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Abstract
Background: Ultrasound has been in clinical use to image the human body for over half a century. An audit
should be performed on professional practice aimed at taking corrective measures where errors are identified and
improvement in the practice when errors are not detected. This study is aimed at evaluating the current status of
ultrasound practice in Kano metropolis, Nigeria.
Results: Out of the 70 (100%) administered questionnaires, 68 (97.14%) were returned, and 64 (91.43%) were
properly filled. Fifty-eight (90.6%) knew the exact meaning of ultrasound, and 34 (53%) considered ultrasound as a
modality of choice for imaging and diagnosis of abdominal masses. None of the participants was exposed to
advanced ultrasound technology. Only 3 (4.7%) and 5 (7.8%) of the respondents performed infection control, air
reverberation pattern and electronic noise checks.
Conclusion: Ultrasound practitioners demonstrate good knowledge of ultrasound and its application. However,
there was unavailability of advanced ultrasound equipment. There was also poor understanding and practice of
quality assurance among practitioners. Ultrasound equipment might have been grossly underutilized and qualities
of images produced by the equipment are not certain were optimal.
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Background
Ultrasound has been in clinical use to image the human
body for over half a century [1, 2]. It is a portable, safe,
effective, accessible and real-time imaging modality that
is capable of providing clinically relevant information
about most parts of the human body in a rapid and costeffective fashion [1–3]. Ultrasound imaging investigations can assist in the diagnosis and monitoring of
disease conditions [4]. In many cardiovascular diseases,
it has replaced invasive methods as the primary means
of evaluation [3]. Furthermore, it is the most applicable
imaging technique for guiding biopsies and fine needle
aspirations that are performed percutaneously provided
the lesion can be visualized sonographically [5].
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Ultrasound practitioners come from a wide range of
professional backgrounds which include radiologists,
radiographers, sonographers, nurses, midwives, physiotherapists, obstetricians and clinical scientists [4, 6, 7].
Sonography is a profession to some practitioners while
to others is a diagnostic or therapeutic tool used to
support their main professional role [8]. It is a primary
imaging modality in the daily work of sonographers and
sonologists [8]. Ultrasonography requires a practice of
hand-eye coordination skills and the use of intelligence,
medical knowledge and experience [9]. Training for
diagnostic ultrasound examinations and procedures is
varied; the level, duration and intensity depend on the
desired use [4]. Medical doctors undergoes radiology
residency programme that lasts for an average duration
of 5 years in African countries before being certified to
practise radiological procedures including ultrasonography [10, 11]. Residency is defined as the constellation
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of learning activities carried out to enable doctors to develop relevant competencies and deeper knowledge in
specific subject areas after completion of basic medical
education [11]. In Nigeria, radiographers shall additionally possess a postgraduate diploma in Ultrasonography
of the Nigerian Institute of Radiography or any other
qualifications recognized by the Board before being certified to practise general ultrasonography; otherwise,
they are restricted to obstetric and gynaecology scan
[12]. The largest group of professionals working in ultrasound has come from a radiography background via
accredited programmes of education, delivered by higher
education establishments and accredited by the Consortium for the Accreditation of Sonographic Education
(CASE) in the UK [8]. Some medical specialities perform
specialized ultrasound scans as part of their training, like
gynaecologists and cardiologists [4]. A high level of diagnostic accuracy of sonographers/radiographers has been
shown in a number of studies across all subspecialties
[7, 13–15]. The imaging modality is an operator
dependent, and the usefulness of an ultrasound examination depends on the experience and the capability of
the ultrasound examiner [4]. In the hands of an untrained or poorly trained person, ultrasound may be misleading and even dangerous because misinterpretation
will lead to an erroneous diagnosis [4].
Ultrasound is among the most rapidly advancing imaging techniques; advances in equipment technology
allow users to discover a wide range of pathologic conditions with minimal image noise and improve resolution
[16]. Functional methods such as elastography have been
clinically introduced, and tissue characterization is improved by contrast-enhanced scans [16]. The recent advances that have produced the most significant impact
on the general public and ultrasound community have
been the ability to view three-dimensional (3D) images
in real time [17]. Doppler ultrasound is also an added
advantage that provides vital information on the haemodynamics of the cardiovascular system [17].
Quality assurance (QA) of ultrasound systems is necessary to ensure the reliability of results and to check
for deterioration in performance [18]. It is a highly recommended procedure intended to test the performance
of clinical instrumentation and monitor its deterioration
periodically over time, which may be responsible for a
slight but progressive degradation of image quality [19].
Equipment performance testing has been seen as the domain of the Medical Physics Department, involving extensive use of tissue-mimicking phantoms (TMPs) and
other test devices. Over time, it has been recognized that
sonographers have an essential role in the QA of ultrasound scanners. There are three levels of QA: level 1
(infection control and scanner damage), level 2 (basic
scanner and transducer testing) and level 3 (further
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scanner and transducer testing). These tests are performed daily and weekly for level 1, daily for level 2 and
monthly for level 3 [18, 19].
An audit should be performed on every professional
practice aimed at taking corrective measures where errors are identified and improvement in the practice
where errors are not identified. However, an empirical
study shows that an audit of ultrasound practice has not
been performed in some centres in Kano metropolis,
and a literature review showed no documented published work in the study area. This may lead to an uncertainty about the reliability of diagnosis and patient
care. The findings of the study will serve as a baseline
for making recommendations to the relevant authorities
or professional bodies to improve on regulations regarding ultrasound practices so as to enhance proper diagnosis and patient care. It will also serve as a guide for
practitioners to improve on their technical skills and expertise. The study aims at evaluating the current status
of ultrasound practice in Kano metropolis, Nigeria.

