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ABSTRACT

Keratoconus is a corneal disorder characterized by progressive thinning. Early
detection is often missed due to limited advanced diagnostic equipment, its
underutilization and inadequate practitioner knowledge. Few studies have explored the
disease. This study aimed to assess the capacity for diagnosis and management of early
keratoconus in hospitals across Nyanza and Western Kenya and the specific objectives
were: assessment of equipment availability, equipment” working condition, utilization
of equipment, and practitioners’ knowledge in early keratoconus diagnosis and
management. In this study which was conducted across private and public hospitals in
Nyanza and Western Kenya, observational cross-sectional design was employed. A
total of 143 Eyecare practitioners participated in the study and census approach was
used. Data was collected using a questionnaire, and analyzed using SPSS version 29.
The study found that the basic equipment was readily available including retinoscopes
(95.5%) and ophthalmoscopes (88.1%), compared to advanced equipment such as
tomographers (10.4%). Level 6 hospitals had the highest equipment availability.
Public hospitals had more basic equipment, while private hospitals had more advanced
equipment. Several available equipment was in poor working conditions. These
included the contact lens fitting-set (46.1%), corneal topographer (35.2%) and
pachymeter (19.1%). The advanced equipment such as contact lens fitting-set depicted
low utilization rates (31.0%). However, the basic equipment showed higher utilization
rates including distance visual acuity chart (91.8%) and trial lens/phoropter (89.9%).
The public hospitals had higher utilization rates for basic equipment, while private
hospitals had higher utilization rates for advanced equipment. There was a significant
association between equipment availability and its utilization, with distance visual
acuity chart p=0.0333, trial lens/phoropter p=0.0029 and slit-lamp p=0.0028. Less than
half of the eyecare practitioners (36.6%) had good knowledge, (60.4%) fair knowledge
and (3.0%) poor knowledge for early keratoconus diagnosis. Equally, (36.6%) had
good knowledge, (61.2%) fair knowledge and (2.2%) had poor knowledge for early
keratoconus management. There was a significant association (p=0.006) between
knowledge in the management of early keratoconus and the qualification level of the
Eyecare practitioners, and significant difference for knowledge of risk factors
(p=0.0322), and progressive keratoconus (p=0.0186), between private and public
hospitals. In conclusion, the study found that basic diagnostic equipment was widely
available, while advanced tools were scarce and underutilized. A significant
proportion of practitioners lacked adequate knowledge in diagnosing and managing
early keratoconus. The study recommends improving access to advanced diagnostic
tools, and training in early keratoconus detection and management, to address this gap.
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OPERATIONALIZATION OF KEY TERMS

Cornea: The front surface of the eye which is normally transparent in colour.

Keratoconus: A condition of the cornea whereby the cornea progressively thins thus

forming a conical shape.

Advanced equipment: Equipment that is able to diagnose and detect early stage of

keratoconus.

Capacity: Includes equipment availability, their utilization and practitioner

knowledge.

Eyecare practitioner: A practitioner was considered an eyecare practitioner if they
were ophthalmologist, ophthalmic clinical officer, comprehensive ophthalmology and
cataract surgeons or optometrists. Their scope of practice allows them examine,

diagnose and manage eyecare patients.

Hospitals: Levels 4, 5 and 6 hospitals that had Eye units, handled eyecare patients

and offered eye diagnostic and management services.
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CHAPTER ONE

INTRODUCTION

1.1 Background of the study

Keratoconus (KC) is a bilateral, asymmetric and ectatic corneal abnormality,
characterized by the progressive thinning of the cornea (Martinez-Abad & Pifero,
2017; Zhou et al., 2022). This pathological thinning leads to a conical corneal shape,
which results in irregular astigmatism and decreased vision (Martinez-Abad & Pifiero,
2017). Predominantly, KC affects young individuals in their second and third decades
of life, with a higher prevalence in males compared to females (Akowuah et al., 2021;

Das et al., 2024).

Globally, KC prevalence is increasing as observed from 0.001% in 2009 (McGhee,
2009) to 0.138% in 2020 (Hashemi et al., 2020). In New Zealand, KC had a prevalence
of 0.524% (Papali’i-Curtin et al., 2019), 0.265% in Netherlands (Godefrooij, de Wit,
et al., 2017), 0.192% in Norway (Kristianslund et al., 2021) and 0.044% in Denmark
(Bak-Nielsen et al., 2019). In most of these studies, the highest KC prevalence was for
the mild cases as opposed to the severe cases. In Asia, KC prevalence was higher than

in the Western Europe (Hashemi et al., 2013; Hwang et al., 2018).

In a meta-analysis conducted in Africa, which included studies from Egypt, South
Africa, Ghana, Nigeria, Sudan and Kenya, the prevalence of KC was 7.913%
(Akowuah et al, 2021). Within this meta-analysis, Kenya did not present its
prevalence but reported that among those with KC, the males had a higher proportion
(59.843%) compared to the females (40.157%) (Rashid et al., 2016). The meta-

analysis revealed significantly higher KC prevalence rates in South Africa and Egypt,



(24.215%) and (17.471%) respectively, where most cases were in the severe stages

(Rampersad et al., 2020; Saro et al., 2018), contrary to the global developed countries.

In Kenya, limited studies have been conducted on KC. One study estimated the
prevalence of KC to be 1.672% (Rashid et al., 2023). Another study, which focused
on patients with allergic conjunctivitis, presented significantly higher prevalence of
KC (30.894%), indicating a strong association between allergic conjunctivitis and KC
(Mugho, 2016). Furthermore, this study revealed that mild KC was diagnosed using
corneal topographer.

The diagnosis and management of KC significantly depend on its stage, which
includes early, moderate, and severe stages (Santodomingo-Rubido et al., 2022). In
the early mild stages, advanced diagnostic equipment such as corneal topographers,
tomographers, and pachymeters are essential (Belin & Duncan, 2016; Bevara & and
Vaddavalli, 2023; Santodomingo-Rubido et al., 2022). In contrast, basic diagnostic
tools like slit-lamps, direct ophthalmoscopes, and keratometers are able to diagnose
KC at severe late stages (Mugho, 2016; Ambr & Belin, 2010; Belin & Duncan, 2016;
De Stefano et al., 2020; Jesus & Iskander, 2017). Moreover, increasing rates have been
observed in USA, whereby earlier studies had lower prevalence (0.007%) (Ljubic,
2009), while recent ones had higher one (0.151%) (Munir et al., 2021), possibly due
to the use of advanced equipment presently. This transition, together with good
knowledge, enhances timely diagnosis and management of early KC (Bak-Nielsen et
al., 2019; Godefrooij et al., 2017). The early diagnosis and management consequently
offer numerous advantages including fairer costs and less complications, as opposed
to the late stages which are associated with high costs, risks of blindness and
complications. Equally, this eventually promote the Sustainable Development Goal

(SDQG) 3 as it enhances good health, SDG 4 by promoting quality education through



good vision and SDG 8, as once learning and education are improved, this thus enables
for decent jobs and economic growth (UN, 2015). Thus, this study aimed to assess the
capacity for diagnosis and management of early keratoconus in Nyanza and Western

Kenya hospitals.

1.2 Problem Statement

The global KC prevalence has been increasing, with a 2020 study reporting 0.138%
(Hashemi et al., 2020) and a more recent one reporting higher rates, 0.241%
(Sriranganathan et al., 2022). Moreover, the United States of America (USA) also
reported progressive increase, whereby the rates shifted from 0.030% to 0.040%
(Singh et al., 2024), with Brazil reporting higher rates (0.730%) (de Azevedo
Magalhaes et al., 2024). In Europe, Germany equally depicted higher prevalence
(0.490%) (Marx-Gross et al., 2023), which was higher than what was earlier on
reported. Additionally, Northern Poland demonstrated far higher rates (0.549%)
(Kanclerz et al., 2023). Further, Italy reported much higher rates of (2.100%)
(Lombardo et al., 2024). For these studies, most of them reported having used the
advanced equipment such as corneal topographer to diagnose, possibly, the reason why

they elicited higher rates than earlier reported.

In Africa, KC has presented higher rates. In a global study, Africa presented the highest
prevalence (2.414%) compared to the global one (0.241%) (Sriranganathan et al.,
2022). Ghana reported lower rates (0.053%), which was highly linked to a lack of
advanced diagnostic equipment and a lower referral uptake (Kobia-Acquah et al.,
2022). Egypt showed a progressive increase, with year 2019 reporting (1.120%)
(Elbedewy et al., 2019) and (7.700%) in 2025 (Mousa et al., 2025). A Tanzanian study
found higher rates (10.000%) (Maro & Moodley, 2025), and a slightly higher one in

South Africa (13.701%) (Gcabashe et al., 2023).
3



In Kenya, a study of high school population reported a prevalence of (1.672%) (Rashid
et al., 2023b), which was more than ten (10) times higher than the global rates
(Hashemi et al., 2020). Yego et al reported that most of the KC patients were diagnosed
at the late stages, thus showing a lack of early detection (Yego & Chemjor, 2020). Any
delay in diagnosis and management leads to significant progression of up to 39.6% in
a short span of time, (100-153 days) (Goh et al., 2020), yet this would have been
avoided. Crosslinking regimen halts progression (Steinberg et al., 2021), and it is only
feasible if it is done early. Moreover, with KC mostly affecting the young population
(20-29years) (Sriranganathan et al., 2022), this would affect the country’s GDP, as this
is the productive age bracket, as their productivity and quality of life declines once
affected (Alatawi, 2023; Pinto et al., 2021). Conversely, if KC is diagnosed and
managed early, it leads to improved quality of life (Kandel et al., 2020). It is more
beneficial when KC is diagnosed and managed early (Galettis, 2018; Godefrooij, Gans,
et al., 2016), as opposed to late diagnosis which is characterized by multiple
disadvantages (Alio et al., 2014; Choi et al., 2014; Leung et al., 2017; Pinheiro-Costa

et al., 2020).

To diagnose early KC, advanced equipment such as corneal topographer and corneal
pachymeter, and adequate knowledge are a pre-requisite (Bevara & and Vaddavalli,
2023; Santodomingo-Rubido et al., 2022). If, and when the requisite equipment for
early KC lack, are under-utilized, and when practitioners have inadequate knowledge,
early KC diagnosis is often missed out. This, consequently delays management, hence
lowering the patients’ benefits (Baenninger et al., 2021; Bevara & and Vaddavalli,

2023; Santodomingo-Rubido et al., 2022; Shah et al., 2021; Steinberg et al., 2021).

In Kenya, KC prevalence is increasing, and there is limited information on diagnosis

and management of early KC. One study reported on general equipment availability

4



(Rashid et al., 2023a), but did not inform on the utilization rates of the available
equipment and their working conditions. Moreover, the Kenyan studies majored on
general as opposed to early KC, yet it is at this stage where there is a possibility of
numerous advantages, consequently saving on costs and complications associated with
the late stages (Espandar & Meyer, 2010). This study thus aimed to evaluate early
keratoconus diagnosis and management capacity in Nyanza and Western Kenya
hospitals, which eventually informed on the availability of the advanced equipment,

its utilization and knowledge levels in early KC diagnosis and management.

1.3 Objectives
1.3.1 Broad Objective
To evaluate the capacity for diagnosis and management of early keratoconus in Nyanza

and Western Kenya hospitals.

1.3.2 Specific Objectives
1. To determine the availability of early keratoconus diagnosis and

management equipment and consumables in Nyanza and Western Kenya
hospitals.

ii. To evaluate the working conditions of the early keratoconus diagnosis and
management equipment in Nyanza and Western Kenya hospitals.

1il. To determine the utilization of early keratoconus diagnosis and
management equipment and consumables in Nyanza and Western Kenya
hospitals.

iv. To assess the level of knowledge of the practitioners in early keratoconus
diagnosis in Nyanza and Western Kenya hospitals.

V. To assess the level of knowledge of the practitioners in the management of

early keratoconus in Nyanza and Western Kenya hospitals.
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1.4 Research Questions
1. What is the available equipment and consumables for diagnosis and

management of early keratoconus in Nyanza and Western Kenya
hospitals?

ii.  What are the working conditions of the available equipment and
consumables in Nyanza and Western Kenya hospitals?

iii.  What is the degree of utilization of early keratoconus diagnosis and
management equipment in Nyanza and Western Kenya hospitals?

iv.  What is the level of knowledge of the practitioners in diagnosis of early
keratoconus in Nyanza and Western Kenya hospitals?

v.  What is the level of knowledge of the practitioners in the management of

early keratoconus in Nyanza and Western Kenya hospitals?

1.5 Justification of the Study

The prevalence of KC is increasing (1.191%), with its diagnosis mostly happening at
the late severe stages (Chan et al., 2021; Kreps et al., 2021). There are limited number
of studies on KC done in Kenya, hence the need for more information regarding KC,
particularly early KC, which if not diagnosed and managed early, it progresses to
severe stages (Pinheiro-Costa et al., 2020). In a study done in Kenya on contact lens
use, it reported that most patients presented with moderate to severe KC, highlighting
a lack of early detection in clinical practice (Yego & Chemjor, 2020). The severe KC
leads to extreme complications, including going blind, yet this would have been
prevented by managing early KC (A. Ferdi et al., 2022; A. C. Ferdi et al., 2019; Olivo-
Payne et al., 2019). Nyanza and Western Kenya regions are warm and hot, thus a high
prevalence of allergic conjunctivitis which is highly associated with KC (Mugho,

2016; Seth et al., 2023). Moreover, the region is amongst the highest populated



regions, thus having many hospitals to serve the high population. In Kenya, the
ophthalmologists, ophthalmic clinical officers (OCOs), comprehensive
ophthalmology and cataract surgeons (COCs) and the optometrists are the eye care
practitioners (ECPs) involved in patients’ examination, diagnosis and management.
However, the ophthalmologists were not included in the earlier studies, yet they are at
the apex of the referral points. These practitioners work in L4, L5 and L6 hospitals,
thus having these as the practitioner and hospital level populations respectively, and
eyecare services are offered in these hospitals. The increasing KC prevalence, the
dangers in severe KC, including blindness which is possible to avert if KC is diagnosed
and managed early, and for the limited information and studies on KC in Kenya,
especially the early KC, informed the need for this study. This study sought to evaluate
the diagnosis and management capacity for early KC in hospitals in Nyanza and

Western Kenya.

