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Editorial

The purpose of this editorial is to review the literature on incidental radiographic findings of the thoracic spine and
chest detected in the common orthopaedic practice, to present congenital, idiopathic, or acquired incidental
abnormalities detected at our service in children, adolescents, and adults, and to consider their potential or apparent
clinical significance and differential diagnosis. This work excluded patients with fractures, osteomyelitis or discitis,
tumors, and systemic disorders.

Congenital radiographic findings

During the 6t week of gestation, two chondrification centers form in each half of the vertebral body (called the
centrum), which eventually fuse into a solid block of cartilage. The vertebral arch, the transverse processes, and the
spinous process also form from chondrification centers, completing the cartilage anlage of each vertebra. Three primary
ossification centers develop within the cartilaginous template of the vertebra: one in the centrum and one for each half
of the neural arch. The C3-L5 primary ossification centers appear at nine weeks in utero and ossify by one year of life.
The C3-L5 secondary ossification centers at each annular vertebral epiphysis at the upper and lower surfaces of the
vertebral body, at the tip of the spinous process, and the tip of each transverse process develop after puberty, and fuse
about the middle of the third decade [1-3].

Congenital anomalies of the thoracic spine may be diagnosed during gestation, soon after birth, and later on incidentally
on radiographs performed for an unrelated reason or when they become symptomatic [4,5].

The thoracic vertebral body may fail to form, leading to a wedged vertebra or hemivertebra. Lateral hemivertebrae
develop when one of the two chondrification centers of the centrum fails to grow, leading to congenital scoliosis (Fig. 1,
2). It may be due to a lack of vascularization on the defective side [6]. Dorsal and ventral hemivertebrae are much less
frequent than lateral ones [7]. Patients diagnosed with a hemivertebra should undergo a careful assessment to identify
coexistent anomalies, usually skeletal, cardiac, genitourinary, and gastrointestinal [8].

Congenital block vertebrae or synostosis occurs when segmentation fails; leading to unilateral or bilateral fusion of the
vertebral bodies (bony bars). The intervening disc space is small, incomplete, and dysmorphic. The anomaly is typically
detected in the cervical spine and rarely in the thoracic and lumbar regions (Fig. 3). It should not be confused with the
appearance of inflammatory spondylodiscitis [9], with Forestier and Rotes-Querol disease (diffuse idiopathic skeletal
hyperostosis, progressive or ankylosing spinal hyperostosis) [10,11], and with progressive noninfectious anterior
vertebral fusion (Copenhagen syndrome) [12,13].
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Figure 1: A 6.5-year-old boy presented with a high fever in the pediatric emergency department. Chest
radiography showed two adjacent lateral hemivertebrae on opposite sides of the upper thoracic spine. The
mild trunk asymmetry had remained unnoticed.
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Figure 2: A 15-year-old boy presented with acute torticollis after a sports injury. The lateral radiograph

showed loss of the normal lordosis, and the anteroposterior radiograph lateral hemivertebra at the T3 level

on the right side, associated with upper thoracic scoliosis (a). His parents reported no previous neck insult or

diagnosed disorder. Two weeks later, he had an uneventful recovery while a standing radiograph revealed no

additional spinal abnormalities (b). The potential susceptibility of the cervical spine to posttraumatic
torticollis in patients with upper thoracic scoliosis remains obscure.

Figure 3: A 41-year-old male presented with acute back pain. The lateral
radiograph showed vertebral fusion of T10-T12 and L2-L3 vertebrae. No
other anomalies were evident in the spine. The differential diagnosis
included congenital synostosis, Forestier disease, and progressive
non-infectious anterior vertebral fusion. The radiographic appearance of
the involved vertebrae and intervertebral discs suggested a developmental
disorder due to failure of vertebral segmentation.
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The butterfly vertebra (sagittal cleft vertebra) is due to failure of fusion of the two halves of the vertebral body. It also
appears under the name of anterior rachischisis or somatoschisis. It is usually clinically insignificant and may be
mistaken for a wedge fracture unless the anteroposterior radiographic view is correctly assessed [14]. The two vertebral
halves appear as hemivertebrae, usually ankylosed to the adjacent superior and inferior thoracic vertebral bodies [15].
Multiple butterfly vertebrae are typically associated with syndromic diseases [16].

