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Abstract

Purpose: To calculate the frequencies of incidental extraspinal findings and
incidentally detected congenital anomalies or anatomical differences in the
lumbar spine on magnetic resonance imaging (MRI) scans of intervertebral discs.
Materials and methods: A total of 379 lumbar spine MRI cases were
prospectively investigated in the period spanning from August 2016 to January
2018. Both 1.5 and 0.35 Tesla MRI units (Toshiba and Siemens Medical
Systems) were used to examine patients with clinically suspected intervertebral
disc abnormalities at three MRI diagnostic centers in Khartoum State, Sudan.

Results: Of the 379(100%) patients, 90(23.7%) patients were presented with
incidental findings. Among the incidental findings, 39(10.3%) were renal cysts,
10(2.6%) were retroverted uteri, 5(1.3%) were Nabothian cysts, 4(1.1%) were
10(2.6%) were uterine fibroids,
thickening, 11(2.9%) were indicative of hydronephrosis, 4(1.1%) were uncovered

ovarian cysts, 3(0.8%) were endometrial
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prostatic enlargement, 2(0.5%) were atrophic kidney, and 1(0.3%) each was of an
ectopic kidney and bladder wall thickening, respectively.

Conclusions: A high percentage of extraspinal pathological findings were detected
during MRI lumbar spine scans of intervertebral discs. Thus, it is important to be
aware of the high percentage of patients who undergo further evaluation given
the presence of unexpected findings, but for whom clinical confirmation of these
abnormalities is not obtained.

Keyword: Medical imaging

1. Introduction

Incidental extraspinal findings (IESFs) on imaging are unexpected asymptomatic ab-
normalities that differ from expected pathologies, and are typically found during
radiological examinations. Currently, advances in digital evaluation of radiological
imaging have improved the detection limits of incidental lesions [1]. The detection
of such findings poses various practical and ethical issues related to clinical manage-
ment. For instance, magnetic resonance imaging (MRI) of the lumbar spine employs,
signal saturation bands that are used in standard imaging protocols to reduce the
number and severity of artifacts; however, incidental findings may include a wide
range of abdominal and pelvic organs and the diseases encountered may be
extremely vary [2].

We chose to investigate lumbar imaging in this report given that back pain is one of
the most well-known medical issues in developed countries [3, 4, 5]. MRI is
frequently preferred as it provides multiplanar, non-ionizing imaging of soft tissues,
and it has become the most desirable imaging modality since it can be used to eval-

uate extraspinal regions [6].

Several studies have reviewed the frequency of IESFs, as well as the associated legal
issues and costs that are dependent on the type and depth of the investigation being
performed [7, 8, 9, 10]. Lee et al. [7] reported that as many as 4.6% of IESFs are
presented on lumbar CT; such IESFs include (renal masses, aortic aneurysms, and
lymphadenopathies). According to this result, IESFs (>95%) are of minimal clinical
significance; however, careful observation of anatomic structures outside the region
of interest initiates chances for the early detection of potentially life-threatening con-
ditions [11]. Conversely, Quattrocchi et al. [2] were the first to use a modified CT
colonography reporting and data system (C-RADS) to report a wide variety of IESFs
found during MRI examinations of the lumbar spine. Their study demonstrated a
high incidence of IESFs using the C-RADS system (68.6%). Further, one study sug-
gested that localizer images may be useful in detecting IESFs [12]. However, nowa-
days, the utilization of lumbar MRI scans was expanded by 307% [13].

Concurrently, the rate of recognizing IESFs has also increased [4, 14]. By describing
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these findings and making an accurate, conclusive diagnosis, radiologists may be in
the position to prevent the need for unnecessary investigations. Conversely, not
specifying these findings may be of clinical concern, as it can extremely influence
the patient’s life [15].

This study was designed with the aim of calculating the frequencies with which inci-
dentally detected pathological extraspinal findings, congenital anomalies, and
anatomical differences are detected on the MRI scans of the intervertebral discs of
the lumbar spine. We wish to report the prevalence of these incidental findings

and to accentuate their clinical significance too.