1.6 Significance of the Study

The early diagnosis and management will promote sustainable development goal
(SDG) 3, ensuring better eye health (UN, 2015). With good eye health, the school
going KC patients would perform better in class as promoted by better eye sight, thus
promoting SDG 4 on quality education (UN, 2015). With KC patients having an
opportunity to be fully and comfortably involved in class work, this promotes good
performance academically, thus being able to qualify for decent jobs, consequently

promoting economic growth and therefore achieving SDG 8 (UN, 2015).

The ability and capacity to have patients with early keratoconus being diagnosed and
managed at lower costs as opposed to having them managed at the late severe
keratoconus, highly benefits the patients. This promotes their eye health, therefore

achieving the universal health coverage (UHC) goal on lower treatment charges, thus
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avoiding draining people into poverty (WHO, 2019). The information on availability
of early keratoconus services would guide on where the services can be accessed. This
would help patients access the services nearest to them, thus achieving the UHC goal
on access of healthcare services where, and when they need them (WHO, 2019).
Additionally, with the study aimed at assessing early KC knowledge, it would also
guide on knowledge promotion, eventually leading to quality health services, which
would help achieve UHC goal on people being able to receive quality services

whenever they need them (WHO, 2019).

Previous diagnosis of the KC disease was on general KC without specific stage, thus
the literature available in the field is on the general KC equipment for diagnosis. This
research on the available equipment, their utilization and knowledge particularly on
early KC in the hospitals in parts of Kenya, is an added contribution to the existing

literature.

1.7 Scope of the study

This study was conducted in Levels 4, 5 and 6 (L4, L5 and L6) public and private
hospitals in Nyanza and Western Kenya, consisting of ten (10) counties. The ECPs
working in these hospitals were the participants of the study, who participated by
answering a structured questionnaire through an online link that was shared and
accessed through their electronic gadgets. The hospitals involved offer eyecare
services. They were involved as the population participants because they are involved
in eyecare patients’ examination, diagnosis and management, and they are equally

found in the L4, L5 and L6 hospitals.



1.8 Limitations

There was a possibility of recall bias as the practitioners were required to remember
activities involving their keratoconus services. Although some associations of various
aspects were found in the study, it was hard to make a causal inference on the same.
Additionally, the equipment’s working conditions was subjectively determined as it

was based on practitioners’ perceptions.

1.9 Conceptual Framework

In this conceptual framework, there are intervening (increase or decrease) variables
which influence the relationship between independent and dependent variables, these
include the age, gender and level of training of the ECPs. There are also control
variables which are held constant to prevent their influence on the relationship being
studied. The control variable in this study was the level of Hospital. Interveners affect
the strength or direction of the relationship, while controls are extraneous factors that

could confound the results if not accounted for as illustrated in figure 1.1.

In a hospital setting, the conceptual framework could be used to analyze the factors
affecting the utilization of an equipment. The framework would help assess the
equipment’s physical availability (is it always available for use?), its functionality (are
there any technical issues? is it actually used?). The maintenance schedule (is it
regularly serviced?), the training of the ECPs who use it, among others. By examining
these factors and their relationships, the hospital can identify areas for improvement
to optimize the equipment’s utilization and enhance the quality of patient care (Salawu

etal., 2023).



Independent Variables

Equipment Utilization
Knowledze Level

Equipment Availability

Control Variables Early diagnasis
Timely management
Better quality of ife
Haspital Level Lower costs
/ Positive Dutcames
Dependent Variables
Diagnosis and Management
e | of Early Keratoconus
\ Negative Outcomes
Misdiagnaosis
Underdiagnasis
Intervening Variables Late diagnaosis
Delayed management
Cadre High costs
Qualifications Blindness
Age
Gender
Years of Experience

Figure. 1.1 Conceptual framework,
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CHAPTER TWO

LITERATURE REVIEW

2.1 Overview of the Kenyan Healthcare System

In Kenya, the healthcare system is structured into six hierarchical levels, with the
community-based care being the lowest level, while the national referrals are the
highest levels. The levels one to three comprise community health services,
dispensaries, and health centres respectively. These do not offer eyecare services
which are majorly offered at the levels four, five and six, including keratoconus
services, consisting of sub-county, county, and the national referral hospitals. The level
four healthcare set-ups offer the primary eyecare services, although some offer
secondary care. These services include basic ocular assessments and minor surgeries.
Level five expand to offer specialized services which include advanced and therapeutic
inputs, including medical and surgical management of eye diseases, low vision
services, visual rehabilitation, refractive error services and laser interventions. Level
six healthcare set-ups comprise of the referral and teaching hospitals, which majorly
offer the sub-specialized and more advanced eyecare services in Kenya (Mbindyo et

al., 2020; MOH-Kenya, 2020; Nyawira et al., 2022).

The eyecare human-resources, their ability to diagnose and manage keratoconus vary
greatly based on their qualification cadres in Kenya. Generally, they comprise of the
ophthalmologists, optometrists, comprehensive ophthalmology and cataract surgeons
(COCs), ophthalmic clinical officers (OCOs) and the optometry technologists.
Ophthalmologists who are medical officers, having an additional 3-year Master’s in
ophthalmology, are primarily at the referral apex for advanced keratoconus stages,

which require surgical management. These are however few in number, about one
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hundred and sixty ophthalmologists, who are mostly centralized in the urban area

(MOH-Kenya, 2020).

The OCOs and the COCs have a three-year diploma in clinical medicine, and later
acquire some additional training in cataract surgery and ophthalmology for three years
or one and a half years to become COCs and OCOs respectively (JKUAT, 2025;
MOH-Kenya, 2020). Nevertheless, optometrists are trained through a five-year
program leading to a Bachelor of Optometry (optometry officers) or through a three-
year diploma program to become optometry technologists. The optometry officers
carryout refractions, prescribe contact lens and manage a wide range of ocular
conditions (KENYA, MOH, 2025; MOH-Kenya, 2020). These cadres are generally

able to diagnose and initiate the management of keratoconus.

2.2 Keratoconus Burden, Diagnosis and Management

Keratoconus is a corneal disease that presents with progressive decline in corneal
thickness, and a wide range of differences in corneal steepness (Shi, 2016). With a
global prevalence of 0.138% (Hashemi et al., 2020), much higher rates in Africa
(7.913%) (Akowuah et al., 2021) and equally higher ones in Kenya (1.672%) (Rashid
et al., 2023b), it signifies a worrying trend. Moreover, its management modalities and
costs vary greatly based on the disease stage. The early stages are managed using
spectacles, contact lenses and crosslinking for the progressive KC (Barnett et al.,
2023), with these bearing comparatively lower costs and less complications
(Godefrooij, van Geuns, et al., 2016; Salmon et al., 2015). Moreover, crosslinking is
very effective in reducing progression rates, thus highly avoiding the highly expensive
and complicated corneal transplants (Godefrooij, Gans, et al., 2016). However, if
crosslinking is delayed, KC progresses to the late stages which are way more expensive

to manage in addition to the complications associated (Shah et al., 2021), as it requires
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major surgical procedures such as Deep Anterior Lamellar Keratoplasty (DALK) and
Penetrating Keratoplasty (PK) (Cursiefen et al., 2016; Musa et al., 2012). These
procedures require transplant, which further complicates the process due to delay in

getting donor corneas and the high costs (Toro et al., 2020).

The various KC outcomes depend on a number of factors, including advanced
equipment availability, their utilization and practitioner knowledge. The lack of these
leads to missed or delayed diagnosis and management (Shah et al., 2021), eventually
lowering the affected individuals’ quality of life (Kandel et al., 2020). The advanced
equipment are able to detect KC at the early stages, as opposed to the basic equipment,
which are more sensitive at the late severe stages (Belin & Duncan, 2016; Bevara &
and Vaddavalli, 2023; Santodomingo-Rubido et al., 2022). Furthermore, the
knowledge of early KC clinical features, including the signs and its associated risk

factors, are key in diagnosing and managing early KC (Syed et al., 2022; Tojar, 2022).

2.3 Socio-demographics

Some studies have demonstrated more male gender practitioners’ participation and
representation. A study in Ghana, Africa, reported that more males than the females
practitioners participated in the study (Boadi-Kusi et al., 2015). Moreover, another
keratoconus knowledge study found out that there were more male practitioners that
participated as opposed to the females, in Switzerland, Europe (Baenninger et al.,
2021). Another study in India reported that there was a significant association between
the qualifications of the eyecare practitioners, and their knowledge level, whereby
those with higher qualification levels were found to be more knowledgeable (Arvind

et al., 2021).
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2.4 Availability of equipment for early keratoconus diagnosis and management

The shift from using basic diagnostic tools to using advanced equipment has led to an
increase in diagnosis of early-stage KC, such as in Asia whereby regional studies have
had higher rates in the recent times as opposed to earlier ones, (0.037%) in South Korea
in 2014 (Hwang et al., 2018) and (2.393%) in Turkey in 2021 (Ozalp et al., 2021).
Moreover, proper diagnosis of KC requires a combination of both advanced and basic
equipment, along with the clinical signs and symptoms associated with KC (Mas Tur

et al., 2017; Shi, 2016).

In a study in public health facilities in KwaZulu Natal, South Africa, there was lack of
advanced equipment and resources (Gcabashe et al., 2022). Moreover, they found out
that the facilities did not have CL fitting sets and CL solutions for KC management,
thus lacked advanced equipment. They however had a few consumables for KC
management with CL, but they were not individual consumable-specific (Gcabashe et
al., 2022). In a related study in South Africa, there was a lack of the advanced
equipment which led to lower requisite service levels (Maake & Moodley, 2018). In
an evaluation of contact lens practice in private contact lens clinics in Muscat, Oman,
there was limited resources for CL services, although it majored on the management
aspect (Khandekar & Fahdi, 2009). Moreover, studies in Latin America and Australia
reported reduced availability of the advance equipment, whereby topographers were
scarcely available (Braga Vieira et al., 2023; Hodge et al., 2015). Furthermore, another
study in the Capricorn District in South Africa, reported that the advanced equipment
were scarce (Nkoana et al., 2024). Equally, a study in Limpopo, South Africa on
diagnosis and management of keratoconus, reported that both the basic and the
advanced equipment were lacking (Nkoana et al., 2022a). However, some Saudi

Arabian studies reported that the advanced equipment were available (Motowa et al.,
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2014; Naidoo et al., 2021), which was similar to a study in India whereby the advanced

equipment were available (Arvind et al., 2021).

On the other hand, a study in Limpopo, South Africa on the minimum of care services
provided, showed they had basic equipment although the study was not disease
specific (Maake & Moodley, 2018). However, there were distribution variations and
not zone specific. Additionally, a Kwa Zulu Natal study reported that the basic
equipment such as slit lamps were available (86%) (Gcabashe et al., 2022), similar to
another Kenyan study which reported that some basic equipment was available
(Rashid et al., 2023a). In a study done in India amongst optometrists in the public and
private sectors, some instruments were available (Arvind et al, 2021). However, it
was reported that basic equipment lacked in South Africa, with slit lamps having only
57% availability (Nkoana et al., 2024). Comparatively, Buthelezi and Staden reported
that the tertiary level hospitals were more equipped as opposed to the district hospitals
(Buthelezi & Staden, 2020). Moreover, in 2024, Nkoana et al found that the public

facilities had more resources than the private ones (Nkoana et al., 2024).

From these studies, there was no consistency on equipment availability, and mostly
majored on general disease aspects and not in early KC. The health systems
bureaucracy differs in varying aspects including the economic status, and it would be
of great importance to assess the actual situation in the public and private health

hospital set-up in Kenya.

2.5 Equipment’ Working Conditions
A Kenyan study on the maintenance of medical equipment revealed that the equipment
had fair standards in the public hospitals and the facilities had no any quality control

strategies (Mutia et al., 2012). Comparatively, the study reported that the public
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hospitals had a limited priority for servicing equipment, as opposed to the private set-
up (Mutia et al., 2012). From another Ethiopian study, the medical equipment were
reported as being sub-optimal, which was highly linked to the patients’ inaccurate
diagnosis and management, and had direct implications to those seeking services
(Sewagegn et al., 2025). These studies were not specifically on early keratoconus, and
it would therefore be worthwhile seeking information in relation to the early

keratoconus equipment.

2.6  Early KC equipment utilization in diagnosis and management of early
keratoconus

The use of advanced diagnostic equipment has facilitated the early detection of KC,

thus resulting to decrease in severe cases as evidenced in studies conducted in the USA

(Espandar & Meyer, 2010; Ljubic, 2009; Munir et al., 2021). Therefore, the use of the

advanced diagnostic tools for KC detection and diagnosis is crucial, as it enables

timely and more effective management, thereby reducing the risk of severe

complications and improving the overall patient outcomes (Uday, 2022).

In a study done in India on knowledge and skills amongst optometrists in the public
and private sectors, it showed that some instruments may be available and not in use,
although it was not specific on the equipment complexity, role or type (Arvind et al.,
2021). Moreover, in a study on the services for refractive error in Kenya, some
facilities had a few equipment of which some were not in use, although this majored
on refractive error assessment equipment (Morjaria et al., 2013). This showed a similar
trend with resources for eyecare in Saudi Arabia (Palmer et al., 2014), although this
involved general eyecare equipment. Furthermore, an Australian study reported that

the available equipment were not fully utilized (Hodge et al., 2015). Additionally,
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South African studies reported that the available equipment were not used (Gcabashe

et al., 2022; Nkoana et al., 2024).