Disruption of the secondary ossification center of a transverse or spinous thoracic vertebral process may result in aplasia
or hypoplasia [17], while its radiographic appearance could be confused with a fracture. The spinous process may be
absent, which is not to be confused with a bifid spinous process; spina bifida occulta may be evident at any level of the
thoracic spinal column [9,18].

The pedicles may exhibit significant variability in their shape and orientation, not only from region to region within the
thoracic spine but also within the same region and even within the same pedicle. They may not be fused anteriorly or
posteriorly and may be absent [19]. Pedicle deficiencies, including hypoplasia and aplasia, are usually unilateral,
asymptomatic, and incidental observations on thoracic spine imaging involving single and rarely multiple levels [20].

Unilateral lumbar-type facet articular projections of the thoracic spine are more common than bilateral ones, resulting in
articular asymmetry. These variations are significant in transpedicular screw internal fixation and fusion techniques
[21,22].

Idiopathic radiographic findings

The early diagnosis of adolescent idiopathic scoliosis is essential for intervention. However, the poor correlation
between clinical deformity and radiographic abnormality is a challenge in adolescent scoliosis screening programs,
which all rely on clinical examination and the Adams forward-bending test [23]. The latter is not a safe diagnostic
criterion for the early detection of scoliosis, especially when it is the only screening tool, because it results in an
unacceptable number of false-negative findings (Fig. 4) [24]. Rib cage asymmetry due to length differences of each rib
pair, associated with idiopathic scoliosis, is most likely secondary to the spinal deformity rather than a causative factor
[25]. In addition, physical examination may reveal breast volume and level asymmetry as well as costal protrusion in
female adolescent idiopathic scoliosis patients [26].

On the other hand, diffuse idiopathic skeletal hyperostosis usually affects patients during the 6t or 7t decade. The
radiographic findings to differentiate the disease from ankylosing spondylitis include the continuous linear calcifications
along the anterior longitudinal ligament of at least four contiguous vertebral bodies (Fig. 5) [27], while in ankylosing
spondylitis, there is annulus fibrosus ossification, anterior and lateral, adjacent vertebral body bridging referred to as
bamboo spine, and fused sacroiliac joints (Fig. 6) [28]

(PP

Figure 4: A 13-year-old girl presented to the outpatient clinic complaining of the asymmetric
unilateral projection of the anterolateral left costal edge (margin or arch). Her standing
radiograph showed a double primary curve (S-shaped) idiopathic scoliosis, which had skipped
diagnosis in the school screening.
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Figure 5: A 61-year-old male was involved in a traffic Figure 6: A 50-year-old male with the characteristic

road accident while riding a motorcycle. The radiographic findings of ankylosing spondylitis.
radiographs showed two independent continuous linear

calcifications along the anterior longitudinal ligament
complicated with partial fusion of adjacent vertebrae of
the lower cervical and the thoracic spine and severe
hyperostosis around the hip joints. There was no
involvement of disc spaces, facets, and sacroiliac joints.
He was diagnosed with Forestier disease.

Acquired radiographic findings

A limbus annulare or vertebra in the immature skeleton may commonly be mistaken for a fracture, infection, or tumor of
the endplate. The anterosuperior corner of a mid-lumbar (Fig. 7) and occasionally of a lower thoracic vertebral body is
usually affected. It results as a sequel of a remote injury, forcing a fragment of the nucleus pulposus to herniate through
the cartilaginous ring (ring apophysis or annular epiphysis) before fusion occurs [29].

Asymptomatic cement pulmonary emboli may be evident on chest radiography in elderly patients treated with
vertebroplasty (Fig. 8). The latter is a minimally invasive procedure in which bone cement is injected into the vertebral
body under fluoroscopic control for the treatment of compression fractures due to osteoporosis or malignancy [30].

Figure 7: An anterior limbus vertebra was evident on the lateral radiograph of the lumbar spine of this
16-year-old boy, referred after a lumbar school injury. The lesion involved the superior corner of the
fourth lumbar vertebra, appeared too small to fit into the adjacent vertebral body defect, was triangular
in shape, and had a sclerotic appearance as well as the adjacent vertebral margin.
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Figure 8: A 76-year-old woman had percutaneous vertebroplasty for osteoporotic compression fractures of T10-T12.
During her follow-up, chest radiography showed cement pulmonary emboli. No clinical findings were evident. Two
years later, most of the cement emboli had resolved.

