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Abstract 

Introduction 

Greenland has one of the highest prevalences of otitis media in the world. However, access to 

ear specialists throughout Greenland is limited and currently there are no national guidelines for 

treatment or prevention. Tele-otoscopy may be beneficial in optimizing diagnosis and treatment. 

The smartphone otoscopy device, Cupris, has previously been validated when used by medical 

doctors on a population primarily consisting of adults. In this study we evaluated the usability 

of the Cupris otoscope when used by local health care workers with different levels of training 

and education, examining children aged 1-6 years. 

 

Methods 

We conducted a cross-sectional study in three Greenlandic towns. Health care personnel were 

asked to perform video-otoscopy on children contacting the health clinic for any reason. The 

videos were sent for remote evaluation by three ear specialists who rated the videos on a 5-

point Likert scale and provided information on challenges with the videos. The dichotomous 

outcome “not useful/useful” was defined as 1-3 and 4-5 on the Likert scale, respectively. 

 

Results 

In total, 142 videos were recorded on 84 patients. Mean proportion of useful videos was 18.1%, 

with a modified Fleiss’ Kappa interrater agreement coefficient of 0.67 95% CI [0.57-0.76] 

corresponding to substantial agreement among three raters.   

 

Conclusions 

In this study the usefulness of the Cupris TYM otoscope did not prove to be sufficient with the 

presented instruction in the hands of local health care workers when examining Greenlandic 

children. Focus on training and education of local health personnel is crucial and warranted 

before advantageous implementation for non-specialist health care workers can be expected.  

 

 

Keywords: Otitis media, telehealth, smartphone otoscopy, remote communities, Greenland 
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1. Introduction 

Worldwide, otitis media (OM) is one of the most prevalent pediatric diseases and a common 

reason for prescription of antibiotics [1,2]. The burden on society as well as on individual families 

is large, and the socioeconomic consequences due to parental absence from work substantial 

[3,4]. Correct diagnosis and management of OM is of importance, especially in high risk 

populations ([5,6]. Greenland has one of the highest prevalences of OM in the world, where 

chronic suppurative otitis media affects 9-14%, constituting an urgent health problem that needs 

immediate action according to World Health Organization (WHO) criteria [7–10]. However, access 

to ear specialists throughout Greenland is limited and currently there are no national guidelines 

for treatment or prevention. The remote location and difficult access to the majority of 

Greenland’s towns and settlements present logistical challenges in diagnosis and management 

of disease [11]. Hence, the need for telemedicine is evident. 

In rural Australia, where logistical and epidemiological challenges are similar to the Greenlandic, 

images of pediatric otoscopy performed by experienced ear specialists have been shown to be 

valid for remote diagnosis among children of aboriginal origin, and tele-pediatric otolaryngology 

consultations have demonstrated economic benefits [12,13]. 

Greenland has devices for telemedicine available in all towns and settlements with more than 50 

inhabitants. These telemedicine carts include amongst other things a video-otoscope which 

allows health workers to send images for evaluation by an ear specialist. However, these devices 

are not used regularly, supposedly due to their rather tedious start-up, difficulties with managing 

the otoscope, and storage in other examination rooms due to their size.  

Cupris TYM otoscope (London, UK, figure 1) is a device that is connected to a smartphone 

using the built-in camera and light [14]. It can provide still images as well as video-otoscopy, 

with images stored on a secure server which can be sent to a specialist for further evaluation.  

In a previous study in Nepal the Cupris device was found to provide otoscopic images that 

were valid for diagnosis and deciding if a patient should be referred for further evaluation [15]. 

However, in that study the device was used by experts and mostly in adults. It is not known if 

the Cupris device can also reliably be used by non-specialist health care workers, or in young 

children. 

A recent review by O’Donovan et al. including 38 studies from around the globe focused on the 

role of community health workers in managing ear disease [16]. The review concluded that 

community health workers may play an important part in improving ear related health, but the 

amount of training needed as well as possibilities for support by specialists is diverse and 

depends on the specific context.  
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In this study we investigated the use of the Cupris otoscope in an everyday clinical situation 

where untrained local health care workers examined children aged 1-6 years. 

 

2. Materials and Methods   

2.1 Study design  

We followed the STROBE guidelines for reporting observational studies from the EQUATOR 

Network [17]. The study was a cross-sectional study conducted from July to October 2018 in 

three different Greenlandic towns, based on a convenience sample. 