On the contrary, a health system dynamics analysis of eyecare services in Trinidad and
Tobago, revealed a varying trend in equipment use, with many varied equipment being
in use (Braithwaite et al., 2018). In addition, both the advanced and the basic
equipment were utilized in India (Arvind et al., 2021). In another study by Maake et
al, it revealed that there was a shortage on available equipment and consumables for
KC management, of which there was no clear information on which specific ones were

being utilized (Maake & Moodley, 2018).

From the above, there is inconsistency on the utilization of the available equipment.
The equipment utilization may vary from region to region due to policy differences,
and it would therefore be important to consider the use of disease specific equipment
in specific coverage. Moreover, it would be fundamental to assess the utilization of
advanced early KC equipment in diagnosis and management of early KC in hospitals

in Kenya.

2.7 Knowledge level in early keratoconus diagnosis

Keratoconus may generally be detected by observing various signs and paying key
attention to its risk factors. Equally, progressive KC may be identified by various
indicators. Some of the signs of early KC include: shadow vision in Snellen’s optotype,
slightly distorted optotype even in good VA, difference in refraction in lighted and
dark room, scissor-reflex, mild localized corneal steepening and thinning, increased
keratometry readings differences between inferior and superior cornea, increased
corneal aberrations, mild changes in refractive error and reduction of spectacles’ best

corrected visual acuity (BCVA) (Santodomingo-Rubido et al., 2022; Tojar, 2022). The
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risk factors of KC include: genetics, systemic diseases, chronic eye allergies, eye
rubbing, age, parental consanguinity, family history, asthma and eczema (Almusawi
& Hamied, 2021; Debourdeau et al., 2022; Hashemi et al., 2020). Moreover, the
indicators of progressive KC include: increase in astigmatism > 1.0D, significant
changes in orientation of axes, increase of 1.0 D or more in optical power of the
steepest corneal meridian, and decrease of 25 micrometres or more in corneal thickness
(Pena-Garcia et al., 2015).

With a minimum keratoconus knowledge (MKK) defined with respect to KC
definition, risk factors, symptoms and possible treatment options of KC, a Switzerland
study revealed a low recall of symptoms and risk factors (Baenninger et al., 2021).
Moreover, a study on self-reported knowledge and skills related to diagnosis and
management of KC in Limpopo, South Africa, it showed that a number of optometrists
did not have appropriate knowledge and skills regarding KC (Nkoana et al., 2022).
Additionally, in a study in Cameroon on keratoconus in the West region of Cameroon,
it reported limited knowledge in keratoconus diagnosis, thus poor keratoconus
diagnosis (Ayukotang et al., 2024). Baenninger et al reported inadequate knowledge
of signs of KC (Baenninger et al., 2021). Additionally, a Limpopo study found low
self-reported knowledge on the use of equipment to diagnose KC (Nkoana et al.,

2022a).

On the contrary, a study in India revealed that optometrists had knowledge and skills
on KC, but still underutilized based on the prevailing policies (Arvind et al., 2021).
Besides, majority of optometrists in the public sector in KwaZulu Natal, South Africa,
had adequate training and skills to diagnose KC (Gcabashe et al., 2022). These studies

were on general KC with no disease specific stage. Moreover, the practitioners were
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found to have high knowledge level of the risk factors of KC (62.5%) (Nkoana et al.,

2022a).

From the above, there is a broad variation on knowledge and skills on KC diagnosis.
Furthermore, the studies dealt with general KC, and so it would be worthwhile
considering the early KC which is KC stage specific. With the Kenyan health system
being different, there could exist dynamic differences and would be needful to find out
the actual situation regarding knowledge in diagnosis of early KC in the public and

private hospitals.

2.8 Knowledge level in early keratoconus management

There are varying treatment and management options of KC based on the severity.
These include the optical options such as spectacles and contact lens (CL) which are
the first line of management (Barnett et al., 2023), including soft, rigid gas permeable
(RGP) and the specialty CL (hybrid, piggyback and Rose K) (Sarag et al., 2019). The
surgical options include cross-linking (CXL), intracorneal ring segments (ICRS),
penetrating keratoplasty (PK) and deep anterior lamellar keratoplasty (DALK)

(Deshmukh et al., 2023).

The optical options are the preferred first line of management for KC, with spectacles
and contact lenses being favoured due to their cost effectiveness, with an estimated
annual cost of $68.8, thus making them more affordable compared to other
management options (Leung et al., 2017; Rebenitsch et al., 2011). The CL are used at
the early and moderate KC stages, with some recent designs being able to correct
irregular astigmatism and improve visual acuity (VA) in most KC patients including
in KC progression (Jhanji et al., 2011). The soft toric CLs are effective in correcting

myopia and irregular astigmatism in early KC (Barnett et al., 2023). As KC progresses,
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specialized CLs such as Rose K, hybrid, piggyback and scleral CL are used for

management (Rathi et al., 2013).

The surgical options are majorly used in the moderate to severe stages (Deshmukh et
al., 2023). The CXL is commonly used for progressive early KC (Shetty et al., 2015),
which significantly halts progression to the severe stages. Technically, ICRS is a more
demanding procedure for severe KC management, which is associated with
complications including perforation of Bowman’s layer, corneal neovascularization,
segment extrusion and haziness (Alio et al., 2014; Barbara & Barbara, 2013; Pifiero &
Alio, 2010). The PK is used in severe stages which requires specialized ECPs and
donor corneas, which are usually in limited supply and has numerous complications
(Choi et al., 2014; Leung et al., 2017). Additionally, DALK is another surgical option,
characterized by numerous disadvantages. These include the longer operation time

duration and the potential graft rejection (Coster et al., 2014; Cursiefen et al., 2016).

Gcabashe et al through a study in Kwa Zulu Natal, South Africa, found that the
practitioners felt adequately trained and competent in fitting of CL for KC
management, although it was not specific on early KC management skills, though they

also felt that they needed additional knowledge (Gcabashe et al., 2022).

On the contrary, from a study done in India, the skills and knowledge level varied for
various procedures, with lower skills and knowledge levels in the private sector,
although this was for general varied services (Arvind et al., 2021). Additionally, a
study on keratoconus in the West Region of Cameroon, found out that there was
knowledge deficiency in keratoconus management (Ayukotang et al., 2024). On a self-
reported study modality in Limpopo, a significant number of practitioners (45%) were

found not knowledgeable in the management of KC (Nkoana et al., 2022a). Moreover,

20



Nkoana et al in a public health sector study reported that the ECPs had low knowledge

of KC management (Nkoana et al., 2024).

From this, there is an inconsistency in regard to practitioners’ knowledge and skills for
KC management. Moreover, the studies were on general KC. This therefore made it
fundamental to assess on disease specific knowledge, in management of early KC in

public and private hospitals in Kenya.

2.9 Summary of Literature Review

Some studies have been done on equipment in regard to KC, with some reporting that
the equipment was available but not utilized. Disparity on knowledge and skills levels
was evident, but did not report on utilization (Arvind et al., 2021). Moreover, some
were available but their utilization pattern was not clear and informative (Maake &
Moodley, 2018), thus no information on what association exists between the two. In
India, a study on management outcomes in pediatric KC emphasized on the need to
diagnose pediatric KC early due to the high progression risk, yet no specific emphasis
for study on the knowledge and equipment to diagnose the early KC (Gupta et al.,

2022).

Ayukotang et al in a study in West Cameroon, reported that the majority of eyecare
personnel and administrators had limited or no knowledge on KC (Ayukotang et al.,
2024). Here, undersupply of KC diagnostic equipment was closely associated with
poor diagnosis and management of KC patients. Moreover, in a systematic review and
a meta-analysis, Akowuah et al decried the limitation on the shortage of KC studies in
Africa and the lack of published researches. They highlighted the need for researches

on KC, and that this limitation should be of great concern (Akowuah et al., 2021).
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Generally, in Africa, it was found that KC prevalence was high but early KC goes
undetected. Some of the studies found out that the advanced equipment was available
but not utilized, some practitioners did not have sufficient knowledge and skills to
diagnose and manage KC, while others did not have advanced equipment for early KC
diagnosis (Gcabashe et al.,, 2022; Maake & Moodley, 2018; Nkoana et al., 2022),

although Kenya was not part of these studies.

In this connection, early KC studies are more limited than the general KC, and hence
the dire need for studies in early KC. The study output stands to guide on early KC
services, in recognition of the extreme dangers, complications and high costs
associated with managing severe KC as a result of unmanaged early KC. Thus, the
need for this study which evaluated the diagnosis and management capacity of early

keratoconus in hospitals in Nyanza and Western Kenya.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Study Area

The study was conducted in hospital facilities offering eyecare services in Nyanza and
Western Kenya regions. These included: L4, L5 and L6 hospitals from ten (10)
counties namely: Bungoma, Kakamega, Busia and Vihiga in Western region, and
Siaya, Kisumu, Homabay, Nyamira, Migori and Kisii in Nyanza region. These
included 57 hospital facilities, both private and the public, of which 19 were from
Western, and 38 from Nyanza region as shown in (table 3.1). The regions have a high
population with Western having 5.02 million and 6.27 million in Nyanza region
(Kenya National Bureau of Statistics, 2019), thus increasing the demand for KC

services.

Additionally, these regions experience warm and wet climate, thus high prevalence for
allergies which is associated with KC (Naderan et al., 2017). With KC being associated
with the allergies, the population is at a high risk of the disease (Mugho, 2016).
Altogether, these would lead to an increased demand for the KC services. Moreover,
these regions are cosmopolitan and thus have people from different ethnicities which
is associated with KC (Georgiou et al., 2004; Jonas et al., 2009), including both the
rich and the poor. Besides, the area is convenient for the researcher because the two

regions are adjacent to each other.
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Table 3.1 Summary of the Study Site Data

REGION
HOSPITAL Nyanza Western Total number of
LEVEL Hospitals per
Level

L4 29 14 43

L5 8 5 13

L6 1 0 1
Total Number of 38 19 57
Hospitals per
Region

Table showing the hospital levels and regional distribution of the study area

3.2 Study Design
In this study, an observational cross-sectional design was employed. The required data
was obtained from the practitioners in regard to their hospital of practice at one point

in time using a questionnaire.

3.3 Study Population
The target population for this study were the ECPs working in public and private
hospitals in Nyanza and Western Kenya regions. These were ECPs working in L4, L5

and L6 hospitals, comprising of ophthalmologists, COCs, optometrists and OCOs.

3.3.1 Inclusion Criteria

All ECPs working in Eye units in L4, L5 and L6 public and private hospitals were
included. The practitioners were trained in a certified higher learning institution in
Kenya, with a study period of at least three years of training. This was because
according to the scope of practice based in Kenya, these cadres are certified to

examine, diagnose and manage patients.
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3.3.2 Exclusion Criteria
The ECPs on attachment or internship were excluded because these were working
under supervision. The practitioners who did not give consent to the study were also

excluded.

3.4 Study Variables
This comprised both the dependent and the independent variables, which were derived

from the specific objectives.

3.4.1 Dependent Variables

The dependent variables were derived from the various specific objectives. The
specific objective one was to determine the availability of the equipment for early KC
diagnosis and management in Nyanza and Western Kenya hospitals. In this objective,
the dependent variables were the equipment. Specific objective two was to evaluate
the working conditions of the equipment for diagnosis and management of early
keratoconus. From this objective, the dependent variables were the available
equipment. Specific objective three was to determine the utilization of early KC
diagnosis and management equipment in hospitals in Nyanza and Western Kenya. The
dependent variables in this objective were the equipment. The fourth specific objective
was to assess practitioners’ level of knowledge in early KC diagnosis. The dependent
variables were knowledge on various risk factors for KC, ability to use equipment to
diagnose and the signs of early KC. Specific objective five was to assess practitioners’
knowledge in early KC management, whereby the dependent variables were
knowledge on use of various equipment, indicators for progressive KC and the

management strategies for early KC.
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3.4.2 Independent Variables

In specific objective one, the independent variables were the hospitals. Regarding
specific objective two, the independent variables were the hospitals. For specific
objective three, the independent variables were the practitioners and the hospitals. In
regard to specific objective four and five, the independent variable was the

practitioners.

3.5 Sampling Design

3.5.1 Sampling Strategy

Purposive sampling was used as only specific eyecare practitioners participated in the
study. The ECPs were specifically those who examine, diagnose and manage eyecare
patients. These included the Ophthalmologists, Comprehensive Ophthalmology and
Cataract surgeons (COCs), Optometrists and Ophthalmic Clinical Officers (OCOs)
working in the Eye units in the public and private hospitals. It is only the hospitals
having either of the ECPs practicing that were involved. The ECPs working in the
public and private hospitals which included L4, L5 and L6 hospitals participated. This
is because this is where eye unit hospital set-ups are likely found currently in the

Kenyan public and private hospitals.

3.6 Sample size determination

For the sample size, a census of the practitioners’ population in Nyanza and Western
Kenya region was done. Leading information on the ECPs was obtained from their
respective professional associations including Optometrists Association of Kenya
(OAK), Clinical Officers Council of Kenya (COC-K) and Kenya Medical
Practitioners, Pharmacists and Dentists Union (KMPDU). There were one hundred and

forty-three (143) ECPs. This comprised the ECPs in the public and private hospitals
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for L4, LS and L6. All the ECPs in L4, L5 and L6 hospitals were invited to participate

in the study, thus a census was used.

3.7 Data and Information Collection

3.7.1 Data Collection Procedure

The data for this study was collected between August, 2024 and September, 2024. A
questionnaire was developed and reviewed based on, and in relation to other
questionnaires from studies done on KC. An online questionnaire was then piloted in
Kiminini constituency and modified before data collection. Every participant, via
electronic media including WhatsApp, Facebook Messenger and Email, received a
link to the questionnaire.