Conclusions

We diagnosed a variety of congenital, idiopathic, and acquired incidental abnormalities at our orthopaedic practice in
children, adolescents, and adults during radiography of the thoracic spine and chest. Although all these findings were of
potential or apparent clinical significance, they presented as asymptomatic lesions or with mild clinical features, and
their diagnosis was made incidental to the primary purpose of the ordered conventional radiographic examination.

The occasional presentation of major malformations of the thoracic spine with minimal or mild findings on the physical
examination is usually associated with a missed opportunity for an early diagnosis. Therefore, the careful inspection of
the body for signs of asymmetry of the thoracic spine, rib cage, and chest and the value of plain radiographic assessment
of the thoracic spine and chest, at least in the anteroposterior and lateral planes, should never be underestimated.

Conflict of Interest

The author has no conflicts of interest to declare.

References

1. Benzel EC, Stillerman CB. The thoracic spine. St. Louis, CRC Press; 1999.

2. Bono MC, Parke WW, Garfin RS. Development of the spine. In:Herkovitz SG, Garfin RS, Eismont JF, Bell RG, Balderstone
AR, eds. Rothman-Simeone:The spine. Philadelphia, Saunders; 2006.

3. Bess S, Varma V. Embryology and anatomy:Spine/Spinal cord. In:Akbarnia AB, Yazici M, Thompson HG, eds. The grow-
ing spine. Heidelberg, Springer-Verlag; 2011.

4. Upasani VV, Ketwaroo PD, Estroff JA, Warf BC, Emans ]B, Glotzbecker MP. Prenatal diagnosis and assessment of con-
genital spinal anomalies:Review for prenatal counseling. World ] Orthop. 2016;7(7):406-17. PMID: 27458551 DOI:
10.5312/wjo.v7.i7.406

5. Oskouian R] Jr, Sansur CA, Shaffrey CI. Congenital abnormalities of the thoracic and lumbar spine. Neurosurg Clin N
Am. 2007;18(3):479-98. PMID: 17678750 DOI: 10.1016/j.nec.2007.04.004

6. Hollinshead WH. Anatomy for surgeons. Philadelphia, Harper & Row; 1982.
7. Taylor JAM. Skeletal imaging:Atlas of the spine and extremities. Philadelphia, Saunders; 2000.

8. Johal ], Loukas M, Fisahn C, Chapman JR, Oskouian R], Tubbs RS. Hemivertebrae:A comprehensive review of embryol-
ogy, imaging, classification, and management. Childs Nerv Syst. 2016;32(11):2105-9. PMID: 27449768 DOI: 10.1007/
s00381-016-3195-y

9. Keats T, Anderson MW. Atlas of normal roentgen variants that may simulate disease. 9th ed. Philadelphia, Elsevier
Health Sciences; 2012.

SVOA Orthopaedics

28


https://sciencevolks.com/orthopaedics/
https://www.abebooks.com/book-search/author/benzel-edward-c-stillerman-charles-b?cm_sp=det-_-srp-_-author
https://www.abebooks.com/servlet/BookDetailsPL?bi=30353771518&searchurl=an%3Dedward%2Bbenzel%2Bcharles%2Bstillerman%26sortby%3D20%26tn%3Dthoracic%2Bspine&cm_sp=snippet-_-srp1-_-title1
https://pubmed.ncbi.nlm.nih.gov/27458551/
https://pubmed.ncbi.nlm.nih.gov/27458551/
https://doi.org/10.5312/wjo.v7.i7.406
https://pubmed.ncbi.nlm.nih.gov/17678750/
https://doi.org/10.1016/j.nec.2007.04.004
https://pubmed.ncbi.nlm.nih.gov/27449768/
https://pubmed.ncbi.nlm.nih.gov/27449768/
https://doi.org/10.1007/s00381-016-3195-y
https://doi.org/10.1007/s00381-016-3195-y

Incidental Findings Following Radiography of the Thoracic Spine and Chest in our Orthopaedic Practice

10. Mazieres B. Diffuse idiopathic skeletal hyperostosis (Forestier-Rotes-Querol disease):What's new? Joint Bone Spine.
2013;80(5):466-70. PMID: 23566663 DOI: 10.1016/j.jbspin.2013.02.011

11. Belanger TA, Rowe DE. Diffuse idiopathic skeletal hyperostosis:Musculoskeletal manifestations. ] Am Acad Orthop
Surg. 2001;9(4):258-67. PMID: 11476536 DOI: 10.5435/00124635-200107000-00006