Methods
This study was a cross-sectional conducted among ultrasound practitioners in Kano metropolis, Nigeria, from December 2020 to January 2021. An ethical approval to
conduct the study was obtained from the Human Research and Ethics Committee of the Ministry of Health,
Kano State (MOH/Off/797/T.I/2117). An informed consent was obtained from all the respondents (Additional file
1). A structured questionnaire was used as an instrument
for data collection (Additional file 2). The questionnaire
was validated by experienced colleagues using content validity. The reliability of the measuring tool was tested using
the test-retest method; the questionnaire was administered to a single group of people on two separate occasions at a 2-week interval. The relationship between the
respondent scores from the two different administrations
was estimated through statistical correlation, and the
Cronbach alpha reliability coefficient was found to be
0.84. All ultrasound practitioners within the Kano metropolis were included and those practicing not within the
study area were all excluded from the study. Seventy questionnaires were distributed to the respondents. A knowledge score of 50% and above was considered to be good
and less than 50% as poor in this study. Descriptive statistics was employed to determine the distribution of all
responses using SPSS version 21.0.
Results
Out of the 70 (100%) administered questionnaires, 68
(97.14%) were returned, and 64 (91.43%) were properly
filled.
Figure 1 shows that majority of the respondents were
between the age range of 20–30 years 31 (48.4%),
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Fig. 1 Age distribution of the respondents

followed by 31–40 years, while those between the
age range of 41–50 years were the least among the
respondents followed by those above 50 years of
age.
Figure 2 shows that out of 64 respondents, 56 (87.5%)
were male while 8 (12.5%) were female.
Figure 3 shows that 50 (78.1%) of the respondents
were radiographers followed by radiology residence 8
(12.5%), while radiologists, sonographers and nurses
were found to be 2 (3.12%) each respectively.
Figure 4 shows more than 85% (55) of the respondents
had 1–5 years range of work experience followed by
those with 11–15 years and 6–10 years range 8% and 6%
respectively.
Figure 5 shows a higher proportion of the respondents
was working in tertiary hospitals 26 (40.6%) which is almost the same with those working in private hospitals
25 (39%). Six and five of the respondents were found to