Below is an illustration for data collection process:
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Questionnaire instructions to participants
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H Individual participant/filling-in

Filled-in questionnaire

Jl Safe storage

Stored questionnaire

Jl

Excel sheet

Figure 3.1 Data collection process

3.7.2 Data Collection Instruments

A questionnaire was used for data collection. The questionnaire was derived and set in
relation to other questionnaires in KC related studies (Baenninger et al., 2021;
Khandekar & Al Fahdi, 2009; Usgaonkar et al., 2023). It consisted of different sections
including the biodata of the participants, equipment availability and their working
conditions, equipment utilization and early KC knowledge. The Biodata included both
open-ended and close-ended questions including: age, gender, years of experience,
county of practice, level of facility of practice, institution of qualification, the highest
achieved qualification, whether in private or public hospital, and the specific

qualification in regard to eyecare. The section on early KC presented close-ended
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questions involving three (3) questions, which had sub-sections on knowledge of early
KC diagnosis involving a five (5)-likert scale, three (3) questions with sub-sections on
knowledge of early KC management involving a five (5)-likert scale, and a question
on the available equipment and their working condition based on a five (5)-likert scale.
There was a question on the frequency of utilization of the available equipment pegged
on a five (5)-likert scale, and finally a question on how the participants upgraded their
knowledge on KC, which involved the knowledge sources. See Appendix III (research

questionnaire).

3.7.3 Reliability

The internal consistency was tested and computed for knowledge questions to find the
correlation between questions within the section. This gave Cronbach’s alpha co-
efficient 0.75, which was within the acceptable ranges (Sharma, 2016). The questions
were then further checked for accuracy, as the Cronbach’s alpha may not be relied on

alone (Taber, 2018).

3.7.4 Techniques for validation of data collection tools

The feedback obtained from the pilot study was used to refine the questionnaire, which
enhanced its ability to optimally answer to the objectives of the study. Face validation
was done on the questionnaire before, and after piloting and modification. This was in
consultation with eyecare experts ranging from research institutions, academic
institutions, public and private hospital practices. These included Ophthalmologists,
Comprehensive Ophthalmology and Cataract surgeons, Optometrists and Ophthalmic
Clinical Officers who were invited to review the questionnaire. Modification was done
to enhance the accuracy of the questionnaire and its ability to satisfactorily answer the
research questions. Besides, the correct use of language, early KC and KC content

were inspected, including the alignment of the objectives and the questions.
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3.8 Pilot Study

An online questionnaire was developed and piloted in Kiminini constituency, which
included ten eye care practitioners. The questionnaire was then modified based on the
responses received. Some of the modifications included standardizing the scaled
questions to a five-likert scale, changing the yes or no answer questions and instead,
provided likert scale options, and gave answer choices to the questions that required

ECPs to write down the answers, thus avoiding ambiguity.

3.9 Data Management, Analysis and Presentation

There was a structured process in which the data collected in the study was managed,
protected in line with the ethical provisions, stored and retrieved, and how it was
analyzed for interpretation and presented in the results chapter.

3.9.1 Data Management and Storage

The data collected from the study was automatically entered into Excel sheet from the
questionnaire. It was then cleaned, coded and entries made into the statistical package
for social sciences (SPSS) V 29 software. This involved converting quantitative and
qualitative data into numerical codes. The data was then protected using a password in
the computer in such a way that, only the researcher can access the information. The
participants’ details were anonymized during analysis, while the email addresses
through which they responded to the questionnaire, were, and will not be shared with
third parties during and after the research. The data was then stored based on the

university policy regarding data storage and protection (Mmust, 2022).

3.9.2 Data Analysis and Presentation
The already cleaned data was entered into SPSS software V 29 for analysis. The
dependent and the independent variables were derived from each specific objective for

analysis and data presentation based on the variables’ type.
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The first objective was to determine the availability of equipment for early KC
diagnosis and management in hospitals in Western and Nyanza Kenya. From this
objective, the dependent variables were the equipment while independent variables
were the hospitals. Analysis was done using descriptive statistics: percentages and

frequencies, then presented using bar-charts and tables as shown in table 3.2.

The second objective was to evaluate the working conditions of the available
equipment for keratoconus. The dependent variables were the equipment, while the
independent variables were the hospitals. These were analyzed using descriptive

statistics: percentages and frequencies, and subsequently presented using tables (table

3.2).

The third objective was to determine the utilization of early keratoconus diagnosis and
management equipment in hospitals in Nyanza and Western Kenya. In this, the
dependent variables were equipment and independent variables were the practitioners
and the hospitals. Analysis was done using descriptive statistics: percentages and

inferential statistics: Chi-square, then presented using bar graphs and tables (table 3.2).

The fourth objective was to assess the practitioners’ knowledge level in early KC
diagnosis. In this, the dependent variables were knowledge on the various KC risk
factors, the ability to use the equipment to diagnose and the signs of early KC, while
the independent variables were the practitioners. The analysis was done using
descriptive statistics: percentages, and inferential statistics: Chi-square and

independent t-tests, then presented using tables and pie-chart as shown in table 3.2.

The fifth objective was to assess the practitioners’ knowledge level in early KC
management. In this, the dependent variables were knowledge on the use of various

equipment, indicators for progressive KC and management strategies for early KC,
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whilst the independent variables were the practitioners. These were analyzed using
descriptive statistics: percentages, and inferential statistics: Chi-square and

independent t-tests, and presented using tables and pie-chart (table 3.2).

The questions testing on knowledge (objectives four and five), had a 5-Likert scale,
whereby the highest score was five (5) and the least was one (1). For the positive
questions, those that strongly agreed scored 5 points, while the ones that strongly
disagreed scored 1 point. For the negative questions, those who strongly disagreed
scored 5 points, while the ones that strongly agreed scored 1 point. The knowledge
score was classified such that, a score below 50% was regarded as poor knowledge,
50% to 75% was regarded as a fair knowledge, and above 75% was regarded as good

knowledge level.

The summary of analysis and presentation is as shown in table 3.2.
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Table 3.2. Summary of Data Analysis and Presentation Procedures

S/NO OBJECTIVE DEPENDENT INDEPENDENT TOOL FOR TOOL FOR
VARIABLES VARIABLES DATA DATA
ANALYSIS PRESENTATI
ON
1 Determining the
availability of Equipment Hospital Percentages Bar-chart
early KC
diagnosis and Hospital levels Frequency Tables
management
equipment
2 Evaluating the Equipment Hospital Percentages
working Tables
conditions of the Hospital levels Frequency
equipment
3 Determining the
utilization of early ~Equipment Hospital Percentages Tables
KC equipment in
early KC Practitioners Chi-square Bar-chart
diagnosis and
management
4 Assessing the Various KC risk- Percentages Pie-chart
level of factor knowledge
knowledge in Practitioners Chi-square Tables
early KC Various early
diagnosis KC signs Age Independent
knowledge t-test
Qualification/
Knowledge on Level of education
use of various
equipment for Cadre
diagnosis of
early KC
5 Assessment of Various
knowledge in equipment Percentages Pie-chart
early KC knowledge in Practitioners
management management of Chi-square Tables
early KC Age
Independent
Various early Qualification/ t-test

KC management
strategies
knowledge

Knowledge on
various
indicators of
progressive KC

Level of education

Cadre

A table showing a summary of the specific objectives, dependent and independent
variables, tools for analysis and data presentation.
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3.10 Logistical and Ethical Considerations

The researcher obtained institutional ethical clearance from the ethical committee of
Masinde Muliro University of Science and Technology, Institutional Scientific and
Ethics Review Committee (MMUST-L.S.E.R.C.), with clearance bearing approval
number: MMUST/ISERC/074/2024 as shown in (appendix vi). Additionally, the
National Commission for Science, Technology and Innovation (NACOSTI) approval
was sought, bearing License Number: NACOSTI/P/24/39382 as shown in (appendix
vii). In addition, permission was sought from the hospitals through the eye unit in-

charge of the selected hospitals before data collection (appendix iv).

Informed consent. The participants signed consent forms before responding to the
questionnaire (appendix ii). It gave a brief description of the research and intentions
for the data, and any potential risks or benefits. During the questionnaire filling-in and
data collection, the participants were able to seek clarification from the researcher or
research assistant. Participation was voluntary and optional, and the participants

received information regarding the voluntary nature of the research participation.

In data compilation, the participants were kept anonymous for the purposes of
confidentiality and data protection. Moreover, the questionnaire was anonymous and
so no identifiable data was obtained, and records were retrieved by the codes assigned
to each questionnaire for ease of identification. Each participant was identified using
the code number allocated to their questionnaire. There were no confidential details

that were collected from the participants.

The researcher would ensure that the information obtained from the study is

disseminated to the relevant authority to help inform future policies that will be of help
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to KC patients, and enhance early diagnosis and management of KC, thus ensuring

and enhancing beneficence.

There was no any direct form of harm from the study, hence enhancing non-

maleficence.

Anyone within the inclusion criteria had equal chances of participation in the study,

thus ensuring justice prevailed in participation.

The study ensured transparency towards participants and ensured that the right
information was delivered. The participants’ responses were held as they were, without

construing their intended feedback. This enhanced quality and transparency.

For the respect of participants’ autonomy, they were allowed to voluntarily withdraw
from the study at any point in time, without any consequences. Any participant willing

to withdraw at any stage of the study was free to withdraw without any consequence.

There was no any financial gain and the research was conducted independently. For
the participants, there were no any incentives accruing from the participation. All this

information was disclosed, thus there was no conflict of interest.
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CHAPTER FOUR
RESULTS

4.1 Introduction

In this study, a total of 143 ECPs received the questionnaire whereby 134 responded,
yielding a response rate of 93.7%. From among the respondents, 80 (59.7%) were
males and 54 (40.3%) females as shown in table 4.1. Most of the practitioners were
from the private hospitals, with L4s, the optometrists and those aged 30-39 years
having the highest representation as shown in fable 4.1. The highest achieved
qualification for most respondents was a Bachelor’s degree, followed by Diploma,

with very few having Master’s.

Table 4.1: Demographic Distribution of the practitioners

Socio-demographics n %
Gender Female 54 40.3
Male 80 59.7
Age 20-29 40 31.3
30-39 62 48.4
40-49 21 16.4
50 and above 5 3.9
Qualifications 0CO 25 18.7
Optometrists 78 58.2
COCs 24 17.9
Ophthalmologists 6 4.5
Hospital level Level 4 86 64.2
Level 5 40 29.9
Level 6 6 4.5
Hospital set-up Private 71 53.0
Public 58 43.3

A table showing the socio-demographic data of the practitioners in frequencies (n) and
percentages (%)
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4.2 Availability of keratoconus diagnosis and management equipment in hospitals
4.2.1 Overall Equipment/Consumables Availability

The equipment availability across the hospital levels varied. Overall, some of the basic
equipment was highly available, with distance VA chart at 100%, trial lens/phoropter
96.3% and retinoscope at 95.5%. However, the advanced equipment had limited
availability, with corneal topographers (12.7%) and corneal tomographers (10.4%) as

shown in figure 4.1.

Availability of Equipment/Consumables
100 g %3%  355%

Percentage (%)

Equipment/Consumables

Figure 4.1 Equipment/consumables availability in place of practice.

A graph showing equipment/consumables overall availability in percentages (%)
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4.2.2 Equipment/Consumables availability per hospital level

In terms of the hospital levels, the equipment and consumables available varied. The

L6 hospitals reported the highest rates of equipment and consumables availability as

shown in table 4.2. Generally, L6 had more equipment available, followed by L5 and

L4.

Table 4.2 Equipment/consumables available per hospital level and type

Equipment/Consumable Available per Hospital Level and type

Equipment/  Availability Level 4 Level 5 Level 6 Public Private
Consumable N % N % N % N % N %
Slit lamp Available 66 (75.0) 39(97.5) 6(100) 54(93.1) 57 (75)
Not available 22 (25.0) 1(2.5) 0(0.0) 4(6.9) 19 (25)
Distance VA Available 88 (100) 40 (100) 6 (100) 58 (100) 76 (100)
Chart Not available 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.)
Direct Available 74 (84.1) 38(95.0) 6(100) 55(94.8) 63 (82.9)
ophthalmosco  Not available 14 (15.9) 2 (5.0) 0(0.0) 3(5.2) 13 (17.1)
pe
Retinoscope  Available 86 (97.7) 36 (90.0) 6(100) 55(94.8) 73 (96.1)
Not available 2(2.3) 4 (10.0) 0(0.0) 3(5.2) 3(3.9)
Trial lens Available 85 (96.6) 39(97.5) 5(83.3) 55(94.8) 74 (97.4)
set/phoropter ~ Not available 3(3.4) 1(2.5) 1(16.7) 3(5.2) 2(2.6)
Contact lens Available 31(35.2) 8(20.0) 1(16.7) 6(10.3) 34 (44.7)
solution Not available 57 (64.8) 32(80.0) 5(83.3) 52(89.7) 42 (55.3)
Fluorescein Available 62 (70.5) 38(95.0) 6(100) 58(100) 48 (63.2)
strips Not available 26 (29.5) 2(5.0) 0(0.0) 0(0.0) 28 (36.8)
Contact lens Available 19 (21.6) 7 (17.5) 0(0.0) 7(2.1) 19 (25)
fitting set Not available 69 (78.4) 33 (82.5) 6(100) 51(87.9) 57 (75)
Corneal Available 7 (8.0) 6 (15.0) 1(16.7) 2(3.4) 12 (15.8)
Tomographer Not available 81(92.0) 34 (85.0) 5(83.3) 56(96.6) 64 (84.2)
Corneal Available 10 (11.4) 8 (20.0) 3(50.0) 8(13.8) 13 (17.1)
Pachymeter Not available 78 (88.6) 32 (80.0) 3(50.0) 50(86.2) 53 (82.9)
Keratometer  Available 39 (44.3) 29 (72.5) 5(83.3) 36(62.1) 37 (48.7)
Not available 49 (55.7) 11(27.5) 1(16.7) 22(37.9) 39 (51.3)
Corneal Available 10 (11.4) 6 (15.0) 1(16.7) 5(8.6) 12 (15.8)
Topographer  Not available 78 (88.6) 34(85.0) 5(83.3) 530914 64 (84.2)