2. Materials and methods
2.1. Selection and description of patients

After receiving approval from the local ethics committee of the Faculty of Radiology
and Nuclear Medicine Sciences, the National Ribat University, Khartoum, Sudan, a
group of 379 patients — 185(49%) males and 194(51%) females — with clinically
suspected lumbar spine intervertebral disc diseases, presenting at the MRI diagnostic
center of Al Zaytouna Specialist Hospital, Dar Al Elaj Specialized Hospital and El
Nilein Medical Diagnostic Centre, Khartoum, Sudan, were recruited for this pro-
spective study over a period of 17 months (August 2016 to January 2018). A waiver
of informed consent was conceded as per institutional rules. The patients who gave
any data of a formerly known extraspinal diagnosis were excluded. Incidental find-
ings were categorized as pathological findings and congenital anomalies/anatomical
differences.

2.2. MRI lumbar spine examination protocol

MRI lumbar spine scans were conducted on a 1.5 Tesla MRI machine (Toshiba
Medical Systems, Tokyo, Japan) at the Al Zaytouna Specialist Hospital, and Dar
Al Elaj Specialized Hospital and on a 0.35 Tesla MRI unit (Siemens Medical Sys-
tems, Munich, Germany) at the El Nilein Medical Diagnostic Centre with a spine
coil while the patient was in supine position. At the aforementioned medical centers,
the lumbar spine MRI protocol included the following: i) sagittal T;-weighted turbo
spin echo (TSE) images (repetition time [TR]/echo time [TE]: 400/9 ms; slice thick-
ness/interslice gap: 4/0.4 mm; number of excitations [NEX]: 3), ii) sagittal T,-
weighted TSE images (TR/TE: 3,000/120 ms; slice thickness/interslice gap: 4/0.4
mm; NEX: 3); and iii) axial T,-weighted TSE images (TR/TE: 3,000/110 ms; slice
thickness/interslice gap: 4/0.4 mm; NEX: 3). During the lumbar spine MRI scan, an
evaluation was performed of the liver, kidneys, suprarenal glands, and surrounding
lymphatic and vascular structures. Saturation bands to null peristalsis and aorta ar-

tifacts were placed over the anterior abdomen on sagittal imaging, which represented

https://doi.org/10.1016/j.heliyon.2018.e00803
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2018.e00803
http://creativecommons.org/licenses/by-nc-nd/4.0/

4

| Heliyon
Article No~e00803

an important factor for determining the type of data available on the anterior para-
vertebral structures. In addition, the three-plane localizer series images were re-
viewed during the imaging assessment. This is important as these images contain

data that would otherwise not be visualized on diagnostic axial and sagittal imaging.

2.3. Analysis of lumbar spine MRI images

The obtained lumbar spine MRI images from the areas of study, were evaluated by
the same radiologist with at least 5 years experience. The following pathologic con-
ditions were recorded: i) renal cysts; ii) retroverted uterus; iii) Nabothian cyst; iv)
ovarian cyst; v) uterine fibroid; vi) endometrial thickening; vii) hydronephrosis;
viii) prostatic enlargement; ix) atrophic kidney; x) ectopic kidney; xi) and bladder
wall thickening.

The Nabothian cyst, ovarian cyst, and renal cysts (Fig. 1), were diagnosed when the
obtained signal intensity was decreased and increased on T;- and T,-weighted im-
ages respectively. A uterine fibroid was identified as a well-defined mass of low-
signal intensity when compared to the myometrium on T,-weighted images, and iso-
intense to the myometrium on T;-weighted images; it also had a high-intensity rim
on T,-weighted images (Fig. 2). In addition, a thickened endometrium appears to be
homogeneously hyperintense on T,-weighted images. Hydronephrosis was diag-
nosed on the basis of finding a dilatation of the renal collecting duct system (renal

calyces and pelvis), as presented in Fig. 3.