Fig. 2 Gender distribution of the respondents

be working in private diagnostic centres and state
specialist hospital respectively.
Table 1 shows that 58 (90.6%) participants knew the
exact definition of ultrasound imaging while 6 (9.4%) of
the participants did not, 56 (87.5%) believed it is the
most suitable imaging technique for guiding biopsies
and fine needle aspirations that are performed percutaneously, and also 49 (76.6%) of the respondents knew
ultrasonography is used to diagnose chromosomal abnormalities in vitro, while 15 (23.4%) thought it is not
possible. On the same vein, 54 (84.4) of the respondents
said it provides information on foetal and placental
blood flow using Doppler mode. However, 30 (47%) of
the respondents do not consider ultrasonography as the
first-line imaging modality used for diagnosis of abdominal masses while 34 (53%) did.
Table 2 shows that majority of the respondents 49
(76.6%) knew that ultrasound technology can be used in
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Fig. 3 Cadre of the respondents

the therapy and image-guided drug delivery; however, 15
(23.4%) thought it could not be used for that purpose;
surprisingly, none of the respondents was aware with either of the following advanced ultrasound modality (3D,
4D, echocardiography and sonoelastography) in their
place of work. Majority of the respondents 38 (59.4%)
describe the resolution of their ultrasound machine as
moderate, 9 (14.1%) high, and 13 (20.3%) low, while only
4 (6.3%) of the respondents describe the resolution of
their ultrasound machine as poor. Regarding participant
qualification in the field of ultrasound, 54 (84.4) had degree as their highest qualification, only 11 (12.5%) had
an additional qualification in the field of ultrasound and
3 (4.7%), 3 (4.7%) and 2 (3.1%) masters, PGD ultrasound

Fig. 4 Work experience of the respondents

and Fellow West African College of Radiologist
respectively.
Table 3 shows that 40 (62.5%) of the respondents did
not know the correct definition of quality assurance as
regards ultrasound equipment; likewise, 41 (64%) do not
know who is responsible for carrying out quality assurance for ultrasound equipment. Sixty-one (95.3%) of the
respondents in this study do not perform checks on infection control as recommended. Majority of the respondents do not perform air reverberation pattern and
electronic noise assessment 59 (92.2%); also, only 31
(48.4%) perform checks for brightness and grey scale bar
display as required; meanwhile, 33 (51.6%) did not.

Discussion
The findings of this study as shown in Fig. 1 show that
majority of the respondents were within the age range of
20–30 years. This implies ultrasound practice in the
study area may have a bright feature being majority of
the personnel practicing are at their mid age. As indicated in Fig. 2, more than 87% of the respondents were
male. The implication is that some patients may have a
clear preference for a health care of specific gender due
to their ethnic, religious or cultural background, because
of previous experiences or in view of their age this may
affect their right to have equal access to healthcare services as a citizen. As shown in Fig. 3, majority of the respondents in the current study were radiographers
followed by radiology residence, while radiologist, sonographers and nurse were found to be the least among
the respondents having contributed 3.12% each to the
respondents respectively. The possible consequence is
that radiographers are required to undergo more additional training in other to perform certain special
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Fig. 5 Work place of the respondents

ultrasound procedures like small parts examination;
their practice is also limited when it comes to invasive
procedures such as biopsy. Figure 4 shows more than
85% of the respondents had 1–5 years range of working
experience. This implies those with less working experience need to be supervised by more experienced
personnel; the absence of which may lead to misdiagnosis by the less experience once. As indicated in Fig. 5,
a higher proportion of the respondents were working in
tertiary hospitals, which is almost the same with those
working in private hospitals within the study area, and
six and five of the respondents were found to be working
with private diagnostic centres and state specialist hospital respectively.
The result of this study also as indicated in Table 1
shows that over 90% of the respondents knew the exact
definition of ultrasound imaging while about 10% of the
respondents did not. This is alarming as it will raise concern about the integrity of results issued by such
personnel that did not know the definition of the modality they are operating. As indicated in Table 1, 87% of
the respondents believed ultrasound is the most suitable
imaging technique for guiding biopsies and fine needle
aspirations that are performed percutaneously. This

finding implies that a patient that requires biopsy may
be protected from exposure to ionizing radiation by
computed tomography (CT) and cost of magnetic resonance imaging (MRI) biopsy procedure. Table 1 shows
not less than 76% of the respondents knew ultrasonography is used to diagnose chromosomal abnormalities in
utero, while about 24% thought it is not feasible. The
concern is that diagnosis of chromosomal abnormalities
that can be done in utero at around 11–14 weeks of gestation in order to decide on the fate of pregnancy may
be delayed till birth. Congenital anomalies can contribute to long-term disabilities, which may have a significant effect on individuals, families, healthcare systems
and societies [20]. On the same vein as indicated in
Table 1, 84.4% of the respondents knew that ultrasound
can be employed to provide information on foetal and
placental blood flow using Doppler; however, 15.6% consider it to be impossible. The possible implication is that
the utilization of the umbilical artery Doppler flow to
confirm or rule out certain intrauterine anomaly might
be deprived by personnel with the latter opinion. Fortyseven percent of the respondents did not consider ultrasonography as the first-line imaging modality to be
employed in the diagnosis of abdominal masses while

