient, which was 

considered fair when alpha was between 0.70 and 0.79, good between 0.80 and 0.89, 

and excellent above 0.90.13 Corrected item-total and inter-item correlations were tested 

using Spearman correlations. For assessment of unidimensionality a confirmatory 

factor analyses (CFA) was performed in the preoperative, postoperative and control 

groups. These CFAs tested single factor models without allowing additional covariances 

between the items. All CFAs were applied using ordinary maximum likelihood, that 

excludes cases with missing values. Standards for a good fit were derived from Brown.14 

The recommended index values are presented in Table 1.

Table 1. Fit measures confirmatory one factor analysis.

Preoperative

N = 126

Postoperative

N = 50

Control

N = 50

All cases

N = 303

Recommended

Brown 2006

RMSEA 0.103 0.024 0.208 0.115 <0.05/<0.08*

pclose 0.112 0.471 0.015 0.008 >0.05

CFI 0.968 0.999 0.876 0.985 >0.95

TLI 0.935 0.998 0.752 0.971 >0.95

SRMR 0.033 0.022 0.070 0.014 <0.08

RMSEA - root mean squared error of approximation

pclose - probability of RMSEA ≤ 0.05

CFI - comparative fit index

TLI - Tucker-Lewis index

SRMR - standardised root mean squared residual

*<0.05 = good, <0.08 reasonable

Reproducibility 

Test-retest reliability was investigated by administering a second NL-NOSE questionnaire 

two weeks after the first. This was carried out for the patient group only. Patients 

with any change in conservative treatment after completing the first questionnaire 

(medication, nasal steroids, other) or change of symptoms due to upper or lower 
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airway infections were excluded for the assessment of test-retest reliability. Test-retest 

reliability was calculated using 2 way random – average measures intra-class correlation 

coefficients (ICC), with a positive rating for reliability given at >0.70. Differences between 

responders and non-responders at the second test were analyzed with Mann-Whitney 

U tests and a χ² test.

Discriminant validity

Discriminant validity of the NL-NOSE was tested by comparison of the scores of the 

patient group with the asymptomatic control group with a Mann-Whitney U test, with 

a significant difference defined as p < 0.05.

Responsiveness

The response (sensitivity to change) was tested using a subgroup of patients who were 

asked to complete the NL-NOSE three months after surgery, assessed with the Wilcoxon 

Rank test and calculation of the mean and inter-quartile range. 

Construct validity

In the absence of an objective gold standard to quantify nasal patency, construct 

validity was assessed with a Spearman correlation test between NL-NOSE item scores 

and scores on a 100 mm Visual Analog Scale indicating nasal airway patency, ranging 

from 0 (very bad) to 10 (very good). Our predefined hypothesis reads “patients with 

higher NL-NOSE scores, indicating more subjective burden of nasal obstruction, will 

have higher scores on the nasal airway patency VAS”.

Graded Response Models 

Although this study was not primarily set up to develop a shorter version of the NL-

NOSE scale, an exploratory attempt was made to reduce the number of items. For 

this purpose, graded response models (GRMs) were fitted to assess the information 

provided by each individual item on the latent trait. We only utilized the samples for 

which the unidimensionality assumption was reasonably met. The likelihood method 

applied in these GRMs was mean and variance adaptive Gauss–Hermite quadrature.

CFA was performed with STATA version14.1 (StataCorp, College Station, Texas 77845 

USA), all other statistical analyses were performed with SPSS 21.0 (IBM SPSS, Armonk, 

NY, USA).
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Results

Based on inclusion and exclusion criteria, a total of 131 patients with an indication for 

functional septoplasty or septorhinoplasty and 51 asymptomatic controls completed 

the NL-NOSE questionnaire. A number of 129 patients and 50 controls gave valid 

answers on at least 4 items. Of these 129 patients, 77 completed an additional re-test 

questionnaire returned by postal mail; 47 did not respond and 5 were excluded for 

retest analysis due to an unintended change in conservative treatment. No significant 

baseline differences were observed between responders and non-responders for the 

total NOSE scale (Mann-Whitney U=1950, p=0.80), age (U=1925, p=0.71) and gender 

(χ²=0.043, p=0.84). On November 1st 2016, 64 out of 129 patients were operated on, of 

whom 50 patients had sufficient follow-up time to complete an additional postoperative 

questionnaire three months after surgery. A total of 313 administrations had been 

performed, with a total of 13 missing values on individual items (0.83%). These missing 

values led to the exclusion of 4 cases (1.28%).

The patient population (N=129) consisted of 82 males (63.6%), with a mean age of 

34.6 ± 14.5 (range 17-74). Mean sum score (0-100) was 70.5 ± 20.0 (SD). No significant 

correlations of the NL-NOSE with age were observed, and there were no significant 

differences between men and women (non-parametric tests, all p-values >0.30).

Internal consistency

Internal consistency of the NL-NOSE was high with a Cronbach alpha of 0.81 for the 

preoperative group (N=129), and 0.91 in the postoperative group (N=50). Item-total 

and inter-item correlations for both preoperative and postoperative measures are 

displayed in Table 2. In the preoperative group, all values were above 0.40 except for 

the correlation between items ‘trouble sleeping’ and ‘nasal blockage or obstruction’ 

(0.36) and the correlation between items ‘trouble sleeping’ and ‘unable to get enough 

air through my nose during exercise’ (0.32). The inter-item correlations within the 

control group were much lower, in particular for item 5, while the inter-item correlations 

for all participants combined were much higher. Relationships between the different 

variables were close with highly significant differences (P<0.01) for all correlations. 

The confirmatory factor analysis in the preoperative group showed good indices for the 

CFI, TLI and SRMR, but a lesser value for the RMSEA, though the chance that the RMSEA 

(pclose) is not significant is acceptable (Table 1, abbreviations enlisted), generally indicating 

that the unidimensionality assumption is reasonably met. In the postoperative group all 

fit indices are excellent. The fit measures in the control group are poor, indicating that 

unidimensionality of the scale in this group is not satisfactorily established.
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Table 2. Inter-item and corrected item-total Spearman correlations of NL-NOSE.

Item 1. 

Congestion

2.

Obstruction

3.

Breathing

4.

Sleeping

5.

Exercise

Corrected 

total

1. Congestion 0.72 0.81 0.51 0.80 0.84

P
o

sto
p

erative

2. Obstruction 0.61 0.77 0.46 0.69 0.77

3. Breathing 0.52 0.57 0.55 0.81 0.89

4. Sleeping 0.52 0.36 0.49 0.53 0.56

5. Exercise 0.48 0.46 0.54 0.32 0.86

Corrected total 0.69 0.60 0.67 0.53 0.54

Preoperative

1. Congestion 0.81 0.78 0.70 0.73 0.84

A
ll participan

ts

2. Obstruction 0.43 0.80 0.65 0.73 0.82

3. Breathing 0.46 0.45 0.73 0.81 0.87

4. Sleeping 0.33 0.33 0.35 0.94 0.74

5. Exercise 0.14 0.31 0.54 0.16 0.79

Corrected total 0.44 0.74 0.77 0.75 .084

Controls

Reproducibility

Test-retest reliability (N=77) was good with an intra-class correlation of 0.89 (p >0.001).

Control group and discriminant validity

In the control group (N=50), nineteen (38.0%) controls were male and the average 

age was 47.9 ± 16.8 (range 19-80). Mean sum score was 8.5 with a standard deviation 

of 13.0 (Figure 2). The NL-NOSE showed excellent discrimination between groups with 

a mean rank of 114.3 for patients and a mean rank of 27.2 for controls (Mann-Whitney 

U = 85, p<0.001). Cronbach’s alpha in the control group was 0.79.

Pre- and postoperative evaluation (responsiveness)

Patients that completed a questionnaire before and after surgery (N=50) were 

all operated on by one author (F.R.D.), performing either a septoplasty or (septo)

rhinoplasty mainly aiming at restoring nasal patency. Postoperative mean sum scores 

were significantly lower compared to preoperative values (Wilcoxon rank P<0.001). All 

but two patients had lower scores after the operation; these two patients reported no 

change. The magnitude of surgery effect was large; median sum scores dropped from 

70.0 preoperatively to 20.0 postoperatively (median change 40.0, interquartile range 

25-63).
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Figure 2. Sum scores of patients and controls.

Correlation with VAS (construct validity)

Correlation of the mean VAS score (left and right) with the NL-NOSE sum score and 

individual items is shown in Table 3. Sum scores correlated well with the VAS; both for 

the symptomatic cohort pre- and postoperatively and for the control cohort, confirming 

our hypothesis. Regarding the individual items, only the item ‘trouble sleeping’ did not 

correlate well with VAS.

Table 3. Spearman correlations of NL-NOSE with VAS.

Preoperative

N = 129

Postoperative

N = 50

Control

N = 50

Item rho p rho p rho p

1. Congestion 0.46 <0.001 0.66 <0.001 0.57 <0.001

2. Obstruction 0.43 <0.001 0.79 <0.001 0.50 <0.001

3. Breathing 0.40 <0.001 0.74 <0.001 0.45 0.001

4. Sleeping 0.12 0.165 0.36 0.002 0.20 0.169

5. Exercise 0.46 <0.001 0.67 <0.001 0.36 0.011

Total 0.44 <0.001 0.78 <0.001 0.65 <0.001

rho = Spearman correlation

Graded Response Models 

We fitted in GRMs for the pre- and postoperative patients, as the unidimensionality 

assumption was reasonably met in these groups. It must be noted that these models 

are explorative, as Reise & Yu reported that a GRM can be estimated with 250 cases 

but a sample of at least 500 is advised.15 Our preoperative group included only 131 cases 
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for this analysis, and the postoperative group 51. In both samples item 4 (trouble with 

sleeping) provided least information to the total scale and item 3 most, particularly 

in the postoperative group (Table 4, Figure 3). These findings are confirmed with 

classical test theory analyses; the Mann-Whitney U values are largest for item 4 and 

smallest for item 3 (Table 4). Mann-Whitney Z-values are largest for item 3. These 

values for item 3 are about as large as for the total scale, suggesting that the total scale 

might not provide much more information than item 3.

Table 4. GRM item discrimination coefficients and differences in total NOSE scores between groups.

GRM item coefficient (95% CI) Difference 

pre- postoperative

Difference

preoperative - controls

Preoperative

N = 131

Postoperative

N = 51

M-W

U-value

M-W*

Z-value

M-W

U-value

M-W*

Z-value

1. Congestion 2.51 (1.55, 3.47) 3.87 (1.92, 5.81) 1102.0 7.09 317.5 9.63

2. Obstruction 2.26 (1.46, 3.06) 3.46 (1.70, 5.22) 938.0 7.50 364.0 9.44

3. Breathing 2.60 (1.56, 3.63) 8.80 (-1.50, 19.11) 807.5 8.07 150.0 10.18

4. Sleeping 1.33 (0.83, 1.84) 1.69 (0.70, 2.68) 1095.0 7.20 597.0 8.78

5. Exercise 1.82 (1.15, 2.49) 4.57 (2.09, 7.04) 116.0 7.15 241.0 9.10

Total 670.0 8.23 85.0 10.12

M-W = Mann-Whitney U test

* all p-values <0.001

Figure 3. GRM item functions for pre- and postoperative patients.
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Discussion

Routine outcome measurements have become an important indicator for medical 

performance. Transparent outcome reports assist the patient in making an educated 

guess between healthcare providers as long as the instruments used are comparable. 

The use of patient-reported outcome measures, in absence of globally accepted 

objective instruments, is feasible when the instruments used are validated. The NOSE 

scale is a validated, globally accepted instrument to quantify the burden related to nasal 

obstruction and change herein following nasal surgery. Cross-cultural adaptation of 

the NOSE scale makes it a valuable instrument to compare outcome results between 

institutions and organize multi-center studies. In that context, our need for a validated 

Dutch version of the NOSE scale became apparent. 

Internal consistency measures the extent to which items in a questionnaire are 

correlated, which is an important measurement property for questionnaires that 

intend to measure a single underlying concept by using multiple items, like the 

NOSE questionnaire.10 We found a Cronbach alpha of 0.81 for the NL-NOSE, which 

is within accepted ranges and comparable to previously reported NOSE validation 

studies.1-5,7 When looking at the Cronbach alpha of the postoperative cohort, we 

found a value of 0.91. This is also demonstrated by Table 1, with item correlations 

in the postoperative group higher compared to the correlations of the preoperative 

group, and in Table 2, indicating that the fit for a unidimensional model is better 

for the post-operative group.

The reproducibility of the NL-NOSE was confirmed by performing a test-retest; 

correlating initial test and subsequent retest scores. We found an ICC coefficient of 0.89, 

indicating that of the questionnaire is stable over time. Normative data was generated 

by a cohort with no distinct complaints of nasal patency. This group scored a mean of 

8.5 ± 13.0 compared to 70.5 ± 20.0 in the case cohort, suggesting that the NL-NOSE is a 

sensitive instrument to identify patients with nasal patency complaints. The correlations 

between the VAS and the total score of the NL-NOSE demonstrated good construct 

validity. We explored both pre-, postoperative and control group correlations and found 

that the correlations with VAS in these separate patient groups were lower compared to 

the correlations documented in the Spanish and Italian validations studies.5,6 However, 

both the Spanish and Italian authors do not mention the composition of the tested 

group. When utilizing the overall cohort we encountered higher correlations with VAS, 

comparable to those reported in the Italian study. These increased correlations are 

caused by the larger variance induced by the combination of low scoring controls and 

postoperative patients and high scoring preoperative patients for the total scale and 
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their high respectively low VAS scores. Regarding the individual items, only the item 

‘trouble sleeping’ did not correlate well with VAS, which is similar to the results of other 

validation studies. The GRM also pointed out that the contribution of item 4 to the total 

scale is limited. 

Perhaps most importantly, in line with other validation studies, the NL-NOSE 

demonstrated excellent responsiveness after surgery, indicating that the instrument 

is suitable to measure outcome after treatment. Median sum scores dropped from 70 to 

20 after surgery, which is comparable to the systematic review of Rhee et al. reviewing 

NOSE scores of patients with nasal airway obstruction after septo(rhino)plasty with 

or without turbinate surgery.8 The authors compiled scores and found a mean pre-

treatment score of 65 (standard deviation 22) and a mean post-treatment score of 

23 (20). Furthermore, the authors found that that no individual study dropped less 

than 30 points, suggesting that a change of at least 30 may be considered a clinically 

meaningful measure of surgical success. Our results, with a median decrease of 40 

points after surgery, therefore confirm that the NL-NOSE is able to measure clinically 

meaningful improvements after functional nasal surgery.

We fitted GRMs in order to explore whether a more concise version of the NL-NOSE 

could be constructed. These models suggest that item 3 might be nearly as informative 

as the overall NL-NOSE sum score. Future research pointed to this issue with larger 

study populations should be conducted to reach more definite conclusions regarding 

this matter.

A potential shortcoming of the study could be that the proportion of men is larger in 

the patient group compared to the control group. However, as we found no relation 

between the NL-NOSE and gender, we consider the influence of this difference to be 

minimal. Second, due to the lack of a Dutch questionnaire measuring nasal patency 

specific quality of life that has been validated in functional (septo)rhinoplasty patients, 

we had no perfect gold standard to compare results to. Instead, we chose to compare 

results to a nasal patency VAS score, for which our predefined hypothesis was met. 

Lastly this is a single-center study performed in an academic hospital, potentially 

causing impaired generalizability or selection bias. In the original validation study of 

Stewart however, the NOSE questionnaire showed good measurement properties in 

a multi-center study with four academic hospitals, and Larrosa et al. included both a 

tertiary and regional center with comparable results.1,6
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Conclusion

This study was performed to adapt the NOSE questionnaire to the Dutch language. 

Satisfactory internal consistency, reliability, reproducibility, validity and responsiveness 

was demonstrated. We recommend the use of the NL-NOSE to quantify the subjective 

burden related to nasal obstruction and change herein following surgical intervention 

in Dutch adults. 
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Abstract

Background: Patients, governments, health care providers, and insurance companies 

are increasingly interested in medical performance. Transparent outcome reporting 

requires a thorough methodologic design, dedicated prospective data collection 

process, and preferably no interference with the efficacy of daily practice. The primary 

aim of this article is to describe how these bottlenecks are tackled with an automated 

prospective rhinoplasty outcome routine. The secondary aim is to motivate others by 

describing practical benefits encountered during implementation.

Methods: Since April 2014, 269 consecutive patients referred for functional-aesthetic 

(revision) rhinoplasty were included. The Nasal Obstruction Symptom Evaluation scale, 

the Utrecht Questionnaire, and visual analogue scales were offered to all patients 

before primary consultation and follow-up to translate the subjective burden of nasal 

problems and change herein following surgery, into data. These data were exported 

for real-time automated outcome analysis supported by graphic output through a 

customized Web-based dashboard.

Results: One hundred seventy-one patients proved eligible for rhinoplasty, of which 

121 had sufficient follow-up. The dashboard provides an overview of demographic 

characteristics of different populations, reasons why rhinoplasties were not 

performed, and real-time short- and long-term change in functional and aesthetic 

outcome in both primary and revision cases. Practical benefits of the instruments 

used are presented and discussed.

Conclusions: Routine prospective outcome monitoring provides an evidence-based 

response to the increasing demand for transparency in health care. The dashboard 

proved valuable during patient counseling, patient selection, and management of 

expectations and has the potential to compare rhinoplasty results between surgeons 

and institutions, provided that the populations share similar characteristics.
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Introduction

In recent decades, governments, health care providers, insurance companies, and 

patients have shown an increased interest in medical performance. Motivated by 

the aim to improve health care quality, contain costs and provide data to facilitate an 

educated choice among health care providers, these parties demand transparency in 

medical outcome. 

Rhinoplasty surgeons have always acknowledged the importance of outcome 

evaluations, which is reflected by numerous articles describing surgical results based 

on different functional and aesthetic outcome instruments. Despite all effort, a global 

consensus on how rhinoplasty outcome measurements should be performed remains 

absent. Systematic reviews on this subject conclude that an increased attention towards 

outcome research mainly leads to the development of new outcome measures.1-4 This 

can be considered as an unwanted delay in a ‘time of need’, because valuable validated 

and practical outcome instruments are available.

Prospective outcome measuring ideally is a routine part of a daily rhinoplasty practice, 

but variability in surgical population characteristics, indications, and preferred 

maneuvers to tackle similar problems prevent rhinoplasty to be an exact science. 

Furthermore, outcome measurement requires a dedicated prospective data collection 

process, frequently anticipated to be an administrative burden interfering with the 

efficiency of daily practice. 

This article describes relevant considerations that have led to the implementation of 

a short, practical rhinoplasty outcome routine, supported by automated data analysis 

and graphic output. Prospective results of all patients referred to our tertiary referral 

center in the past 3 years and additional practical benefits are presented and discussed 

to illustrate that with fairly limited effort it is possible to be fully transparent about 

overall (revision) rhinoplasty performance.
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Methods

Instruments to quantify the burden of nasal form and function disturbances and 

change following surgery can be either objective or subjective, generic or disease 

specific, and patient reported or non-patient reported. The value of objective functional 

rhinoplasty outcome instruments remains a topic of debate and literature reports 

poor correlation with the subjective sensation of nasal airflow.5-7 As the ultimate 

goal in rhinoplasty is to satisfy the patient’s functional, aesthetic, and psychological 

expectations of the procedure, we considered the patient to be most qualified to 

quantify these endpoints. Therefore, subjective, disease specific, patient-reported 

outcome measures were selected as instruments for our rhinoplasty outcome routine. 

The patient-reported outcome measures of choice had to meet the requirements of 

being validated, internationally accepted, short, simple and practical. The first two 

characteristics are important to ensure that physicians speak the same ‘meaningful 

language’ when performing a cross-cultural comparison of outcome results. The latter 

three characteristics are important to minimize the influence of ‘respondent burden 

bias’ associated with incomplete and unreliable answers and to prevent an unwanted 

impact on the efficiency of daily practice. 

Hospital setting and study population

Our rhinoplasty clinic is located at the Erasmus Medical Center, Rotterdam, The 

Netherlands, which is a university hospital that serves a population of approximately 3 

million people in the southwestern area of the Netherlands. It acts as a tertiary referral 

center for approximately 30 affiliated hospitals. Every patient who was referred to 

the first author of this article (F.R.D.) between April of 2014 and December of 2016 to 

explore the indication for functional-aesthetic (revision) rhinoplasty was included in 

this prospective outcome routine. Candidates for septoplasty only, craniofacial patients 

(e.g. cleft lip, Crouzon syndrome, Muenke syndrome), and patients with a cosmetic 

indication only, were excluded.