Furthermore, a retroverted uterus is diagnosed when the body of the uterus is tilted
backwards (Fig. 4). In cases of prostatic enlargement, the prostate appears to be
enlarged in size and featuring a heterogeneous signal. It has an intact low-signal
pseudocapsule in the periphery. Renal hyperplasia is diagnosed as a small kidney
with smaller calyces featuring with normal residual parenchyma. An ectopic kidney

Fig. 1. Axial MRI shows a large left simple renal cyst that is hyperintense on T,-weighted images (T5;

arrow in A) and hypointense on T;-weighted images (T;; arrow in B).
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Fig. 2. Sagittal T,-weighted image (A) and sagittal T-weighted image (B), showing a large uterine
fibroid (arrows).

is diagnosed as normal-shaped kidney located within the bony pelvis (Fig. 5).
Finally, in bladder wall thickening, the bladder wall does not appear to be distended
on MRI, but the wall thickness appears to be >6 mm.

2.4. Statistical analysis

All measurable data were initially summarized in a comparison table. Statistical
analysis was performed using the Statistical Package for the Social Sciences version
20 for Windows (IBM Corporation, Armonk, NY, USA). IESFs, congenital anom-
alies, or anatomical differences that were parenthetically detected during MRI scans
of the intervertebral discs of the lumbar spine were expressed as frequencies of cases

and corresponding percentages (%).

Fig. 3. Axial T,-weighted MRI image showing the left kidney with hydronephrosis (arrow).
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Fig. 4. MRI of the pelvis showing a retroverted uterus. The vertical line represents the posterior border of
the lateral field passing through the sacral 2—sacral 3 (S2—S3) junction.

3. Results

In this prospective study, a total of 379 patients —185(49%) males and 194(51%) fe-
males — were examined via lumbar spine MRI and presented with clinically sus-
pected intervertebral disc diseases given the presence of low-back pain or sciatica
symptoms. The common clinical features detected in these patients that were related
to their complains were as follows: i) hip pain (n = 20; 5.3%); ii) burning or tingling

Fig. 5. An ectopic pelvic kidney on a sagittal T -weighted image (A) and coronal T,-weighted image

(B), both of which show the kidney in the pelvic region (arrows).
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moving the leg or foot (n = 210; 55.4%); iv) pain in the rear or leg that is worse
when sitting (n = 113; 29.8%); and v) a shooting pain that makes it difficult to stand
(n = 320; 84.4%).

The number and percentages of IESFs and congenital anomalies/anatomical differ-
ences presented during the lumbar spine MRI scans were 89(23.5%) and 1(0.3%),
respectively (Table 1). The incidence percentage of IESFs based on age groups
were 2%, 7.5%, 17.9%, 35.8%, 28.3%, and 8.5% for age ranges 1—15 years,
16—30 years, 31—45 years, 46—60 years, 61—75 years, and >76 years, respectively.
In addition, the IESFs were most likely related to the kidneys (n = 53; 13.7%) (Figs.
1 and 3) and were more likely to affect males (n = 4; 1.1%) and females’ (n = 32;
8.4%) internal genital organs (Figs. 2 and 4). Renal cysts (n = 39; 10.3%) were the
most common IESFs across MRI scans of the lumbar spine (Table 1 and Fig. 1).

On MRI lumbar spine scans for female patients, uterine fibroids and a retroverted
uterus were the most common IESFs, with incidence rates of 2.6% (n = 10) respec-
tively (Table 1, Figs. 2 and 4). Prostatic enlargement was detected as an IESFs in a
total of 4(1.1%) male patients on their MRI scans of the lumbar spine (Table 1). Only
one case of ectopic kidney (0.3%) was registered as an incidental extraspinal congen-

ital anomaly/anatomical variation as shown in Fig. 5.

Although we identified these IESFs, congenital anomalies, and anatomical varia-
tions, further examinations and follow ups were not performed during this study;

consequently, we did not obtain information on the outcome of these patients.

Table 1. Distribution of IESFs and congenital anomalies/anatomical variations in

the study sample according to location and type.