2.2 Setting and personnel 

The vast geographical distribution of Greenland makes logistical aspects of health services 

especially challenging. The country inhabits approximately 55,000 people, but the population is 

scattered into several towns and settlements with populations ranging from approximately 15,000 

inhabitants in the capital, Nuuk, 2000-5000 inhabitants in smaller towns and 50 inhabitants or 

less in some settlements. The health care system is organized in five regions, each including one 

regional hospital. The country’s only larger secondary health care facility is in the capital, which 

is also the base for the only permanent Ear- Nose and Throat (ENT) specialist in the country. 

Smaller towns are visited by ENT specialists once or twice a year and people in the settlements 

travel to the nearest town for consultations, in what may be termed a satellite model of care 

[18]. 

To create a realistic study setup, we chose to call upon health care personnel in three smaller 

towns, all with approximately 4-5000 inhabitants, thereby omitting the capital where access to 

ENT specialists is relatively facile.  

In the included towns, otoscopies are performed by a variety of personnel: general nurses, 

specialized nurses (nurses specialized in the health of children and youths), medical students, 

doctors in training, general practitioners and medical doctors with non-ENT specialization.  

We chose to let the sites decide who should perform the otoscopies and how to incorporate it 

into their everyday clinical work. However, all participants had some experience with otoscopy 

and basic knowledge in ear anatomy. 

 

2.3 Study population 

All children aged 6 to 72 months, attending the health care clinics for any reason, were eligible. 

Exclusion criteria were lack of informed consent signed by parent/guardian. 

 

2.4 Intervention 
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Images were obtained using the Cupris TYM otoscope on an iPhone 5s (Apple Inc., California, 

USA). We chose to obtain video instead of still images because several other studies have found 

videos to have better validity for diagnosis [15,19]. The three sites were provided with written 

practical step-by-step instructions for the setup of the iPhone and the application (see Appendix 

1). All health personnel had the possibility to contact the first author for further instructions 

through telephone or email, which several, but not all, chose to use. 

Data were captured on the Cupris application which allows secure exchange between an 

examiner and specialist.  Video-otoscopies were recorded by the local health care personnel and 

immediately sent to the first author through the Cupris application. These videos were 

anonymized and incorporated into a web-based questionnaire, with no additional clinical 

information provided.  

Three ENT specialists (authors RGB, MFB, PH) were asked to evaluate the videos on the quality 

of image capture. There was no discussion between the specialists. For each video the specialists 

rated whether the video was helpful in visualizing the tympanic membrane on a five-point Likert 

scale from “strongly agree” to “strongly disagree” A second question asked specialists to 

comment on any challenges to visualization, with options for wax impaction, improper insertion 

of the otoscope, or unfocused image. There was also an option for free field text to add 

additional comments. 

 

 

2.5 Data analysis and outcomes  

The primary outcome was proportion of videos considered useful for making a diagnosis as 

assessed by the three raters. The rating on the Likert scale was used to classify the videos as 

useful (rated as “agree” or “strongly agree”) or not useful (rated as neither agree nor disagree, 

disagree, or strongly disagree) 

Secondary outcomes were the distribution of the Likert scale and documented challenges with 

video-otoscopy.  

Inter-rater agreement (IRA) was measured using a modified Fleiss’ Kappa coefficient in R 3.5.0 (R 

Core Team, 2018) [20], which is not affected by Kappa paradoxes for ordinal data and the 

percentile bootstrap confidence interval [20–22]. A Kappa coefficient ≤ 0 was considered as “poor 

agreement”, 0.01-0.2 as “slight agreement”, 0.21-0.40 as “fair agreement”, 0.41-0.6 as “moderate 

agreement”, 0.61-0.80 as “substantial agreement” and 0.81-1.00 as “almost perfect agreement”. 

IRA was calculated per ear.  
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Categorical variables were compared using chi-square test and continuous variables using 

Kruskal-Wallis test. Data analysis of frequencies and cross-tabulations were undertaken using 

SAS Studio (SAS Institute Inc., Cary, NC, USA). Significance was set at p < 0.05. 

 

2.6 Ethical considerations 

The study was approved by The Research Ethics Committee for Scientific Health Research in 

Greenland, no. 7960823 and The Danish Data Protection Agency, no. REG-041-2018, and 

conducted in accordance with the Greenlandic Code of Conduct for health researchers [23]. All 

guardians to the participants provided informed consent. 