Instruments

The first part of the outcome routine focuses on the quantification of subjective 

nasal obstruction using the Nasal Obstruction Symptom Evaluation (NOSE) scale and 

two visual analogue scales (VAS) to score left and right sided nasal obstruction on a 

scale ranging from 0 to 10 (with 0 indicating complete obstruction and 10 indicating a 

clear nose). The NOSE scale is a simple, short, validated and internationally accepted 

questionnaire containing five questions using a five-point Likert Scale related to nasal 

obstruction. Sum scores are multiplied by 5, resulting in a range from 0 to 100.8 
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The second part of the outcome routine focuses on the quantification of subjective body 

image and quality of life in relation to nasal appearance using the Utrecht Questionnaire 

(UQ) and one VAS to rate nasal appearance (with 0 indicating very ugly and 10 indicating 

very nice). The UQ is a short, validated questionnaire containing five questions using a 

five-point Likert Scale. Sum scores range between 5 and 25.9-11 Of additional benefit is that 

questions 3 (“Does this concern affect you daily life, e.g. your work?”) and 4 (“Does this 

concern affect your relationship with others?”) are ‘trick questions’, where high scores hint 

towards a disturbance in body perception related to nasal appearance or body dysmorphic 

disorder. The UQ hereby complements ‘gut feeling’ and warning signs to identify these 

patients and to avoid surgery until a proper psychiatric evaluation has taken place. 

Physical examination

Caudal septal luxation, loss of nasal tip support and external nasal valve insufficiency 

were identified in basal view (static and during inspiration). Anterior rhinoscopy was 

used to evaluate vestibular abnormality, aspect of the mucosa, septal deviations 

and perforations, and signs of internal nasal valve insufficiency. Internal nasal valve 

insufficiency was confirmed by a positive response to cotton ball placement in the 

valve apex, widening the minimal cross-sectional area. Evaluation on frontal, oblique 

and profile views was used to evaluate crookedness, loss of dorsal projection, loss of 

tip support, lateral wall collapse, and an overall evaluation of nasofacial proportions. 

Nasal endoscopy was performed in all patients to exclude abnormality in the posterior 

nose and nasopharynx. Acoustic rhinometry, rhinomanometry or radiographic studies 

were not used.

Timing and follow-up

Patients were included based on their referral letters. At first visit, they were asked to 

complete the questionnaires and VAS scores in the waiting room to minimize confounding 

factors related to consultation, and provided diagnostic information. Based on patient 

preference, questionnaires could be answered on paper or on digital tablet personal 

computers that run Limesurvey, an open-source survey tool (www.limesurvey.org). The 

physician viewed scores before consultation, providing valuable preliminary insights 

into the severity of nasal form and functional disturbance. This routine was repeated at 

regular postoperative check-ups, 3 (short term) and 12 months (long term) after surgery. 

Prior insights into the degree of subjective gain from surgery again proved valuable in 

preparation of follow-up consultation (see later under Discussion). Patients who did not 

show up for a planned postoperative evaluation were contacted and asked to schedule 

a new appointment or at least return the questionnaires by mail. The average time to 

complete the whole outcome routine was less than 5 minutes, not interfering with the 

efficacy of daily practice. 
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Statistical analysis

All data were collected in IBM SPSS Statistics for Windows, version 21 (IBM Corp., 

Armonk, N.Y.). Functional and aesthetic sum scores and change following rhinoplasty 

were analyzed with a t test for paired data. A graphical outcome dashboard was 

programmed with shiny: Web Application Framework for R (R package version 0.14.112), 

allowing real-time outcome analysis when new patients were included in the data set. 

All data, tables, and figures presented in this paper are derived from the dashboard. 
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Results

Baseline population and surgical population characteristics

The first button on the left side of the dashboard gives access to the demographic 

characteristics of all patients that were referred with a potential indication for functional 

(revision) rhinoplasty between April of 2014 and December of 2016 (baseline population, 

n = 269) (Figure 1). Based on our surgical indications and mandatory approval of 

health care insurance companies, the dashboard further shows that from the baseline 

population, 171 patients (63.6%) were eligible for surgery (surgical population). 

Ninety-three patients were male (54%) and 78 female (46%) with a mean age of 

35 years (range, 15 to 74 years). Almost half of them had one or more unsatisfactory 

rhinoplasties performed elsewhere. Presently, 121 patients (70.4%) have had their 

(revision) rhinoplasty performed and 50 (29.6%) are on the waiting list. Main surgical 

indications were: internal nasal valve insufficiency (25.6%), crookedness (25.6%), septal 

reconstruction (12.8%), saddle nose deformity (9.9%), external nasal valve collapse 

(9.3%), combined internal and external nasal valve impairment (7.0%), drooping tip 

(4.7%) and tension nose deformity (2.9%) (data not provided by the dashboard).

Reasons why rhinoplasty was not performed or indicated

The second button of the dashboard shows different reasons why rhinoplasty was (or 

could) not be performed in 97 patients (36.1%) (Figure 2). In The Netherlands, patients 

need to meet the review standards of the insurance carrier, which is crucial because 

in our hospital patients do not have the option of paying for the surgery themselves. 

From a total of 211 applications, 24 (11.5%) were declined. In case a patient had doubts 

regarding motivation for surgery after extensive explanation, if a patient was not fit for 

elective surgery or when a revision case was anticipated to be too complex, surgery 

was declined or postponed. Of further interest is that 12 patients (4.4%) had unrealistic 

expectations and/or showed signs of a disturbed body perception, and surgery was 

avoided. These patients report much higher scores on the UQ trick questions 3 and 4 

(4.2 ± 1.3 and 3.8 ± 1.6, respectively) compared with the whole surgical population (2.2 

± 1.3 and 2.0 ± 1.3, respectively). 

Functional outcome results

The third button on the dashboard provides access to information regarding the severity 

of nasal obstruction before the first consultation and 3 (short term) and 12 (long term) 

months after rhinoplasty (Figure 3). A drop-down box located under the subheading 

‘selections’ allows differentiation between the baseline and surgical population, primary 

or revision cases, and sex. The functional part of the dashboard is divided into four 

distinctive parts.
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Figure 1. Dashboard snapshot showing button 1 (marked yellow) providing access to the demographic 

data of the baseline rhinoplasty population and the surgical population. NOSE: Nasal Obstruction 

Symptom Evaluation; VAS: Visual Analogue Scale

Table 1 provides mean NOSE scale scores of the individual five questions, a mean NOSE 

scale sum score, and two mean VAS scores for each side. The mean preoperative NOSE 

scale sum score was 65.0 ± 24.6. One year after surgery, the mean NOSE scale sum 

score decreased with 38.0 points to a mean overall sum score of 27.0 ± 23.6 (p < 0.001). 

The mean VAS scores for left and right sided nasal obstruction before surgery were 

4.1 ± 2.5 and 4.3 ± 2.7, respectively; by 1 year after surgery, they improved by 2.8/2.4 

points to mean VAS scores of 6.9/6.7 ± 1.9 (p < 0.001).



Implementing routine outcome measurements in rhinoplasty   |   103

4

Figure 2. Dashboard snapshot showing button 2 (marked yellow) providing access to reasons why 

rhinoplasty could or was not performed. 

A graphical distribution into five nasal obstruction severity groups, according to mean 

NOSE scale sum scores, is shown in Figure 3, above. In concordance with our surgical 

indications and review standards of insurance carriers, the majority of patients (69.6%) 

reported fairly bad to severe nasal obstruction. Of interest is that two patients reported 

no nasal obstruction. Review of their charts show that their surgical indication was 

correction of a severe nasal deformity following facial trauma. Presently, 97 out of 

121 patients (80.2%) had sufficient follow-up data for short- and long-term effect 

analysis. Figure 3, above, shows that, 3 months after surgery, a majority of patients 

(56.7%) no longer report problems or very mild problems related to nasal obstruction. 

Unfortunately, 18 patients (14.9%) still experienced fairly bad to severe nasal obstruction. 

Plotted VAS trend lines visualize how the improvement of nasal obstruction behaves 

over time (Figure 3, below). The VAS trend lines show that the mean overall short- and 

long-term functional benefit remained stable.
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Table 1. Preoperative and postoperative mean sum scores based on complete questionnaires at 

3- and 12 months follow-up.

NOSE scale mean (SD) UQ mean (SD)

Preoperative 3 months postoperative 12 months postoperative Preoperative 3 months postoperative 12 months postoperative

All cases 65.0 (24.6) 27.8 (25.9) 27.0 (23.6) 12.8 (6.0) 7.4 (3.9) 8.4 (5.1)

Primary cases 63.9 (24.0) 25.6 (24.2) 21.9 (16.9) 12.2 (5.9) 7.1 (3.2) 7.0 (3.7)

Revision cases 66.7 (25.2) 29.9 (27.6) 30.7 (27.2) 13.8 (6.3) 7.7 (4.4) 9.4 (5.7)

VAS obstruction left/right mean (SD) VAS nasal appearance mean (SD)

Preoperative 3 months postoperative 12 months postoperative Preoperative 3 months postoperative 12 months postoperative

All cases 4.1/4.3 (2.5) 7.0/7.0 (2.0) 6.9/6.7 (1.9) 4.2 (2.3) 7.0 (1.5) 6.6 (1.6)

Primary cases 4.2/4.2 (2.6) 7.1/7.2 (1.9) 7.2/7.0 (1.7) 4.0 (2.3) 7.2 (1.6) 7.0 (1.4)

Revision cases 4.0/4.4 (2.5) 7.0/6.8 (2.1) 6.8/6.6 (2.1) 4.5 (2.3) 6.9 (1.4) 6.5 (1.7)

* p<0.001 for all. NOSE: Nasal Obstruction Symptom Evaluation; UQ: Utrecht Questionnaire; VAS: 

Visual Analogue Scale. 

A distribution curve of mean VAS score improvement 1 year after surgery is shown in 

Figure 3, right. As mentioned previously, some patients report absence of functional 

improvement or even increased nasal obstruction after their rhinoplasty. A critical 

appraisal of these patients is possible because the dashboard automatically identifies 

those on the far left of this distribution curve. Medical charts were reviewed to investigate 

possible explanations for the unwanted outcome and to see whether we can learn from 

potential mistakes (e.g. insufficient expectation management, influence of mucosal 

disorders, suboptimal surgical plan or performance; see later under Discussion).

Aesthetic outcome results

The fourth button of the dashboard provides access to information about the severity 

of concerns related to nasal appearance during intake and 3 and 12 months after 

rhinoplasty (Figure 4). This part of the dashboard has an identical design and purpose 

as described for nasal obstruction. The mean preoperative UQ sum score was 12.8 ± 6.0 

and decreased with 4.3 points to a mean overall sum score of 8.4 ± 5.1 (p <.001) (Table 1).  

The mean VAS score improved from 4.2 ± 2.3 to 6.6 ± 1.6 (p <0.001).

In contrast to nasal obstruction, the dashboard shows a more random distribution 

into the five aesthetic severity groups, with most patients reporting little to moderate 

concern (Figure 4, above). This is in concordance with a rhinoplasty population that 

is mainly operated on to correct nasal obstruction and/or a severe nasal deformity. 

The majority (59.1%) of patients that do report very much concern regarding nasal 

appearance were revision cases. One year after surgery, a majority of patients report 

none or little concern regarding nasal appearance (85.9%). 
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Table 1. Preoperative and postoperative mean sum scores based on complete questionnaires at 

3- and 12 months follow-up.

NOSE scale mean (SD) UQ mean (SD)

Preoperative 3 months postoperative 12 months postoperative Preoperative 3 months postoperative 12 months postoperative

All cases 65.0 (24.6) 27.8 (25.9) 27.0 (23.6) 12.8 (6.0) 7.4 (3.9) 8.4 (5.1)

Primary cases 63.9 (24.0) 25.6 (24.2) 21.9 (16.9) 12.2 (5.9) 7.1 (3.2) 7.0 (3.7)

Revision cases 66.7 (25.2) 29.9 (27.6) 30.7 (27.2) 13.8 (6.3) 7.7 (4.4) 9.4 (5.7)

VAS obstruction left/right mean (SD) VAS nasal appearance mean (SD)

Preoperative 3 months postoperative 12 months postoperative Preoperative 3 months postoperative 12 months postoperative

All cases 4.1/4.3 (2.5) 7.0/7.0 (2.0) 6.9/6.7 (1.9) 4.2 (2.3) 7.0 (1.5) 6.6 (1.6)

Primary cases 4.2/4.2 (2.6) 7.1/7.2 (1.9) 7.2/7.0 (1.7) 4.0 (2.3) 7.2 (1.6) 7.0 (1.4)

Revision cases 4.0/4.4 (2.5) 7.0/6.8 (2.1) 6.8/6.6 (2.1) 4.5 (2.3) 6.9 (1.4) 6.5 (1.7)

* p<0.001 for all. NOSE: Nasal Obstruction Symptom Evaluation; UQ: Utrecht Questionnaire; VAS: 

Visual Analogue Scale. 

A distribution curve of mean VAS score improvement 1 year after surgery is shown in 

Figure 3, right. As mentioned previously, some patients report absence of functional 

improvement or even increased nasal obstruction after their rhinoplasty. A critical 

appraisal of these patients is possible because the dashboard automatically identifies 

those on the far left of this distribution curve. Medical charts were reviewed to investigate 

possible explanations for the unwanted outcome and to see whether we can learn from 

potential mistakes (e.g. insufficient expectation management, influence of mucosal 

disorders, suboptimal surgical plan or performance; see later under Discussion).

Aesthetic outcome results

The fourth button of the dashboard provides access to information about the severity 

of concerns related to nasal appearance during intake and 3 and 12 months after 

rhinoplasty (Figure 4). This part of the dashboard has an identical design and purpose 

as described for nasal obstruction. The mean preoperative UQ sum score was 12.8 ± 6.0 

and decreased with 4.3 points to a mean overall sum score of 8.4 ± 5.1 (p <.001) (Table 1).  

The mean VAS score improved from 4.2 ± 2.3 to 6.6 ± 1.6 (p <0.001).

In contrast to nasal obstruction, the dashboard shows a more random distribution 

into the five aesthetic severity groups, with most patients reporting little to moderate 

concern (Figure 4, above). This is in concordance with a rhinoplasty population that 

is mainly operated on to correct nasal obstruction and/or a severe nasal deformity. 

The majority (59.1%) of patients that do report very much concern regarding nasal 

appearance were revision cases. One year after surgery, a majority of patients report 

none or little concern regarding nasal appearance (85.9%). 

The VAS trend line shows that the mean overall short- and long-term aesthetic benefit 

decreases slightly over time (Figure 4, below). Because the decrease is minimal, we 

hypothesize that this is a habituation effect. Patients who reported an increased 

concern regarding nasal appearance after surgery are of specific interest. Figure 4, 

right, shows an aesthetic distribution curve of mean overall postoperative VAS score 

change, and automatically identifies the patients who are on the left side of the curve. 

Similar to patients with increased nasal obstruction, medical charts were reviewed to 

investigate possible explanations for an unwanted outcome.

Outcome comparison of primary and revision cases

As mentioned earlier under functional outcome results, the dashboard allows 

differentiation into outcome results of the whole cohort, primary cases only, or revision 

cases only. Statistical analysis in Table 1 confirms what is generally accepted: revision 

cases show a slightly less favorable long-term outcome compared with primary cases. 

This information complements expectation management, especially in patients with 

severe dissatisfaction from their primary rhinoplasty. 

Additional practical benefits

Although the primary aim of this study was to implement a practical prospective 

outcome routine as part of daily practice to provide transparency in overall rhinoplasty 

outcome, the information provided by the dashboard had unexpected additional 

benefits that upgraded our standard of care and provided evidence-based answers to 

questions asked by patients and third parties.
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Figure 3. (Above) Dashboard snapshot showing button 3, providing access to severity distribution 

of nasal obstruction according to the mean overall NOSE scale sum scores before surgery (T1), 3 

months after surgery (T2) and 12 months after surgery (T3). (Below) Dashboard snapshot showing 

a stable functional rhinoplasty result over time with median trend lines for nasal obstruction based 

on overall median VAS scores (blue: 25-75 percentiles; light blue 5-95 percentiles). (Right) Dashboard 

snapshot showing the distribution of VAS score improvement (mean 2.3 points ± 1.9). 
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Figure 3. Continued.

1. Patient selection

Patient selection includes the availability of patient-reported outcome measures data 

before patient contact; in preparation of consultation, the physician has data on severity 

of complaints, unilateral or bilateral pathology, a forewarning of possible psychology 

related to nasal appearance (UQ trick questions) and a global disease severity profile 

that assists a targeted physical examination and differentiation between pure cosmetic 

candidates and functional-aesthetic candidates. Figure 5 shows an example of a 

realistic rhinoplasty candidate, who reports severe nasal obstruction related to internal 

nasal valve insufficiency and crookedness. Despite his nasal deformities, he reports 

only a moderate concern regarding body image in relation to nasal appearance. An 

external approach was used for septal correction and extension, spreader grafts, and 

radix augmentation. Good patient satisfaction was reported 1 year after surgery. 
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Figure 4. (Above) Dashboard snapshot showing button 4, providing access to severity distribution 

of concern about nasal appearance according to the mean overall UQ sum scores before surgery 

(T1), 3 months after surgery (T2) and 12 months after surgery (T3). (Below) Dashboard snapshot 

showing a slight decrease of the aesthetic rhinoplasty result over time (blue: 25-75 percentiles; light 

blue 5-95 percentiles) based on overall median VAS score. (Right) Dashboard snapshot showing the 

distribution of aesthetic VAS score improvement (mean 2.4 points ± 2.6). 
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Figure 4. Continued.

Figure 5. Crooked short nose case with preoperative and postoperative photography, NOSE and 

UQ scores.
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2. Avoiding revisions

The availability of patient-reported outcome measures data before follow-up provides 

prior insights into patient satisfaction about performed surgery. Figure 6 shows an 

example of a crooked nose patient. Twelve months after surgery, a noticeable subtle 

abnormality at the left middle third level of the nose is present and amendable for 

revision. However, scores on the UQ show that she is not in the least concerned about 

it and nasal obstruction has normalized. Revision surgery was never a topic during 

this postoperative visit. Unfortunately, the opposite can be true when postoperative 

photography hint towards a ‘home run’ feeling but the patient reports severe 

dissatisfaction. 

Figure 6. Preoperative and postoperative imaging and questionnaires of a crooked nose case with 

no concern about a small irregularity on the left middle third, 12 months after surgery. Revision was 

therefore avoided.

3. Patient empowerment

Patient empowerment in a candidate for rhinoplasty is a shared-decision process 

between doctor and patient, and is ideally based on proper informed consent leading 

to realistic expectations of the procedure. We noticed that the visual interpretations 

provided by the dashboard gave patients a better understanding of what to expect from 

the procedure. Furthermore, the dashboard provided immediate answers to questions 

such as: What average gain in nasal form and function can I expect? Do surgical results 

last over time? What is the chance that my health care insurance company will cover 

my rhinoplasty?
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Results compared to literature

In 2014, Rhee et al. provided a systematic overview of studies using NOSE scale scores 

and functional VAS scores to measure treatment effect.13 Normative and symptomatic 

ranges for both instruments in surgical patients who underwent turbinoplasty, 

septoplasty and/or septorhinoplasty were calculated. The functional VAS score 

methodologically differed from ours, with 0 indicating a clear nose and 10 indicating 

a complete obstructed nose, making comparison difficult. Pretreatment mean NOSE 

sum score in our population was 65.0, which is similar to the literature. The mean 

postoperative NOSE score in our patients was 28.0, which is slightly less than the mean 

of 23.0 reported in the literature. However, this mean includes excellent improvements 

reported after septoplasty only and might be higher when these patients are excluded. 
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Discussion

Measuring the functional and aesthetic effect of rhinoplasty is not new. However, a 

global consensus on which rhinoplasty outcome measures are most suited to compare 

results between doctors and institutions, and a protocol on how routine outcome 

measurements should be performed, remains absent. 

In this article we describe a short and automated rhinoplasty outcome routine that 

easily fits a busy rhinoplasty practice and avoids the need for complex statistics. The 

routine translates nasal form and function disturbances into data and quantifies change 

following surgery. Provided that the evaluated study populations are clearly defined, 

the routine has the potential to facilitate a cross-cultural comparison of functional and/

or aesthetic rhinoplasty results, and provide an evidence-based response toward the 

increasing demand for transparency in healthcare. 

Despite our efforts to minimize bias and confounding factors in our outcome routine, critics 

might question the value of data derived from subjective patient-reported instruments. 