IESFs location IESFs type Frequency (n);
percentage (%)

Urinary system Renal cyst 39(10.3%)
Hydronephrosis 11(2.9%)

Atrophic kidney 2(0.5%)

Urinary bladder wall thickening 1(0.3%)

Female reproductive Uterine fibroid 10(2.6%)
system Retroverted uterus 10(2.6%)
Nabothian cyst 5(1.3%)

Ovarian cyst 4(1.1%)

Endometrial thickening 3(0.8%)

Male reproductive system Prostatic enlargement

Location of congenital anomalies/
anatomical variations

Congenital anomalies/
anatomical variations type

Urinary system Ectopic kidney
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4. Discussion

In the current study, of the 379 patients examined, a total of 90(23.7%) were found to
have incidental findings on MRI scans of the lumbar spine, as shown in Table 1.
Some of these findings were not clinically significant because they were not related
to the illness or causes that prompted the diagnostic imaging test in the first place,
while other findings were important and their early detection plays a crucial role
in associated treatment and prevention strategies, potentially decreasing morbidity
and mortality rates.

IESFs and congenital anomalies are more habitually found on MRI scans of the lum-
bar spine because the abdominal internal structures are situated in this area [16]. In
six different researches implemented to evaluate the use of MRI scans of the lumbar
spine, the rates of incidental findings were described to be 8.1%, 8.3%, 16 %,
16.37%, 18.8%, and 19%, respectively [1, 2, 4, 15, 16, 17, 18, 19, 20, 21]. In the pre-
sent study, this rate was 23.7%, which is higher than the percentages reported in the-
ses previous studies. This is because of the incorporation of all findings related to
internal male and female genitalia, such as prostatic enlargement, Nabothian cyst,

ovarian cyst, and endometrial thickening.

In the current study, we noticed that patients aged 46—60 years presented with
higher incidence rates of IESFs (35.8%) when compared with the other age groups.
This age-specific effect for IESFs is consistent with the results of Joori et al. [20] and
Zidan et al. [22].

To our knowledge, renal cysts are benign clinical conditions may occur well within
the kidney or on its surface. Simple renal cysts usually occur in normal kidneys and
become more prevalent as people age. They usually have no symptoms and rarely
need treatment. Our results demonstrate that renal cysts are the most frequent re-
ported IESFs (10.3%), as presented in Table 1. The majority of these cysts were sol-
itary (n = 27; 69.2%) and a small percentage were multiple renal cysts. Furthermore,
89.7% of patients over 41 years presented with renal cyst; the increasing incidence of
renal cysts in older people may be due to the manifestation of progressive nephrons
loss that occurs with age. In addition, the incidence of renal cyst was more prevalent
in men (male to female ratio: 3:1). Our findings on the prevalence of renal cysts were
compatible with the results of Joori et al. [20] and Sobhan et al. [21], where they
found incidence rates of renal cysts of 7.2% and 2.9%, respectively. Furter, Carrim
and Murchison [23] and Chang et al. [24] reported on the incidence rates for renal
cysts and found that these cysts were more prevalent in men than women, with a

male to female ratios of 4:1 and 8:2 for each study, respectively.

The incidence rate of a retroverted uterus in the current study was 2.6% (Table 1),
which is higher than the rate (1.8%) reported by Dilli et al. [17]. This might be

due to the fact that our sample size is smaller than the population they investigated.
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Further, Nabothian cysts are common cysts of the uterine cervix, with no particular
intervention required. It is quite rare for these cysts to reach sizes >4 cm, and deter-
mining whether these lesions are cysts or adenoma malignum remains a diagnostic
challenge [25]. The incidence of Nabothian cysts in our study was 1.3% (Table 1),
being more predominant in the younger population. In separate studies carried out
using MRI of the lumbar spine, the incidencs of Nabothian cysts were noted to be
1.3% (n = 850) and 0.59% (n = 507) [17,20].

