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Introduction
Hairline fracture, a single and non-displaced rib fracture, is 

classified as a small crack or bruise within a bone. Patients with it 
may have constant chest wall pain and bony tenderness which can 
bother the patient for several months. This type of fracture is more 
difficult to be detected compared to displaced types. And the most 
common mechanism causing rib fractures is blunt trauma, which 
exerts pressure directly on the ribs to cause them to break.1

Most of the time, chest wall X-ray is the first line tool to detect rib 
fractures after blunt trauma. According to a study by Tomas,2 however, 
up to 50% of rib fractures are ignored at plain radiography, even while 
images with appointed oblique rib views have been achieved. As a 
result, if there is no abnormality found from the X-ray image(s), the next 
step will depend on patient’s symptoms. The computed tomography 
(CT) scan has been considered to detect subclinical rib fracture. But 
similarly, a study that compare the sensitivity of CT in detecting 
rib fracture with MPR and VR (image post-processing techniques), 
reveal that although post-processing CT improve the sensitivity, the 
incidence of occult fractures remained 19.2% (112/584).3 In contrast, 
skeletal scan with single photon emission computed tomography 
(SPECT) is seldom used but it does exert high sensitivity in detecting 
rib fractures. In our case, we find out the subclinical rib fracture by 
the hybrid SPECT/CT image, which precisely depicts the location of 
the broken ribs.

Case report
Patient, a 56-year-old man, had a car accident with hitting against 

his chest wall on November 13, 2022, and afterward, he felt pain at 
the right-sided chest wall. He went to the ER of our hospital, where 
all the examinations including plain X-ray films did not show any 
abnormalities in the rib cage. However, pain took place at the left-sided 
chest wall since December 2, 2022, which worsened since December 
5, 2022, when the patient lift a heavy briefcase at work. Since then, 
every time the patient felt chest wall pain when he coughed, bent 
over, or woke up in the morning. On December 10, 2022, the patient 
visited our rehabilitation clinic, where the physical examinations 
reveal local tenderness of the chest wall in the both sides. We arranged 
the skeletal scintigraphy for early detection, which shows increased 
uptake (hot spot) over the anterior right 4-5th ribs and lateral left 
8-10th ribs (Figure 1). The hybrid images with SPECT/CT scan show 
exact abnormality at the each corresponding positions (Figures 2-6). 
The diagnosis of hairline fracture of ribs, right ribs 3-4th and left ribs 
8-9-10th was made. The patient then received non-steroidal anti-
inflammatory drug (Voren-G gel, 10 MG/G 40G, TID) for one month 
and got treated by rehabilitation modalities, such as low-level laser 
therapy (LLLT) and transcutaneous electric nerve stimulation (TENS) 
at the chest wall (right upper part + left lower part), six times a month. 
The chest wall pain completely resolved in two months. 
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Abstract

Background: Hairline rib fracture commonly happens after blunt trauma, and it is hard to 
be detected by X-ray. Many methods can be used, and among them, the hybrid image of 
single-photon emission computed tomography (SPECT) and computed tomography (CT) 
seems to produce higher sensitivity for diagnosis.

Case presentation: A 63-year-old man came to our rehabilitation clinic after a vehicle 
accident 25 days earlier. He had multiple plain films focusing in injured areas, but nothing 
was detected. However, he persisted in pain in the right and left chest walls individually 
before and after, which worsened every time when he coughed and bent over. Patient was 
examined with whole body bone scan and SPECT/CT, and showed out the definite fracture 
of right ribs 3-4 and left ribs 8-10. The patient then received medicine for pain-killer and 
rehabilitation modalities at the chest wall. 

Conclusions: We present a patient with a subclinical rib fracture initially, which is later 
diagnosed by the hybrid images of SPECT/CT. We conclude that hybrid images of SPECT/
CT produces more precise diagnoses for the hairline rib fracture in field of scintigraphic 
rehabilitation.
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Figure 1 Whole body bone scan of the case. A, B is the final radioactivity image when the Tc-99m MDP was injected intravenously 3 hours later. A is anterior 
and B is posterior. The red circles depict the abnormal uptake of radiotracers, which can be seen at right upper ribs and left lower ribs.