Data showing equipment and consumables available per hospital level and set-up in

frequency (n) and percentages (%)

4.2.3 Equipment/Consumable availability per hospital set up (public/private)

The equipment and consumables availability rates equally varied between the public

and the private hospitals. While basic equipment and consumables generally showed
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higher availability than the advanced equipment, there was a marked difference based
on the hospital set up. The public hospitals were more equipped with the basic
equipment including slit lamp (93.1%), direct ophthalmoscope (94.8%) and the
fluorescein strips (100%) than the private hospitals as shown in table 4.2. On the
contrary, even though the advanced equipment had overall low availability, the private
hospitals demonstrated higher availability as compared to the public hospitals
including contact lens fitting set (25%), corneal tomographer (15.8%), corneal

pachymeter (17.1%) and corneal topographer (15.8%) as shown in table 4.2

4.3 Working conditions of the equipment/consumables in hospitals

A number of the available equipment was in a poor working condition, whereby some
were far below standards and others below standards. In respect to the basic
equipment, these included the slit lamp (13.5%), direct ophthalmoscope (14.4%) and
retinoscope (16.4%), for the basic equipment as shown in table 4.2. Moreover, a
number of the advanced equipment equally had poor working conditions including
corneal topographer (35.2%), contact lens fitting set (46.1%) and corneal pachymeter

(19.1%) (table 4.3).
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Table 4.3 Working conditions of the equipment in percentages (%) and
frequencies (n)

Far Above Meets Below Far below Overall
above standards standards standards standards poor
standards standards
Corneal 11.8% (2) 17.6%(3) 353%(6) 17.6%3) 17.6%(3) 35.2% (6)
Topographer
Corneal 423% (6) 143%((2) 28.6%4) 0.7% (1) 0.7% (1) 1.4% (2)
Tomographer
Keratometer 9.6% (7) 15.1% 56.2% 15.1% 4.1% (3) 19.2%
an (41) an (14)
Direct 12.7% 15.3% 57.6% 5.1% (6) 93% (11) 14.4%
ophthalmoscope (15) (18) (68) (17)
Slit lamp 10.8% 16.2% 59.5% 4.5% (5) 9.0% (10)  13.5%
(12) (18) (66) (15)
Distance VA chart  9.7% (13) 17.2% 61.2% 3.0% (4) 9.0% (12)  12.0%
(23) (82) (16)
Retinoscope 12.5% 11.7% 56.3% 7.0% (9) 9.4% (12)  16.4%
(16) (15) (72) @1
Trial lens 10.9% 15.5% 57.4% 5.4% (7) 10.9% 16.3%
set/phoropter (14) (20) (74) (14) 1)
Contact lens 23.1%(6) 7.7% (2) 23.1%(6) 269%(7) 192%(5) 46.1%
fitting set (12)
Corneal 28.6% (6) 143% (3) 38.1%(8) 4.8% (1) 143% (3) 19.1% (4)
Pachymeter

A table showing the working conditions of the equipment in percentages (%) and
frequency (n)

4.4 Utilization of early keratoconus diagnosis and management equipment in
hospitals

The frequency of use of the equipment varied based on the equipment. The utilization
rates of some of the basic equipment were high, including distance VA chart 91.8%,
trial lens/phoropter 89.9%, slit lamp 78.4% and retinoscope 75.0% as shown in figure
4.2. The advanced equipment available had lower utilization rates including contact
lens fitting set 31.0%, corneal pachymeter 52.4% and corneal topographer 52.9% as
shown in figure 4.2. Chi-square tests showed a significant association between

equipment availability and its utilization, including distance VA chart (0.0333), trial
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lens/phoropter (0.0029), slit lamp (0.0028) and keratometer (0.00001) as shown (table

4.4).

—

Distance VA Chart 91.8%
Trial lens/phoropter | 89.9%
Slit lamp | 78.4%

Retinoscope 75.0%
Keratometer 86.0%
Topographer 52.9%

Direct ophthalmoscope | 50.8%
Pachymeter 52.4%

Tomographer 71.4%

Contact lens fitting set | 31.0%

0 20 20 60 80 100
Utilized Equipment (%)

Figure 4.2 Equipment/consumable utilization rates in percentages (%).

A bar graph showing the utilization rates of the available equipment in percentages
(%)

4.4.1 Utilization rates of early keratoconus diagnosis and management
equipment based on type of hospital set up (public/private)

Generally, the public hospitals reported higher utilization rates for the basic equipment

including slit lamp (83.3%) and direct ophthalmoscope (57.7%), than the private

hospitals as shown in table 4.4. On the other hand, the private hospitals demonstrated

higher utilization rates for the advanced equipment including corneal topographer

(61.3%), corneal pachymeter (74.2%) and corneal tomographer (79.7%) as shown in

table 4.4
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Table 4.4 Cross-tabulation of Equipment availability and their utilization

Overall Availability, Utilization Utilization Per
and p-value Hospital Set-up
Equipment Available  Utilized p-value Public Private
Overall Overall (%) (%)
1 Distance VA 134 (100%) 123(91.8)  0.0333 91.4 92.1
Chart
2 Trial 129(96.3%) 116(89.9%) 0.0029 85.5 93.2
lens/phoropter
3 Slit lamp 111(82.8%) 87(78.4%) 0.0028 83.3 73.7
4  Retinoscope 128(95.5%) 96(75%) 0.0625 70.9 78.1
5  Keratometer 73(54.5%)  63(86%) 0.00001 86.1 86.5
6  Corneal 17(12.7%)  9(52.9%) 0.8148 43.0 61.3
Topographer
7  Direct 118(88.1)  60(50.8%) 09322 57.7 43.9
ophthalmoscope
8  Corneal 21(15.7) 11(52.4%) 09845 30.0 74.2
Pachymeter
9 Corneal 14(10.4%) 10(71.4%) 0.1189  63.0 79.7
Tomographer
10 Contact lens 26(19.4%) 8(31%) 0.0632 173 45.1

fitting set

Data showing utilization rates (%) as an overall and per hospital set up of the available
equipment in frequency (n), and the categorical variables compared using Chi-square
test with significance at p <0.05 and CI of 95%.

4.5 Assessment of knowledge level of practitioners in diagnosis of early
keratoconus in hospitals

The knowledge level of the practitioners in diagnosis of early KC was assessed using
three parameters. These included KC risk factors knowledge, signs of early
keratoconus knowledge and self-reported knowledge on the use of various equipment

to diagnose early KC.
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4.5.1 Risk factors for keratoconus knowledge assessment

Keratoconus risk factor assessment involved various factors including genetics,
systemic disorders, eye allergies, eye rubbing, age, eczema and asthma. From the
responses on KC risk factors’ knowledge, only 39.3% of the respondents had good
knowledge level, 51.1% had a fair knowledge level while 9.6% had a poor knowledge.
This was based on factor agreement for various risk factors for KC. All the factor
options given were right answers and so, for those that strongly agreed that they were
risk factors for KC, obtained the highest score, while those that strongly disagreed

scored the least.

4.5.2 Signs of early keratoconus knowledge level

From the responses on knowledge of signs of early KC, 80.0% of the practitioners had
fair knowledge, 15.6% had a good knowledge level, while 4.4% had poor knowledge
of the signs of early KC. This was based on various signs of keratoconus, with some
of the options being signs of early KC stage, while other options were signs of other
KC stages. For those that strongly agreed with the right signs of early KC and strongly
disagreed with the wrong signs of early KC, they scored the highest. On the contrary,
those that strongly disagreed with the right signs of early KC and strongly agreed with

the wrong signs of early KC, they scored the least.

4.5.3 Knowledge level on the use of various equipment in diagnosing early
keratoconus

This was self-reported knowledge on equipment use for early KC diagnosis. Out of
the 134 respondents, 45.9% had good knowledge, 48.1% had fair knowledge while
5.9% had a poor level of knowledge on a cumulative percentage. This involved

knowledge assessment on the use of various equipment for early KC diagnosis.
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4.5.4 Overall knowledge for early keratoconus diagnosis

This involved the three aspects of early KC diagnosis knowledge assessment, that
included recognizing the risks factors of KC, signs of early KC and knowledge on
equipment use in diagnosis of early KC. On average, 36.6% had good knowledge,
60.4% had fair knowledge, while 3.0% had a poor knowledge level in early KC

diagnosis as shown in figure 4.3.

Diagnosis Knowledge Level
Poor
3.0%

Fair
60.4%

= Good = Fair = Poor

Figure 4.3 Knowledge level for early KC diagnosis.

A pie-chart showing knowledge level in percentages (%) of the practitioners in the
diagnosis of early keratoconus

4.6 Assessment of practitioners’ knowledge in management of early

keratoconus in hospitals

Practitioners’ knowledge in the management of early KC was assessed based on three
aspects. This involved the assessment of knowledge on the ability to use equipment to
manage early KC, various management strategies of early KC and on the indicators of

progressive KC.

4.6.1 Knowledge of early keratoconus management strategies
This involved various management strategies of KC whereby some of the options

given were strategies for early KC, while others were strategies for other KC stages.
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The various strategy options given included were spectacles, corneal CL, corneal-
scleral CL, piggy-back CL, soft CL, hybrid CL and referral to CL specialists. Those
that strongly agreed with the right options and strongly disagreed with the wrong
options for early KC management, scored the highest. On the contrary, those that
strongly disagreed with the right options and strongly agreed with the wrong options,
scored the least. From the study, 18.5% of the practitioners had good knowledge,
78.5% had fair knowledge, while 3.0% had poor knowledge level in the management

strategies of early KC on a cumulative percentage.

4.6.2 Knowledge of use of various equipment in management of early
keratoconus

The knowledge level of the practitioners varied for different equipment on a self-
reported basis. From among the practitioners, 45.9% had good knowledge, 48.1% had
fair knowledge while 5.9% had a poor knowledge level on the use of various
equipment in the management of early KC.

4.6.3 Knowledge of indicators of progressive keratoconus

The knowledge of the indicators of progressive KC was tested on specific corneal
astigmatism dioptric changes, specific changes in refractive axis orientation, specific
dioptric power changes on the steepest meridian and specific magnitude changes in
corneal thickness. All the choice options given were correct and right indicators of
progressive KC and therefore, all those that strongly agreed with the given options
scored the highest, while those that strongly disagreed scored the least. 61.5% of the
practitioners had good knowledge, 34.1% had a fair knowledge, while 4.4% had a poor

knowledge level of the indicators of progressive KC.
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4.6.4 Overall knowledge in early keratoconus management

For the overall knowledge in the management of early KC, which comprised of the
management strategy, the use of the equipment and the indicators of progressive KC
knowledge, cumulative percentages were obtained. 36.6% of the practitioners had
good knowledge level, 61.2% had a fair knowledge, while 2.2% had a poor knowledge

level in the management of early KC as shown in figure 4.4.

Early Keratoconus Management Knowledge Level

Poor

2.2%

Good
36.6%

Fair
61.2%

= Good = Fair = Poor

Figure 4.4 Knowledge level for early keratoconus management

A pie-chart showing the overall percentage (%) knowledge level of the practitioners
in early keratoconus management

4.7  Differences in knowledge of diagnosis and management of early
keratoconus between public and private hospitals

The ECPs’ knowledge level mean scores between the public and private hospitals were

relatively similar. There was however a slight variation, whereby the ECPs in the

public hospitals demonstrated a minimally higher knowledge of the risk factors of KC.

On the other hand, the private hospitals had slightly higher knowledge of progressive

KC as shown in table 4.5
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Table 4.5 Comparing Private and Public Hospitals Knowledge of Diagnosis and
Management of Early Keratoconus

Hospital Mean Std. Std. Error
type Deviation  Mean
Knowledge on diagnosis
Risk factors for keratocomnus Pu.blic 71.3793 17.30615 2.27241
Private 68.4737 16.32869 1.87303
Signs of early keratoconus Pu.blic 68.1724 9.92805 1.30362
Private 67.5395 9.52392 1.09247
Ability to use equipment to Public 73.3276 17.12533 2.24867
diagnose early keratoconus  Private 72.7237 13.14798 1.50818
Knowledge on Management
Indicators of progressive p 1. 76.5517 18.14191 2.38215
keratoconus(management)  pioue 801316 13.03773 149553
. Public 69.2069 8.90448 1.16922
Management strategies for
early keratoconus Private 69.3684 6.91634 79336
. ) Public 73.3276 17.12533 2.24867
Ability to use equipment to
manage early keratoconus  Private 72.7237 13.14798 1.50818
Overall Knowledge of Public 72.3276 11.72400 1.53944
diagnosis Private 72.2105 8.97451 1.02945
Overall  knowledge  of Public 71.2586 10.72554 1.40833
management Private 71.0263 8.07131 92584

Table showing mean scores comparisons for keratoconus diagnosis and management
knowledge between public and private hospitals

On testing ECPs’ knowledge levels differences between the public and the private
hospitals, an Independent Samples t-test showed no statistically significant differences
for most knowledge test domains. However, there was a significant difference in the
knowledge levels of risk factors of KC and the indicators of progressive KC as shown

in table 4.6
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Table 4.6 Independent Samples t-Test for Public and Private Hospitals
Knowledge of Diagnosis and Management of Early Keratoconus

Variable t df p Mean Diff. 95% CI
(Lower, Upper)

Risk Factors for 0.99 132 0.0322 2091 [-0.25, 5.57]

Keratoconus

Signs of Early 0.37 132 0.709 0.63 [-2.71, 3.98]

Keratoconus

Equipment use to 0.23 132 0.818 0.60 [-4.57, 5.78]

Diagnose Early

Keratoconus

Indicators of Progressive -1.33 132 0.0186 -3.58 [-6.78, -0.37]

Keratoconus

Management Strategies for -0.12 132 0.906 -0.16 [-2.86, 2.54]

Early Keratoconus

Use of Equipment to 0.23 132 0.818 0.60 [-4.57,5.78]

Manage Early Keratoconus

Overall Diagnosis 0.07 132 0948 0.12 [-3.42, 3.65]

Knowledge

Overall Management 0.14 132 0.886 0.23 [-2.98, 3.44]

Knowledge

Knowledge mean score differences between public and private hospitals were assessed
using an Independent Samples t-Test. Results were considered statistically significant
at p <0.05. df = Degrees of Freedom.