When further exploring incidental findings in females, many have benign, non-
cancerous growths known as fibroids (myomas). Most fibroids are small and do not
cause any problems. In the studies conducted by Dilli et al. [17] and Tuncel et al.
[19], the incidence of uterine myomas were 3% and 3.3%, respectively, while the inci-
dence of uterine fibroids in our study was 2.6% (Table 1). The difference in incidence
rates could be due to smaller sample size when compared to the other studies. Endo-
metrial thickening is the abnormal thickening of the uterine lining that results from an
increase in the number of endometrial glands. This disorder often affects young fe-
males who are just beginning to menstruate, as well as females approaching meno-
pause [26]. The incidence of endometrial thickening in our study was 0.8% (n = 3)
as presented in Table 1. Such findings could be compared to a retrospective study
of 507 patients that reviewed the findings obtained during an MRI scan of the spine,
where the incidence of endometrial thickening was 0.6% (n = 3) [20]. In addition,
another study carried out by Tuncel et al. [19] found that the incidence rate for endo-

metrial thickening was (0.47%) among 1278 examined patients.

The incidence of hydronephrosis in our study group was (2.9%) (Table 1), which is
in contrast to the rates reported by Dilli et al. [17] and Tuncel et al. [19] 0.7% and
0.2%, respectively. When exploring the pathologies that affect men, an enlarged
prostate means that the gland has grown bigger. Prostate enlargement happens to
almost all men as they get older [27]. In this study the prevalence of prostate enlarge-
ment was 1.1% (n = 4) (Table 1). Atrophic kidney is identified as a small kidney
where there is an essentially normal residual parenchyma on MRI but smaller
calyces [28]. The incidence of the atrophic kidney rate in our study was 1.9%
(Table 1), which similar to the incidence rate of 1.1% reported by Dilli et al. [17].
When exploring the incidence of kidney pathologies, it was found that patients
who underwent MRI of lumbar spine had atrophic kidney at an incidence rate of
0.23% [19], which is lower than reported rate. Further, when exploring bladder-
related issues, the differential diagnosis for bladder wall thickening depended on
whether the bladder was adequately distended. The bladder wall may be thickened
if it is >3 mm when distended and >5 mm when not distended [29]. Regarding our
results, bladder wall thickness was detected in 1 case (0.3%) (Table 1).

Only one case (0.3%) of ectopic kidney was registered as an incidental extraspinal

congenital anomaly/anatomical variation as shown in Fig. 5. In addition, an ectopic
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kidney may be asymptomatic and may function normally even though it is not in its
usual position. In such cases, ectopic kidneys are often found incidentally during in-
vestigations for other reasons. However, an ectopic kidney, though benign from a
clinical point of view, may have future consequences. It may be associated with
other congenital anomalies involving the skeletal, genitourinary and cardiovascular
systems [30]. Numerous associated anomalies of the female reproductive system

may also be seen [31].

This study is limited by the heterogeneity of the population because of the random-
ized selection process, which may influence the exactness of our outcomes and
lessen the intensity of our conclusions, since it makes other age groups have a lower
factual validity if applied in future investigations. Other limitations of this study
were: i) there was no second observer for any of the imaging techniques used, mean-
ing that the error/detection rate of inter- and intraobserver variability cannot be
calculated; ii) there was a relatively small cohort sample size; iii) the selection cri-
terion may have omitted patients with known congenital anomalies, pathologies,
or normal variants; and iv) the authors were not able to include follow-up examina-
tions to further confirm the clinical importance of most of the IESFs congenital
anomalies or anatomical differences that were parenthetically detected during the
lumbar spine MRI scans. However, to the best of our knowledge, this is the first large
cohort study that evaluates the prevalence and clinical importance of IESFs and
congenital anomalies or anatomical differences during lumbar spine MRI scans in

Sudanese patients, which thus signifies the importance of this study.

