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ABSTRACT:

Introduction

Handheld intraoral x ray units were created for use where
fixed units are impractical. Their global popularity has
grown; however, there are concerns about exposure
times, scattered radiation and inadequate safety practices.
Limited South African research prompted this study to bring
awareness and safe usage of hand-held X-ray equipment by
dental clinicians.

Aims and Objectives
To investigate the use of handheld x ray equipment and
determine if they are being operated correctly and safely.

Design
A quantitative, descriptive, cross-sectional study.

Methods

The study was conducted in public and private dental
clinics in Gauteng, South Africa. General dentists and dental
specialists were recruited through non-probability sampling.
Data were collected using a self-administered online
questionnaire. Statistical analysis was performed using
the IBM-STSS statistical software, including frequencies,
descriptive statistics, and cross-tabulation to compare
categorical variables.
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Results

There were 144 responses, giving a response rate of
19.02%. 6,3% of dentists used handheld X-ray units. No
correlation was noted between dentists’ years of experience
and the type of intraoral X-ray unit used.

Conclusion

This study highlights handheld X-ray use. Ongoing
education, strict adherence to radiation safety protocols,
and regular compliance monitoring are essential to ensure
the safety of patients and operators.

INTRODUCTION

Intraoral X-ray units are widely used in dentistry and are
acknowledged to be the gold standard for the detection of
periapical lesions’. In Gauteng, the wealthiest province in
South Africa, 93% of dentists are equipped with intraoral
X-ray units?. The first portable intraoral X-ray equipment
was developed in 1993.* It was designed to be used in
areas where fixed intraoral X-ray units could not be used.®
A portable unit has multiple areas of application, including
forensics, nursing homes, prisons, outreach programmes,
remote areas, immobile patients and in emergencies such
as mass fatalities.®”

The portability of the handheld X-ray units (Figure 1) has
led to their use becoming increasingly popular worldwide.
However, due to the longer exposure time required by
handheld X-ray units, concerns have been raised regarding
the increase in radiation scatter and the lack of appropriate
radiation safety measures by dentists when using these
units.® Furthermore, many literary debates have arisen over
the quality of intraoral radiographs taken using a fixed-
mounted intraoral X-ray unit in comparison to a handheld
X-ray unit; however, the main concern amongst users of this
equipment is the level of scatter radiation emanating from
handheld X-ray units.® The matter of holding an intraoral
receptor by any member of the dental team during exposure
is of significant concern, as it results in a large amount
of scatter radiation affecting the hands of the operator,
caused by backscatter and scatter from the patient’s head.®
The portability of these units has also raised security and
equipment safety concerns due to the ease with which they
can be dropped or fall off a counter.®

The advantage of handheld intraoral X-ray units is that they
are easily accessible, cost-effective, cordless, and allow for
flexibility, as one unit can be used in multiple surgeries.® With
the appropriate use of intraoral positioning devices, which
assist in reducing radiation dose, the operator can stay in the
room during the X-ray procedure. This can be advantageous
when handling paediatric patients and patients who are
anxious °.



48~

COMMUNIQUE

Figure 1: Handheld X-ray camera'®

In South Africa, there are stringent regulations governing
the usage of handheld X-ray units."" According to the South
African Health Products Regulatory Authority (SAHPRA),
handheld X-ray devices may only be operated by dentists
or diagnostic radiographers, and regardless of the level of
exposure, both the operator and patient must wear radiation
protective apparel''. This is due to the non-standardised
patient positioning techniques that are often required to
improve radiation safety when using handheld X-ray units.
Dosimeters are mandatory for radiographers and dentists
who perform more than 100 intraoral radiographs per
week using fixed installations.' This legislation also states
that dosimeters must always be worn when operating
a handheld X-ray device, regardless of the number of
exposures obtained. Notwithstanding the legislation, there
is little published material on the usage of handheld X-ray
units in South Africa. There is a lack of research on handheld
X-ray units in South Africa; therefore, this study aimed to
explore the types of X-ray equipment, specifically handheld
X-ray units used by general dentists and dental specialists,
to provide radiation guidelines for the use of handheld X-ray
units by SAHPRA.

METHODS

Research Setting

This study was conducted in both public and private dental
clinics in Gauteng, South Africa, where general dentists and
dental specialists were actively practising.

Research Design

A quantitative, descriptive, and cross-sectional design
was adopted to explore the radiographic imaging methods
employed by dentists and dental specialists in the region.
At the time of data collection, approximately 2,739 dentists
were registered in Gauteng, comprising 2,459 general
dentists and 280 dental specialists.’? A non-probability
convenience sampling approach was used within a
quasi-experimental framework.'® In consultation with a
university-affiliated  statistician, a minimum sample size
of 100 participants was determined to achieve statistical
significance.
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Data Collection

Data was collected using a self-administered online
questionnaire, adapted from validated instruments in
previous studies.'*'" The questionnaire was distributed
via email and social media platforms (e.g., WhatsApp®),
targeting dental practitioners and professional associations.
Contact details were obtained from online directories and
peer networks.