Factors that are not under control of the investigator could impact scores and might 

jeopardize outcome comparisons. In this context, one could ask, for example, whether 

preoperative functional scores of insured rhinoplasty patients might be exaggerated 

in order to meet insurance carrier standards. This subsequently would lead to a more 

dramatic postoperative improvement compared with patients who pay for the surgery 

themselves. We believe this effect to be minimal because the vast majority of our patients 

are unaware of insurance carrier criteria, and our preoperative NOSE scale scores, when 

compared with those reported by authors from other countries (such as the United 

States, where many patients pay for surgery themselves), were similar.13 Another potential 

unwanted effect of insured rhinoplasty is overvaluing of the functional and aesthetic 

result, compared with a patient paying out of pocket who is likely to demand “high value 

for the money”. Because our patients are not given the option of paying for surgery 

themselves and pure cosmetic cases were declined, we currently have no data to evaluate 

this potential effect. However, it is generally accepted that a pure aesthetic population is 

very different from an insured (revision) population, stipulating the importance of clearly 

defining and describing the rhinoplasty population that is being evaluated or compared. 

Methodologically, however, our outcome routine is suitable to evaluate and compare the 

overall aesthetic and/or functional benefit of rhinoplasty in both populations.10,11

As mentioned previously, the success of a prospective outcome routine depends 

on several factors. The routine needs to be quick, simple and based on validated 

instruments to warrant high patient compliance and generation of meaningful data. 
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Our outcome routine shows a compliance rate of 97.1%. Of equal importance is that 

the data collection process does not interfere with the efficacy of daily practice. This 

was avoided by completing the routine in the waiting room, which on average took 

less than 5 minutes. Finally, the investigating physician needs to be dedicated and 

motivated to include all patients in the routine and perform adequate follow-up. The 

shiny R dashboard proved a great motivator, because it avoids the need for complex 

statistics and provides real-time visual information on medical performance, which 

was the primary aim of this study. Unexpected additional benefits of the dashboard 

were found that ease daily practice and upgrade the quality of information provided 

during consultation. 
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Conclusion

We hope that the benefits of routine prospective outcome monitoring with automated 

data analysis appeal to other rhinoplasty surgeons and contribute to a more uniform 

approach. This would allow cross-cultural comparison of rhinoplasty results, creation 

of an evidence-based benchmark of surgical success and, when the surgical population 

increases with time, evaluation of specific rhinoplasty maneuvers to tackle similar 

problems. Of additional benefit is that the outcome routine facilitates preparation of 

consultation, patient selection and avoidance, and patient empowerment and that it 

provides evidence-based answers to questions asked by patients and third parties. 
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Abstract

Importance: Patients, governments, health care providers, and insurance companies 

show an increased interest in health outcomes, especially in centralized medical care, 

such as cleft lip nose treatment. Transparent outcome reporting requires a thorough 

methodological design, dedicated prospective data collection process, and, preferably, 

no interference with the efficacy of daily practice.

Objective: To describe the implementation of an automated and prospective secondary 

cleft lip rhinoplasty outcome routine.

Design, Setting, and Participants: A prospective analytic cohort pilot study was conducted 

among 123 consecutive patients referred for secondary cleft lip rhinoplasty from July 1, 

2014, to March 31, 2018, at an academic teaching hospital.

Exposures: Secondary cleft lip rhinoplasty or revision.

Main Outcomes and Measures: Preoperative and 3- and 12-month postoperative scores 

on the Nasal Obstruction Symptom Evaluation scale (range 0-100, lower scores indicate 

better outcome), Utrecht Questionnaire (range 0-100, lower scores indicate better 

outcome), and visual analogue scales (range 0-10: 0, no obstruction; 10, completely 

blocked nose) were obtained. Data were exported for automated statistical outcome 

analysis that was supported by graphic output on a customized web-based dashboard.

Results: Of the 123 patients (68 male and 55 female; mean age, 23 years [range, 17-68 

years]) included in the outcome routine, 103 patients (57 male and 46 female; mean 

age, 22 years [range, 17-50 years]) were eligible for surgery. The web-based dashboard 

provided demographic characteristics, reasons that surgery was not performed or 

indicated, and real-time, short- and long-term change in functional and aesthetic outcome 

after secondary cleft lip rhinoplasty. Among 66 patients with sufficient follow-up, mean 

(SD) Nasal Obstruction Symptom Evaluation sum scores after rhinoplasty improved 

from 30.8 (27.6), which is comparable to a moderate problem, to 19.2 (22.2), which is 

comparable to a very mild problem (P < .001), and mean Utrecht Questionnaire sum scores 

decreased from 13.1 (5.6) to 7.1 (3.3) (P < .001).

Conclusions and Relevance: Routine prospective outcome monitoring provides an 

evidence-based response to the increasing demand for transparency in health care. 

The web-based dashboard used during patient counseling, selection, and management 

of expectations has the potential to compare results of secondary cleft lip rhinoplasty 

between surgeons and institutions provided that the populations share similar 

characteristics. The administrative interference with a busy daily practice was limited.



Benefits of routinely measuring patient outcomes in secondary cleft lip rhinoplasty   |   119

5

Introduction

Surgical repair of the cleft lip nose is considered to be a difficult reconstructive 

procedure. Scarring from previous surgical procedures, presence of deformed and 

displaced cartilages, insufficient soft tissue for tension-free closure, and subsequent 

tendency of the nasal vestibule to contract over time are examples of factors associated 

with overall postoperative results. Long-term follow-up of the healing process as well 

as evaluation and quantification of patient satisfaction is essential to understand and 

communicate to our patients the potential benefits and limitations of secondary cleft 

lip rhinoplasty.

For years, rhinoplasty surgeons have acknowledged the importance of long-term 

outcome monitoring, which is reflected by numerous articles describing surgical results 

based on different outcome instruments. For cleft lip care specifically, participation 

in global collaborations, such as the International Consortium for Health Outcomes 

Measurement (ICHOM), emerge.1 Despite these efforts, a global consensus on how 

rhinoplasty outcomes should be measured and compared remains absent. Centers 

that prospectively evaluate rhinoplasty outcomes as an integrated part of daily practice 

are scarce.

The latter is explained by the assumption that routine prospective outcome monitoring 

is a time-consuming administrative and statistical burden. Nevertheless, the possibility 

of evaluating health outcomes after elective surgical procedures based on systematic 

data collection is valuable.2,3 We describe the design and implementation of a short and 

practical secondary cleft lip rhinoplasty outcome routine, focusing on nasal obstruction 

and aesthetics, that is supported by automated data collection and statistical analysis. 

Results are presented graphically on a customized web-based dashboard that is easy 

to understand by physicians and third parties who are interested in, and empowered 

by, health outcomes.

An unselected cohort of consecutive patients referred for secondary cleft lip and 

palate reconstruction, prospectively followed up until at least 1 year after surgery, was 

used to display the functionality and advantages of the outcome routine. Results are 

presented and discussed to illustrate that, with fairly limited effort, it is possible to be 

more transparent about surgical performance.
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Methods

The ultimate goal of secondary cleft lip rhinoplasty is to satisfy the patient’s functional 

and aesthetic expectations of the procedure. We believe the patient is the person 

most qualified to quantify these end points using rhinoplasty-specific, patient-reported 

outcome measures. The patient-reported outcome measures were chosen on validity, 

international acceptance, and short and simple design. The first 2 characteristics 

are important to ensure that physicians speak the same meaningful language when 

performing a cross-cultural comparison of outcome. The short and simple design 

minimizes the influence of respondent burden bias and avoids unwanted interference 

with the efficacy of daily practice.

Hospital Setting and Study Population

The Erasmus Medical Center in Rotterdam is a university teaching hospital that 

serves a population of approximately 3 million people in the southwestern area of the 

Netherlands. It acts as a referral center for 30 affiliated hospitals. Our clinic participates 

in a multidisciplinary cleft center, providing the whole spectrum of care from birth to 

final corrections in adult or adolescent patients. All patients referred to 2 of us (S.V. and 

F.R.D.) between July 1, 2014, and March 31, 2018, to explore the indication for secondary 

cleft rhinoplasty were included. Collection of data in this study was in accordance with 

the ethical standards of the institutional review board of the Erasmus Medical Center 

Rotterdam, and an oral informed consent for study participation was obtained from 

all patients.

Instrument

The first part of the outcome routine focuses on quantification of nasal obstruction by 

using the Nasal Obstruction Symptom Evaluation (NOSE) scale and 2 visual analogue 

scales (VAS) for left- and right-sided nasal obstruction. The VAS are scored from 0 to 10, 

where 0 indicates complete obstruction and 10 indicates a clear nose. The NOSE scale 

is a simple and validated questionnaire containing five 5-point Likert scale questions 

related to nasal obstruction. Sum scores are multiplied by 5, resulting in a range from 

0 to 100, with a higher score indicating more patient dissatisfaction associated with 

nasal obstruction.4,5

The second part of the outcome routine focuses on quantification of body image and 

quality of life in relation to nasal appearance using the Utrecht Questionnaire (UQ) and 

1 VAS to rate nasal appearance. This VAS is scored from 0 to 10, where 0 indicates very 

ugly and 10 indicates very nice. The UQ contains five 5-point Likert scale questions. Sum 

scores range between 5 and 25, and a higher sum score indicates more concern about 
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body image in relation to nasal appearance.6,7 Of additional benefit is that question 3 

and 4 of the UQ are trick questions, where high scores hint toward a disturbance in 

body perception related to nasal appearance or body dysmorphic disorder. The UQ 

complements clinicians’ instinct and assists in identifying patients who may have a 

disturbance in body perception and for whom surgery should be avoided until proper 

psychological evaluation has been performed.

Physical Examination

In the basal view, the width of the alar base, nostril asymmetry, columella position, 

length and scarring, external nasal valve collapse, and dimensions of the hemi-tip 

were analyzed. Anterior rhinoscopy was used to evaluate the mucosa, volume of the 

inferior turbinates, septal length and deviation, vestibular floor defects, and signs of 

internal nasal valve insufficiency. In the frontal, oblique, and profile view, crookedness, 

tip asymmetries, lateral wall collapse, and overall nasofacial proportions were evaluated. 

Palpation was used to determine characteristics of the skin and soft-tissue envelope 

and composition of the osseocartilaginous dorsum.

Timing and Follow-up

At the first visit, patients completed the questionnaires in the waiting room to minimize 

confounding factors related to consultation and provided diagnostic information. 

Questionnaires could be answered on paper or a digital tablet PC that runs LimeSurvey, 

an open-source survey tool.8 Prior to consultation, the physician viewed the scores 

providing preliminary insights into the severity of nasal aesthetic and functional 

disturbances. The routine was repeated at regular postoperative check-ups 3 months 

(short-term) and 12 months (long-term) after surgery. Patients who did not show up 

for postoperative evaluations were contacted to reschedule or to return completed 

questionnaires by mail. The percentage of patients lost to follow-up (repeated absence 

on check-ups 12 months after surgery) was 6.5% (5 of 77).

Statistical Analysis and Outcome Dashboard

All data were collected in IBM SPSS Statistics for Windows, version 21 (IBM Corp). 

Functional and aesthetic (sum) scores and change after surgery were analyzed with 

a t test for paired data. A web-based dashboard was programmed with shiny: Web 

Application Framework for R, allowing real-time outcome analysis when new patients 

were included in the data set.9 All data, tables, and figures presented in this article are 

derived from the dashboard (available online at https://erasmusmc-kno.shinyapps.io/

rhinoplasty-cleft).
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Results

Characteristics of Baseline and Surgical Population

The first button on the left side of the dashboard provides access to demographic 

characteristics of all patients who were referred for secondary cleft lip rhinoplasty between 

July 1, 2014, and March 31, 2018 (baseline population; 123 patients). Sixty-eight patients 

were male (55.3%) and 55 were female (44.7%), with a mean age of 23 years (range, 17-68 

years). Thirty-two patients (26.0%) had an unsatisfactory secondary rhinoplasty performed 

elsewhere. From the baseline population, 103 patients (83.7%) were eligible for surgery 

(surgical population; 57 male [55.3%] and 46 female [44.7%]; mean age, 22 years [range, 

17-50 years]). Cleft type distribution of the surgical population was 69 patients (67.0%) with 

unilateral complete cleft, 12 (11.7%) with unilateral partial cleft, and 22 (21.4%) with bilateral 

cleft (Figure 1). At present, 77 of 103 patients (74.8%) have had surgery.

Figure 1. Dashboard snapshot showing button 1 (population characteristics), providing access to the 

demographic data of the baseline population and the surgical population. NOSE: Nasal Obstruction 

Symptom Evaluation; VAS: Visual Analogue Scale.

Reasons Secondary Cleft Lip Rhinoplasty Was Not Performed

Surgery was not performed in 20 of 123 patients (16.3%). In the Netherlands, all patients 

nominated for rhinoplasty must meet the review standards of the insurance carrier, 

which is crucial because we cannot offer out-of-pocket payment. One request was 
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permanently declined. Other reasons to discourage or postpone surgery were patients 

having too much to lose or too little to gain from revision rhinoplasty (n = 9), patients 

having significant doubts about surgery (n = 9), and patients not fit for surgery (n=1). 

Unrealistic expectations or signs of a disturbed body perception in relation to nasal 

appearance were not encountered.

Functional Outcome Results of the Surgical Population

The third button on the left side of the dashboard provides access to information about 

the severity of nasal obstruction before the first consultation and change after surgery. 

Automated outcome analysis is possible when either short-term or long-term follow-up 

is available. Presently, 77 of 103 eligible patients have undergone surgery, of whom 66 

have at least short-term follow-up. Dropdown boxes under the subheading population 

characteristics filter allow differentiation between primary or revision cases. The 

dashboard is divided into 3 parts.

The first part of the dashboard is the outcome table, which provides mean scores of 

the individual NOSE scale questions and mean sum score and 2 mean VAS scores for 

left- and right-sided obstruction. The mean (SD) preoperative NOSE scale sum score 

of the surgical population was 30.8 (27.6), which is comparable to a moderate problem 

(Table 1). The mean postoperative NOSE scale sum score improved to 19.2 (22.2), which 

is comparable to a very mild problem. The mean (SD) VAS scores for left- and right-

sided nasal obstruction before surgery were 5.6 (2.6) for the left side and 6.5 (2.8) for 

the right side; these scores significantly improved after surgery to a mean of 7.1 (2.2) 

for the left side and 7.4 (1.8) for the right side. A distribution into primary and revision 

cases shows what is generally accepted: revision cases reported a higher preoperative 

mean (SD) NOSE scale sum score (49.2 [26.6]) than did primary cases (26.2 [26.1]) and 

a less favorable postoperative end result (27.3 [24.2] vs 17.3 [21.5]). However, the overall 

mean sum score improvement in revision cases was higher than in primary cases.

The second part of the dashboard depicts the distribution of NOSE scale sum scores, 

which is a graphical distribution of all patients into 5 nasal obstruction severity groups 

according to mean NOSE scale sum scores (Figure 2).10 Prior to surgery, a random 

distribution is seen, with most patients reporting very mild to moderate obstruction. 

Despite the usual presence of framework pathology, 20 patients reported no nasal 

obstruction before surgery. Severe problems were reported by 10 patients. Figure 2 

further shows that 3 and 12 months after surgery, most patients reported no problems 

or very mild problems. One year after surgery, 5 patients still reported fairly severe 

obstruction.



124   |   Chapter 5

Table 1. Preoperative and postoperative mean sum scores based on complete questionnaires (n = 66)

NOSE scale Preop (T1)

mean ± SD

Postop (T3 or T2)

mean ± SD

p-value

Individual questions

1. Nasal congestion or stuffiness 5.4 ± 6.5 5.2 ± 5.8 0.87

2. Nasal blockage or obstruction 5.8 ± 6.7 3.3 ± 5.3 0.01

3. Trouble breathing through nose 8.5 ± 6.8 4.6 ± 5.7 < 0.01

4. Trouble sleeping 2.4 ± 4.7 1.8 ± 4.1 0.31

5. Insufficient nasal airflow during 

exercise/exertion

8.6 ± 7.7 4.3 ± 6.2 < 0.01

Sum scores

Whole population 30.8 ± 27.6 19.2 ± 22.2 < 0.01

Primary cases (N = 53) 26.2 ± 26.1 17.3 ± 21.5 0.02

Revision cases (N = 13) 49.2 ± 26.6 27.3 ± 24.2 0.01

VAS nasal airway patency

Whole population (left/right) 5.6 ± 2.6/6.5 ± 2.8 7.1 ± 2.2 / 7.4 ± 1.8 < 0.01/0.01

Primary cases (N = 53) 5.7 ± 2.6/6.9 ± 2.7 7.3 ± 2.0 / 7.5 ± 1.8 < 0.01/0.06

Revision cases (N =13) 5.2 ± 3.1/5.1 ± 2.7 6.3 ± 2.9 / 7.0 ± 2.1 0.16/0.03

Utrecht Questionnaire Preop (T1)

mean ± SD

Postop (T3 or T2)

mean ± SD

p-value

Individual questions

1. Concern about nasal appearance 3.4 ± 1.2 1.8 ± 1.0 < 0.01

2. Often concerned 2.9 ± 1.3 1.5 ± 0.8 < 0.01

3. Concern affecting daily life 2.2 ± 1.4 1.2 ± 0.6 < 0.01

4. Concern affecting relationship with 

others

2.1 ± 1.3 1.2 ± 0.6 < 0.01

5. Stressed about nasal appearance 2.5 ± 1.4 1.3 ± 0.7 < 0.01

Sum scores

Whole surgical population 13.1 ± 5.6 7.1 ± 3.3 < 0.01

Primary cases (N = 53) 12.8 ± 5.7 7.3 ± 3.5 < 0.01

Revision cases (N = 13) 14.5 ± 4.8 6.6 ± 1.7 < 0.01

VAS nasal appearance Preop (T1)

mean ± SD

Postop (T3 or T2)

mean ± SD

p-value

Whole surgical population 4.1 ± 2.2 7.2 ± 1.4 < 0.01

Primary cases (N = 53) 4.0 ± 2.3 7.3 ± 1.4 < 0.01

Revision cases (N = 13) 4.6 ± 2.1 7.1 ± 1.1 < 0.01

Abbreviations: NOSE: Nasal Obstruction Symptom Evaluation; VAS: Visual Analogue Scale; SD: 

standard deviation
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Figure 2. Dashboard snapshot showing button 4 (green: nose function). Above: access to severity 

distribution of nasal obstruction according to the mean overall Nasal Obstruction Symptom Evaluation 

scale sum scores before surgery (T1) and 3 (T2) and 12 (T3) months after surgery. The graphs show 

that after surgery the majority of patients experience none or very mild problems related to nasal 

obstruction. Below: a normal distribution of mean VAS score improvement following secondary cleft 

lip rhinoplasty is seen. The IDs of patients on the far left of the curve (red ellipse) are automatically 

presented (red rectangle) for a targeted review of their medical charts and potential explanations 

for this unwanted outcome. IDs shown are altered to warrant privacy. VAS: Visual Analogue Scale.

The third part of the dashboard depicts the mean outcome delta VAS, which is a 

(developing) normal distribution curve of mean VAS score improvement that shows a 

mean (SD) postoperative improvement of 1.3 (2.1) points (Figure 2). This improvement 

is almost similar in primary (1.2 [2.0]) and revision (1.5 [2.4]) cases. Six patients reported 

increased nasal obstruction after rhinoplasty. The dashboard automatically identifies 

these patients and allows retrospective review of the medical record to find possible 

explanations (e.g. insufficient management of expectations, mucosal involvement, 

suboptimal surgical plan/performance, or functional decrease caused by maneuvers 

used for aesthetic improvement.
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Aesthetic Outcome Results of the Surgical Population

The fourth button on the dashboard provides access to information about the severity 

of concerns related to nasal appearance before intake and 3 and 12 months after 

surgery. This part of the dashboard has a design and purpose identical to that for nasal 

obstruction. The mean (SD) preoperative UQ sum score was 13.1 (5.6), which decreased 

to 7.1 (3.3) after surgery. Revision cases reported a slightly more beneficial overall 

aesthetic end result (mean [SD] UQ sum score, 6.6 [1.7]) compared with primary cases 

(7.3 [3.5]). The mean (SD) VAS score improved from 4.1 (2.2) to 7.2 (1.4).

The graphical distribution of sum scores shows that, before surgery, most patients 

reported little to moderate concern regarding nasal appearance despite the usual 

presence of conspicuous nasal deformities. Only 9 patients showed very much concern 

but no signs of a disturbed body perception in relation to nasal appearance. One year 

after surgery, only 2 patients reported much concern with nasal appearance, whereas 

most patients had no or little concern (Figure 3).