Table 1 Participant response on knowledge of ultrasound and its application in medical diagnosis
Questions

Response
Positive n
(%)

Negative n
(%)

6. Ultrasound imaging

58 (90.6)

6 (9.4)

7. Is ultrasound the most applicable imaging technique for guiding biopsies and fine needle aspirations that are
performed percutaneously?

56 (87.5)

8 (12.5)

8. Can ultrasound be used to diagnose chromosomal abnormalities?

49 (76.6)

15 (23.6)

9. Ultrasound provides information on foetal and placental blood flow using?

54 (84.4)

10 (15.6)

10. Do you think ultrasound is the first line imaging modality in diagnosis of abdominal masses?

34 (53)

30 (47)
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Table 2 Participant responses on their exposure to advanced
ultrasound technology and standard of practice
Questions

Response N (%)

11. Do you think ultrasound technology can be
used in the therapy and image guided drug
delivery?

Yes 49 (76.6) No 15
(23.4)

12. Which of the following advanced modality
is available to you?

None 64
(100)

13. How can you describe the resolution of the
ultrasound machine you are currently using?

Poor 4 (6.3)
Low 13
(20.3)
Moderate
38 (59.4)
High 9
(14.1)

14. What is your qualification in the field of
ultrasound?

Degree 56
(87.5)
PGD 3 (4.7)
Masters 3
(4.7)
PhD
FWCR 2
(3.1)

15. Which regulatory body have you registered
with?

RRBN 52
(81.3)
MDCN 10
(15.6)
NMCN 2
(3.1)

53% did as shown in Table 1. The possible implication
of this finding is that it may lead to underuse of the modality, which may leave referring physician with no option than to seek for the evaluation of abdominal masses
using other imaging modalities such as conventional Xray, CT and MRI, and this might be invasive, costly and
stressful to the patient. Brownlee et al. [21] considered a
modality to be underutilized when it is not optimally deployed for its purposes perhaps due to inadequate knowledge and skills. Ultrasound is the first imaging modality
of choice that can be employed in the diagnosis of abdominal masses [22, 23].
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Table 2 shows more than 76% of the respondents
knew that ultrasound technology can be used in the
therapy and image-guided drug delivery; however, about
24% thought it could not be used for this purpose. This
is probably because they only concentrate on general/
routine ultrasound scanning procedures and failed to
partake in continue programme development (CPD).
The implication is that the second opinion may limit the
scope of ultrasound application in medicine. The findings of the current study found none of the respondents
has either of the following advanced ultrasound modality: 3D, four dimensional (4D), echocardiography and
sonoelastography in their place of work. This showed a
lack of advanced ultrasound equipment in both government and private sector as indicated in Table 2. The
possible explanation is that the contemporary twodimensional (2D) ultrasound is of such high quality that
has hindered appreciation of 3D, 4D and sonoelastography ultrasound potentials towards improving the conventional 2D ultrasound. The possible problem is that
patients might be subjected to unnecessary interventional procedures due to false-positive diagnosis on 2D
ultrasound images as it lacks versatility in the
characterization of some lesions or masses [24]. Findings
of this study as indicated in Table 2 shows majority of
the respondents described the resolution of their ultrasound machine as moderate, low and high 38 (59.4%),
13 (20.3%) and 9 (14.1%) respectively while 4 (6.3%) of
the respondents described the resolution of their ultrasound machine as poor. The implication of using a machine with poor resolution is that it increases the
chances of missing details which may lead to misinterpretation of the sonogram and subsequent false-positive
or false-negative diagnosis. Table 2 shows almost 88% of
the respondents had degree as their highest qualification
and only 8 (12.5%) had an additional qualification in the
field of ultrasound; out of which three had Master’s degree and Postgraduate Diploma (PGD) in ultrasound
each, respectively, and two were Fellow West African
College of Radiologist (FWACR). These findings suggest
most of the respondents did not undergo further training on ultrasonography which is paramount for efficient
service delivery in every medical practice. The WHO