Initially, the survey was hosted on REDCap®,'® a secure
electronic data capture system. However, due to a low
response rate and feedback regarding usability, the survey
was reformatted and reissued via Google Forms®. While
Google Forms offered greater accessibility, it raised data
privacy concerns; therefore, the survey was closed once the
desired sample size was reached.

A pilot study was conducted with three participants: two
public-sector general dentists (one academic, one service-
focused) and a dental specialist working in both sectors.
The pilot aimed to assess the survey’s functionality across
various devices. Minor issues related to grammar, layout, and
response scale formatting were identified. The comments
and feedback from the pilot study were used to amend and
improve the survey. Data from the pilot were excluded from
the main analysis.

Data analysis

The REDCap® platform yielded 66 responses. After
transitioning to Google Forms®, an additional 122 responses
were collected, resulting in a total of 188 submissions. The
survey data were encoded as continuous values (e.g., Yes =
1, No = 2) and processed using the survey platform’s data
management system. Incomplete questionnaires with no
responses were excluded, while partial responses (n = 12)
were retained due to their informative value, resulting in a final
sample size of 144. Statistical analysis was performed using
the IBM-STSS statistical software. The statistical analysis
included frequencies, descriptive statistics, and cross-
tabulation to compare categorical variables.

Ethical approval for this study was obtained from the University
of Johannesburg Research Ethics Committee (REC-1769-
2022). Subsequent permission to conduct the research among
dentists and dental specialists employed by the Gauteng
Department of Health was granted by the National Health
Research Database (NHRD) (Reference: 2022_10_0222)

RESULTS

There were 144 responses received, giving a response rate
of 19.02%. All general dentists and dental specialists who
are currently practising in the public and/or private sector in
Gauteng were invited to participate in the study. The current
number of practising dentists in Gauteng was estimated to be
2739." The dental specialities included community dentistry,
maxillofacial and oral surgery, oral pathology, orthodontics,
prosthodontics, oral medicine, and periodontology. All
dentists and dental specialists who were not practising in
Gauteng were excluded from this study. In this study, 96.6%
of respondents confirmed that they were dentists and were
currently practising in Gauteng, and the remaining 3.4% of
respondents confirmed that they were not dentists or were
not practising in Gauteng. Responses from the latter group
were discarded.
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Table |: Demographic data

Frequency Percentage
Less than 30 19 13.09%
years
31 - 40 years 44 30.6%
Age 41 - 50 years 31 21.5%
Category of
Dentists 51 - 60 years 30 20.8%
61 and over 20 13.9%
TOTAL 144 100.0%
Male 75 52.1%
o)
Sex of Female 68 47.2%
Dentists Prefer not to say 1 0.7%
TOTAL 144 100.0%

The largest group, including 30.6% of the dentists, fell
between the ages of 31 and 40. Additionally, 13.9% of the
dentists were over the age of 60. Of the dentists, 52.2% were
male and 47.2% were female.

Table ll: Business Practices of Dentists

Frequency Percentage

Public Sector

Private Sector 86 59.7%

Type of

Business Both

100.0%
Individual

Group 53 32.7%

Type of
Practice

Teaching

0,
Institution 49 2

Other

General
Dentist

Type of Dentist ISR
100.0%

Up to 5 years

5-10 years 30 20.8%
Years of
Professional 11-20years 38 26.4%
Experience

More than 20 55 38.2%

years

100.0%

The majority of respondents worked exclusively in the private
sector (59.7%). A quarter of the dentists were employed
exclusively in the public sector, while 15% of them were
engaged in both the public and private sectors. *The number
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of responses regarding the type of practice is higher, as some
dentists work in more than one practice and were therefore not
limited to only denoting one response. The largest proportion
of dentists (42%) was employed in individual practices, while
32.7% worked in group practices and 24.7% were affiliated
with teaching institutions. The study found that 77.8% of the
respondents were classified as general dentists, while the
remaining 22.2% were categorised as dental 51 specialists.
A total of 35.4% of the dentists reported having 10 years or
less of professional work experience as dentists, compared
to 38.2% of the dentists who indicated having worked in the
profession for more than 20 years.

Table Ill: Type of Intraoral X-ray Unit

Frequency Percentage

Type of Intraoral WENGl/ 93,7%

X-ray Unit mounted X-
ray unit
Handheld 8 6,3%
X-ray unit
Total 126 100,0%

A small minority, 6,3% of dentists, use handheld X-ray units.
The majority (93,7%) of dentists used fixed-mounted intraoral
X-ray units.

Table IV: Type of Intraoral X-ray Used According to Years of Professional
Experience

Type of Intraoral X-ray Unit

Fixed/

Mounted Handheld Total
X-ray X-ray Unit

Unit

10 years
or
younger

Percentage  93,5% 100,0%

More
than 10
years

Count

Percentage  93,8% 100,0%

Count
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Percentage  93,7% 100,0%

There was no correlation noted between the dentists’ years
of experience and the type of intraoral X-ray unit that they use
(phi=1.000). Most dentists (>93%) in both cohorts preferred
fixed/ mounted intraoral X-ray units.