12. Hughes R], Saifuddin A. Progressive non-infectious anterior vertebral fusion (Copenhagen Syndrome) in three chil-
dren:Features on radiographs and MR imaging. Skeletal Radiol. 2006;35(6):397-401. PMID: 16328382 DOI:
10.1007/s00256-005-0033-9

13. Malagelada F, Butler |S, Rajput L, lliadis A, Mansouri R, Saifuddin A, Gibson A. Presentation and outcome of patients
treated non-operatively or operatively for Copenhagen disease:A 30-year experience. Eur Spine J. 2016;25(3):919-
27.PMID: 26582167 DOI: 10.1007/s00586-015-4324-0

14. Chaturvedi A, Klionsky NB, Nadarajah U, Chaturvedi A, Meyers SP. Malformed vertebrae:A clinical and imaging re-
view. Insights Imaging. 2018;9(3):343-55. PMID: 29616497 DOI: 10.1007/s13244-018-0598-1

15. Garcia F, Florez MT, Conejero JA. A butterfly vertebra or a wedge fracture? Int Orthop. 1993;17(1):7-10. PMID:
8449628 DOI: 10.1007/BF00195213

16. Katsuura Y, Kim HJ. Butterfly Vertebrae:A systematic review of the literature and analysis. Global Spine J. 2019;9
(6):666-79. PMID: 31448202 DOI: 10.1177/2192568218801016

17. Plessis AMD, Wessels Q, Schoor AV, Keough N. Congenital malformations in the vertebral column:Associations and
possible embryologic origins. Anat Cell Biol. 2022;55(4):399-405. PMID: 36071544 DOI: 10.5115/acb.22.062

18. Manenti G, lundusi R, Picchi E, Marsico S, D’Onofrio A, Rossi G, Tarantino U, Floris R. Anatomical variation:T1 spina
bifida occulta. Radiological findings. Radiology Case Reports. 2017;12(1):207-9.https://doi.org/10.1016/
j-radcr.2016.11.003.

19. Frazer JE. The anatomy of the human skeleton. London, ] & A Churchill; 1933.

20. Rajasekaran S, Kanna RM, Bhushan M, Maheswaran A, Shetty AP, Aiyer SN. Coronal vertebral dislocation due to con-
genital absence of multiple thoracic and lumbar pedicles:Report of three cases, review of literature, and role of in-
traoperative CT navigation. Spine Deform. 2018;6(5):621-6. PMID: 30122400 DOI: 10.1016/j.jspd.2018.01.011

21. Panjabi MM, O’Holleran ]JD, Crisco J] 314, Kothe R. Complexity of the thoracic spine pedicle anatomy. Eur Spine J.
1997;6(1):19-24. PMID: 9093823 DOI: 10.1007/BF01676570

22. Miller JH, Lysek MC, Hadley MN. Cervical vertebrae. In :Tubbs RS, Shoja MM, Loukas M, eds. Bergman'’s comprehen-
sive encyclopedia of human anatomic variation. New Jersey, Wiley Blackwell; 2016.

23. Bunnell WP. Selective screening for scoliosis. Clin Orthop Relat Res. 2005;434:40-5. PMID: 15864030 DOI:
10.1097/01.blo.0000163242.92733.66

24. Karachalios T, Sofianos ], Roidis N, Sapkas G, Korres D, Nikolopoulos K. Ten-year follow-up evaluation of a school
screening program for scoliosis. Is the forward-bending test an accurate diagnostic criterion for the screening of
scoliosis? Spine (Phila Pa 1976). 1999;24(22):2318-24. PMID: 10586455 DOI: 10.1097/00007632-199911150-
00006

25. Zhu F, Chu WC, Sun G, Zhu ZZ, Wang W], Cheng JC, Qiu Y. Rib length asymmetry in thoracic adolescent idiopathic sco-
liosis:Is it primary or secondary? Eur Spine ]. 2011;20(2):254-9. PMID: 21120673 DOI: 10.1007/s00586-010-1637-x

26. Denoel C, Aguirre MF, Bianco G, Mahaudens PH, Vanwijck R, Garson S, Sinna R, Debrun A. Idiopathic scoliosis and
breast asymmetry. ] Plast Reconstr Aesthet Surg. 2009;62(10):1303-8. PMID: 18701363 DOI: 10.1016/
j-bjps.2008.04.031

27. Sferopoulos KN. Incidental radiographic findings of the cervical spine in trauma patients. EC Orthopaedics.
2024;15.1:01-06.