 

 

3. Results 

In total, 84 children were included in the study, 48 males and 36 females, with a median age of 

24.5 months. Not all children were examined in both ears, hence providing a total of 142 

otoscopies. Table 1 provides baseline characteristics, stratified by site.  

The mean proportion of “useful” videos was 18.1%, with substantial agreement among the raters.  

The distribution of answers on the Likert is shown in figure 2. 

Table 2 summarizes the usefulness of the videos, in total, and stratified by site and rater.  

The mean percentages of useful videos were 13.1% in Site 1, 25.6% in Site 2 and 16.7% in Site 

3. 

Table 3 summarizes the challenges the raters experienced when evaluating the video-otoscopies. 

The most prevalent challenge was “insertion”, IRA corresponding to “fair agreement”.  

Table 4 shows the usefulness of the videos stratified on three age groups. 

The IRA showed “substantial agreement” for the youngest children but only “fair” and “moderate 

agreement” among the older children.  

4. Discussion  

4.1 Findings and clinical implications 

Overall, less than 1 in 5 of the recorded video-otoscopies were considered useful in the 

diagnostic process by the three raters. The agreement among the raters was substantial, although 

there was less concordance in the reported types of challenges. Suboptimal insertion of the 

otoscope was the most prevalent reason for poor quality of the video. We believe that this 

reflects lack of routine with pediatric otoscopy and that pediatric otoscopy is difficult, especially 

in inexperienced hands [24]. This is worth bearing in mind when evaluating the limitations to 

tele-otoscopy – even a well-functioning device needs operators who can perform the task of 

pediatric otoscopy.  
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When stratifying otoscopies in three different age groups, the mean percentage of useful videos 

increased with age, supporting that the younger the child, the more difficult the otoscopy. 

Wax impaction was mentioned in more than a third of all otoscopies, however the definition of 

“Wax impaction” may have differed among the three raters, as one of the raters noted that wax 

was often the reason for poor focus although the tympanic membrane was not actually fully 

impacted. In the newest clinical guideline update from American Academy of Pediatrics, wax 

impaction is defined as accumulation of cerumen that causes symptoms or prevents a needed 

assessment [25]. In this study we chose not to provide wax removal for the children as this can 

be an unpleasant procedure, both physically and psychologically, and our cohort had no ear 

symptoms. Previous validations of smartphone otoscopy have excluded patients with excessive 

wax or provided wax removal prior to examination, however we wished to reflect the real-life 

clinical setting in Greenland [15,26]. Accordingly, another study not providing prior wax removal 

found that 58 out of 80 ears had too much wax for diagnosis [27]. 

The interpretation of the word “useful” can also differ between raters. It depends on whether it 

is compared to expected findings from otoscopy – or no imaging at all, which is the case in 

remote areas. For instance, seeing otorrhea in the ear canal or a dry canal could provide useful 

information, in a setting with a high prevalence of chronic suppurative otitis media, even though 

the tympanic membrane was not fully visualized. 

The three raters had almost perfect agreement on which videos were not affected by any 

challenges, although only 3% of the videos qualified for this.  

From a clinical perspective, it is debatable what percentage of “useful” videos would be necessary 

to justify implementation, but less than 1 in 5 seems insufficient. More detailed training and 

instruction, accompanied by wax removal prior to otoscopy, would likely improve the usefulness 

of the otoscopies. The Cupris device has been validated when used by medical doctors on a 

population primarily consisting of adults, in contrast to our study where the device was tested 

on small children in the hands of changing health care personnel with different backgrounds 

and levels of education [15,28]. Shah et al. tested a similar device (CellScope, Inc., San Francisco) 

operated by parents to children aged 17 or younger [27]. They compared remote diagnoses 

based on parent videos and remote diagnoses based on physician videos to diagnoses made in 

a regular otolaryngology examination (including pneumatic otoscopy). The authors found that 

there was a low IRA (kappa = 0.42) on diagnoses based on parent videos as compared to 

diagnoses made an otolaryngology examination. The IRA on diagnoses based on specialist videos 

compared to otolaryngology examination was high (kappa = 0.74). Erkkola-Anttinen et al. tested 

the CellScope device on parents to children aged 6-35 months [29]. Here they randomized 

parents to either receive immediate hands-on training or delayed training. The teaching 
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intervention consisted of lessons on basic anatomy, diagnostic criteria and practical instructions 

for use. The intervention improved the technical quality of the parent videos significantly, as 62 