5. Conclusion

In conclusion, clinical judgement needs to be exercised when reporting IESFs, congen-
ital anomalies or anatomical variations of the lumbar spine following MRI scans of this
region, and guidelines are required to determine when further investigations are neces-
sitated. In addition, IESFs, congenital anomalies, or anatomical variations are common
in routine lumbar MRI scans, although their clinical significance is uncommon. Clini-
cally significant IESFs are occasionally omitted from formal clinical reports. Along these
lines, a methodical assessment of spinal and non-spinal structures in lumbar MR images
may be of significance in clinical practice, as these images can have significant impacts

on patient management and on the medicolegal ramifications to the radiologist.

Declarations
Author contribution statement

Mogahid M. A. Zidan, Ikhlas A. Hassan, Abdelrahaman M. Elnour, Wadah M. Alj,
Mustafa Z. Mahmoud, Batil Alonazi, Abbas Khalid, Salah Ali: Conceived and

https://doi.org/10.1016/j.heliyon.2018.e00803
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


https://doi.org/10.1016/j.heliyon.2018.e00803
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e00803

designed the experiments; Performed the experiments; Analyzed and interpreted the

data; Contributed reagents, materials, analysis tools or data; Wrote the paper.

Funding statement

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Competing interest statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.

Acknowledgements

The authors would like to thank Mr. Ahmed Fadlula Musa, Mr. Mohammed Hashim,
Mr. Tarig Haga, Mr. Rafat Abdalla and Mr. Almoutasm Bellah, the staff of the MRI
diagnostic centers of Al Zaytouna Specialist Hospital, Dar Al Elaj Specialized Hos-
pital and El Nilein Medical Diagnostic Centre, Khartoum, Sudan, without whom this
study would not have been possible. English-language editing of this manuscript

was provided by Journal Prep Services.

References

[1] S.C. Wanger, W.B. Morrison, J.A. Carrino, M.E. Schweitzer, H. Nothnagel,
Picture archiving and communication system: effect on reporting of incidental
findings, Radiology 225 (2002) 500—505.

[2] C.C. Quattrocchi, A. Giona, A.C. Di Martino, Y. Errante, L. Scarciolla,
C.A. Mallio, V. Denaro, B.B. Zobel, Extra-spinal incidental findings at lumbar
spine MRI in the general population: a large cohort study, Insights Imag. 4
(2013) 301—308.

[3] C.Z. Liang, H. Li, Y.Q. Tao, X.P. Zhou, Z.R. Yang, F.C. Li, Q.X. Chen, The
relationship between low pH in intervertebral discs and low back pain: a sys-
tematic review, Arch. Med. Sci. 8 (2012) 952—956.

[4] R. Chou, A. Qaseem, D.K. Owens, P. Shekelle, Clinical guidelines committee
of the American College of Physicians, clinical guidelines committee of the
American College of Physicians. Diagnostic imaging for low back pain:
advice for high-value health care from the American College of Physicians,
Ann. Intern. Med. 154 (2011) 181—189.

11 https://doi.org/10.1016/j.heliyon.2018.e00803
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://refhub.elsevier.com/S2405-8440(18)31823-1/sref1
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref1
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref1
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref1
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref2
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref2
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref2
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref2
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref2
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref3
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref3
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref3
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref3
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref4
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref4
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref4
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref4
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref4
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref4
https://doi.org/10.1016/j.heliyon.2018.e00803
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e00803

[5] F.A. Mettler Jr., B.R. Thomadsen, M. Bhargavan, D.B. Gilley, J.E. Gray,
J.A. Lipoti, J. McCrohan, T.T. Yoshizumi, M. Mahesh, Medical radiation
exposure in the U.S. in 2006: preliminary results, Health Phys. 95 (2008)
502—507.

[6] S.J. Golding, Radiation exposure in CT: what is the professionally responsible
approach? Radiology 255 (2010) 683—686.

[7] S.Y. Lee, M.S. Landis, I.G. Ross, A. Goela, A.E. Leung, Extraspinal findings
at lumbar spine CT examinations: prevalence and clinical importance, Radi-
ology 263 (2012) 502—509.