The aesthetic distribution curve shows a mean (SD) overall postoperative VAS score 

change of 3.0 (2.2) (Figure 3). The present number of patients is insufficient to conclude 

that aesthetic improvement is normally distributed. Only 2 patients reported a decrease 

in nasal appearance after surgery, and their patient IDs were automatically presented 

in order to review their medical records for explanations of these unwanted results.
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Figure 3. Dashboard snapshot showing button 5 (green: nose shape). Above: access to severity 

distribution of concerns related to nasal appearance according to the mean overall Utrecht 

Questionnaire sum scores before surgery (T1) and 3 (T2) and 12 (T3) months after surgery. Below: a 

distribution of mean aesthetic visual analogue scale score improvement following secondary cleft lip 

rhinoplasty. The IDs of patients on the far left of the curve (red ellipse) are automatically presented 

(red rectangle) for a targeted review of their medical charts and potential explanations for this 

unwanted outcome. IDs shown are altered to warrant privacy. VAS; Visual Analogue Scale.
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Discussion

This article describes a short, automated secondary cleft rhinoplasty outcome routine 

that easily fits a busy rhinoplasty practice. The outcome routine translates nasal form 

and function disturbances as experienced by patients into data and quantifies change 

after surgery. The automated routine allows surgeons to be more transparent about 

secondary cleft lip rhinoplasty performance in real time.

The concept of measuring functional and aesthetic gain from secondary cleft lip 

rhinoplasty is not new.11-13 However, a global consensus on which outcome measures 

are most suited to compare results between centers and institutions and a protocol 

on how outcome research should be performed remain absent, to our knowledge. This 

missed opportunity is acknowledged worldwide, resulting in the development of new 

instruments and emerging collaborations, such as ICHOM, which focuses on cross-

cultural comparisons of medical performance by designing questionnaire sets that 

measure outcomes that matter to patients. For the cleft lip nose specifically, ICHOM 

implemented the NOSE scale to measure nasal obstruction on patients aged 8 and 12 

years but not specifically before and after surgery. Our rhinoplasty outcome routine 

can therefore complement ICHOM’s efforts.

Although the primary aim of this study was to test the functionality of a practical 

prospective health outcome monitor as part of daily practice to provide transparency 

on overall secondary cleft lip rhinoplasty performance, unexpected additional benefits 

that upgraded our cleft care standard were encountered. The first benefit was seen 

in patient selection and avoidance; prior to consultation, the surgeon has data on the 

severity and side of nasal obstruction and data on severity of concerns about nasal 

appearance. These data facilitate a targeted anamnesis and physical examination. 

Patients with very low scores who present for rhinoplasty are perhaps more curious 

about surgery than actually motivated to undergo it, and patients with high scores on 

trick questions give clinicians a forewarning of potential psychological issues.

A second benefit was noticed during patient counseling and expectation management. 

The visual display of expected functional and aesthetic improvements helps patients 

to keep their expectations realistic. Furthermore, it provides patients with true, 

surgeon-specific averages on which they can base their decision to undergo surgery.  

A third benefit was seen in avoiding revision; the availability of patient-reported outcome 

measures data prior to follow-up consultations provides insight into the patient’s perspective 

of the surgical result. A warning about a patient’s dissatisfaction with functional or aesthetic 
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outcomes gives the surgeon time to prepare for a difficult consultation. Alternatively, 

knowing that the patient is very satisfied with the outcomes is not only a relaxing thought, 

but also warns the physician not to go into detail about noticeable or subtle asymmetries 

and especially to avoid offering revision rhinoplasty (Figure 4).

Figure 4. Front, side, and basal views of a bilateral cleft lip nose before surgery (T1). B, Front, side, 

and basal views 1 year after rhinoplasty (T3). A septal reconstruction, tip refinement using tongue-

in-groove, suture techniques, and alar base reduction was performed. The anterior nasal spine 

and caudal septum could have been reduced more, and there is some asymmetry of the facets. 

However, the patient reported extreme aesthetic satisfaction. A revision for aesthetic purposes was 

therefore never part of the conversation. Her increased nasal obstruction was discussed and based 

on seasonal rhinitis symptoms and some narrowing of the nares caused by alar base reduction. She 

was not interested in revision surgery. NOSE, Nasal Obstruction Symptom Evaluation; UQ, Utrecht 

Questionnaire; VAS, Visual Analogue Scale.

A fourth benefit is the ability to show third parties (e.g. government, review committees, 

or insurance companies) the severity of nasal obstruction and concerns with nasal 

appearance in patients with cleft lip. Combined with data about the potential 

improvement from surgery, this benefit justifies the place for secondary cleft lip 

rhinoplasty in a tertiary referral center. Furthermore, specific questions (e.g. What are 

the characteristics of our cleft lip rhinoplasty population? How many procedures do 

we perform? What is the amount of revision cases?) can be answered without complex 

retrospective data analysis.
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For most patients born with a cleft lip and palate, secondary rhinoplasty is the final 

surgical correction after a long history of medical care. In contrast to most other 

patients undergoing rhinoplasty, they are used to the hospital setting, physicians 

focusing on functional and aesthetic improvement, and undergoing surgical 

procedures. These factors influence behavior, body image in relation to facial 

appearance, and expectations from surgical procedures. More specifically, patients 

with a cleft lip and palate tend to report moderate concerns about nasal appearance, 

even in the presence of conspicuous deformities, and have few concerns about 

undergoing rhinoplasty. Functionally, they have less outspoken demands, even in 

the presence of severe septal deviation. This attitude is reflected by the baseline 

values found in our cohort; the preoperative NOSE score of 3.8 is relatively low 

compared with preoperative mean scores of patients undergoing rhinoplasty for 

general nasal airway obstruction.14 

Limitations

The success of a prospective outcome routine depends on several factors. It must be 

quick, simple, and based on accepted instruments to warrant high patient cooperation 

and generate meaningful data. Our choice of instruments was based on a literature 

review focusing on previously mentioned criteria. The NOSE scale and UQ were 

validated for populations without a cleft lip and palate who underwent rhinoplasty; 

theoretically, the performance of these scales in this population is not known. However, 

the constructs important to patients both with and without a cleft lip and palate who 

are undergoing rhinoplasty (nasal breathing and nasal shape) remain the same. It 

has not escaped our attention that other outcome instruments are available, which 

emphasizes the need for global consensus on how to measure rhinoplasty outcomes. 

Another concern is that, despite efforts to minimize bias and confounding factors, 

critics might question the value of data derived from subjective patient-reported 

instruments. Factors that are not under investigator’s control could affect scores and 

might jeopardize global outcome comparisons.
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Conclusions

We hope that the concept of prospective, unselected data collection, follow-up, and 

automated real-time outcome reporting as well as the additional practical benefits 

appeal to others. We believe that continuation of patient inclusions will ultimately lead 

to a power increase, providing a higher statistical level of evidence and eventually 

normal distributions of functional and aesthetic gain from surgery. This gain can then 

be communicated more confidently to our patients and third parties interested in 

health outcomes.
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Abstract

Background: Self-assessment provides valuable feedback in the life-long process of 

mastering rhinoplasty. This study presents a method to measure and evaluate data-

based performance of a single surgeon using a web-based dashboard.

Methods: In this prospective analytic cohort study, all patients referred to the 

senior author for functional–aesthetic (revision) rhinoplasty between April 2014 and 

September 2020 are included. Patients completed the Nasal Obstruction Symptom 

Evaluation scale, Utrecht Questionnaire, and visual analog scales before and 

after rhinoplasty. Questionnaire scores were exported to a customized web-based 

dashboard: the rhinoplasty health care monitor. Supported by real-time graphic 

output, this monitor automatically analyzes functional and aesthetic outcomes.

Results: Of 603 referred patients, 363 were eligible for rhinoplasty. Mean Nasal 

Obstruction Symptom Evaluation scale scores decreased from 66.6 ± 23.5 to 

23.2 ± 24.0 (p < 0.001), and mean Utrecht Questionnaire scores decreased from 

12.2 ± 6.3 to 7.1 ± 3.9 (p < 0.001) 1 year after surgery. The rhinoplasty health care monitor 

visualizes numerous outcome parameters that help the surgeon to analyze results, 

identify learning needs, and detect trends in performance development.

Conclusions: This automated outcome dashboard transparently measures individual 

surgeon performance. Gauging performance provides means to enhance surgical 

development and, consequently, patient satisfaction.
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Introduction

Self-assessment is an important ingredient to becoming a better rhinoplasty surgeon. 

Evaluating personal performance is a fundamental drive of professional development 

and is linked closely to the quality of patient care.1,2 Although rhinoplasty surgeons 

acknowledge the importance of self-reflection, this typically encompasses the ad hoc 

assessment of pre- and postoperative photographs.3 Such evaluations are valuable, but 

also subjective and difficult to quantify. Instead, systematically measuring meaningful 

quantifiable outcomes among all patients encountered for a particular procedure may 

provide a more transparent reflection of performance. Routinely collecting standard 

data among patients allows surgeons to create large unselected data sets with clinical 

outcomes. Analyzing such data sets can help to identify learning and improvement 

needs or provide data-driven motivation to change concepts or techniques.

Since 2014, we routinely measure and monitor patient outcomes in our rhinoplasty 

practice. Each patient referred to our practice completes simple, relevant, and 

validated questionnaires at first consultation and, if applicable, after surgery. All patient 

characteristics and questionnaire scores are entered into a database that is uploaded 

to a web-based customized dashboard. This dashboard automatically displays graphical 

analyses of patient characteristics and patient outcomes of the practice, without the 

need for complex statistics. In 2017, we have described the implementation of this 

“rhinoplasty healthcare monitor” (RHM) and its advantages in the clinical environment 

(e.g. preparation for consultations, patient empowerment, and managing expectations) 

as well as the advantages on a third-party level (providing evidence-based data to 

insurance companies, governments, or other parties interested in health care 

performance).4 Now that the RHM has been structurally embedded in our practice 

for more than 6 years, we aim to demonstrate the long-term results of this outcome 

routine and address evaluative features that specifically benefit the surgeon. We 

describe the value of the RHM in assessing surgical results through the eyes of the 

patient and demonstrate how to effectively use your own data as feedback on personal 

performance.
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Methods

Hospital setting and study population

The Erasmus Medical Center in Rotterdam is a university teaching hospital that serves 

a population of ~3 million people in the southwestern area of The Netherlands. Each 

patient who was referred to the last author of this article (F.R.D.) between April 2014 and 

September 2020 to explore the indication for functional–aesthetic rhinoplasty (primary 

and revision) was included in this study. Candidates for septoplasty only, craniofacial 

patients, and patients with a cosmetic indication only were excluded. The cohort is 

unselected and consecutive, and all rhinoplasties were performed by one surgeon 

(F.R.D.). Since standard care is evaluated, this study was exempted from institutional 

review board approval. Informed consent for study participation was obtained from 

all patients.

Routine outcome measurements

In our practice, patient-reported outcomes are routinely collected on three different time 

points: preoperatively (at first consultation), 3 months after surgery, and 12 months after 

surgery. During each time point, patients are asked to complete three questionnaires: 

the Nasal Obstruction Symptom Evaluation (NOSE) scale, the Utrecht Questionnaire 

(UQ), and visual analog scales (VASs). These questionnaires are completed in person 

in the waiting room, before consultation. The NOSE scale measures symptoms related 

to nasal obstruction and contains five questions scored on a 5-point Likert scale.5 Sum 

scores are multiplied by 5, resulting in a range from 0 to 100. To provide context to 

this score, patients can be categorized as having mild (range, 5–25), moderate (30–50), 

severe (55–75), or extreme (80–100) nasal obstruction.6 Additional to the NOSE, two 

VASs are included measuring left- and right-sided nasal obstruction separately. The 

VASs range from 0 (complete obstruction) to 10 (a clear nose). To measure patient 

concern with nasal appearance, the UQ is administered. The UQ is validated and has 

a design similar to the NOSE but without a sum score multiplier: sum scores range 

from 5 to 25.7 UQ sum scores can be distributed into five severity groups: no concern 

(range, 1–5), a little concern (6–10), moderate concern (11–15), much concern (16–20), 

and very much concern (21–25) about nasal appearance. The UQ is complemented with 

a single VAS rating patient-reported nasal appearance, ranging from 0 (very ugly) to 

10 (very nice).

The rhinoplasty health care monitor

Shortly after eligible patients have been seen on the outpatient clinic (either new 

patients or postoperative visits), the consulted surgeon enters questionnaire scores 

and corresponding patient characteristics into an IBM SPSS statistics database for 
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Windows, Version 25 (IBM Corp., Armonk, NY). This creates a prospectively acquired 

data set in which each patient referred to our practice is enrolled. Patients who do not 

show at postoperative visits are contacted and asked to reschedule or at least return 

the questionnaires by e-mail.

To analyze the data, the surgeon can upload the SPSS file at any given time to a web-

based graphic outcome dashboard: the rhinoplasty health care monitor (RHM). This 

customizable dashboard was programmed with shiny: Web Application Framework 

for R (R package version 0.13.112), allowing real-time automated outcome analyses 

based on the uploaded data set. The RHM analyzes the database as a whole cohort, 

but if needed results can be stratified according to several patient characteristics (e.g. 

gender, primary vs. revision). All outcome figures in this article are screenshots from 

the dashboard. To analyze differences in pre- and postoperative scores, a t-test for 

paired data was used.
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Results

All results are derived directly from the RHM. By visiting www.healthcaremonitor.nl the 

reader can view the layout and functionality of the RHM and, since the anonymized 

database of our practice has been uploaded as an example, visualize all results related 

to this study.

Patient characteristics and overall outcome results

The tab “population characteristics” of the RHM reveals that from April 2014 to 

September 2020, 603 consecutive patients have been referred to explore the indication 

for functional–aesthetic (revision) rhinoplasty. Of these 603 included patients, 363 

were eligible for surgery. The mean age of the surgical population (n = 363) was 36 

years (range 16–75), and gender was distributed equally (184 male, 50.7% and 179 

female (49.3%). More than half (n = 187; 51.5%) had one or more unsatisfactory 

rhinoplasties performed elsewhere. From the 363 eligible patients, 335 (92%) have 

presently had their surgery performed and 28 are on the waiting list. Preoperative 

questionnaire scores are available for 357 patients (98%). From the 335 operated 

patients, 284 (85%) have currently completed short-term follow-up (3 months after 

surgery) and 229 (68%) have currently completed long-term follow-up (12 months 

after surgery). The overall mean NOSE sum score decreased from 66.6 ± 23.5 (severe 

nasal obstruction) to 23.2 ± 24.0 (mild nasal obstruction) 1 year after surgery (p < 0.001). 

The mean VAS scores for left and right nasal obstruction increased from 4.2 ± 2.6 

and 4.2 ± 2.7, respectively, to 7.4 ± 1.9 and 7.2 ± 2.1 (p < 0.001). The mean overall UQ sum 

score dropped from 12.2 ± 6.3 (moderate concern with nasal appearance) to 7.1 ± 3.9 

(little concern with nasal appearance) 1 year after surgery (p < 0.001). The mean nasal 

appearance VAS score was 4.4 ± 2.3 before surgery and improved to 7.2 ± 1.7 (p < 0.001) 

1 year after surgery. There were no significant differences between males and females 

in postoperative sum scores.

Identification of patients with poor or extremely good outcomes

In the functional and aesthetic “outcome results” tab of the RHM, the distribution 

of mean VAS improvement after surgery is depicted. Ranging from a decrease of 

three points to an increase of eight points after surgery, the bar chart displays the 

number of patients assigned to each score change. The distribution of mean functional 

improvement based on the average VAS score (left + right)/2) shows a developing 

Gaussian curve of normal distribution with a mean improvement score of 3.1 ± 2.0 

SD after rhinoplasty (Figure 1). The distribution of aesthetic improvement according 

to VAS score shows a mean improvement score of 2.9 ± 2.6 (Figure 2). Patients on 

the left side of these curves report substantially worsened nasal obstruction or nasal 
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appearance, whereas patients on the right side report above-average improvement. 

In the RHM, clicking on a bar of choice generates a list of patient IDs of all patients 

reporting that specific improvement or deterioration after surgery on the right side of 

the screen. This allows the surgeon to critically appraise the medical charts of these 

patients, for instance to identify mistakes that can be learnt from.

Figure 1. Screenshot of the dashboard depicting the distribution of mean functional VAS score change 

after surgery. A Gaussian curve with a mean improvement of 3.1 ± 2.0 is shown. By clicking on the far 

left bar, the ID of three patients who reported severely increased nasal obstruction (defined as ≥2 

VAS points) 1 year after rhinoplasty is automatically presented in the top right corner. This facilitates 

a targeted appraisal of their medical charts to identify potential mistakes. VAS: Visual Analogue Scale.

Figure 2. Screenshot of the dashboard showing the distribution of mean aesthetic VAS score 

changes after surgery. A Gaussian curve in development with a mean aesthetic improvement of 2.9 

points ±2.6 is shown. Again, clicking on any bar in the graph reveals the patient IDs corresponding 

to that category of postoperative change. VAS: Visual Analogue Scale.
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Annual performance assessments

The tab “annual self-evaluations” graphically depicts surgical performance per year. For 

each year, postoperative scores among all patients who have been operated on in that 

year have been averaged, resulting in a mean postoperative score achieved per year of 

surgery. This plot indicates the progression that the surgeon annually makes in terms 

of achieved patient outcomes (Figures 3 and 4). These curves inform the surgeon of 

annual performance, give an indication of the gradient of performance development, and 

may identify trends that are worth evaluating. Encountered stagnation or deterioration 

may motivate the surgeon to critically evaluate adverse outcomes, dedicate more time 

to studying rhinoplasty, visit a course, or arrange a working visit.

Figure 3. Screenshot of the “annual functional performance” tab demonstrating average 

postoperative NOSE (left) and VAS (right) scores of all patients operated in a particular year. For the 

NOSE, a lower score indicates an improvement in nasal function, whereas for the VAS, a higher score 

indicates improved nasal function. VAS: Visual Analogue Scale; NOSE: Nasal Obstruction Symptom 

Evaluation.

Figure 4. Screenshot of the “annual aesthetic performance” tab demonstrating average postoperative 

UQ (left) and VAS (right) scores of all patients operated in a particular year. For the UQ, a lower 

score indicates an improvement in patient-reported nasal appearance, whereas for the VAS, a higher 

score indicates improved patient-reported nasal appearance. VAS: Visual Analogue Scale; UQ: Utrecht 

Questionnaire.
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Discussion

Near-total dedication to the study and practice of rhinoplasty is required to achieve 

reliable and consistently good results. An indispensable component of improving results 

is to actually measure results. Yet, physicians systematically monitoring their own 

performance are scarce and many, including rhinoplasty surgeons, are relying on gut 

sense to determine how well they perform.8,9 In 2014, we have enrolled a prospective 

outcome routine in our rhinoplasty practice and developed the RHM: a web-based 

dashboard that provides real-time automated outcome analyses. Routine outcome 

measurements in rhinoplasty have numerous advantages, including improved patient 

empowerment, benchmarking surgeons or surgical techniques, measuring value in 

value-based health care and building big data registries.10 In this article we have focused 

on the self-evaluative potential of routine outcome measurements for the individual 

surgeon.

The RHM contains two features that enhance self-assessment, the first of which is 

identifying patients with adverse (or surprisingly favorable) outcomes. Since it is argued 

that clinicians develop competence by learning from their mistakes, an adage that is 

echoed by experienced rhinoplasty surgeons, a targeted critical appraisal of these cases 

is highly informative.11,12 It allows the surgeon to identify certain patterns or decisions 

(e.g. specific surgical technique, suboptimal surgical execution, patient selection, and 

expectation management) that are associated with these outcomes, providing valuable 

lessons for the future. Furthermore, by identifying possible causes for these outcomes, 

the surgeon can tailor subsequent learning activities or courses to that particular 

problem, instead of gravitating toward broad, general, or randomly chosen educational 

activities.13 A concrete example: in our cohort we found similarities in five of eight (both 

functional and aesthetic) severely dissatisfied patients (deterioration of two points or 

more), all experiencing (partial) resorption of Tutoplast™ processed costal cartilage 

(TPCC). In two patients, the cartilage was used to correct a deep saddle nose deformity 

with severe skin retraction and subtotal septal perforation. In three other revision cases, 

the cartilage was unable to counter stress related to a thick and heavy skin–soft tissue 

envelope. Consequently, in subsequent patients with similar pathology, TPCC use was 

avoided and replaced by either autologous rib cartilage or iliac crest bone.

The second self-evaluative feature of the RHM is the display of annual performance, 

allowing the surgeon to assess longitudinal progress. By graphically representing 

performance as a function of time, this plot can be considered a surrogate rhinoplasty 

learning curve. Understanding the development of the individual learning curve and 

visualizing its shape provides valuable feedback: it helps to acknowledge limitations 
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early on in a rhinoplasty career, underlines the necessity of continuous education and 

focus, and provides motivation to further improve surgical outcomes.3 It is important 

to note that patient factors such as complex anatomy and varying case mix can affect 

surgical performance.14 It is essential to monitor such possibly confounding factors, 

as they could explain unexpected variations in performance. A decrease of annual 

performance compared with the year before may for example actually be a result of 

taking on more revision cases. Using the RHM, an overview of patient characteristics can 

be visualized per year to assess comparability of such confounding factors throughout 

the years. Utilizing a thorough definition of the caseload helps to put performance in 

perspective and may even facilitate interclinician comparison.