% of the videos were found of a sufficient technical quality in the immediate teaching group 

versus 22 % of the videos in the delayed teaching group. After applying the teaching intervention 

to the delayed teaching group, the percentage of useful videos increased to 64 % [29]. In Western 

Nepal, where a community-based ear health program that has been functional for more than 10 

years, the local health care workers were found to have otoscopy qualifications similar to 

otolaryngology trainees, supporting long-term focus on teaching local assets [30]. In our study, 

the operators did not receive any hands-on personal instructions before use but were only 

provided with written step-by-step instructions focused on the technical aspects of the device, 

without systematic feedback on the quality of the otoscopies. A more thorough educational 

session on how to visualize the tympanic membrane and proper insertion of the device might 

have improved the quality of the videos. Even though all involved in this study were health care 

personnel with some prior knowledge in ear anatomy and training in otoscopy, it seems that 

proper hands-on training is necessary prior to implementation.   

Correct diagnosis of OM is crucial for sufficient and appropriate treatment, but the diagnosis 

process can be difficult [24,31]. For decades otoscopy has been the primary tool for diagnosing 

OM and The American Academy of Pediatrics still bases the clinical guidelines on otoscopy, 

supplemented by tympanometry and pneumatic otoscopy [32]. However, otoscopy on small 

children, who are the typical patients at target, is difficult, and any initiative to improve or 

supersede the pediatric otoscopy will be valuable. Laine et al. examined the clinical use of 

tympanometry on symptomatic children, performed by trained nurses [33]. In 66 % of all visits, 

the nurses managed to obtain bilateral tympanometry. However, test results able to exclude 

AOM (i.e. A or C1 curves) were only found in 20 % of the visits, due to inexperienced nurses, 

uncooperative children and rarity of exclusive test results, which questions the clinical usefulness. 

Similarly, the authors investigated if nurses performing tympanometry on asymptomatic children 

could exclude middle ear effusion (MEE), and stated that the found tympanograms were reliable, 

but the exclusion of MEE could only be obtained in 41 % of all visits [34]. 

Spectral gradient acoustic reflectometry (SG-AR) holds the advantage that an airtight seal is not 

needed, as it is in tympanometry measurements, and therefore might be easier to perform on 

uncooperating young children. Teppo et al. investigated the use of SG-AR by nurses who had 

received a short tutorial, on both symptomatic and asymptomatic patients with a mean age of 

23 months [35]. SG-AR was performed successfully in 79 % of the examined ears, and showed 

acceptable negative and positive predictive values of, albeit a lower diagnostic accuracy than 

when performed by physicians. 
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In a recent pilot study conducted in the Philippines, the authors describe a methodology based 

on local nurses performing diagnostic tests on Filipino teenagers, where all diagnoses are made 

in the US, except decisions for referral to local otolaryngologists [36]. All nurses underwent a 

one-day hand-on training by US otolaryngologists/audiologists. The diagnostic tests included 

video-otoscopy, tympanometry, distortion product otoacoustic emissions and audiometry. The 

authors concluded that the skills of the nurses combined with the robust technology is sufficient 

for large-scale otological screening, without the requirement of local otolaryngologists [36].  

New techniques for the diagnosis of OM are currently being developed, such as algorithm-based 

diagnostic tools or optical coherence tomography, but these are all still expensive and/or not 

readily available in primary health care settings [37].  

 

4.1 Strengths and limitations 

We included children below the age of 7, thereby representing the age group most susceptible 

to middle ear infections. We conducted the study with a pragmatic approach trying to evaluate 

the use of the device in a realistic everyday clinical setup. We chose not to have a “gold standard” 

for comparison but focused on the feasibility of the device in a Greenlandic setting, with 

challenges similar to other remote communities, especially in the circumpolar regions. However, 

the training in the use of the smartphone otoscopy was only written instructions and the children 

did not have ear wax removal before otoscopy.   

 

5. Conclusions 

In this study the usability of the Cupris TYM otoscope did not prove sufficient in the hands of 

local health care workers when examining Greenlandic children, when provided with only written 

instructions. The main reason seemed to be a lack of expertise among the health care workers, 

and the presence of ear wax. Smartphone otoscopy holds potential to become a valuable 

contribution to telemedicine and thereby improving ear-related heath in remote areas, but, in 

person or otherwise detailed training of local health personnel may be necessary before 

advantageous implementation can be expected.  
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