[8] H.J. Park, Y.H. Jeon, M.H. Rho, E.J. Lee, N.H. Park, S.I. Park, J.H. Jo, Inci-
dental findings of the lumbar spine at MRI during herniated intervertebral disk
disease evaluation, AJR Am. J. Roentgenol. 196 (2011) 1151—1155.

[9] N. Magnavita, G. Magnavita, A. Fileni, A. Bergamaschi, Ethical problems in
radiology: medical error and disclosure, Radiol. Med. 114 (2009) 1345—1355.

[10] M.A. Hlatky, C. Iribarren, The dilemma of incidental findings on cardiac
computed tomography, J. Am. Coll. Cardiol. 54 (2009) 1542—1543.

[11] T. Xiong, M. Richardson, R. Woodroffe, S. Halligan, D. Morton, R.J. Lilford,
Incidental lesions found on CT colonography: their nature and frequency, Br.
J. Radiol. 78 (2005) 22—29.

[12] M.E. Zalis, M.A. Barish, J.R. Choi, A.H. Dachman, H.M. Fenlon,
J.T. Ferrucci, S.N. Glick, A. Laghi, M. Macari, E.G. McFarland,
M.M. Morrin, P.J. Pickhardt, J. Soto, J. Yee, CT colonography reporting
and data system: a consensus proposal, Radiology 236 (2005) 3—9.

[13] D.K. Weiner, Y.S. Kim, P. Bonino, T. Wang, Low back pain in older adults:
are we utilizing healthcare resources wisely? Pain Med. 7 (2006) 143—150.

[14] L. Berlin, The incidentaloma: a medicolegal dilemma, Radiol. Clin. North.
Am. 49 (2011) 245-255.

[15] T. Sutherland, J.M.E. Chock, N. Stephens, Incidental extra spinal findings at
CT lumbar spine on wide field of view reconstructions, J. Spine Neurosurg. 4
(2013) 4.

[16] L. Green, PACS: effect on incidental findings, Radiol. Manag. 26 (2004)
26—209.

[17] A. Dilli, U.Z. Ayaz, S. Turanli, H. Saltas, O.R. Karabacak, C. Damar,
B. Hekimoglu, Incidental extraspinal findings on magnetic resonance imaging
of intervertebral discs, Arch. Med. Sci. 10 (2014) 757—763.

12

https://doi.org/10.1016/j.heliyon.2018.e00803
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://refhub.elsevier.com/S2405-8440(18)31823-1/sref5
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref5
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref5
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref5
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref5
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref6
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref6
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref6
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref7
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref7
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref7
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref7
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref8
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref8
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref8
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref8
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref9
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref9
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref9
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref10
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref10
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref10
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref11
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref11
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref11
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref11
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref12
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref12
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref12
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref12
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref12
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref13
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref13
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref13
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref14
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref14
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref14
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref15
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref15
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref15
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref16
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref16
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref16
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref17
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref17
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref17
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref17
https://doi.org/10.1016/j.heliyon.2018.e00803
http://creativecommons.org/licenses/by-nc-nd/4.0/

| Heliyon
Article No~e00803

[18] S. Kamath, N. Jain, N. Goyal, R. Mansour, K. Mukherjee, Incidental findings
on MRI of the spine, Clin. Radiol. 64 (2009) 353—361.

[19] S.A. Tuncel, B. Cagli, A. Tekatag, M.Y. Kirici, E. Unlii, H. Genchellag, Ex-
traspinal incidental findings on routine MRI of lumbar spine: prevalence and
reporting rates in 1278 patients, Korean J. Radiol. 16 (2015) 866—873.

[20] S.M. Joori, M.R. Albeer, D.S. Al-Baldawi, Extraspinal incidental findings of
spinal MRI, J. Fac. Med. Baghdad 55 (2013) 219—223.

[21] M. Sobhan, M. Samiee, Y. Asgari, M. Ahmadi, Incidental findings of the lum-
bar spine at MRI in patients diagnosed with discopathy, Int. J. Med. Imag. 4
(2016) 44—47.