DISCUSSION

South Africa has a large rural population and challenging
access to dental radiography. Thus, handhold X-ray
equipment could be advantageous although this is not
reflected in the current study where only a very small
percentage of participants identified using handheld
equipment. Despite these practical advantages, radiation
safety remains one of the most significant concerns
surrounding the use of handheld X-ray units. Previous studies
conducted in South Africa have highlighted the low levels
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of radiation safety awareness among dentists and dental
experts 2. International patterns of handheld X-ray use
appear to reflect regulatory influences. In both Australia and
the United States, the use of handheld X-ray units continues
to grow, while in Europe, adoption remains limited due to
stringent radiation safety regulations.?'?? In Korea, 15% of
dentists report using handheld units, compared with 11.9%
in Morocco.??® Previous studies in Korea and Morocco have
raised concerns regarding the lack of radiation awareness
among dentists in Korea and Morocco, respectively. In line
with these findings, participants in the current study also
identified radiation dose as a significant concern.?2

In this study, only 6.3% of Gauteng dentists reported using
handheld X-ray units, with the overwhelming majority (93.7%)
relying on fixed intraoral units. A possible explanation for this
could be the strict regulatory environment established by
SAHPRA," which requires both the patient and operator to
wear lead aprons when using handheld X-ray units. In South
Africa, dentists are required to wear radiation dosimeters
when performing more than 100 intraoral radiographs per
week when using fixed intraoral X-ray units. In the case of
handheld units, however, radiation dosimeters must be worn
at all times, irrespective of exposure frequency.'" These legal
stipulations, combined with inherent safety and security
risks, may help explain the limited uptake of handheld X-ray
units in this study population.

SAHPRA further specifies that fixed intraoral units may be
operated by dentists, radiographers, and oral hygienists,
whereas handheld units are restricted to dentists and
radiographers.” This restriction likely reflects concerns
around the lack of standardised positioning techniques
needed to optimise radiation safety during handheld use.
Evidence regarding the safety of handheld X-ray devices is
mixed. Some studies indicate that they can be used safely
provided that all recommended precautions are followed.?!
Other studies, however, report that while patient equivalent
dose is lower with handheld X-ray units, operator exposure
tends to be higher than with wall-mounted intraoral X-ray
units.?22425 Despite the small difference in radiation dose to
the operator between the two types of X-ray units, handheld
X-ray units should only be used where the use of a fixed
intraoral X-ray unit is not possible and should never be used
in place of a fixed X-ray unit.®”?4% This supports the very
small percentage of uptake of handheld X-ray devices seen
in the present study.

Further testing across 14 handheld models has shown
that operator exposure varies depending on the device’s
structural design.?” Another critical factor is the operator’s
positioning relative to the unit.?® To minimise radiation dose,
the central ray should be aligned along the horizontal plane,
perpendicular to the image receptor and close to the area
of interest.?” The device should also be held as far away
from the operator as possible.?® Over time, operator fatigue
may cause the arms to bend, thereby reducing the distance
between the operator and the device.?’

LIMITATIONS

The study was only conducted in the Gauteng province;
a South African study across all nine provinces would be
valuable. The response rate for the study was low. Specific
questions were not asked regarding why handheld devices
are not a popular choice of equipment in Gauteng.
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RECOMMENDATIONS:

e Conduct further research into the uptake of handheld
devices and their challenges to direct future training.

e Expand the research to include all nine provinces.

e Consider a qualitative research study to address the
factors affecting the use of handheld devices in individual
interviews.

CONCLUSION

This study provides important insights into the use of handheld
X-ray units among dentists in Gauteng. The findings reveal
that only 6.3% of dentists utilise handheld devices, while the
overwhelming majority (93.7%) rely on fixed intraoral units.
The low uptake of handheld X-ray equipment appears to be
influenced by strict regulatory requirements set by SAHPRA,
which mandate the use of lead aprons for both operator and
patient, restrict operation to dentists and radiographers, and
require the consistent use of dosimeters. These stipulations,
combined with the recognised risks of non-standardised
positioning and operator radiation exposure, likely contribute
to the reluctance to adopt handheld units in clinical practice.

The demographic and professional profile of respondents
further contextualises these findings. Dentists across a
range of age groups, genders, practice settings, and
years of experience demonstrated a clear preference for
fixed installations, with no correlation observed between
experience and device choice. This suggests that external
regulatory and safety considerations, rather than professional
background, are the primary drivers of equipment selection.

Although international studies have demonstrated safe use
of handheld X-ray units when strict protocols are followed,
evidence also indicates increased operator exposure
compared to wall-mounted units. Taken together, these
findings highlight that handheld X-ray units may be valuable
in specific scenarios where fixed installations are impractical
or unavailable, but they should not replace fixed equipment
in routine practice. Ongoing education, strict adherence
to radiation safety protocols, and continued monitoring
of compliance remain critical to ensuring both patient and
operator safety.
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