Figure 2 Nuclear scintigraphy with hybrid image of the patient’s rib cage. (A) CT scan of the lesioned rib. (B) Bone scan image with obvious lesioned rib in black. 
(C) SPECT image of the right 3rd lesioned rib with a red cross on it.
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Figure 3 Nuclear scintigraphy with hybrid image of the patient’s rib cage. (A) CT scan of the lesioned rib. (B) Bone scan image with obvious lesioned rib in black. 
(C) SPECT image of the right 4th lesioned rib with a red cross on it.

Figure 4 Nuclear scintigraphy with hybrid image of the patient’s rib cage. (A) CT scan of the lesioned rib. (B) Bone scan image with obvious lesioned rib in black. 
(C) SPECT image of the left 8th lesioned rib with a red cross on it.
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Figure 5 Nuclear scintigraphy with hybrid image of the patient’s rib cage. (A) CT scan of the lesioned rib. (B)Bone scan image with obvious lesioned rib in black. 
(C) SPECT image of the left 9th lesioned rib with a red cross on it.

Figure 6 Nuclear scintigraphy with hybrid image of the patient’s rib cage. (A) CT scan of the lesioned rib. (B) Bone scan image with obvious lesioned rib in black. 
(C) SPECT image of the left 10th lesioned rib with a red cross on it.
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Discussion
For this case, although there is no abnormal finding from the 

X-ray, the hybrid images of SPECT/CT did a definite diagnosis due 
to high uptake at the patient’s ribs. This situation can be seen either in 
early healing phase of the right upper ribs, or in later of the left lower 
ribs. We affirm that SPECT/CT might be more accurate in detecting 
hairline fractures of ribs compared to chest X-ray films, no matter 
what the callus formation achieved or not. 

Fractures of chest rib are frequent after direct anterior trunk trauma, 
occurring in 60–80% of all injuries.4 Generally, the symptoms of 
stress fracture include chest wall bruising, redness, bony tenderness, 
constant chest wall pain, and sometimes decreased ability to perform 
full inspiration due to pain.5In our case, besides bruise and a decrease 
in inspiration, the patient experienced all the above symptoms. Also, 
during the initial examination of the right upper chest, a hairline rib 
fracture was not detected. This leads the patient to perform normal 
daily activity continuously including lifting heavy briefcases using 
the left hand.

However, the strenous activity aggravated the patient’s potential 
left chest injury, so he started to feel left lower chest pain after then. 
It gave us a lesson that we cannot conclude there is no problem just 
because no abnormalities can be found. Many activities can increase 
the burden on the ribs during repairing/healing stage, such as lifting 
heavy objects, lying, and coughing.6 Thus, we need more precise 
diagnoses to let patients know what the problem is and then have a 
better prognosis.

The CT scan is a gold standard for detecting fractures, like rib(s);5 
however, it also has a limitation in the detection of ribs fracture. In 
a study from Korea, viewing 130 patients with blunt chest trauma 
examined by CT scan, 52 patients with rib fractures were subclinical.7 
As a result, the addition of SPECT may be a helpful way to raise its 
sensitivity. In one study comparing the sensitivity of SPECT, CT, and 
SPECT/CT in 97 patients who had been confirmed to have benign 
rib diseases, the results showed the sensitivity to be 50.52%, 83.51%, 
and 92.78%, respectively.8 The results emphasized that hybrid images 
of SPECT-CT increases sensitivity for diagnosis of rib lesions 
compared to planar images. As we knew, the whole body bone scan 
also possesses high sensitivity to rib lesions.9,10 However, a case who 
has prostate cancer was suspected to have bone metastasis based on a 
whole-body bone scan, but was then confirmed as a rib fracture from 
the SPECT/CT hybrid image later.11 This shows hybrid SPECT/CT 
may provide better diagnostic power in etiology than a bone scan. All 
in all, SPECT/CT possesses high sensitivity and better etiology survey 
when compared to other examination tools, particularly in early or 
subclinical skeletal lesion. We already have some experiences in early 
detection of neck facet joint arthritis,12 sternoclavicular arthritis,13 and 
meniscus tear of knee joint.14