We did not enroll objective outcome measures to monitor surgical performance due to a 

lack of correlation found between these instruments and patient symptoms.15 Ultimately, 

the goal of a rhinoplasty is to satisfy the patient’s functional and aesthetic expectations 

of the procedure. Symptoms related to nasal obstruction and patient satisfaction with 

nasal appearance are widely considered the most important indicators of rhinoplasty 

success,16-18 and, therefore, these indices are the most valid parameters of surgical 

performance. Indeed, patient-reported outcomes contain bias per definition, and in 

individual cases, a patient-reported outcome measure (PROM) score may not always 

be representative of surgical quality. However, the analyses performed by the RHM 

are based on cohort-level averages, neutralizing individual outliers. A second remark 

related to this study is that there is no global consensus on what PROMs should be 

used to measure rhinoplasty outcomes. The NOSE scale is recommended to measure 

functional outcome based on the quality of validation studies, interpretability, and 

feasibility.19 Regarding aesthetic outcomes however, there is no clear preference for one 

instrument. We have implemented the validated UQ in our outcome routine because it 

is short, simple, and carries the specific advantage of two “trick” questions that aid in 

identifying patients with unrealistic expectations or body dysmorphic disorder.7

To demonstrate the advantages of the RHM to other practitioners, we have launched 

(www.healthcaremonitor.nl). Apart from visualizing the functionality of the RHM and 

results of this study, rhinoplasty surgeons can also analyze their own results through 

this website. A blank SPSS file can be downloaded as a template and used to collect 

patient data. The filled file can be uploaded into the RHM, allowing surgeons to view the 

output of their own data. We underline that uploaded data will not be stored or used for 

benchmarking. The goal is merely to share the advantages of the RHM and encourage 

participants to contribute to improving the RHM, potentially creating a common ground 

for routine outcome measurements and evaluations in rhinoplasty.
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Conclusion

In this article, we describe the results of a 6-year prospective rhinoplasty outcome routine 

based on validated patient-reported outcome measures, facilitating a transparent and 

accurate reflection of surgical performance. The user-friendly dashboard provides 

clear insights into achieved results and enhances self-evaluative opportunities, with 

the overarching goal of improving patient outcomes.
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Abstract

Background: The aesthetic ideal of the nose eludes clear definition. Averageness 

may be an important determinant of ideal nasal shape: research has shown that 

averageness plays an important role in the human perception of facial attractiveness.

Objectives: The aim of this study was to test whether an averaged nasal shape is 

attractive, and whether deviation away from average is associated with decreased 

attractiveness.

Methods: Photographic series of the face were obtained from 80 Caucasian female 

volunteers aged 25-40 years. A mathematically averaged composite image was 

created from the first 40 volunteers. Forty-one panel members were recruited to 

judge the attractiveness of the nose of each original image and the composite, based 

on a 5-point Likert scale ranging from 1 (very ugly) to 5 (very pretty). Deviation 

of nasal shape from average was calculated by principal components analysis of 

standardized nasal landmarks.

Results: Twenty-one respondents were male (51%). The mean age of the respondents 

was 35.3 [15.6] years. The rating of the composite was significantly higher than the 

distribution of ratings for the 80 original nose images (4.2 vs 2.8, t = 31.24, P < 0.001). 

The rating of the original nose images correlated negatively with deviation from 

average shape (r = –0.40, n = 80, P < 0.001).

Conclusions: In Caucasian females, a mathematically averaged nose is an attractive 

nose. Furthermore, the more an individual nose shape resembles the average shape, 

the more attractive it is rated. Calculating deviation from average before and after 

rhinoplasty may aid in objectively measuring aesthetic rhinoplasty outcome.
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Introduction

A comprehensive understanding of facial aesthetics is of paramount importance to 

rhinoplasty surgeons. In pursuit of high patient satisfaction, every rhinoplasty surgeon 

deals with the dilemma of what constitutes the ideal nose. Traditionally, neoclassical 

canons that focus on optimal alignment, angularity, and proportionality of the face 

serve as guidelines. However, large cross-cultural anthropometric studies show that 

only a minor percentage of the population exhibits these aesthetic ideals, and attractive 

faces do not conform to them any more than do less attractive faces.1-3 

Evolutionary psychologists have studied facial attractiveness extensively, linking 

the importance of attractiveness to human interactions and sexual selection. They 

identified possible cues to what humans find universally attractive in others, such as 

averageness, symmetry, youthfulness, and sexual dimorphism.4 Of these 4 factors, 

averageness has been proposed as the most important factor in perceiving facial 

attractiveness.5 Averageness in this context does not refer to typical mean in the sense 

of “common” or “frequently occurring in the population,” but more to a mathematically 

averaged, computer-manipulated composite of whole faces that is based on mean 

numerical values across the face. In 1990, Langlois and Roggman6 produced such an 

“average composite,” and found that this composite was perceived as more attractive 

than the individual grayscale images of the faces used to create the composite. Later, 

in 2003, Halberstadt and Rhodes7 reported that our attraction to averageness was also 

prevalent in birds, fish, and even automobiles.

To date, the relation between averageness and attractiveness has not been tested for the 

nose specifically. We hypothesized that a digitally averaged composite nose of a specific 

population is rated as more attractive than the individual noses used to create it. If this 

proves to be so, the composite nose might serve as an aesthetic surgical reference for 

that specific population seeking rhinoplasty. Furthermore, taking the composite nose 

as a reference, we attempt to calculate the degree to which an individual nasal shape 

deviates from average. We hypothesized that deviation away from average correlates 

with decreased attractiveness. If this hypothesis can be confirmed, this “shape deviation 

score” could be applied to objectively quantify aesthetic rhinoplasty results.
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Methods

This pilot study was approved by the Medical Ethics Committee of the Erasmus Medical 

Center, Rotterdam, The Netherlands, documented by study number MEC-2015-238, 

and was conducted between June 2016 and January 2019. Informed consent for study 

participation was obtained from all volunteers. Because a large number of aesthetic 

rhinoplasty candidates in the Netherlands are Caucasian females, aged 25 to 40, we 

adhered to this specific population to test our hypotheses.

Eighty Caucasian female volunteers, who never had a (septo)rhinoplasty or 

extensive facial trauma, were recruited among hospital staff and patients visiting 

the otolaryngology outpatient clinic for complaints unrelated to the nose. For each 

subject, standardized frontal, oblique, and profile photographs of the face in a Frankfurt 

horizontal plane were taken by a medical photographer. Background and lighting were 

similar across subjects, hair was not allowed to cover any part of the face, and heavy 

make-up, glasses, or piercings were removed. For every face image, a cropped image 

of the nose in isolation was created as well.

Creating the Composite Average

The first subset of 40 photographic series was used to compute an averaged composite 

for each view (Figure 1). A set of 40 subjects is sufficient to create a stable composite 

that does not significantly alter when more subjects are added. Java Psychomorph 

version 6 was used to create the composite (Dr B. Tiddeman, Department of Computer 

Science, Aberystwyth University, UK; software publically available at http://users.aber.

ac.uk/bpt/#software).8 Standardized points were manually positioned on each face 

to delineate the position of facial feature landmarks of each individual image, and 

the average shape was calculated as the mean positions of corresponding delineated 

points across the face set. For each view, the images were reshaped to this average 

shape, and this set was then merged to a composite. A comprehensive description of 

this methodology, albeit for different purposes, is described elsewhere.9 

Attractiveness Rating

A panel was organized to rate the attractiveness of the individual images of the first 

subset of 40 photographic series, the composite, and a second subset of 40 images. The 

second subset of 40 images was recruited to increase sample size, and to assess whether 

preference for the composite would also be evident in a comparable subpopulation that 

was different to the population from which the composite was created. For each subject, 

including the composites, panoramically oriented images of frontal, oblique, and profile 

views were created (Figure 2) and presented on an online interface. Each panel member 
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was asked to provide sex, age, ethnicity, level of education, and city of residence. Next, the 

panoramically oriented images were presented in random order in 2 blocks, comprising a 

set of 81 full faces (including the composite full face) and a set of 81 isolated noses (including 

the composite nose). Block order was counterbalanced across panel members. For both 

blocks, the panel was asked to rate the attractiveness of the nose specifically. Attractiveness 

ratings were assessed on a Likert scale ranging from 1 (very ugly) to 5 (very pretty).

Figure 1. Digitally averaged composite of 40 images of randomly selected Caucasian females aged 

25 to 40 years (frontal view example).

Calculating Deviation from Average

We hypothesized that nasal shape deviation away from average correlates with lower 

attractiveness ratings. For each nose, including the composite nose, 18 landmarks were 

systematically placed to delineate the shape of the nose in the profile view (similar to 

the delineation process used to create the composite). To calculate shape deviation of 

an original nose from the composite, the x and y coordinates of the 18 landmarks for 

each of the 80 noses were subjected to principal components analysis. This procedure 

expresses the variation in landmark positions in a small number of components. In line 

with the Kaiser-Guttman criterion, only the components explaining the majority of 

variance in nose shape across the 80 faces were selected. The square root of the sum 

of the absolute deviations from average of these components can be used to create 

a “shape deviation score” for each nose. Subsequently the correlation between this 

deviation score and the attractiveness score was calculated.

Statistical Analysis

Statistical analyses were performed with IBM SPSS Statistics for Windows, version 

22.0 (IBM Corp, Armonk, NY). An independent-sample t test was used to compare 

mean age between volunteer subsets and a 1-sample t test was used to determine 
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whether the composite ratings were statistically different from the sample mean. A 

Pearson correlation coefficient was calculated to indicate the correlation between 

shape deviation and attractiveness score.

Figure 2. Examples of panoramically oriented images as presented to the panel of raters. Example 

of original full face of a 28-year-old female subject (A), example of original isolated nose of same 

subject (B), composite full face (C), and composite isolated nose (D).
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Results

The mean age of the 80 Caucasian female volunteers was 28.8 [3.8] years (range, 25-

40 years). There was no difference in mean age between the first and second subset 

of volunteers (29.1 vs 28.6 years, t = 0.52, P = 0.30). The attractiveness rating panel 

consisted of 41 volunteers from the general public. Twenty-one were male (51%), 20 

were female (49%) and the mean age of the respondents was 35.3 [15.6] years (range, 

18-64 years). Thirty were Caucasian (73%), 3 Asian (7%), and 8 of mixed origin (20%). 

The level of education was fairly high, with 27 volunteers possessing a bachelor’s or 

master’s degree (66%).

For each full face or isolated nose image, all raters’ scores were averaged to produce 

a mean score. The mean score of the 81 full face images was 2.8 (range, 1.8-4.2). The 

nose of the composite face was rated highest, with a mean score of 4.2. The mean 

score of the 81 isolated nose images was 2.6 (range, 1.5-3.9). Again, the composite 

nose was rated highest with a score of 3.9. Both the nose in the composite face and the 

isolated composite nose were rated significantly higher than the distribution of ratings 

of the original images (t = 31.24 and t = 27.76, respectively; df = 79, P < 0.001). Hence the 

hypothesis that a digitally averaged composite nose of a specific population is rated as 

more attractive than the individual noses used to create it cannot be rejected.

Based on principal component analysis of the x and y coordinates of the nasal 

landmarks across the profile view of the 80 original noses, the first 4 components 

explaining 42%, 27%, 9%, and 6% (a total of 84%) of the variance in profile nose shape 

were used to calculate the difference of each nose from the averaged composite. The 

rating of the isolated nose correlated negatively with difference from average shape 

(r = –0.40, n = 80, P = 0.0002), implying that the larger the difference from average 

shape, the lower the aesthetic judgment of the nose (Figure 3). Similarly, the rating 

of the nose within the whole face correlated negatively with difference from average 

shape (r = –0.36, n = 80, P = 0.00151). Therefore, the hypothesis that deviation away 

from average correlates with decreased attractiveness cannot be rejected either.
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Figure 3. The rating of the nose across the faces (blue circles) correlated negatively with difference 

from average estimate (r = –0.40, n = 80, P = 0.0002); the larger the difference score, the lower the 

aesthetic judgment of the nose shape. The thin red line represents the best-fit regression line relating 

nose rating to the difference from average score. X denotes the rating of the composite nose from 

the blend of 40 faces. The shape difference of the composite nose is not zero because the composite 

was computed from the first set of 40 faces, not all 80 faces.
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Discussion

This study shows that a composite nose, mathematically created from standardized 

photographs of 40 Caucasian females, is rated as more attractive than the individual 

noses used to create the composite. Therefore, for this specific population, an average 

nose is an attractive nose.

The composite nose in this study could serve as a surgical template for female Caucasians 

seeking aesthetic rhinoplasty. The template might aid in defining a surgeon’s artistic 

sense of aesthetics next to the traditional rules and guidelines that are frequently used 

as the basis for nasofacial shape analysis and surgical planning. In this context we were 

interested in comparing the characteristics of the average composite “attractive” nose 

to a selection of important neoclassical canons and traditional aesthetic guidelines. 

We found some deviations (Figure 4): the evaluation of transverse facial proportions 

(rule of fifths, indicated by vertical black lines) revealed an alar base that is slightly 

wider than the inner canthal distance. The rule of thirds in profile view (horizontal 

black lines; the trichion-nasion, nasion-subnasale, and subnasale-menton distances 

should be equal) does not fit as the composite has a shorter nose and longer lower 

face, which is similar to the findings of the anthropologic studies of Farkas et al.1 Nasal 

tip projection, calculated by the Goode method, and nasolabial angle are in line with 

common standards.10,11 One must be aware that the composite found in this study only 

serves as a template for Caucasian female faces aged 25 to 40 years. Because the 

ideal nasal shape is likely not universal, the development of average composites to 

serve as prototypes for different rhinoplasty populations (e.g. Mediterranean, Asian, 

African-American, male) is necessary.12 

Furthermore, we have shown that a principal component analysis of nasal landmarks 

in profile view makes it possible to calculate a shape deviation score. The more a nose 

deviated away from the average composite (high shape deviation score), the lower 

the attractiveness score of that nose was. The change of this shape deviation score 

following aesthetic rhinoplasty could have potential as an objective measure for the 

success of the procedure (Figures 5 and 6). This purpose would first necessitate 

further study, investigating whether shape deviation scores correlate with patient 

satisfaction (quantified via patient-reported outcome measures). Although patient 

satisfaction in the end remains the major determinant of the success of cosmetic 

surgery, the availability of an objective aesthetic rhinoplasty outcome measure could 

complement patient-reported outcome measurements by eliminating the impact of 

confounding factors that influence subjective ratings.
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Figure 4. A selection of ratios, angles, and proportions of the composite nose. Horizontal black lines: 

rule of thirds. Vertical black lines: rule of fifths. Blue: nasolabial angle, 104°. Red: nasal tip projection 

according to Goode, 0.57. Yellow: nasofrontal angle, 139°.

Figure 5. (A) Example of original nose (32-year-old female subject); (B) nose reshaped by adjusting 

the landmark position to that of the averaged composite.
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Figure 6. (A) Example of original nose (34-year-old female subject); (B) nose reshaped by adjusting 

the landmark position to that of the averaged composite.

This conceptual pilot study has several limitations. Creating a composite does not only 

result in a nose that is average in shape, but also introduces smoothed skin texture 

and more symmetry. Therefore, symmetry and skin tone could have been confounding 

factors that contributed to the preference of the composite over the original faces. 

However, these confounders do not affect the demonstrated correlation between shape 

deviation from average and attractiveness. We showed that within the original images 

(n = 80, excluding the composite), a deviation from average score purely based on nose 

shape metrics and not on symmetry or skin tone is inversely related to attractiveness. 

These images all have original skin tone and, in our opinion, there is no reason to 

assume that faces with a more averaged nose shape have fewer skin blemishes. 

Furthermore, the shape metric is calculated in profile view, which is independent of nasal 

symmetry. As such, the experiment performed supports the influence of averageness 

on attractiveness, independently of symmetry and skin tone. Additionally, previous 

research has shown that for the face as a whole the importance of averageness in the 

judgment of attractiveness is indeed quite robust: several authors have demonstrated 

that preference for averageness remains when corrected for symmetry or skin tone.9,13-

19 A second limitation is the need for manual positioning of the delineation landmarks. 

Despite our standardized and meticulous placement, there is a chance of a small 
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degree of inconsistency or error. There has been marked progress in the automated 

delineation of facial landmarks in the past 2 decades.20-23 Although similar automation 

could be applied to the nose, automation reduces but does not eliminate all error. 

Third, in our panel of raters, the number of Caucasians was high, as was their level of 

education. Nevertheless, the volunteers with a lower level of education still preferred 

the average composite nose. Fourth, although average faces and noses are perceived 

as attractive, averageness is not a substitute for the aesthetic ideal. When creating a 

“high average composite” of the 25% most attractive faces, this prototype is rated as 

even more attractive.24 This implies that averageness alone does not completely explain 

attractiveness.
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Conclusions

This conceptual study shows that in Caucasian females, mathematically averaged noses 

are attractive. Furthermore, we were able to calculate a score expressing deviation 

from average nasal shape, which correlated negatively with attractiveness. Change 

in this nasal shape deviation score following rhinoplasty has potential as an objective 

aesthetic rhinoplasty outcome measure, although the correlation between averageness, 

attractiveness, and patient satisfaction needs further research.
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Rationale

“If you cannot measure it, you cannot improve it”. This quote by Irish physicist and 

engineer William Thomson (1883) underpins the essence of this thesis. As a business 

manager, doctor or even a golf player it is impossible to determine whether you are 

successful or not if you fail to keep track of scores. Sound measures of performance 

are indispensable to quantify progress, identify underperformance and make the 

adjustments that are necessary to achieve the desired result. This thought was the 

primary reason to implement routine outcome measurements in our practice in 2014. 

Remarkably, the importance and relevance of this implementation was underlined one 

year later. The Dutch government labeled 2015 as the ‘year of transparency’, aiming 

to increase the availability of valid information on quality of delivered healthcare. In 

her letter, the public health minister stressed that insights in both costs and relevant 

outcomes are essential to improve healthcare quality and control rising expenditures.1 

This government call motivated us to further explore and improve outcome 

measurements in rhinoplasty and served as catalyst for the work presented in this 

thesis. 

Effectuating transparency in delivered care is however not merely a Dutch initiative. 

Insights in what patient benefits are delivered against what costs is precisely the 

essence of value-based healthcare (VBHC).2 Since the concept of VBHC was launched, 

many providers across the globe have embraced this new idea of organizing healthcare, 

resulting in numerous initiatives that intend to maximize patient-relevant outcomes. 

Our own center, the Erasmus Medical Center in Rotterdam, can be considered an early 

adopter as it has encouraged the start of various in-house pilot projects aiming to 

operationalize new VBHC strategies. Therefore, apart from the letter of our former 

public health minister, the evolution of VBHC worldwide and ‘at home’ was another 

trigger to initiate the work presented in this thesis.

Creating transparency and increasing value both start with measuring relevant 

outcomes. The aim of this thesis was to improve the process of measuring outcomes 

in rhinoplasty, explore the potential of measuring outcomes and tackle several barriers 

that prevent rhinoplasty surgeons from measuring outcomes on a day-to-day basis. 

We attempted to answer what outcome instruments to use by presenting an evidence-

based recommendation on the best patient-reported outcome measure (PROM) to 

evaluate the effects of rhinoplasty. Second, a prospective rhinoplasty outcome routine is 

presented, demonstrating how to systematically measure outcomes. Third, we outlined 

the advantages of routine outcome measurements in both functional-aesthetic and 

secondary cleft-lip rhinoplasty patients, that emphasize why to measure outcomes in 
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rhinoplasty. This is complemented with a methodology that allows surgeons to use their 

own data to assess personal surgical performance and identify needs for improvement. 

The set of studies is concluded by an experimental study, investigating a method to 

objectively quantify aesthetic outcomes in rhinoplasty. The current chapter provides 

an interpretation of the main findings of the studies included in this thesis, discusses 

methodological and practical issues and raises suggestions for future research. 
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1. Selecting the best PROM to measure rhinoplasty outcome

1.1 Reflection on results 

In chapter 2, we have used the COnsensus-based Standards for the selection of health 

Measurement INstruments (COSMIN) guideline to select the most appropriate PROM 

to measure functional and aesthetic outcomes in rhinoplasty. The COSMIN initiative, 

founded in 2005, consists of an international multidisciplinary team with expertise in 

the development and evaluation of outcome measurement instruments.3 In 2018, an 

updated methodological guideline for systematic reviews of PROMs was developed.4,5 

This step-by-step manual focuses specifically on the methodology of systematic reviews 

of existing PROMs that are used for evaluative purposes (e.g. to measure effects of 

treatment). Using this guideline we have evaluated 12 different evaluative rhinoplasty 

PROMs to determine what instruments carry adequate validity, reliability and 

responsiveness. Based on such measurement properties, as well as on interpretability 

and feasibility aspects, we have narrowed these 12 different measurement instruments 

down to 1 functional instrument (the Nasal Obstruction Symptom Evaluation [NOSE] 

scale) and 2 aesthetic instruments (FACE-Q and Standardized Cosmesis and Health 

Nasal Outcomes Survey [SCHNOS] aesthetic subscale) that carry the most potential 

for further use. 