4.8 Analysis for Socio-demographics across groups

A Chi-square test analysis revealed significant association, x> (78, N=134) =112.88,
p=0.000, regarding qualification level and knowledge in management. However, there
were no significant differences for gender, years of experience, the cadre affiliation,
and age in regard to knowledge in diagnosis and management of early KC as shown

in table 4.7
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Table 4.7 Chi-square () results for Demographic Characteristics’ Associations
with Keratoconus Diagnosis and Management Knowledge

Variable df Pearsons (y*) p
Respondents gender Knowledge in diagnosis 40 46.52 0.222
Knowledge in management 39 36.02 0.607
Age Knowledge in diagnosis 1160 1070.81 0.970
Knowledge in management 1131 1124.54 0.549
Experience Knowledge in diagnosis 840 851.38 0.385
Knowledge in management 819  860.04 0.153
Cadre Knowledge in diagnosis 80 53.51 0.990
Knowledge in management 78 90.56 0.157
Qualification Knowledge in diagnosis 80 94.48 0.128
Knowledge in management 78 112.88 0.006

A table showing results of test for associations between groups on knowledge in
diagnosis and management of keratoconus, with CI of 95% and significance at p <
0.05
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CHAPTER FIVE

DISCUSSION

5.1 Socio-demographics of the practitioners

From the study, there were more males than female practitioners. This may be due to
the African tradition set up, whereby more males have predominance for higher
education as opposed to the females, with the results being similar to a study in Ghana,
Africa, where there were more males than the females in practice (Boadi-kusi et al.,
2015). Equally, this finding was also similar to a study in Switzerland, Europe,
whereby there were more male practitioners as opposed to the females (Baenninger et
al., 2021). The level 4s had the highest representation, which may be due to higher
numbers of the practitioners working in private hospital set up, which had higher
representation as opposed to public hospital set up. There was a significant association
between the qualification level and knowledge in early KC management. This could
be due to the higher knowledge gained with higher academic qualification of the
practitioner. This result was similar to a study in India, whereby the ECPs with
postgraduate qualifications were more knowledgeable, possibly due to more enhanced

achievements with higher education levels (Arvind et al., 2021).

5.2 Availability of keratoconus diagnosis and management equipment in hospitals
From this study, there was a variation in equipment availability, with the advanced
equipment being unavailable, while more basic equipment was available. The
advanced equipment had limited availability, including corneal topographer, corneal
pachymeter, contact lens fitting set and the corneal tomographer. This could be due to
the high costs of the equipment, the limited early KC services in Kenya, and the
knowledge limitation on the use of the advanced tools as found out in this study. The

result was similar to a study in Latin America, where topographers had low availability
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(23%) (Braga Vieira et al., 2023), which also aligns with a study in Australia, where
topographers had limited availability, possibly due to the low demand of the services
(Hodge et al., 2015). Moreover, these results were similar to a study in South Africa
whereby advanced KC tools lacked, reporting only 2.8% topographer availability,
possibly because these services were not offered in the public health sector (Gcabashe
et al., 2022), and due to low funding (Nkoana et al., 2024). However, the finding was
contrary to studies in India and Saudi Arabia, whereby the advanced equipment was
available, could be due to the high industrialization levels in the country (Motowa et
al., 2014; Naidoo et al., 2021). The study revealed a higher availability of the basic
equipment, which is likely as a result of the wider range of use of this equipment and
its applications for different investigations. These findings were similar to a study done
in KwaZulu, South Africa, where slit-lamp availability rate was 86% (Gcabashe et al.,
2022) and in another study in Kenya (Rashid et al., 2023a). However, this was contrary
to a study in South Africa where slit-lamp were unavailable, with only 57% availability

(Nkoana et al., 2024).

The tertiary L6s had the highest availability for both the basic and the advanced
equipment as compared to the L5 and L4 hospitals, which could be due to the high
demand of the services, the wide range and specialized services offered, with it being
the highest level in the hospital hierarchy. This result was similar to a study in South
Africa whereby the tertiary hospitals were more equipped as opposed to the district
hospitals (Buthelezi & Staden, 2020), may be due to the specialized services offered

at this level.

A number of the available equipment were in a poor working condition, with some
being of far below standards and below standards. Interestingly, some of the equipment

were still being utilized despite their poor working condition. This would likely lead

51



to errors in diagnosis, a possibility of overestimation or underestimation, or these

altogether.

5.2.1 Equipment and Consumables availability per hospital set-up
(public/private)
Most of the basic equipment was available in the public hospitals as opposed to the
private hospitals, possibly because most of the primary essential services are offered
at the public hospitals. Additionally, it could be because most of the rural community
seeks health services from the public hospitals, therefore requiring them to have the
basic equipment for eyecare. The finding is similar to a study by Nkoana et al, which
reported that the public sector may have more resources because most of the populace

sought healthcare services from the public facilities (Nkoana et al., 2024).

5.3 Evaluating the working conditions of the equipment in hospitals

A number of the available equipment had poor working conditions and state. This
finding was similar to the result of an Ethiopian study, whereby the functionality of
the equipment was sub-optimal, and this was linked to poor patient outcome and
indefinite diagnosis and management (Sewagegn et al., 2025). Moreover, the results
were similar to another study in Kenya on maintenance of hospital equipment, where
the public hospitals were only ranked as having a fair standard, lacked quality control
systems and did not prioritize servicing the equipment (Mutia et al., 2012). In Kenya,
could be that there is a shortage of the biomedical engineers that are skilled in servicing
the advanced equipment such as corneal tomographer, as these are fairly new in the
country. Additionally, with these three studies being all from the developing countries,
it may be that the governments have a limited budget for maintenance, or even no

viable allocation at all.
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5.4 Determining the utilization of early Kkeratoconus diagnosis and
management equipment in hospitals
The study revealed a mismatch between the available equipment and their utilization,
whereby the utilization varied depending on the equipment. Even though some of the
equipment were scarcely available, the available ones were not fully utilized including
retinoscope, trial lens set/phoropter, direct ophthalmoscope, keratometer, contact lens
fitting-set, corneal pachymeter, corneal topographer and corneal tomographer. This
was likely due to the practitioners’ limited knowledge on the use of the equipment as
found out in this study. These results were similar to studies by Motowa and Morjaria,
where the available tools were not utilized (Morjaria et al., 2013; Motowa et al., 2014),
which concurred with the results of studies in South Africa, where the available
equipment was not put in use as a result of the practitioners not being allowed to offer
some services by the Department of Health (Gcabashe et al., 2022). The finding was
also similar to a study in Australia, where the tools were not used due to limited
practitioner knowledge and experience (Hodge et al., 2015). Moreover, the results
concurred with the findings of a South African study by Nkoana et al, whereby the
available equipment was not used due to a lack of consumables, time and working
space (Nkoana et al., 2024), although, with them having considered utilization
regardless of the availability, this meant that the utilization rates could be slightly
higher than the reported. The outcome was however different from a study in Trinidad
and Tobago on health system dynamics analysis of eyecare services, which reported

that the available equipment were put in use (Braithwaite et al., 2018).

Even though some of the equipment were not fully utilized, there was a significant
association between equipment availability and their utilization, as depicted in the

study. Therefore, when the equipment is available, the ECPs will be able to use them

53



for the diagnosis and the management of early KC. The failure to use the equipment
may consequently lead to missing out on the diagnosis of the early KC. To bridge this
gap, it is imperative that the practitioners fully utilize the already available equipment,

thus ensuring timely, accurate diagnosis and better patient outcomes.

5.4.1 Equipment utilization between public and private hospitals

The public hospitals demonstrated a higher utilization rate for the basic equipment as
opposed to the private hospitals, possibly due to higher demand of the primary eyecare
services by the community. It could also be due to the lower knowledge levels required
in the use of the basic equipment. This was similar to a study in India, where the basic
equipment was highly utilized possibly because of the limited skills needed for their
use (Arvind et al., 2021). On the other hand, the private hospitals had higher utilization
rates for the advanced equipment than the public hospitals. This was possibly due to
the higher knowledge levels on the use of the advanced equipment in the private
hospitals as reported in this study. This was similar to a study by Arvind et al, where
the results showed that the advanced equipment was highly utilized, possibly because
of the higher levels of specialized services offered in the private hospitals (Arvind et

al., 2021).

5.5 Assessment of practitioner knowledge level in diagnosis of early
keratoconus in hospitals

In terms of the risk factors for KC, less than a half proportion of the ECPs had good

knowledge level. This is likely because KC practice is generally uncommon in Kenya.

The findings were similar to a study in Switzerland where very few ECPs (9%) had

good knowledge on KC risk factors, possibly because the practitioners involved were

general ophthalmologists as opposed to corneal specialists (Baenninger et al., 2021).

Interestingly, this study by Baenninger et al used the exact tool as for the patients’-
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based study, meaning it tested on the lowest level of knowledge, which may not
indicate a true practitioner’ picture, thus the actual knowledge level could even be
worse than the reported. These results were contrary to a study in Limpopo on risk
factors of KC, which reported that the ECPs had good knowledge (62.5%), although
this may have been overrated as what was regarded as good knowledge was a score of
50% and above (Nkoana et al., 2022b), whereas in this current study, good knowledge

was considered to be from above 75% score.

Regarding self-reported knowledge on use of equipment in diagnosis of early KC, a
fair proportion of the ECPs had good knowledge level with a slightly higher proportion
having a fair knowledge level. The highest proportion of the ECPs only scored a fair
knowledge level in their ability to use equipment to diagnose early KC, meaning most
of them could not effectively use them. This may be due to the complex nature of the
advanced equipment, as the advanced equipment used for early keratoconus diagnosis
requires heightened skills. The findings were similar to a study in Limpopo, South
Africa, whereby the practitioners reported having no adequate knowledge for
diagnosis of keratoconus as only 41.7% had good knowledge, and with the
methodology being equally similar, as they were both on self-reported knowledge

levels (Nkoana et al., 2022a).

For the signs of early KC, the study found out that the ECPs had inadequate
knowledge, with only 15.6% of the ECPs having good knowledge on the signs of early
KC. Most of the ECPs had a fair knowledge level of the signs of early KC. Possibly,
because early keratoconus is more specific and there exists a thin line of variability
between the early and the moderate KC. These findings were similar to a study in
Switzerland on signs of KC, whereby the practitioners had no adequate knowledge

(Baenninger et al., 2021). Interestingly, in the current study, the number of the ECPs
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that scored good knowledge on the signs of early KC was quite low as compared to
the number that self-reported having good knowledge level on the ability to use
equipment to diagnose early KC. Most of these signs are identified by use of the

equipment.

For the self-reported knowledge on the use of the equipment to diagnose KC, a high
number of ECPs (45.9%) reported having good knowledge. However, on the
assessment for knowledge on signs of early KC as observed using the equipment, only
a few ECPs (15.6%) scored good knowledge. Therefore, even though many ECPs self-
reported that they had good knowledge on the use of the equipment in diagnosis of

early KC, only a few of them scored good knowledge on the signs of early KC.

5.6 Assessment of practitioner knowledge level in management of early
keratoconus in hospitals
Regarding management strategies of early KC majoring on contact lens in this study,
only 18.5% of the ECPs had good knowledge level. This is likely due to the fact that
contact lens practice is still fairly new in Kenya, thus practitioners may not have fully
sharpened their knowledge in contact lens practice, especially for special CL practice.
These findings were contrary to a study in KwaZulu-Natal, South Africa, whereby the
practitioners reported having adequate knowledge (83.3%) in management of
keratoconus using contact lenses, although in regard to the methodology, this was self-

reported, thus a possibility of over estimation (Gcabashe et al., 2022).

In self-reported knowledge on the use of equipment in the management of early
keratoconus, most of the ECPs had a fair knowledge level as opposed to good
knowledge. This may be associated with the lack of the advanced equipment for early

KC management, which in turn limits experience as brought about by knowledge and
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skills application. These findings were similar to a study in Limpopo, South Africa, on
a self-reported knowledge assessment in keratoconus management, whereby 45% of

the practitioners were found not knowledgeable (Nkoana et al., 2022a).

In regards to the indicators of progressive KC, most of the ECPs had a good knowledge
level. This is likely because KC progresses across most stages, although this equally

applies to early KC.

From the study, on overall, most ECPs had only a fair knowledge level in the
management of early KC, followed by those with good knowledge level and those with
a poor knowledge level. The findings on ECPs having low knowledge level in early
KC management could be due to limited post-graduate qualifications, as a few ECPs
had Masters and Degree education level, which showed a significant association with
knowledge in this study. The results were similar to a study in India, whereby the
practitioners were reported as being not knowledgeable in managing keratoconus,
possibly due to limited clinical exposure and limited qualification levels (Arvind et al.,
2021). Additionally, this outcome was similar to a study in the West Region of
Cameroon, whereby the eyecare practitioners were found to have inadequate
knowledge and skills regarding keratoconus management, which could have been due
to inadequate training (Ayukotang et al., 2024). Moreover, the results concurred with
a public sector study in South Africa where the practitioners had limited knowledge
for KC management, possibly because there was no keen attention to KC earlier on

(Nkoana et al., 2024).
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5.7 Knowledge Differences in early keratoconus diagnosis and management
between the public and private hospitals
Even though there were minimal differences in knowledge mean scores of risk factors
and on indicators of progressive KC between the public and the private hospitals, most
of the knowledge domains indicated almost similar mean scores. This is possibly due
to the almost equal distribution of qualification levels between the public and private
hospitals, which was a significant socio-demographic feature for knowledge. This
finding was contrary to a study in India whereby the practitioners in the private sector
were found more knowledgeable on equipment use, possibly because of the higher
availability of the advanced equipment in the private sector, which thus help them gain
experience through practice (Arvind et al., 2021). There was however a significant
difference for knowledge of risk factors of KC and the indicators of progressive KC
between the public and the private hospitals. This could mean that the private hospitals
could better detect progressive KC, while the public hospitals could better identify the
risk factors of KC. These results concurred with a study by Arvind et al which reported
different knowledge levels between the private and the public hospitals (Arvind et al.,
2021). Even though there was no statistically significant association between
knowledge and cadres, the ophthalmologists and the Degree level optometrists scored

higher than the other cadres.
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CHAPTER SIX

CONCLUSION AND RECOMMENDATIONS

6.1 Conclusions

1. The basic equipment and consumables such as slit-lamp, distance VA chart and trial
lens/phoropter were highly available. The advanced equipment for early keratoconus
diagnosis and management had limited availability. The L6s had the highest
availability for both basic and advanced equipment, as compared to the other hospital
levels. The public hospitals had more basic equipment available than the private

hospitals, while the private hospitals had more advanced equipment.