Table 3 Participant responses on the practice of quality assurance on medical ultrasound equipment
Questions

Response
Positive n (%)

Negative n (%)

16. Quality assurance program

24 (37.5)

40 (62.5)

17. Who do you think is responsible for carrying out quality assurance for ultrasound equipment?

23 (36)

41 (64)

18. How often do you perform checks on infection control?

3 (4.7)

61 (95.3)

19. How often do you perform air reverberation pattern and electronic noise assessment?

5 (7.8)

59 (92.2)

20. How frequent do you check for brightness and grey scale bar display?

31 (48.4)

33 (51.6)
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(1998) [3] recommends an advanced-level ultrasonography training of at least 3years (full time) postdegree
and 3–9 months of training for trainees that had completed their training programme in radiology. Ultrasound is operator dependent and hence depends on the
experience and expertise of the ultrasound examiner [4].
The concern here is ultrasound can be misleading and
dangerous in the hands of untrained or poorly trained
personnel. As indicated in Table 2, over 81% of the respondents were registered with the Radiographers Registration Board of Nigeria, while ten and two out of 64
respondents were registered with the Medical and Dental Council of Nigeria and Nursing and Midwifery Council of Nigeria respectively. This implies ultrasound
practitioners in the study area were registered with a different regulatory body that is responsible for regulating
the practice of its members. The implication is that each
regulatory body may have its own way or requirement
for certifying its members to practice ultrasonography or
the body might not even consider regulating ultrasound
practice by its members as part of its responsibility,
thereby creating room for quackery practice which is a
detriment to the patients.
The study found as noted in Table 3 more than 60%
of the respondents did not know the correct definition
of quality assurance with regard to ultrasound equipment; likewise, 64% of the respondents do not know
who is responsible for carrying out quality assurance
practice on ultrasound equipment as shown in Table 3.
These findings imply ultrasound equipment in the study
area were most likely been operated without a routine
quality assurance plan in place which may probably
undermine the quality of images produced by the equipment and the subsequent inference derived from such
images, thereby increasing the risk of inappropriate diagnosis. Routine QC ensures that the equipment is operating at optimal operational condition, thereby providing
the required diagnostic information [25]. There is increasing evidence in the literature of the efficacy of formal QA programmes in identifying more subtle
deterioration of ultrasound imaging performance [18]. It
is also noted in Table 3 that more than 95% of the respondents in the current study did not perform checks
on infection control as required. This finding implies patients might be subjected to a greater risk of contracting
a nosocomial infection from ultrasound transducers and
even examination couch; this is a threatening situation
to the health condition of both the patients and
personnel. Sartoretti et al. [26] reported that a contaminated ultrasound transducer contained more bacterial
load than toilet seats or public bus poles. As indicated in
Table 3, the current study found majority of the respondents did not perform air reverberation pattern and electronic noise assessment; also, only 48.4% of the
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respondents do perform checks for brightness and grey
scale bar display as recommended; meanwhile, 51.6% did
not observe such as shown in Table 3. This is not surprising considering the poor understanding of the quality assurance programme recorded by the respondents.
The implications of these findings are subtle changes or
malfunction of ultrasound equipment may not be picked
up at its initial stage for appropriate action to be taken
until it becomes apparent and devastated in which case
little or nothing can be done to reverse the effects and
damages recorded due to misdiagnosis that might have
occurred unnoticed as a result of poor quality control
practice.

Conclusion
The current study found good knowledge of ultrasound
and its application in medical diagnosis among ultrasound practitioners. However, there was unavailability of
advanced ultrasound equipment and the practitioners
were seriously lagging behind in terms of continue
personnel development (CPD). Furthermore, the practitioners demonstrated poor understanding and practice
of the quality assurance programme on ultrasound
equipment.
Recommendations
From the findings of this study, we make the following
recommendations:
1. The management should encourage and support
their personnel to undergo further training on
ultrasound and its application.
2. Routine ultrasound equipment QC programme
training should be organized for ultrasound
practitioners.
3. Ultrasound practitioners should develop the habit
of performing QC that is within their limit.

Limitation
A small sample size was used for the study.
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