[22] M.M.A. Zidan, I.LA. Hassan, A.M. Elnour, K.M. Abd Alla, M. Dowlyb,
M. Yousef, W.M. Ali, Extraspinal incidental findings on routine MRI of Cer-
vical spine, Glob. Adv. Res. J. Med. Med. Sci. 6 (2017) 234—239.

[23] Z.1. Carrim, J.T. Murchison, The prevalence of simple renal and hepatic cysts
detected by spiral computed tomography, Clin. Radiol. 58 (2003) 626—629.

[24] C.C. Chang, J.Y. Kuo, W.L. Chan, K.K. Chen, L.S. Chang, Prevalence and
clinical characteristics of simple renal cyst, J. Chin. Med. Assoc. 70 (2007)
486—491.

[25] F. Vural, I. Sanverdi, A.D.E. Coskun, A. Kusgoz, O. Temel, Large Nabothian
cyst obstructing labour passage, J. Clin. Diagn. Res. 9 (2015) QD06—QDO07.

[26] Health Communities, What Is Endometrial Hyperplasia?, 2018. http://www.
healthcommunities.com/female-cancers/what-is-endometrial-hyperplasia.
shtml. (Accessed 4 April 2018).

[27] MedlinePlus, Enlarged Prostate, 2018. https://medlineplus.gov/ency/article/
000381.htm. (Accessed 5 April 2018).

[28] Radiopaedia, Renal Hypoplasia, 2018. https://radiopaedia.org/articles/renal-
hypoplasia. (Accessed 5 April 2018).

[29] Radiopaedia, Bladder wall Thickening (Differential), 2018. https:/
radiopaedia.org/articles/bladder-wall-thickening-differential. = (Accessed 5
April 2018).

[30] V.C. Lin, H.C. Weng, E. Kian-Lim, I.C. Lin, T.J. Yu, An atrophic crossed
fused kidney with an ectopic vaginal ureter causing urine incontinence, Urol-
ogy 76 (2010) 55—56.

[31] S. Kumar, S.R. Bolla, V.R. Vollala, Unilateral ectopic kidney in the pelvis—a
case report, Chang Gung Med. J. 34 (2011) 10—12.

13

https://doi.org/10.1016/j.heliyon.2018.e00803
2405-8440/© 2018 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://refhub.elsevier.com/S2405-8440(18)31823-1/sref18
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref18
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref18
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref19
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref19
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref19
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref19
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref19
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref19
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref19
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref20
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref20
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref20
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref21
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref21
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref21
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref21
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref22
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref22
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref22
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref22
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref23
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref23
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref23
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref24
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref24
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref24
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref24
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref25
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref25
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref25
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref25
http://www.healthcommunities.com/female-cancers/what-is-endometrial-hyperplasia.shtml
http://www.healthcommunities.com/female-cancers/what-is-endometrial-hyperplasia.shtml
http://www.healthcommunities.com/female-cancers/what-is-endometrial-hyperplasia.shtml
https://medlineplus.gov/ency/article/000381.htm
https://medlineplus.gov/ency/article/000381.htm
https://radiopaedia.org/articles/renal-hypoplasia
https://radiopaedia.org/articles/renal-hypoplasia
https://radiopaedia.org/articles/bladder-wall-thickening-differential
https://radiopaedia.org/articles/bladder-wall-thickening-differential
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref30
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref30
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref30
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref30
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref31
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref31
http://refhub.elsevier.com/S2405-8440(18)31823-1/sref31
https://doi.org/10.1016/j.heliyon.2018.e00803
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Incidental extraspinal findings in the lumbar spine during magnetic resonance imaging of intervertebral discs
	1. Introduction
	2. Materials and methods
	2.1. Selection and description of patients
	2.2. MRI lumbar spine examination protocol
	2.3. Analysis of lumbar spine MRI images
	2.4. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	Acknowledgements
	References