2. Some of the available equipment such as corneal topographer, contact lens fitting-

set and topographer had poor working conditions.

3. Most of the available equipment was not fully utilized, and the public hospitals
utilized the basic equipment more, while the private hospitals had higher utilization

rates for the advanced equipment.

4. Most practitioners had only a fair knowledge level in the diagnosis of early KC, a
moderate number had good knowledge level, while few had poor knowledge level.
Moreover, there was almost equal knowledge mean scores between the public and

private hospitals.

5. On the management of early KC, most practitioners had only a fair knowledge level,
a moderate number had good knowledge, with few having a poor level of knowledge.
There were almost equal knowledge mean scores between the public and private

hospitals.
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6.2 Recommendations

6.2.1 Recommendations for Action

The hospitals should consider procuring the advanced equipment to facilitate early
keratoconus diagnosis and management, especially the public hospitals that had much
less availability. Moreover, the private hospitals should also ensure that they acquire
the basic equipment as proper diagnosis and optimum KC care requires a combination
of both the advanced and the basic equipment. This would be important as there was a
significant association between equipment availability and its utilization. Additionally,
the available equipment should be regularly serviced, to ensure that they are of good
quality, as a number of the equipment available were found to have poor working

conditions.

With a significant proportion of the practitioners found not fully utilizing the
equipment that was already available, then, the hospital management and the
practitioners should ensure that the equipment is put to use once already availed, to
improve on keratoconus diagnosis and management. The public hospitals should
ensure use of the advanced equipment as it is essential in KC diagnosis, while the
private hospitals should ensure that they equally utilize the basic equipment as both
the advanced and the basic equipment are a necessary combination for optimum KC
services. Additionally, Standard Operating Procedures (SOPs) for KC should be
established and followed accordingly for both the public and private facilities, which

would thus help leverage and harmonize services across all set-ups.

A high percentage of the practitioners lacked good knowledge in early keratoconus
diagnosis and management. Therefore, a possible guideline policy document on early

keratoconus should be considered, prepared and provided to the hospitals, ECPs and
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MoH-Eye Health Division to enhance diagnosis and management of the early

keratoconus, including the follow-up mechanisms.

The institutions of higher learning, at the University levels offering eyecare training,
should consider a module specifically on keratoconus or early keratoconus to enhance
good knowledge level, as very many practitioners lacked good knowledge in early KC
in many varying areas. Detection of early KC and its management training should be
prioritized, as this would also facilitate for referrals. Additionally, with the significant
association between knowledge levels and academic qualifications, the practitioners

should be encouraged to further their education to promote knowledge.

6.2.2 Recommendations for Further Research
With this study including ten counties, it would be important to have a nation-wide

coverage to help give a national picture of the same.

It would be worthwhile considering a study on practitioner skills in early KC, as the
study assessed on knowledge levels. Knowledge needs to be applied appropriately to

facilitate early KC diagnosis and management.
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Appendix II: Sample Consent Document for Eyecare Practitioners
INFORMATION DOCUMENT

STUDY TITLE: DIAGNOSIS AND MANAGEMENT OF EARLY
KERATOCONUS- PRACTITIONER PERSPECTIVES

RESEARCHER: MILLICENT M. NJERU

INSTITUTION; MASINDE MULIRO UNIVERSITY OF SCIENCE AND
TECHNOLOGY

Date:
Dear Eye care practitioner,
I am Millicent Njeru, a Master’s student, carrying out a research study.

You are being invited to participate in a research study on early keratoconus. The study
aims to evaluate the diagnosis and management of early keratoconus on a practitioner’s
perspective.

If you agree to participate in the study, you will be requested to fill-in a questionnaire
in a google form, via electronic gadget shared through a link. The questionnaire will
take about 10 minutes to answer and the researcher or the research assistant will be
present to help you with any information regarding the study and the questionnaire.
Your decision to participate will be voluntary and you will be allowed to withdraw at
any point even after commencing the study and there will be no any consequences on
thereof.

The study does not involve any risks or harm. On completion of the study, we hope to
inform on how to improve and enhance on diagnosis and management of early
keratoconus.

In case of any query or information, you can contact the researcher through mobile:
+254 715 867 693 or email: mmnjerul 6(@gmail.com
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Appendix III: Questionnaire

Section 1
QUESTIONNAIRE

Patterns of Diagnosis and Management of early Keratoconus: A survey of
primary eye care practice in Kenya

INFORMATION DOCUMENT

Dear Eyecare practitioner,

I am Millicent Njeru, a Master’s student from Masinde Muliro University of Science
and Technology (MMUST), department of Optometry and Vision Sciences. I am doing
a research study as a partial requirement for my Master’s. My phone number is:
+254715867693 and email address is: mmnjerul 6@gmail.com

You are being invited to participate in the research study. The study aims to evaluate
the patterns of diagnosis and management of early keratoconus on a practitioners'
perspective.

This study is intended for Eyecare practitioners (Ophthalmologists, Ophthalmic
Clinical Officers, Comprehensive Ophthalmology and Cataract Surgeons and
Optometrists) practicing in Western and Nyanza Kenya regions.

If you agree to participate in the study, you will be requested to fill-in a questionnaire
in a google form, shared through a link via electronic gadget. The questionnaire will
take about 10 minutes to answer and the researcher or the research assistant will be
present to help you with any information regarding the study and the questionnaire.
Your decision to participate will be fully voluntary and you will be allowed to
withdraw at any point in time even after commencing the study and there will be no
any consequences on this. There will be no confidential data that will be collected but
any information collected will be confidentially stored. This information will only be
accessible to the researcher and for research data analysis purposes only. No personal
information such as contacts information including the email address will be accessible
by the researcher from the data.

The study does not involve any risks or harm. However, on completion of the study,
we hope to inform on how to improve and enhance on diagnosis and management of
early keratoconus. This will be of great benefit for it will lead to a decrease in late
severe keratoconus diagnosis and the many disadvantages and complications that
come with late keratoconus diagnosis and management.

If you agree to participate in this study, you will be required to sign a consent
form/agreement.

Your participation in this study is highly appreciated.

In case of any query, clarification or information, you can contact the researcher
through mobile: +254 715 867 693 or email: mmnjerul 6@gmail.com

Do you consent to the study?
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After section 1, continue to next section.

BIODATA OF RESPONDENT
1) Please indicate your age(in years)
ii) Gender Male Female Other
i) Please indicate your years of experience (in years)
v) Please indicate the county where you practice
Kisumu
Siaya
Homabay
Migori
Nyamira
Kisii
Busia
Bungoma
Kakamega
Vihiga
Trans Nzoia
Other ......
V) Please indicate the level of your facility of practice
Level 4 Level 5 Level 6 Other...
Vi) Please indicate your Institution of qualification
University of | MMUST KMTC JKUAT Other.....
Nairobi
vil)  Please indicate your highest achieved qualification
Diploma | Higher Bachelors | Masters | PhD Other.........
diploma
viii)  Please indicate your qualifications
Ophthalmolo | Comprehensive Ophthal | Optometr | Other...
gist Ophthalmology/Cat | mic ist
aract Surgeon Clinical
Officer
1X) Please indicate the type/set-up of your work facility

Public hospital

Private hospital

After section 2, Go to section 3 (Equipment availability)
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SECTION 3
Equipment availability

l1a) Please indicate the equipment/consumables available in your place of practice (tick
all that applies)

i)Distance VA Chart Available Not Available
i1)Slit lamp

iii)Direct ophthalmoscope
iv)Retinoscope

v)Trial lens set/phoropter
vi)Contact lens solution
vii)Fluorescein strips
viii)Contact lens fitting set
ix)Tomographer
x)Pachymeter

Continuation ...... 1a)
la) ....Please indicate the equipment/consumables available in your place of practice
[keratometer] (tick as applies)

i)Keratometer |:| available
[Go to section 4 (Equipment- Keratometer available)]

ii)Keratometer not |:| available

[Go to Section 5 (Equipment availability- topographer)]

(After section 3, Continue to next section)
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SECTION 4
Equipment — Keratometer available (is available)

(go to section 5)

SECTION 5§
1a) Cont’....

la) ......... Please indicate the type of keratometer available in your place of practice

(tick all that applies)
Manual keratometer
Automatic keratometer

(After section 5 continue to next section)

SECTION 6

Equipment Availability- Topographer

Continuation 1a)......

la).....Please indicate the equipment/consumables (topographer) available in your

place of practice [tick as applies]

1)Topographer available

(If available, then go to section 7 Equipment- Topographer available)

i1)Topographer not available

(If not available, then go to section 8, -Working state/condition of the
equipment/consumables available)

SECTION 7
Equipment-Topographer available

Cont’..... 1a)

la) Please indicate the type of topographer available in your practice (tick all that
applies)
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1)Slit-scan topographer

ii)Placido-based topographer

1i1)Scheimpflug topographer

iv)Other topographer

(Continue to next section)

SECTION 8

Working state/condition of the equipment/consumable available

1b) Please indicate the working state/condition of the equipment/consumables that are

available in your place of practice (tick as applies)

Far below

standards

Below

standards

Meets

standards

Above

standards

Far above

standards

Distance VA Chart

Slit lamp

Direct ophthalmoscope

Retinoscope

Trial lens set/phoropter

Tomographer

Pachymeter

Contact lens fitting set

Fluorescein strips

Contact lens solution
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Continuation ....1b)

1b).....Please indicate the working state/condition of the equipment/consumables

(keratometer) that you have in your place of practice (tick as applies) [If available]

Far Below Meets Above Far
below standards | standards | standards | above
standards standards
1)Manual
keratometer
ii)Autokeratometer
ii1)Other
keratometer
Continuation...... 1b)
1b)....... Please indicate the working state/condition of the equipment/consumables

(topographer) that you have in your place of practice (tick as applies) /If available]

Far below

standards

Below

standards

Meets

standards

Above

standards

Far above

standards

1)Slit-scan

topographer

i1)Placido-
based
topographer

topographer

1i1)Sheimpflug

1v)Other
topographer

(After Section 8, continue to next section)
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SECTION 9

Frequency of utilization

2a) How often do you do the following assessment in your place of practice? (tick as

applies)

Never Rarely Sometimes | Often Always

1)Distance VA test
11)Slit lamp
examination
iii)Topography
iv)Tomography
v)Pachymetry
vi)Keratometry
vii)Direct
ophthalmoscopy
viii)Retinoscopy
ix)Trial
lens/phoropter test
x)Fit hard contact
lens

xi)Fit hybrid
contact lens
xii)Corneal
crosslinking

Continuation.....2a)
2a) How often do you do the following assessment[keratometry] in your place of

practice? (tick as applies)

Never Rarely Sometimes | Often Always

1)Manual

keratometry

i1)Automatic
keratometry

1i1)Other

keratometry

Continuation .....2a)
2a)...How often do you do the following assessment in your place of practice? (tick

as applies)
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Never Rarely Sometimes | Often Always

1)Slit-Scan
Topography
i1)Placido-
based

topography
1i1)Scheimpflug

topography
iv)Other

topography

SECTION 10
3a) Please indicate your level of agreement of the following as risk factors for

keratoconus (please tick as applies)

Strongly | Disagree | Neither Agree Strongly
Disagree Agree/Disagree Agree

1)Genetics

11)Systemic

disorders

iii)Eye

allergies

iv)Eye
rubbing

v)Age

vi)Asthma

vii)Eczema
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3b) Please indicate your level of agreement on the following as signs of early

keratoconus (tick as applies)

Strongly | Disagree | Neither Agree | Strongly
Disagree Agree/Disagree Agree

1)Scissor reflex

ii)Charlouex’s reflex

1ii)Vogt’s striae

iv)Increased corneal nerve

visibility

v)Reduction of spectacles BCVA

vi)Mild localized corneal

steepening

vii)Mild changes in refractive error

viii)Increased keratometric
readings  difference  between

inferior and superior cornea

ix)Increased corneal aberration

x)Fleisher’s ring

xi)Shadow vision in Snellen’s

optotype

xi1)Slightly distorted optotype even
in good VA

xii1)Difference in refraction in

lighted or in dark room

xiv)Keratometry values <45D

xv)Keratometry values 46-52D
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3¢) Please indicate how often you perform/recommend the following investigations,

when attending to allergic conjunctivitis patients in your place of practice (tick as

applies)

Never Rarely Sometimes | Often Always

1)Refraction

11)Slit lamp

€xam

iii)Keratometry

iv)Corneal

topography

3d) Please indicate on your level of agreement on the following as indicators of

progressive keratoconus (tick as applies)

Strongly Disagree | Neither Agree | Strongly
Disagree Agree/Disagree Agree

1) Increase in

astigmatism >

1.00D
11)Significant
changes in
orientation of

refractive axes

ii1)Increase of
1.00D or more in
optical power of
the steepest

corneal meridian

iv)Decrease  of
25um or more in

corneal thickness
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3e) Please indicate your level of agreement on your knowledge on the use of the

following equipment (tick as applies)