SVOA Orthopaedics

29


https://sciencevolks.com/orthopaedics/
https://pubmed.ncbi.nlm.nih.gov/23566663/
https://doi.org/10.1016/j.jbspin.2013.02.011
https://pubmed.ncbi.nlm.nih.gov/11476536/
https://doi.org/10.5435/00124635-200107000-00006
https://pubmed.ncbi.nlm.nih.gov/16328382/
https://pubmed.ncbi.nlm.nih.gov/16328382/
https://doi.org/10.1007/s00256-005-0033-9
https://pubmed.ncbi.nlm.nih.gov/26582167/
https://pubmed.ncbi.nlm.nih.gov/26582167/
https://doi.org/10.1007/s00586-015-4324-0
https://pubmed.ncbi.nlm.nih.gov/29616497/
https://pubmed.ncbi.nlm.nih.gov/29616497/
https://doi.org/10.1007/s13244-018-0598-1
https://pubmed.ncbi.nlm.nih.gov/8449628/
https://doi.org/10.1007/bf00195213
https://pubmed.ncbi.nlm.nih.gov/31448202/
https://doi.org/10.1177/2192568218801016
https://pubmed.ncbi.nlm.nih.gov/36071544/
https://pubmed.ncbi.nlm.nih.gov/36071544/
https://doi.org/10.5115/acb.22.062
https://pubmed.ncbi.nlm.nih.gov/30122400/
https://pubmed.ncbi.nlm.nih.gov/30122400/
https://pubmed.ncbi.nlm.nih.gov/30122400/
https://pubmed.ncbi.nlm.nih.gov/9093823/
https://doi.org/10.1007/bf01676570
https://pubmed.ncbi.nlm.nih.gov/15864030/
https://doi.org/10.1097/01.blo.0000163242.92733.66
https://pubmed.ncbi.nlm.nih.gov/10586455/
https://pubmed.ncbi.nlm.nih.gov/10586455/
https://pubmed.ncbi.nlm.nih.gov/10586455/
https://doi.org/10.1097/00007632-199911150-00006
https://pubmed.ncbi.nlm.nih.gov/21120673/
https://pubmed.ncbi.nlm.nih.gov/21120673/
https://pubmed.ncbi.nlm.nih.gov/18701363/
https://pubmed.ncbi.nlm.nih.gov/18701363/
https://doi.org/10.1016/j.bjps.2008.04.031

Incidental Findings Following Radiography of the Thoracic Spine and Chest in our Orthopaedic Practice

28. Olivieri I, D’Angelo S, Palazzi C, Padula A, Mader R, Khan MA. Diffuse idiopathic skeletal hyperostosis:Differentiation
from ankylosing spondylitis. Curr Rheumatol Rep. 2009;11(5):321-8. PMID: 19772826 DOI: 10.1007/s11926-009-
0046-9

29. Carr RB, Fink KR, Gross JA. Imaging of trauma:Part 1, Pseudotrauma of the spine-osseous variants that may simulate
injury. AJR Am ] Roentgenol. 2012;199(6):1200-6. PMID: 23169709 DOI: 10.2214/AJR.12.9083

30. Kang HR, Kim TH, Chung CK, Lee CH. The impact of incidental pulmonary cement embolism on mortality risk. ]
Thromb Thrombolysis. 2020;49(3):468-74. PMID: 32052316 DOI: 10.1007/s11239-019-02027-0

Citation: Sferopoulos KN. Incidental Findings Following Radiography of the Thoracic Spine and Chest in our
Orthopaedic Practice. SVOA Orthopaedics 2024, 4:2, 24-30.

Copyright: © 2024 All rights reserved by Sferopoulos KN. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

SVOA Orthopaedics

30


https://sciencevolks.com/orthopaedics/
https://pubmed.ncbi.nlm.nih.gov/19772826/
https://pubmed.ncbi.nlm.nih.gov/19772826/
https://doi.org/10.1007/s11926-009-0046-9
https://doi.org/10.1007/s11926-009-0046-9
https://pubmed.ncbi.nlm.nih.gov/23169709/
https://pubmed.ncbi.nlm.nih.gov/23169709/
https://doi.org/10.2214/ajr.12.9083
https://pubmed.ncbi.nlm.nih.gov/32052316/
https://doi.org/10.1007/s11239-019-02027-0