The attentive reader of this thesis will have noted that the suggestions in chapter 2 

do not stroke with the aesthetic PROM used in the Rhinoplasty Healthcare Monitor 

(RHM) in chapters 4, 5 and 6. Instead of the FACE-Q or SCHNOS aesthetic subscale, 

we have utilized the Utrecht Questionnaire (UQ) in our own practice. This is primarily 

explained by the fact that the RHM was initiated in 2014. With the rhinoplasty validation 

of the FACE-Q performed in 2016 and the development of the SCHNOS in 2018, these 

PROMs were not available to us at the time.6,7 The decision to use the UQ was based 

on available validation studies in rhinoplasty populations, its practicability, and the 

additional advantage of including ‘trick’ questions that aid in identifying patients with 

a possible body dysmorphic disorder.8 In hindsight, using the elaborate methodology 

of the COSMIN, the validation studies of the UQ did not reach the same level of quality 

compared to the FACE-Q and SCHNOS in terms of structural validity and internal 

consistency. However, as mentioned in chapter 2, this does not imply that the quality of 

the UQ itself is inadequate. With high-quality validation studies, the quality of the UQ can 

still be established. The findings of the systematic review pose a challenging dilemma 

regarding the choice of instruments in the RHM. Generally speaking there are two 

options; we could decide to further validate the UQ using high-quality validation studies 

in order to justify its use, and continue using the UQ in the RHM. However, this will 

sustain heterogeneity in outcome instruments used in rhinoplasty, as other rhinoplasty 
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surgeons or practices might decide to continue or start using the SCHNOS or FACE-Q. 

The other option is to replace the UQ with the SCHNOS or FACE-Q in the RHM. A major 

disadvantage of this is that this will ‘reset’ the dataset, rendering the acquired UQ data 

over the past years useless as it cannot be compared to scores of the new instrument. 

If, in the future, with more data on measurement properties, consensus is reached 

that either the SCHNOS or FACE-Q should be used in outcome reporting in rhinoplasty, 

this switch is inevitable. Yet, a third solution may be contemplated, in which different 

instruments of adequate quality continue to be used but with the possibility of inter-

instrument comparison. We will elaborate on this theory in chapter 1.4. 

1.2 Lack of content validity

In order to label an instrument as having ‘adequate quality’, the most important 

measurement property that must have been established is content validity. Content validity 

refers to the extent to which the items of the instrument adequately reflect the construct 

that is measured, i.e. that the instrument indeed measures what it claims to measure. 

Content validity is considered the most important measurement property, and lack of 

content validity can affect all other measurement properties.9 Therefore, when making 

an evidence-based decision on the best available PROM, information on content validity 

is essential. Content validity can be ensured either by the quality of the development 

study or by separate content validity studies. However, none of the development studies 

of the identified PROMs in chapter 2 were of sufficient quality and no separate content 

validity studies were found. In the development study of the NOSE, a quantitative instead 

of qualitative data collection method was used to identify relevant items, analysis of data 

in the concept elicitation phase was doubtful, and cognitive interview studies were not 

performed.10 The development studies of the FACE-Q and SCHNOS were also considered 

inadequate by the COSMIN standards. Furthermore, no other content validity studies 

for these PROMs are available. Consequently, high-quality content validity studies of the 

identified PROMs are necessary. Such studies should encompass interview or focus group 

studies with patients and professionals, using qualitative methods to obtain data on the 

relevance, comprehensiveness and comprehensibility of items. 

On the other hand, we must take into consideration the stringency of the COSMIN 

standards. The development of the FACE-Q for example is elaborate, including a modern 

psychometric approach and cognitive interview studies with patients. According to 

the COSMIN standards, however, the development study is rated inadequate because 

during concept elicitation, qualitative data was coded by one member of the research 

team instead of independent coding. This leaves the FACE-Q development study with 

an inadequate score while compared to other available aesthetic rhinoplasty PROMs, 

the design has been elaborate, thorough and well-documented. 
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1.3 Towards standardization in rhinoplasty outcome measurements 

To counteract heterogeneity in outcome reporting and simultaneously ensure that all 

relevant outcomes are captured, it is imperative to establish national and international 

consensus on what outcomes to measure and how to measure them. Although we have 

focused on determining how to measure a specific outcome in chapter 2, i.e. choosing 

the best instrument, agreement on what outcomes to measure in rhinoplasty patients 

is of equal importance. We focused on the outcome domain ‘symptoms’, defined as 

symptoms related to nasal obstruction or concerns with nasal appearance, because 

these are considered the most important determinants of the functional and aesthetic 

success of rhinoplasty.11-13 However, these are likely not the only outcomes that are 

relevant to rhinoplasty patients. Examples of other possible outcome domains that 

may be relevant are health-related quality of life (physical, emotional and social), 

psychological functioning or adverse events. 

Progress has recently been made in various healthcare areas on the development of 

core outcome sets (COS). A COS is a standardized set of outcomes that ought to be 

measured and reported as a minimum in effectiveness studies. This set is agreed upon 

by all relevant stakeholders (patients, physicians, policy makers, outcome experts), 

ensuring that the included outcomes are relevant and important. The availability of a 

COS counteracts inconsistency in outcome measurement and facilitates synthesis of 

published outcome data from different studies (meta-analysis). Furthermore, it reduces 

outcome-reporting bias, which occurs when only a subset of the original recorded 

outcomes is presented in the article based on statistically significant results.14 Guidelines 

to develop a COS are provided by initiatives such as COMET (Core Outcome Measures 

in Effectiveness Trials).15 To date, a COS has not yet been established for rhinoplasty. 

Another initiative that guides the development of standardized sets of outcomes is 

the International Consortium for Health Outcomes Measurement (ICHOM).16 Using 

a methodology comparable to COMET, including consensus meetings with various 

stakeholders and systematic evaluations of available evidence, ICHOM focuses on 

standardized outcome reporting in clinical practice. The aim lies on developing a globally 

applicable and freely available set of outcomes that matter to patients, encouraging 

adoption and implementation of value-based healthcare in daily practice. The standard 

sets provide a framework of what outcomes to measure, how to measure them and 

when to measure them throughout the care process. Numerous standard sets have 

been published covering different conditions and populations, including coronary 

artery disease, diabetes, Parkinson’s disease and cleft lip and palate. ICHOM initiates 

the development of a standard set itself, and appoints a working group once funding 

for the development has been acquired. No standard set has yet been developed for 

rhinoplasty. 
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1.4 An alternative route to standardization in rhinoplasty outcome measurements?

One of the challenges of developing a COS in rhinoplasty could be a political one. Most 

rhinoplasty PROMs have been developed by large research groups with significant 

support from geographically or socially affiliated surgeons and practices. It will be 

difficult to persuade such groups to abandon the PROM they developed themselves, 

which has often been a time-consuming process, and convert to using another. This is 

particularly relevant if future validation studies establish good measurement properties 

including good content validity for multiple PROMs, and the PROM suggested by the 

COS is not intrinsically better than the one already used. Given that many functional and 

aesthetic PROMs are rather similar to each other, with only slightly different structure 

and wording, this is a realistic possibility. This would create the problem of multiple 

PROMs being utilized with each of adequate quality, but given the different (sub)score 

systems impossible to compare. Second, as we have pointed out earlier with our use 

of the UQ in the RHM, surgeons who have established prospective registries using a 

particular instrument might be reluctant to switch to a different instrument. If historical 

PROM data cannot be bridged with a new PROM, this leads to a loss of valuable data. 

We consider this a substantial drawback of a global COS rollout in which one PROM 

per outcome is advocated. 

A solution to this problem could be to develop so-called crosswalks. Crosswalks allow 

scores from one instrument to be converted to another instrument’s score. Each PROM 

(sum)score has a scale, and one cannot simply assume that different PROMs are scaled 

equally. It is not clear, for instance, whether a score of 50 out of 100 on the NOSE is 

equivalent to a score of 10 out of 20 on the SCHNOS functional subscale. Thus, to 

compare scores between different PROMs, bidirectional crosswalks have to be created 

and validated using data of both PROMs that are completed by the same participants. 

Examples of methods to assess equivalence are the equipercentile equating method 

or Rasch analysis-based equating.17,18 The advantage of such conversion tables is that it 

facilitates comparison and pooling of data acquired using different PROMs. This means 

that surgeons can continue using their PROM of choice, as long as it has evidence of 

adequate quality, while preserving the value of previously collected data. In our case, 

if future studies establish adequate content validity of the UQ, that implies that we can 

continue using the UQ and use validated crosswalks to compare our results to practices 

using the SCHNOS or FACE-Q. We are currently exploring the possibility of creating 

such crosswalks. 
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2. The Rhinoplasty Healthcare Monitor

The core of this thesis focuses on practical aspects of outcome measurements in 

rhinoplasty. Chapters 4, 5 and 6 concern the implementation and evaluation of 

a standardized and prospective rhinoplasty outcome routine that includes simple 

and relevant questionnaires. Results from this routine are monitored using a web-

based dashboard that provides real-time automated data analyses with the click of a 

button. The RHM demonstrates that with limited effort outcome data can be gathered, 

monitored and analyzed in a transparent fashion, resulting in significant benefits on a 

patient- and cohort level. 

2.1 Optimizing the rhinoplasty consultation 

Utilizing the RHM provides several advantages to both the patient and the surgeon 

during consultation. Since questionnaires are filled out in the waiting room, both 

patients and surgeon can prepare for the consultation. Patients are encouraged to 

think about their complaints beforehand, e.g. the impact of nasal appearance on daily 

functioning or laterality of nasal obstruction, promoting an efficient anamnesis. To 

the surgeon, beforehand insights into complaints support relevant history-taking and 

physical examination. In case of postoperative consultations, the availability of PROM 

data prior to patient contact avoids unexpected discordance regarding the result. 

A surgeon can anticipate on an encounter with a dissatisfied patient by analyzing 

the operative report and preparing possible solutions beforehand. Conversely, a 

result that may appear suboptimal to the surgeon but PROM data indicating the 

patient is not the least concerned about it, refrain the surgeon from unnecessarily 

discussing revision surgery. Furthermore, the RHM is valuable in patient counseling 

and expectation management. The visualization of average expected functional 

and aesthetic improvement aids in creating realistic expectations and supports the 

shared decision-making process. Using the dashboard, pending questions (e.g. how 

much gain can I expect on average, does my previous surgery influence the expected 

postoperative result, do surgical results last over time, is it likely that my insurance 

company will cover expenses) are replied with data-driven answers. Hence, the RHM 

supports informed clinical decision-making that is based on patient preferences and 

severity of disease. It is important to remark that this advantage of the RHM has been 

based on our own experience and direct feedback from patients. To confirm that the 

RHM improves patient counseling and shared decision making we would have to test 

this empirically. Future qualitative research using structured interviews among patient 

users is therefore necessary to verify these benefits. 
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2.2 Learning from personal performance as a surgeon 

As demonstrated in Chapter 6, the RHM helps to visualize and evaluate personal 

surgical performance. The RHM contains two features that allow the surgeon to 

detect trends in performance and identify learning needs. One of these features 

is the depiction of a surrogate learning curve. By measuring surgical performance 

(patient outcomes, Y-axis) as a function of time (X-axis), a surgical learning curve 

can be plotted.19 Understanding the development of the individual learning curve and 

visualizing its shape helps to identify areas for improvement and can provide motivation 

to increase the gradient of the learning process. We hypothesize that the rhinoplasty 

learning curve is unique for each rhinoplasty surgeon and that its course is sculpted 

by interpersonal features (e.g. dedication, surgical talent), surgical exposure, training 

(e.g. fellowship, courses, writing articles on rhinoplasty), and retroflection. Increasing 

focus on rhinoplasty, observing experts, attending courses or reflecting on your own 

results may all accelerate the learning curve, whereas factors such as reduced focus on 

rhinoplasty, ageing or health issues may have a negative impact on surgical outcomes.20 

Using the learning curve, it would be interesting to visualize the effect of potential 

accelerators on surgical development. For the dedicated surgeon, the challenge is to 

increase the gradient of the individual learning curve in order to achieve superior 

results in a shorter period of time. 

One may argue whether PROMs represent an adequate reflection of surgical 

performance. In the literature, two variables are distinguished to measure surgical 

performance: measures of the clinical process and task efficiency, or measures of 

patient outcome.19,21 Whether process measures (e.g. time to complete an operation or 

blood loss) are valid indicators of surgical performance is under debate, since these 

measures are not necessarily related to proficiency.22 Furthermore, rhinoplasty as a 

procedure can be substantively variable, making it difficult to evaluate process measures 

of one specific surgical procedure. The other option to measure performance is using 

measures of patient outcome. Traditional patient outcomes such as the incidence of 

intraoperative complications or survival may be used to measure surgical performance, 

but are inadequate indices to measure performance in rhinoplasty due to the rarity of 

these events. In rhinoplasty it is the patient, and the patient only, who dictates success. 

Hence, we theorize that PROMs are the most relevant parameter of performance. 

2.3 Benchmarking surgeons using the RHM 

Standardized data collection facilitates comparisons of rhinoplasty results among 

surgeons, practices or countries. Benchmarking providers could contribute to 

improving the quality of rhinoplasty care by establishing a (inter)national average, 

identifying potential outliers and investigating differences in practice. This possibly 
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creates new and improved standards of care. Interestingly, controversy exists regarding 

benchmarking results between doctors. Openly comparing performance may by 

some be anticipated to be something frightening, and prone to creating a ‘naming 

and shaming’ culture. However, we believe outcome transparency between doctors 

should be embraced. Openly comparing results can create a learning environment in 

which the goal is to collectively improve, by analyzing differences in outcomes. Instead 

of blaming underperformers, the goal is to learn from high performers. Comparisons 

of day-to-day performance may provide a feasible and pragmatic method to identify 

certain surgical techniques or perioperative care regimens that are associated with 

superior outcomes. A Dutch case study of VBHC implementation compared outcomes 

between breast cancer surgeons in different hospitals, and found significant differences 

in the number of reoperations (an outcome that was labeled important by patients) 

due to postoperative bleedings.23 After an open discussion between the concerned 

surgeons, this variance was thought to be explained by prolonged intraoperative wound 

irrigation: this was a standard-of-care for the surgeon with the lowest postoperative 

hemorrhage rate. Adoption of this strategy by the other surgeons led to a considerable 

decrease of reoperations among most of the collaborated hospitals. This is perhaps a 

rather idealistic example, but it does illustrate the potential strength of benchmarking. 

Of note is that in order to facilitate accurate benchmarking, it must be ensured that 

surgeons are indeed comparable. Apart from collecting outcomes, this requires the 

collection of patient characteristics and conditions, also known as case-mix variables 

or risk-adjustment variables. Collecting relevant risk-adjustment variables is crucial 

to ensure valid comparisons of outcomes between providers that serve different 

rhinoplasty populations. A rhinoplasty practice mainly operating on revision cases, 

for example, is expected to attain lower postoperative outcome scores compared to a 

practice exclusively performing primary rhinoplasties. Similarly, whether the intention 

of the surgery is functional or aesthetic is a very relevant risk-adjustment variable. 

In its current state the RHM keeps record of age, sex, primary or revision surgery, 

and whether the focus was functional, cosmetic or both. Hypothetically, additional 

potentially relevant risk-adjustment variables may be race/ethnicity, history of severe 

nasal trauma, educational level (as indirect measure of social economic status) and 

whether expenses for the procedure were covered or paid out-of-pocket.

2.4 Should surgeon performance parameters be publicly available?

Apart from exposing personal performance measures to colleagues, an even more 

controversial issue is whether surgical outcomes should be available to patients. In 

the Netherlands, the free choice of physician that patients enjoy is highly valuated, 

but at the same time, there is not much to choose from. Little to no information about 
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physician performance is currently available to patients. Although standard clinical 

quality indicators collected by hospitals, such as readmissions or surgical site infections, 

are applicable to rhinoplasty, the incidence of such events is low and therefore these 

indicators lack the ability to discriminate between functional rhinoplasty providers. 

To decide where and from whom to receive a cosmetic rhinoplasty, patients rely on 

examples of successful cases provided by the surgeon’s website. Although these may 

certainly be of value to showcase a sense of style of the surgeon, they are by no means 

a true reflection of overall performance. In striving for transparency in healthcare, one 

particular initiative that is endorsed by the ministry of health is Zorgkaart Nederland, 

an online review platform that allows patients to assess and rate registered physicians.24 

The reviews and scores on this website are publicly available. Although this source 

provides some idea of treatment outcomes in rhinoplasty (i.e. patient satisfaction), 

it is primarily a patient-reported experience measure and not an outcome measure. 

More importantly, the reliability of this platform is questionable: patients tend to rate in 

extremes resulting in skewed scores and enterprising physicians have been accused of 

using this platform for marketing purposes, pumping up scores by selectively recruiting 

patients.25 

Given the consecutive nature of patient enrollment in the RHM, the data generated 

by the RHM reflects performance of an unselected cohort, including both satisfied 

and dissatisfied patients. As opposed to the selective nature of patient reviews on 

Zorgkaart Nederland, the cohort-level outcomes provided by the RHM offer patients 

a fair, meaningful and transparent indicator of rhinoplasty results. In the commercial 

market of aesthetic rhinoplasty, publicizing provider-specific outcomes may create 

competition among surgeons to strive for high patient outcomes and could reveal 

malpractices. Furthermore, insights in outcomes may justify differences in pricing 

between clinics, offering patients the option of making an educated choice based on 

price/performance ratio. On the other hand, implementing reliable and valid public 

performance measures is challenging. Not only should the acquired outcomes be 

relevant and valid, data should also be risk-adjusted in order to prevent surgeons from 

manipulating scores by avoiding difficult or revision cases. Second, one may argue 

what timepoint in the follow-up dictates an accurate performance score. The RHM 

measures outcomes at 3 months and 12 months after surgery, but long-term sequelae 

(e.g. alar retraction that may reveal itself after several years) exist and should ideally 

be incorporated in the performance score. Third, as a public quality ranking may have 

far-stretched financial consequences, especially in the commercial aesthetic market, 

public performance measures are potentially vulnerable to fraud. All public information 

should be fully verified, preferably by an independent centralized facilitator, to ensure 

accuracy and reliability.
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2.5 Improving evidence levels in rhinoplasty

Perhaps the most significant advantage of initiatives such as the RHM is the potential 

to elevate the level of evidence in rhinoplasty. Evidence levels rank the methodological 

quality and relative strength of results obtained from scientific studies. The highest 

level of evidence is level I, representing high-quality randomized controlled trials (RCTs); 

the lowest level of evidence is level V, representing expert opinion (Table 1).26 In facial 

plastic surgery, including rhinoplasty, evidence levels are relatively low compared 

to other healthcare areas. Most studies are anecdotal, based on expert opinion or 

retrospective case series; level I or level II studies are exceedingly rare.27 As scientific 

evidence is becoming tied to reimbursements, the absence of high-level evidence can 

have far stretched consequences. In the Netherlands, for example, health insurance 

carriers are collectively starting to decline expense coverages for functional rhinoplasty 

as there are no randomized controlled trials (RCTs) or meta-analyses to support the 

effectiveness of nasal valve surgery.28 As a consequence, an increasing percentage of 

Dutch patients with moderate to severe nasal obstruction are withheld from treatment; 

treatment that every experienced rhinoplasty surgeon will label as effective. 

Table 1. Evidence levels.

Level of 

evidence

Qualifying Studies

I High-quality, multicenter or single-center, randomized controlled trial with adequate 

power; or systematic review of these studies

II Lesser-quality, randomized controlled trial; prospective cohort or comparative study; 

or systematic review of these studies

III Retrospective cohort or comparative study; case-control study; or systematic review 

of these studies

IV Case series with pre-/post test or only post test

V Expert opinion developed via consensus process; case report or clinical example; or 

evidence based on physiology, bench research, or “first principles”

As the impact of bias is minimized by strictly controlling the study population, 

setting and methods, RCTs are considered the gold standard to study the effect of 

an intervention.29 However, attaining such evidence in surgical interventions poses 

significant challenges. Apart from obstacles arising from sample size recruitment, 

blinding, ethical considerations and financial barriers, most surgical interventions are 

subject to substantial procedural variability. Due to a tremendous heterogeneity of 

surgeon-specific factors (e.g. preference for techniques, experience, learning curve) 

and patient factors (varying individual anatomy and pathology), this is particularly 

evident in rhinoplasty. Primarily, it is nearly impossible to conduct a trial in which such 
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surgeon and patient factors are completely homogeneous, a necessary requirement 

to reliably study an isolated effect of a specific rhinoplasty technique. Second, the 

procedural variability of rhinoplasty could well imply that a technique studied in a well-

controlled experimental setting in center A, may behave significantly different when 

executed in center B. Therefore, even if RCTs were logistically, technically and financially 

feasible, generalizability of trial results is questionable.