Strongly | Disagree | Neither Agree | Strongly
Disagree Agree/Disagree Agree

1)l  have sufficient
knowledge on slit lamp
for diagnosing and

managing keratoconus

i)l  have sufficient

knowledge in
diagnosing and
managing early
keratoconus using

corneal topographer

1)l  have sufficient

knowledge in
diagnosing early
keratoconus using
pachymeter

iv) 1 have sufficient

knowledge n
diagnosing early
keratoconus using

manual keratometer

v) I have sufficient

knowledge n
diagnosing early
keratoconus using
retinoscope

vi)l have sufficient

knowledge in
diagnosing and
managing early
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keratoconus using

direct ophthalmoscope

4a) Please indicate your level of agreement of below listed as management strategy for

early keratoconus (tick as applies)

Strongly | Disagree

Disagree

Neither Agree | Strongl
Agree/Disagre y Agree
e

1)Spectacles

ii)Corneal-contact lens

iii)Corneal-scleral contact lens

iv)Piggy-back contact lens

v)Soft contact lens

vi)Hybrid contact lens
vii)Referral to contact lens
specialist

4b) In your place of practice, which patients do you recommend for corneal

crosslinking? (tick as applies)

Recommend

Do not recommend

1)Those with progressive keratoconus

i1)Those with

keratoconus

non-progressive

ii1)Not sure

4c) Please indicate which of the following options that you use to upgrade your

knowledge and skills on keratoconus (tick all that applies)

1)Journal

ii)CME

ii1)Articles

iv)Text books

v)Optometry school/medical school

vi)Other
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Appendix IV: Sample Information Document: Permission to carry out a
Research Study
INFORMATION DOCUMENT

MASINDE MULIRO UNIVERSITY OF SCIENCE AND TECHNOLOGY
DEPARTMENT OF OPTOMETRY AND VISION SCIENCES

P.O. BOX 190-50100

KAKAMEGA, KENYA

TO:
(THE INCHARGE EYE-UNIT,)
(HOSPITAL FACILITY)

Dear Sir/Madam,

RE: REQUEST FOR PERMISSION TO COLLECT DATA FOR A RESEARCH
STUDY

I am a Master’s student at Masinde Muliro University of Science and Technology,
department of Optometry and Vision Sciences. I write to request for permission to
collect data from your facility, involving the practitioners.

The study aims to evaluate the diagnosis and management of early keratoconus in
hospitals in Nyanza and Western Kenya- Practitioner Perspectives. The study further
seeks to promote on diagnosis and management of early keratoconus. The information
obtained will guide towards enhancing early diagnosis of keratoconus. The study will
involve a questionnaire, which will be filled-in by the practitioner if they agree to the
study by signing a consent form. The study will not involve any confidential
information, have any risks or cause any harm. The data to be collected will only be
for research purposes and all the information will be treated confidentially.

Your assistance in this regard will be highly appreciated.
Thanking you in anticipation of your approval of this kind request.
Yours Faithfully,

Millicent M. Njeru

+254 715 867 693, mmnjerul 6@gmail.com
Department of Optometry and Vision Sciences.
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Appendix V: MMUST DPS Approval

MASINDE MULIRO UNIVERSITY OF SCIENCE AND TECHNOLOGY (MMUST)

el 056-30870 PO Box 100
lax:  056-30153 Kakimepa — 501010
L=l diectardpsiaamnmstac ke Kenya

Website: www st ae ke
Directorate of Postgraduate Stulies

Ref: MMCOR: SO90%9 9" August, 2024

Millicent Muothoni Njciu
HOV/GR =541 142019
PO Box 190-50000,
KAKAMEGA.

Dear Ms. Muothoni
RE: APPROVAL OF PROPPOSAL
I am pleased 1o inform vou that the Dircetorate of Postgraduate Studies has considered and

approved your Masters Proposal entitled: “Evaluation of Eevly Keratoconus Diagrosis and
Management Patterny in Nyanza-Western Kenya Hospitals™ and  appointed  the Tollowing  as

SUPCIVISOrs:
1. Proll Hussein Golicha - MMUST
2. Dr. Sheilah Nangena - MMUST

You are requited (o submit through your supervisor(s) progeess reports every three months to the Ditector
af Postgraduate Studies. Such reports should be copicd to the following: Chaiman, School ol Public Health
Biomedical Sviences and Technology Graduate Stuchies Committee and Chainman, Department of
Opromelry and Vision Sciences and Graduate Studies Cormumittee. Kindly adhere 1o research cthics
consideration in conducting research.

It is the policy and regulations of the University that you chserve a deadline ol two years from the date of
registration e complete your Master™s thesis. Do not hesitate to consult this oflice in case of any problem
cocanntered i the course of your work.

We wish vou the best in vour research and hope the study will make eriginal contribution to knowledge,
Yours Sincerely, f
y

P

) DY
, . ‘",}%“7‘)}5

vmu’.\.ﬂ‘w\?}wn O, Odehero, PhD, FILEP

DIRECTOR, DIRECTORATE OF POSTGRADUATE STUDIES
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Appendix VI: MMUST Ethical Clearance Letter

MASINDE MULIRO UNIVERSITY OF SCIENCE AND TECHNOLOGY
Tel: 056-31375 P. 0. Box 190,
Fax: 056-30153 50100.
E-mail: jercl@mmust.ac.ke Kakamega,
Website: www.mmust.ac.ke KENYA

Institutional Scientific and Ethics Review Committee

To: Ms. Millicent Muthoni Njeru Date: August 14" 2024

Dear Ms. Muthoni

RE: EVALUATION OF EARLY KERATOCONUS DIAGNOSIS AND MANAGEMENT
PATTERNS IN NYANZA - WESTERN KENYA HOSPITALS.

This is to inform you that the Masinde Muliro University of Science and Technology Institutional

Scientific and Ethics Review Committee (MMUST-ISERC) has reviewed and approved your above
research proposal. Your application approval number is MMUST/ ISERC/074/2024. The approval

covers for the period August 14", 2024 to August 14*,2025.

This approval is subject to compliance with the following requirements;

1. Only approved documents including informed consents, study instruments, MTA will be used.

ii.  All changes including (amendments, deviations, and violations) are submitted for review and
approval by MMUST-ISERC.

iii.  Death and life threatening problems and serious adverse events or unexpected adverse events
whether related or unrelated to the study must be reported to MMUST-ISERC within 72 hours of
notification

iv.  Any changes, anticipated or otherwise that may increase the risks or affected safety or welfare of
study participants and others or affect the integrity of the research must be reported to MMUST-
ISERC within 72 hours

v.  Clearance for export of biological specimens must be obtained from relevant institutions.

vi.  Submuission of a request for renewal of approval at least 60 days prior to expiry of the approval
period. Attach a comprehensive progress report to support the renewal.

vii.  Submission of an executive summary report within 90 days upon completion of the study to
MMUST-ISERC.

Prior to commencing your study, you will be expected to obtain a research license from National
Commission for Science, Technology and Innovation (NACOSTI) https://research-portal.nacosti.go.ke
and also obtain other clearances needed

Yoursl Sincerel}:,
J}ﬁj]’ '- . (_—

e

Prof. Gordon Nguka (PhD)
Chairperson, Institutional Scientific and Ethics Review Committee

Copy to:
- The Secretary, National Bio-Ethics Committee
- Vice Chancellor

- DVC (PR&I)
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APPENDIX VII: Nacosti License Approval
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N
O/
-
NATTONAL COMMISSION FOR
SCIENCE TECHNOLOGY & NNOVATION

KEPLELLI OF KER YA

RafMo: 306348 Data of Tzsue- 30 Angust/?i24

RESEARCH LICENSE

This is te Certify that Mz Millicent A{uthomi Njern of Masinde Mulire University of Science and Technology, has been rensed
fo comduct research as per fhe provizion of the Science, Technology and Innovation Act, 2013 (Rev. 2014) in Bonpoma, Busia,
Vihiza an the topic: EVALUATION OF EARLY EERATOCONUS DIAGNOSIS AND MANAGEMFENT PATTERNS IN
NYANZA-WESTERN KENYA HOSPITALS for the period ending - 30/Angust/2025.

License Ho: NMACOSTLF24/30382

|
|
e uh@flj«b

Applicant Identification Mumber Director General

WOTE: This is a compauter penerated License. To verify the authenticity of this document,

See overleaf for condifions
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APPENDIX VIII: Research Publication I

Clinical Optometry Dovepress

Taylor & Francis Group

-

8 ORIGIMAL RESEARCH

Assessing Access to and Utilization of the Advanced
Diagnostic and Management Equipment for Early
Keratoconus in Public and Private Healthcare
Facilities Across Nyanza and Western Kenya

Millicent Muthoni Mjeru ', Sheilah Mangena Maina =, lsabel Signes—SoIer"l*, Hussein Adams Golicha™*

'Department of Opzometry and Vision Sciences, Masinde Muliro University of Science and Technology, Kakamega, Kenya: *Diepartment of Optics and
Optorneary and Vision Sciences, Research Group in Preventive Optometry and Visual Treatrents (OFTY), Universitat de Valencia, Valencia, Spain;
IDwepartment of Physics, Masinde Mulire University of Science and Technology, Kakamega, Kanya

#These authors contributed equally to this work

Correspondence: Millicent Muthoni Mjerw Masinde Mulire University of Science and Technology, Deparoment of Optomerry and Vision Sdences, BCL
BOR 190 — 50100, Kakamega, Kerya, Tel #2547 | 5857693, Email mromjeru | &gmail.com

Furpose: To evaluate the avalability and utilization of the advanced equipment for the diagnosis and management of early
keratoconus in the public and prrate healtheare facilities m Nyvanza and Western Eenya.

Methods: A cross-sectional stady design was apphed. An onhne questoumame was sent to the eyvecars practinoners. Data on socio-
demographics, equpment avalability, and utilization for early keratoconus diagnosis and management were obtamed and analyzed usmg
SPSS V29

Results: A total of 134 eyecars practrhoners (out of 143), with the majorty B0 (39.7%) bemg males, respondad to the questonnaire.
The study found that advanced equipment were scarcely available, such as Tomographer 14 (10.4%), Topographer 17 (12.7%¢) and
Pachymeater 21 {15.7%) as compared to basic equipment: distance VA chart 134 (100%0), trial lens/phoropter 129 (96.3%6), retinoscope
12E (95.5%) and shit-lamp 111 (82.8%), with level & having the highest availability. Additionally, the available advanced equpment
had working conditions far below standards and below standards: topographer 6 (35.2%) and contact lens fittmg set 12 (46.1%). The
utihization rates of the advanced equipment were low as follows: contact lens fttmg set § (31.0%), pachymeter 11 (52.4%) and
topographer 9 (52.9%3). A clu-square test found a sigmficant association betwesn equipment aralability and thewr whbzaton, VA chart
(p=0.03332), trial lensphoropter (p=0.00252), shit-lamp (p=0.00283) and keratometer {p=0.00001).

Condusion: The studyv revealed a lack of advanced diagnostic equupment, with some existing tools falling below standard and
wnderutilizad. It recommends that healtheare nstitutions prienfize the acqusition and mamtenance of essential aquipment
Additionally, the Ministry of Health should collaborate with stakeholders to meorparate early keratoconus detsefion into national
eyecare guidelines.

Keywords: evacare practitioners, advanced equpment, equpment utihization, sarly keratocomus diagnests and management, Kemya

Introduction

Keratoconus (KC) 1s a progressive comeal disease that leads to irregular astigmatism, reduced visual acuity, and comea
111:'1:|:1:|:|j.1:Lg.1"E Keratoconus primarily affects young individuals in their second and third decades of life.* often leading to
significant visual impairment if not diagnosed and managed early * Timely diagnosis of KC requires competent eye care
professionals and advanced diagnostic tools, as early signs of the disease may be mussed with basic diagnostic tools
Advanced diagnostic tools such as comeal topographers, tomographers and pachvimeters are a higher sensitivity and
specificity equipment that are able to detect and diagnose KC at the sub-clinical stages, even before the clinical signs
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Abstract:

Introduction: Keratoconus is a hilateral, progressive corneal ectasia characterized by thinning and conical
protrusion of the cornea. Its global prevalence is increasing, with higher rates reported in Africa, including Kenya. In
Kenyan studies, most patients are diagnosed at advanced stages, where management is often costly, and
complications are severe. Early detection enables more effective and affordable inter i with reduced risks.

d 4 : 4

However, accurate early di i qui and clinical expertise. [n many low-resource

settings, these factors are lacking, resulting in delay is and poor . Strengthening early diagnostic

capacity is essential to reduce the burden of ad d } and p t idable visual impairment. The

objective of this study was to assess the level of knowledge among eye care practiti in the di is and

management of early-stage keratoconus in Nyanza and Western Kenya.

Methods: A cross-sectional study was conducted across hospitals in Nyanza and Western Kenya. A census sampling
fechnique was employed to include all eligible eye care practitioners. Data were collected using a structured

questionnaire and analysed using both descriptive and i ial statistical hods to evaluate knowledge levels
and associated factors.

Results: A total of one hundred and thirty-four practitioners leted the g i i Regarding early
keratoconus diagnosis, 36.6% demonstrated good knowledge, 60.4% had fair K ledge, and 3.0% exhibited poor
} ledge. For early k 36.6% had good knowledge, 61.2% bad fair knowledge, and 2.2%
reported poor knowledge. A statistically significant association was observed between practitioners’ qualifications
and } ledge in early k (p=0.006).

Discussion: Asubstantial number of practitioners demonstrated limited knowledge of early keratoconus, possibly
due to the low rates of keratoconus services, which may ultimately limit their experience.

Conclusion: Most practitioners demonstrated only fair } ledge in the di is and g of early
leratoconus. Practitioners’ li i were signi ly iated with } ledge in early kerat
management.

Keywords: Early keratoconus, Di is, M Knowledge, Eye care practiti
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