Consequently, rhinoplasty surgeons must consider different routes to raise the level 

of evidence. High-level evidence that is relatively feasible to acquire could arise from 

large outcome registries. Using big data analyses from prospectively acquired outcome 

data is relatively affordable and provides level 2c evidence; evidence that is currently 

scarce in facial plastic surgery. Although causality will remain difficult and bias is 

never eliminated, large datasets could produce solid prediction models that reliably 

indicate what effect may be expected from rhinoplasty following specific anatomical, 

procedural and patient characteristics. Such registries combining data on facial plastic 

procedures are already available, but these usually lack the most important parameter 

of effectiveness: patient-reported outcomes.30 Initiatives such as the RHM can facilitate 

standardized and multi-center acquisition of PROM data, producing large sample 

sizes that lead to valuable (inter)national datasets. Such datasets may not only help 

to improve surgical decision-making and establish clinical practice guidelines, but also 

provide a data-driven reply to third-party skepticism.31

2.6 Future improvement of the RHM

Despite all good intentions, the past years have learned us that virtually all attempts 

to improve quality in healthcare have come at the cost of increased administrative 

burden. Clinical documentation, procedural checklists and quality accreditations have 

all emerged as ‘guards’ of quality in healthcare, but have also accumulated to the 

number one frustration of healthcare professionals nowadays.32 Physicians worldwide 

have reported that administrative duties negatively affect the ability to deliver high-

quality care, result in lower levels of career satisfaction and contribute to the incidence 

of burnouts.33-35 As much as we have tried to design the RHM to fit a busy practice with 

minimal administrative load, the design currently dictates that users manually enter 

PROM scores into their practice’ database. This takes time and especially for non-

academic surgeons, that additional time could be a significant barrier to implementing 

routine outcome measurements in practice. Therefore, one of the most important 

improvements that we intend to achieve in the near future is a fully digital, automated 

PROM administration and acquisition method. Early 2021 we have replaced the paper-

based PROM collection with an electronic PROM system that allows patients to either 

fill in the questionnaires at home or in the waiting room using a tablet computer. This 
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contributes to automated data acquisition and is also in line with a recent qualitative 

study that suggests that patients prefer electronic platforms over paper.36 Still, the 

current electronic PROM administration produces a raw data file that mandates 

manual input into the RHM database. Apart from creating administrative load, manually 

entering PROM scores into a database also potentially introduces data entry errors.37 

We are therefore working on a method to automatically transfer the acquired raw data 

into the RHM database, for which a few technological hurdles will have to be cleared. 
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3. The role of averageness in aesthetic rhinoplasty outcome

3.1 Reflection on results 

Patient-reported outcome measures cover a wide range of outcomes relevant to 

rhinoplasty patients, including symptom severity, symptom burden, satisfaction, and 

health-related quality of life. Since these domains necessitate the patient perspective, 

PROMs take a vital and indispensable position in the measurement of rhinoplasty 

outcomes. Still, PROMs have its disadvantages. Given the subjective nature of responses, 

PROMs inherently introduce bias. PROM answers may be affected by factors such 

as mood, expectations, interaction with the healthcare provider and socioeconomic 

situation.38 For rhinoplasty specifically, rhinoplasty patients may be concerned that 

the severity of symptoms affects eligibility for surgery and adjust their responses 

accordingly. In several countries such as the Netherlands and the UK, this bias is further 

fueled by the role of the insurance carrier or commissioner: the decision to cover the 

procedure is made on an individual basis in which the severity of functional disturbances 

plays an important role.39 Although currently few patients appear to be aware of 

coverage criteria, this potentially inflates baseline PROM scores. Furthermore, PROMs 

may also overestimate treatment effects. A large meta-analysis of over 1000 trials 

found that when patients are aware of their allocation, patients allocated to treatment 

arms tend to be overly optimistic in reporting outcomes, whereas control patients tend 

to undervalue outcomes.40 Moreover, it has been suggested that in cosmetic surgery, 

which is elective in nature, patients overvalue postoperative outcomes in order to justify 

their decision to undergo the procedure.41 On the other side of the spectrum, facial 

plastic surgeons frequently encounter patients being overly critical about relatively 

small disturbances. Consequently, arguments to include objective measures in core 

outcome sets for rhinoplasty exist. 

We have attempted to produce a basis for an objective measure of aesthetic rhinoplasty in 

chapter 7. Using averageness of nasal shape, we identified an objectively measurable trait 

of attractive noses. The more an individual Caucasian female nose resembles the average 

shape of Caucasian female noses, the more attractive it is perceived. We performed a 

mathematical analysis of nasal landmarks, producing a numerical value that indicates how 

much an individual nose deviates from average. This deviation score could potentially serve 

as an objective measure of aesthetic rhinoplasty: the more a nose approaches the average, 

the more successful the rhinoplasty. To our knowledge, no other authors have attempted to 

quantify nasal shape altogether as a metric that correlates with a favorable outcome. Several 

authors managed to objectively measure changes after rhinoplasty using two- or three-

dimensional surface analysis, but did not superimpose these objective changes onto an 

outcome scale.42-45 Szychta et al. objectively measured symmetry of the nose using a three-
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dimensional scanner, and reported an increase in symmetry after posttraumatic rhinoplasty.46 

Although symmetry is important, its role in determining the success of a rhinoplasty is 

limited especially given its irrelevance in profile analysis. Prior to the publication of chapter 7,  

no objective aesthetic outcome instruments assessing the nose as a whole have been 

identified.47 

The scarce literature indicates that creating a valid and reliable objective outcome 

measure is challenging, and consequently several remarks can be made regarding our 

findings. Whether averageness is a complete substitute for either attractiveness or the 

success of aesthetic rhinoplasty is questionable. Primarily, attractiveness has proven 

to be a difficult concept to capture objectively. Evolutionary and social psychologists 

have studied attractiveness for decades, but the concept still eludes a satisfactory 

understanding.48 Although averageness has been shown to be a robust factor, it is likely not 

the only contributor to attractiveness.49 Similarly, whether the degree of averageness is a 

valid parameter to dictate the aesthetic success of an individual rhinoplasty is debatable. 

Aesthetic rhinoplasty patients may have particular individual desires that substantially 

differ from average nasal shape. Some patients may have specific requests in line with 

their personal sense of beauty, others may desire a nose that deliberately diverts away 

from their ethnical origin. A rhinoplasty result that the patient considers successful is 

therefore not necessarily equal to an improvement in averageness deviation score. One 

could argue that the objective measure of averageness is of particular value on a cohort-

level assessment of outcome, and less suitable in determining outcomes in individual 

cases. On the other hand, it is postulated that rhinoplasty candidates mainly desire a 

less conspicuous nose.50 Instead of an operated, stylized look, patients predominantly 

prefer a nose that restores facial harmony in which not the nose, but aesthetically more 

pleasing features such as the eyes draw attention.20 Based on that theory, the degree 

of averageness may well be a valid indicator of success as averageness irrevocably 

reduces conspicuities. Furthermore, many surgeons agree that the majority of non-

Caucasian rhinoplasty candidates wish to maintain rather than eliminate their ethnical 

traits, suggesting that an averaged nose of corresponding ethnicity sets an adequate 

surgical goal.51-53 We therefore assume that for the majority of patients, averaged nasal 

shape is indeed indicative of successful outcome. Naturally, future research is needed to 

substantiate this assumption. 

3.2 Directions for future research

Given the experimental nature of the study presented in chapter 7, we propose 

several areas for further study before qualifying the averageness deviation score as 

an objective outcome measure for aesthetic rhinoplasty. Primarily, the association 

between nasal averageness and attractiveness will need further investigation, as we 
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are the first to report on this relation. A future study could involve changing the original 

shape of study participant’s noses into average shape, as we demonstrate in Figure 1,  

and assess whether this leads to an increase in attractiveness. Further, the value of the 

averageness deviation score will have to be investigated in rhinoplasty patients. Studying 

the correlation between change in averageness deviation score and change in PROM scores 

after rhinoplasty is the most obvious method to establish validity for this objective outcome 

measure. If indeed the averageness deviation score proves to be reliable and valid to assess 

aesthetic outcome in Caucasian females, averaged prototypes for patients of different 

gender and ethnical origin may be developed and tested. 

Figure 1. Two examples of the original nose (left, female, age 32; center right, female, age 34) 

reshaped by adjusting the landmark position to that of the averaged composite (center left and 

right, respectively). 



General discussion   |   183

8

4. Concluding remarks 

As outcome information is increasingly considered essential in medical decision-making, 

outcome-based approaches are experiencing a boost in healthcare. In the realm of 

VBHC, the patient perspective has taken a central role in defining relevant outcomes. 

With this thesis, we have attempted to adapt to this paradigm change and capture the 

patient perspective in rhinoplasty. This thesis has demonstrated that routine outcome 

measurements can improve preparation of consultation, patient selection, patient 

empowerment and management of expectations, and visualize personal surgical 

performance. Above all, we hope that these advantages encourage other rhinoplasty 

surgeons to participate in routinely measuring outcomes. As new opportunities arise 

from digitization and information technologies, platforms such as the RHM potentially 

provide infrastructures to collect study data on large scales and combine data to build 

big data registries. To achieve this, finding a common ground for routine outcome 

measurements is key. This thesis makes an appeal to join forces and collectively invest 

time and resources in enhancing routine outcome measurements in rhinoplasty. By 

collaborating we can advance from expert opinion to cohort-level evidence and provide 

data-driven responses to third parties, our patients and ourselves. 
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The current era of healthcare is characterized by a gradual paradigm shift. Formerly 

fueled by volume of services, healthcare is now transiting to a system based on 

outcomes of delivered services. Outcomes reflect the health benefits that have been 

achieved with a particular treatment. Information on achieved outcomes is essential 

to determine the effectiveness of delivered care. Patients rely on outcome information 

to make educated decisions about their health, providers to choose the most suitable 

treatment and monitor their performance, and governments and insurance carriers 

to improve quality and cost-effectiveness of healthcare. 

In functional and aesthetic nasal surgery, or rhinoplasty, the patient perspective is crucial 

to determine the outcome. The aim of this procedure is to improve nasal breathing or 

the appearance of the nose, as experienced by the patient. Hence, rhinoplasty largely 

depends on outcomes that reflect patient’s views. Currently, however, patient-reported 

outcomes of rhinoplasty are scarce because they are not routinely measured. This lack 

of outcome data hinders the establishment of high-level evidence on the effectiveness 

of rhinoplasty, and compromises transparency about rhinoplasty results towards 

patients and third parties. The aim of this thesis is to tackle several challenges that 

refrain rhinoplasty surgeons from collecting and analyzing outcomes in rhinoplasty. 

Specifically, this thesis provides an evidence-based recommendation on which outcome 

instruments to use, demonstrates a methodology to implement routine outcome 

measurements into daily practice, and explores additional clinical advantages resulting 

from routine outcome measurements. Additionally, nasal attractiveness is quantified, in 

an attempt to lay a basis for an objective outcome instrument in aesthetic rhinoplasty. 

Currently, numerous patient-reported outcome measures (PROMs) of different 

quality measuring different rhinoplasty outcomes exist, which are used arbitrarily. This 

causes difficulty in pooling and comparing outcome data and hinders the transparent 

communication of outcomes to patients and third parties. To make an evidence-based 

decision on which PROM to use, a systematic evaluation of the quality of each PROM is 

necessary. A high-quality PROM is interpretable, feasible and carries adequate measurement 

properties such as validity, reliability and responsiveness. Chapter 2 describes a systematic 

review using a consensus-approved guideline to evaluate the measurement properties 

of all PROMs that measure functional and aesthetic outcomes in rhinoplasty. Among 

instruments measuring functional outcome, the NOSE scale was found to have the most 

evidence of good quality. The NOSE scale demonstrated high-quality evidence for sufficient 

structural validity, internal consistency, reliability, construct validity, and responsiveness, 

along with favorable interpretability and feasibility aspects, and was therefore selected 

as the most suitable instrument to measure functional outcome. The recommendation 

on the best instrument to measure aesthetic outcome was not as outspoken; the FACE-Q 
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Rhinoplasty Module and the SCHNOS aesthetic subscale were the only instruments that 

carried evidence for sufficient structural validity and internal consistency. Both PROMs are 

relatively new compared to the NOSE, which could explain the lack of studies investigating 

the measurement properties of these scales. Future studies investigating validity, reliability 

and responsiveness of the FACE-Q Rhinoplasty Module and SCHNOS will be necessary to 

confirm the quality of these PROMs.

In chapter 3, we describe the translation and validation of the NOSE scale into the Dutch 

language. Apart from the available evidence for adequate quality, the NOSE scale is practical 

and popular: it has been translated and validated in many different languages. However, 

no Dutch language version exists. A valid Dutch version that is linguistically and culturally 

adapted to the original version is mandatory in order to administer the NOSE scale in 

Dutch patients. Chapter 3 describes the translation process of the NL-NOSE, followed 

by an assessment of measurement properties of this translated questionnaire. The NL-

NOSE demonstrated satisfactory reliability and validity, and is therefore recommended to 

measure subjective severity of nasal obstruction in Dutch adult patients.

Although the theoretical value of outcome data is evident for many, the anticipated 

difficulty of integrating routine outcome measurements in the clinical environment 

has been a common obstacle for healthcare providers, including rhinoplasty surgeons. 

Routinely collecting outcomes is often considered an administrative or statistical 

burden, and means to easily aggregate and assess outcome data are scarce. We 

describe the development and implementation of a prospective rhinoplasty outcome 

routine in chapter 4. Using an automated and real-time data dashboard, an overview 

of functional and aesthetic results within a rhinoplasty practice and insights into the 

characteristics of the served population are presented. Additional clinical advantages 

of using this Rhinoplasty Healthcare Monitor (RHM) related to patient selection, 

patient empowerment and third-party requests are demonstrated. In chapter 5, we 

demonstrate the benefits of using the RHM in secondary cleft lip and palate rhinoplasty 

patients. This population differs substantially from general rhinoplasty patients in terms 

of body image and expectations from surgery, on which the surgeon should anticipate. 

Apart from patient expectations, expectations of the surgeon regarding functional and 

aesthetic gain after rhinoplasty should likewise be adjusted since secondary cleft lip 

rhinoplasty is a particularly difficult procedure. The outcome dashboard exposes these 

differences and similarly provides additional clinical advantages of using an outcome 

routine in this specific population. 
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Routine outcome measurements also benefit the individual surgeon. The rhinoplasty 

learning curve lasts a lifetime, and its course is sculpted by learning curve accelerators 

(e.g. number of rhinoplasties performed, attendance to courses) and decelerators (e.g. 

less focus on rhinoplasty, ageing). One of the most important learning curve accelerators 

is reflection on achieved results. Chapter 6 presents two features of the RHM that 

enhance self-assessment. The first is identifying patients with adverse outcomes, 

allowing the surgeon to critically appraise the medical charts of these patients and 

possibly identify mistakes that can be learnt from. The second self-evaluative feature is 

the display of annual performance, allowing the surgeon to assess longitudinal progress. 

By graphically representing performance as a function of time, this plot informs the 

surgeon of annual performance, gives an indication of the gradient of performance 

development, and may identify trends that are worth evaluating. 

Although patient satisfaction remains the major determinant of aesthetic rhinoplasty 

success, patient-reported outcome is subjective in nature. Scores may be influenced 

by confounding factors not under the control of the surgeon. An objective measure 

ignores these influences and could therefore complement patient-reported outcome. 

Developing an objective aesthetic outcome instrument, however, requires a definition 

and objective quantification of ideal nasal shape. Based on previous research on facial 

attractiveness, chapter 7 explores the role of averageness on nasal attractiveness. In 

this experimental study the correlation between mathematical averageness of nasal 

shape and subjective attractiveness is investigated. Photographic series of the face 

were obtained from Caucasian female volunteers, and converted into a mathematically 

averaged composite image. A rating panel rated this composite as significantly more 

attractive than the distribution of ratings for the original images. Furthermore, we were 

able to calculate a score expressing deviation from average nasal shape, which correlated 

negatively with attractiveness. These findings imply that an average nose is an attractive 

nose. Change in nasal shape deviation score following rhinoplasty has potential as an 

objective aesthetic rhinoplasty outcome measure, although the correlation between 

averageness, attractiveness, and patient satisfaction needs further research.

Chapter 8 contains a general discussion in which the findings of this thesis are reviewed 

in a broader perspective and suggestions for future directions are provided. We describe 

possible routes to better standardization in rhinoplasty outcome measurements, discuss 

the merits of surgeon-specific performance parameters and consider the role of routinely 

acquired outcome data in improving evidence levels in rhinoplasty. We conclude with an 

appeal to collaborate: only by joining forces can surgeons advance from expert opinion 

to cohort-level evidence and improve data-driven decision-making in rhinoplasty.
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De afgelopen decennia is er in de zorgsector steeds meer nadruk komen te liggen 

op resultaten van zorg. Waar evaluatie van zorg in het verleden vooral berustte 

op kwantiteit, zijn het nu met name de uitkomsten van geleverde zorg die centraal 

staan. Uitkomsten geven weer welke gezondheidswinst is geboekt met een bepaalde 

behandeling. Informatie over de daadwerkelijk geboekte gezondheidswinst van 

geleverde zorg is zowel voor patiënten, zorgverleners, zorgverzekeraars als overheid 

bijzonder waardevol. Uitkomstinformatie is namelijk essentieel om de kwaliteit van zorg 

te verbeteren, de kosten van zorg betaalbaar te houden en om een goed onderbouwde 

keuze te kunnen maken tussen behandelingen of zorgaanbieders. 

Bij neuscorrecties, ook wel rhinoplastieken, is het perspectief van de patiënt leidend 

in het bepalen van de uitkomst. Het doel van deze operatie is namelijk het verbeteren 

van de neusademhaling of het uiterlijk van de neus, zoals dat door de patiënt zelf 

wordt ervaren. Patiënt-gerapporteerde uitkomstmetingen, wat wil zeggen dat de 

patiënt deze uitkomsten zelf beoordeelt en scoort, zijn dus cruciaal om het resultaat 

van een neuscorrectie te kunnen evalueren. Momenteel zijn patiënt-gerapporteerde 

uitkomsten van rhinoplastieken echter nauwelijks beschikbaar omdat ze óf niet 

routinematig worden gemeten, óf omdat ze op teveel uiteenlopende manieren 

worden gemeten. Dit gebrek aan uniformiteit belemmert de totstandkoming van goed 

wetenschappelijk bewijs over de effectiviteit van een neuscorrectie. Bovendien is een 

gestandaardiseerde, breed gedragen uitkomstregistratie noodzakelijk om transparant 

te kunnen zijn over behandelresultaten richting patiënten en derde partijen. Het doel 

van dit proefschrift is om neuschirurgen handvatten te bieden die het systematisch 

verzamelen en analyseren van uitkomsten bevorderen. Concreet gaat het hierbij 

om een wetenschappelijk onderbouwde aanbeveling welke uitkomstinstrumenten 

gebruikt zouden moeten worden, een methode om systematische uitkomstregistraties 

in de dagelijkse praktijk te implementeren, en een demonstratie van additionele 

voordelen van gestandaardiseerd uitkomsten meten. Daarnaast wordt onderzocht of 

aantrekkelijkheid van de neus gekwantificeerd kan worden, als potentiële basis voor 

een objectief esthetisch uitkomstinstrument. 

Momenteel is er voor neuscorrecties een breed scala aan verschillende patiënt-

gerapporteerde uitkomstmaten (patient-reported outcome measures, PROMs) 

beschikbaar, die willekeurig worden gebruikt. Deze wildgroei bemoeilijkt het 

samenvoegen en vergelijken van uitkomstgegevens, en belemmert transparantie 

over uitkomsten richting patiënten en andere geïnteresseerde partijen. Om een 

wetenschappelijk onderbouwde beslissing te kunnen nemen over welke PROM 

gebruikt zou moeten worden, is een systematische evaluatie van de kwaliteit van alle 

beschikbare PROMs noodzakelijk. Een PROM van hoge kwaliteit is niet alleen praktisch 
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en goed interpreteerbaar, maar beschikt ook over adequate meeteigenschappen zoals 

validiteit, betrouwbaarheid en responsiviteit. Hoofdstuk 2 beschrijft een systematische 

review waarbij de meeteigenschappen van alle functionele en esthetische PROMs voor 

rhinoplastieken worden geëvalueerd. Van de instrumenten die functioneel resultaat 

meten, bleek de NOSE schaal over het meeste bewijs voor voldoende kwaliteit te 

beschikken. Dit geldt met name voor structurele validiteit, interne consistentie, 

betrouwbaarheid, construct validiteit en responsiviteit. Dit in combinatie met het 

feit dat deze schaal praktisch en interpretabel is, maakt dat deze schaal het meest 

geschikt werd geacht om het functionele resultaat van een rhinoplastiek te meten. 

De aanbeveling ten aanzien van het instrument om het esthetische resultaat in kaart 

te brengen was niet zo uitgesproken; de FACE-Q Rhinoplastiek Module en de SCHNOS 

esthetische subschaal waren de enige instrumenten met bewijs voor voldoende 

structurele validiteit en interne consistentie. Beide PROMs zijn relatief nieuw in 

vergelijking met de NOSE, wat het gebrek aan studies naar de meeteigenschappen 

van deze schalen zou kunnen verklaren. Om de kwaliteit van de FACE-Q en de SCHNOS 

te bevestigen, zullen toekomstige studies nodig zijn die de validiteit, betrouwbaarheid 

en responsiviteit van deze schalen verder onderzoeken. 

In hoofdstuk 3 beschrijven we de vertaling en validatie van de NOSE-schaal in de 

Nederlandse taal. De NOSE-schaal is inmiddels in veel verschillende talen beschikbaar, 

maar een Nederlandstalige versie ontbreekt nog. Om de NOSE-schaal bij Nederlandstalige 

patiënten af te kunnen nemen moet de vertaalde schaal taalkundig en cultureel 

gelijkwaardig zijn aan de originele versie. Hoofdstuk 3 beschrijft het vertaalproces 

van de NL-NOSE, gevolg door een beoordeling van de meeteigenschappen van deze 

Nederlandse variant. De NL-NOSE toonde voldoende betrouwbaarheid en validiteit en 

wordt daarom aanbevolen om de subjectieve ernst van neusobstructie te meten bij 

volwassen Nederlandse patiënten. 

Hoewel de meeste zorgverleners het er wel over eens zijn dat uitkomstinformatie 

waardevol is, worden routinematige uitkomstregistraties in de praktijk nog maar beperkt 

geïmplementeerd. Belangrijke obstakels hierbij zijn de opvatting dat uitkomstregistraties 

interfereren met de dagelijkse praktijkvoering, alsmede het gebrek aan een methodiek 

om uitkomsten snel en gemakkelijk te kunnen analyseren. In hoofdstuk 4 beschrijven 

we de ontwikkeling en implementatie van een prospectieve uitkomstregistratie voor 

rhinoplastiek patiënten. Met behulp van een geautomatiseerd dashboard waarin 

data real-time gepresenteerd wordt, worden patiëntkarakteristieken en functionele 

en esthetische resultaten overzichtelijk weergegeven. Tevens worden aanvullende 

klinische voordelen van het gebruik van deze Rhinoplasty Healthcare Monitor (RHM) 

met betrekking tot patiëntselectie, gedeelde besluitvorming en verantwoording naar 
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derde partijen beschreven. In hoofdstuk 5 demonstreren we de voordelen van de RHM 

bij patiënten met een lip- en/of gehemeltespleet (schisis) die in aanmerking komen 

voor een secundaire neuscorrectie. Deze populatie verschilt aanzienlijk van algemene 

neuscorrectiepatiënten als het gaat om zelfbeeld en verwachtingen van chirurgie, 

waar de chirurg op dient te anticiperen. Omdat een secundaire rhinoplastiek bij schisis 

een lastige operatie is, moeten de verwachtingen van zowel de patiënt als de chirurg 

worden bijgesteld. Het dashboard legt deze verschillen bloot en brengt op eenzelfde 

manier aanvullende klinische voordelen met zich mee in deze specifieke populatie. 

Het gestandaardiseerd meten van uitkomsten biedt niet alleen voordelen voor patiënten 

en andere partijen die geïnteresseerd zijn in resultaten van zorg, maar ook voor de 

individuele chirurg. Het verrichten van rhinoplastieken kent een levenslange leercurve, 

en deze curve wordt zowel beïnvloed door factoren van progressie (bijvoorbeeld het 

aantal uitgevoerde rhinoplastieken, deelname aan cursus) als factoren van regressie 

(zoals verminderde expositie of veroudering). Eén van de belangrijkste factoren die de 

hellingshoek van de rhinoplastiek leercurve vergroot is het reflecteren op behaalde 

resultaten. Hoofdstuk 6 presenteert twee kenmerken van de RHM die helpen bij het 

evalueren van eigen presteren. De eerste is het automatisch identificeren van patiënten 

met ongunstige uitkomsten. Analyse van deze patiënten kan bepaalde patronen of 

beslissingen boven tafel krijgen die ten grondslag lagen aan de teleurstellende 

resultaten. Dit zou waardevolle lessen voor de toekomst op kunnen leveren. De tweede 

functie die zelf-evaluatie bevordert is de weergave van jaarlijkse prestaties, waarmee 

de chirurg zijn eigen voortgang kan beoordelen. Door een gemiddelde van behaalde 

uitkomsten per jaar uit te zetten tegen de tijd, krijgt de chirurg een idee van jaarlijkse 

prestaties, prestatieontwikkeling en trends in de prestatiecurve die het evalueren waard 

zijn. 

Hoewel bij esthetische rhinoplastieken de tevredenheid van de patiënt de belangrijkste 

determinant blijft van een goed resultaat, heeft de subjectieve aard van een PROM 

ook nadelen. Scores kunnen worden beïnvloed door factoren die los staan van het 

technisch resultaat en die de chirurg niet altijd onder controle heeft. Een objectieve 

uitkomstmaat negeert dit soort invloeden en zou daarom een goede aanvulling 

kunnen zijn op patiënt-gerapporteerde uitkomsten. Het ontwikkelen van een objectief 

esthetisch uitkomstinstrument vereist echter een definitie en objectieve kwantificering 

van het best mogelijke, of ‘ideale’ resultaat. Gebaseerd op bestaand onderzoek naar 

aantrekkelijk van het hele gezicht, onderzoekt hoofdstuk 7 de rol van gemiddeldheid 

bij het bepalen van de aantrekkelijkheid van de neus. In deze experimentele studie 

wordt de correlatie tussen mathematische gemiddeldheid van de vorm van de neus 

en subjectieve aantrekkelijkheid van de neus onderzocht. Hierbij werden fotoseries 
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van vrouwelijke Kaukasische vrijwilligers mathematisch samengesmolten tot een 

gemiddelde neusvorm. Een jury beoordeelde deze samengestelde neus als aanzienlijk 

aantrekkelijker dan de neuzen op de originele foto’s. Daarnaast wordt in dit hoofdstuk 

een score berekend die de deviatie ten opzichte van de gemiddelde neusvorm uitdrukt, 

wat negatief bleek te correleren met aantrekkelijkheid. Deze bevinding impliceert dat 

een gemiddelde neus een aantrekkelijke neus is. Een vergelijking tussen preoperatieve 

deviatie van gemiddeld en postoperatieve deviatie van gemiddeld zou in potentie de 

esthetische uitkomst weer kunnen geven in objectieve zin. Wel wordt hierbij opgemerkt 

dat de correlatie tussen gemiddeldheid, aantrekkelijkheid en de correlatie met PROMs 

verder onderzoek behoeft. 

Hoofdstuk 8 bevat een algemene discussie waarin de bevindingen van dit proefschrift 

in een breder perspectief worden bekeken en suggesties voor toekomstige studies 

worden gedaan. We beschrijven mogelijke routes naar een betere standaardisatie van 

uitkomstmetingen van rhinoplastieken, bespreken de waarde van chirurg-gebonden 

prestatieparameters en benoemen de rol van uitkomstregistraties bij het verhogen 

van bewijsniveaus in de rhinoplastiek-gerelateerde literatuur. We sluiten af met een 

oproep om de handen ineen te slaan: alleen door krachten te bundelen kunnen we 

wetenschappelijke bewijsniveaus naar een hoger niveau tillen, en data-gestuurde 

besluitvorming rondom rhinoplastieken maximaliseren. 
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List of abbreviations

RCT Randomized Controlled Trial

PROM Patient-Reported Outcome Measure

VBHC Value-Based Healthcare

CT Computed Tomography

PNIF Peak Nasal Inspiratory Flow

NOSE Nasal Obstruction Symptom Evaluation

NASION Non-Invasive Assessment and Symptomatic Improvement of the 

Obstructed Nose

SCHNOS Standardized Cosmesis and Health Nasal Outcomes Survey

RhinoQoL Rhinologic Quality of Life

SNOT Sino-Nasal Outcome Test

SF Short Form

GHQ General Health Questionnaire

ROE Rhinoplasty Outcome Evaluation

UQ Utrecht Questionnaire

DAS Derriford Appearance Scale

MBSRQ Multidimensional Body-Self Relations Questionnaire 

RSE Rosenberg Self Esteem

COSMIN Consensus-based Standards for the selection of health Measurement 

Instruments

MIC Minimal Important Change

VAS Visual Analogue Scale

FROI Functional Rhinoplasty Outcome Inventory

NSQ Nasal Surgical Questionnaire

HR-PRO Health-Related Patient-Reported Outcomes

WHO World Health Organization

ICC Intraclass Correlation Coefficient

CFI Comparative Fix Index

TLI Tucker-Lewis Index

SD Standard Deviation

SRM Standardized Response Mean

CFA Confirmatory Factor Analysis

GRM Graded Response Models

SRMR Standardized Root Mean squared Residual

RMSEA Root Mean Squared Error of Approximation

pclose Probability of RMSEA ≤ 0.05

rho Spearman correlation
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M-W Mann-Whitney U test

ICHOM International Consortium for Health Outcomes Measurement

RHM Rhinoplasty Healthcare Monitor

TPCC Tutoplast™ Processed Costal Cartilage
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Summary of PhD training and teaching activities

Name of PhD student: Floris V.W.J. van Zijl

Erasmus MC dept. of: Otolaryngology and Head & Neck Surgery

Promotor: Prof. Dr. R.J. Baatenburg de Jong

Co-promotor: Dr. F.R. Datema

Year(s) ECTS

General courses  

Research integrity 2018 0.3

Basic surgical exam 2015 0.5

SPSS basic introduction course 2014 1.0

Advanced Life Support 2014 1.0

Specific courses  

International reconstructive and aesthetic facial surgery 
course, Nijmegen

2021 1.0

27th Stuttgart Advanced Course for Rhinoplasty, Stuttgart 2019 1.0

ENT-training ‘ENTER’ courses 2015-2019 3.0

Desiderius Education ‘discipline overstijgend onderwijs’ 2015-2019 2.0 

PhD-related presentations 

PROMs in facial plastic surgery

Virtual Pan Scotland Registrar Training Day Facial Plastic 
Surgery

2022 0.5

Self-assessment using the Rhinoplasty Healthcare Monitor

Annual meeting of EAFPS, Nice 2021 0.5

Humans like average noses 

Journal Club Aesthetic Surgery Journal 2021 0.5

Learning and improving using rhinoplasty outcome routine

Scientific Event Dept. of Otorhinolaryngology Erasmus MC, 
Rotterdam

2020 0.5

EAFPS Fellowship: experience and practical tips 

Annual meeting of EAFPS, virtual 2020 0.5
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EAFPS juniors 

Netherlands Society of Otorhinolaryngology meeting, 
Nieuwegein

2019 0.5

The role of averageness in aesthetic rhinoplasty

Accredited course Erasmus MC, Rotterdam 2019 0.5

Research as EAFPS junior: benefits and opportunities

Annual meeting of EAFPS, Amsterdam 2019 0.5

How to select an appropriate rhinoplasty outcome instrument 

Netherlands Society of Otorhinolaryngology meeting, 
Nieuwegein

2018 0.5

Conferences

Annual Meeting of European Academy for Facial Plastic 
Surgery, Nice

2021 1.0 

Attendance to biannual Netherlands Society of 
Otorhinolaryngology meeting

2015-2021 4.0

Attendance to annual research day otorhinolaryngology, 
Erasmus MC

2015-2021 2.0 

Annual Meeting of European Academy for Facial Plastic 
Surgery, Virtual

2020 1.0

Annual Meeting of European Academy for Facial Plastic 
Surgery, Amsterdam

2019 1.0

4th Congress of European Otorhinolaryngology Head Neck 
Surgery, Barcelona

2017 1.0

Teaching

Direct supervision of graduation research of MSc student 2020-2021 1.0

Supervising various workgroups for 1st, 3rd and 5th year 
medical students

2015-2019 1.0

ENT-education for medical students, theatre nurses and 
oncology nurses 

2015-2019 2.0
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Year(s) ECTS

Other academic activities

Boardmember Junior Board of European Academy for Facial 
Plastic Surgery

2018-2021 4.0

Organizer ‘Symposium Experimenteel Onderzoek 
Heelkundige Specialismen’

2018 2.0

Research visit prof. D.I. Perrett’s ‘Perception Lab’, St. Andrews 2016 1.0

Total 35.3

1 ECTS (European Credit Transfer System) is equal to a workload of 28 hours





Appendix
Dankwoord





Dankwoord   |   227

D

Dankwoord

Natuurlijk is dit proefschrift vooral tot stand gekomen dankzij de hulp van en 

samenwerking met anderen. Hierbij wil ik de volgende personen in het bijzonder 

bedanken:

Geachte prof.dr. R.J. Baatenburg de Jong. Beste Rob, na een enigszins dubieuze 

selectieprocedure, inclusief een borrel met de B-opleiders in een louche Haags hotel, 

kreeg ik in de koffiebar van de Daniel van jou te horen dat ik mocht starten met de KNO-

opleiding. Sindsdien hebben wij het goed met elkaar kunnen vinden en ook gedurende 

dit promotietraject verliep de samenwerking vlekkeloos. Ik heb ontzettend veel gehad 

aan je kritische blik en innovatieve ideeën. Bovendien heeft jouw enthousiasme dit 

project nog leuker gemaakt. Ik heb veel vertrouwen en vrijheid van jou gekregen de 

afgelopen jaren, daar ben ik erg dankbaar voor. 

Geachte dr. F.R. Datema, beste Daat! Als drijvende kracht achter dit proefschrift gaat 

mijn dank natuurlijk vooral uit naar jou. Nog geen dag nadat ik officieel in opleiding was, 

ontving ik een mail van jou. Of ik onderzoek wilde doen ‘waar ik zelf ook iets aan zou 

hebben’. De gave om zaken fraai te verpakken was jou toen al niet vreemd. Niet veel 

later zat ik in Utrecht tegenover Lohuis, die in wat minder omslachtige bewoordingen 

stelde dat ik dus wilde promoveren. Zo geschiedde en de hele exercitie liep al vrij snel 

op rolletjes. Dit was deels te danken aan het feit dat het project steeds relevanter 

werd, maar vooral ook aan jouw buitengewoon actieve rol als copromotor. Het maakte 

niet veel uit op welke dag of op welk tijdstip ik iets naar jou stuurde, nog geen paar 

uur later had ik het stuk volledig nagekeken terug. Overigens heb ik dat niet altijd als 

prettig ervaren. De reactiesnelheid leek mij in ieder geval de titel ‘co-promotor van 

het jaar’ waard, een initiatief binnen het Erasmus MC waar je me opvallend genoeg 

zelf op attendeerde, maar zo mooi werd het helaas niet. Naast de wetenschappelijke 

begeleiding ben ik je vooral ook dankbaar voor de eindeloze uren opleiding op de 

operatiekamer. Niet alleen gedurende mijn opleiding, ook als jij op zaterdagen in de 

Park opereerde tijdens mijn fellowship en onze recente gezamenlijke ingrepen sinds 

we collega’s zijn. Jij hebt tijd noch moeite gespaard om mij de kneepjes van het vak te 

leren, daar ben ik je zeer dankbaar voor!  

Geachte prof.dr. Hazelzet, prof.dr. Mathijssen en prof.dr. Lingsma, hartelijk dank 

voor het plaatsnemen in mijn leescommissie. Geachte dr. D.J. Menger en prof.dr. T.D. 

Bruintjes, beste Dirk Jan en Tjasse, dank voor het opponeren tijdens mijn promotie. 

Ik hoop nog veel van jullie te leren. 
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Geachte dr. P.J.F.M. Lohuis, beste Peter, dank voor alle hulp en goede ideeën rondom 

dit proefschrift. Jouw eigenzinnigheid en out-of-the-box denken hebben dit proefschrift 

absoluut naar een hoger niveau getild.  

Geachte dr. L.B. Mokkink, beste Wieneke, jij verdient een aparte vermelding vanwege 

de hulp met hoofdstuk 2. Zonder jouw begeleiding was de review nooit op deze manier 

tot stand gekomen. Ik heb ingezien dat de vragenlijstwetenschap met recht een vak 

apart is, waar ik ondanks al mijn pogingen nog maar nauwelijks iets van weet. Dank 

voor jouw helpende hand hierbij. 

Dear prof.dr. D.I. Perrett, dear Dave, thank you for all your efforts during our project. 

Visiting your lab was brilliant, thank you for showing me a glimpse of the incredible 

science behind facial perception. It was an honour to work with you and your team and 

I hope we’ll meet again.

Aan alle (oud) arts-assistenten en stafleden van de afdeling KNO van het Erasmus 

MC, dank voor jullie ondersteuning, wijze raad en onuitputtelijke gezelligheid de 

afgelopen jaren. Ik heb me echt geen betere collega’s kunnen wensen! 

Dank ook voor alle directe en indirecte steun uit sociale kringen; onder andere vrienden 

van ‘vroeger’, RS, HXVII, Suriname club, Melief co-groep, mannen van Joke, 

Rotsbeenrovers en RT4. Ik prijs mezelf zeer gelukkig met jullie als vrienden.

Ook mijn schoonouders en schoonfamilie wil ik hier noemen, wat een feest is het 

met jullie! Al vanaf het begin ben ik in een warm nest terechtgekomen. Dank voor alle 

steun, hilariteit en onvergetelijke Champagne weekenden. 

Mijn paranimf en al sinds jaar en dag mijn collega, Hylke, wat mooi dat jij vandaag 

aan mijn zijde staat! Al sinds de wetenschapsstage waren wij op elkaar aangewezen 

en sindsdien ben jij een van mijn beste maten geworden. Waar wij in de kroeg als 

stierenvechter vaak de aanval kozen, gaan we nu samen in de verdediging. We gaan 

er wat moois van maken. 

Ongelooflijk veel dank gaat uit naar de tweede paranimf en zijn wederhelft, mijn moeder. 

Pap, mam, dank voor alle kansen die jullie me hebben geboden en het rotsvaste 

vertrouwen. Pap, ik vind het zeer bijzonder dat je mijn paranimf bent, en hoop straks 

tijdens je pensioen veel van je te kunnen genieten. Mam, ik ben ongelooflijk trots op jou 

als moeder. Je bent in veel meer dan je denkt een voorbeeld voor mij. 
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Ook mijn broers ben ik veel dank verschuldigd. Maurits, ik heb altijd veel om je moeten 

lachen en vind het geweldig om te zien hoe goed de rol van vader jou past. Sebastiaan, 

dat ik je zo nu en dan het leven zuur maakte vroeger heeft jou niet gedeerd, ik ben 

jaloers op je enthousiasme en loyaliteit. Ik hoop dat we elkaar veel blijven zien de 

komende jaren. 

Lieve Tessa. Jij bent met recht mijn liefde, ik ben echt stapelgek op jou. Deze promotie, 

maar ook het fellowship en het examen, hebben flink wat tol van jou geëist. Dank voor 

al je liefde, begrip en onvoorwaardelijke steun gedurende deze tijd. Ik zou niet weten 

wat ik zonder jou zou moeten beginnen. Ik kijk uit naar de jaren die komen gaan, samen 

met Louis en Rosa, van wie ik zo zielsveel hou. 
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Floris Vincent Willem Joseph van Zijl was born on August 

22nd 1988 in Maastricht. Following numerous visits to the 

operating theatre with his father, a gynecologist, Floris’ 
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graduated from the Alfrink College, Zoetermeer, and started 

his medical degree at Erasmus University in Rotterdam. Apart 

from Rotterdam, his medical studies brought him to clinical 

internships at the Hospital Calderón Guardia in San José, Costa 
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facial plastic and reconstructive surgery (dr. P.A. van der Eerden). 
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departments of Surgical Oncology and Head and Neck Oncology at the former Erasmus 
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to his residency. As a PhD candidate, he participated in several courses and meetings in 

Barcelona, Amsterdam, Stuttgart, London and Nice, and visited St. Andrews University 
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