Combination of SPECT/CT images is handy for acquisition in 
order of both structural and physiological information with a high 
degree of image fusion accuracy. The prototype SPECT/CT device 
was first commenced in 1992,15 and the marketable SPECT/CT was 
first commenced in 1999, showing combination of a dual-detector 
varying-angle gamma camera and a low-dose X-ray tube mounted 
on the identical scaffold.16 Japan researchers successfully performed 
intervening the hardware components into an integrated system 
to build up algorithms for SPECT attenuation correction using CT 
(2002).17 Accuracy of coregistration has conveyed as 3 mm or better 
in SPECT-CT (2008).18 Since the first commercial device, a bunch 
of SPECT-CT hybrid systems are springing up like mushrooms 

with different CT capabilities going from single-slice to multi-slice 
systems. Generally speaking, images attained from a CT region are 
helpful for anatomical localization, but structural detail is better 
illustrated by diagnostic quality (i.e. multi-slice) CT (2009).19 This is 
mostly significant in the skeleto-articular system, where CT depiction 
rather than localization only may offer valuable additional information 
of the radionuclide site(s).

In our case, we check the patient’s rib cage with SPECT/CT, and 
found out the subclinical rib fractures. Given the functional details 
of SPECT and the anatomic facts of CT, hybrid images of SPECT/
CT present better attenuation correction, raised specificity, and exact 
interpretation of the localization of disease, and possible involvement 
of neighboring tissues.15,16,20,21 It is helpful in the field of scintigraphic 
rehabilitation. 

Acknowledgments
None.

Conflicts of interest
The authors declare no conflicts of interest.

References
1.	 Jennifer A Serfin, Alan Guo. American Association for the Surgery of 

Trauma: Rib Fractures. 

2.	 Tomas X, Facenda C, Vaz N, et al. Thoracic wall trauma-misdiagnosed 
lesions on radiographs and usefulness of ultrasound, multidetector com-
puted tomography, and magnetic resonance imaging. Quant Imaging 
Med Surg. 2017;7(4):384–397. 

3.	 Liu C, Chen Z, Xu J, et al. Diagnostic value and limitations of CT in 
detecting rib fractures and analysis of missed rib fractures: a study based 
on early CT and follow-up CT as the reference standard. Clin radiol. 
2022;77(4):283–290. 

4.	 Liebsch C, Seiffert T, Vlcek M, et al. Patterns of serial rib frac-
tures after blunt chest trauma: An analysis of 380 cases. PloS one. 
2019;14(12):e0224105.

5.	 Kuo K, Kim AM. Rib Fracture. In: Stat Pearls [Internet]. 2022.

6.	 Olsén MF, Slobo M, Klarin L. et al. Physical function and pain after sur-
gical or conservative management of multiple rib fractures – a follow-up 
study. Scand J Trauma Resusc Emerg Med. 2016;24:128. 

7.	 Cho SH, Sung YM, Kim MS. Missed rib fractures on evaluation of ini-
tial chest CT for trauma patients: pattern analysis and diagnostic value of 
coronal multiplanar reconstruction images with multidetector row CT. 
Br J Radiol. 2012;85(1018):e845–e850. 

8.	 Duan R, Shi H. Clinical study of the application of SPECT, CT, and 
SPECT/CT for diagnosing rib diseases. Jpn J Radiol. 2015;33(3):131–
139. 

9.	 Lee KJ, Jung K, Kim J, et al. Bone scan as a screening test for missed 
fractures in severely injured patients. Orthopaedics & traumatology, 
surgery & research. 2014;100(8):953–957. 

10.	 Karlson KA, French A. Initial evaluation and management of rib frac-
tures. In: Moreira ME, Gammons M, editors. UpToDate2022.

11.	 Koppula BR, Morton KA, Al-Dulaimi R, et al. SPECT/CT in the evalu-
ation of suspected skeletal pathology. Tomography (Ann Arbor, Mich.). 
2021;7(4):581–605. 

12.	 Shin-Tsu Chang, Chuan-Ching Liu, et al. Single-photon emission com-
puted tomography/computed tomography (hybrid imaging) in the di-
agnosis of unilateral facet joint arthritis after internal fixation for atlas 
fracture. HSOA Journal of Medicine: Study & Research. 2019;2: 010.

https://doi.org/10.15406/mojor.2023.15.00617
https://www.aast.org/resources-detail/rib-fractures
https://www.aast.org/resources-detail/rib-fractures
https://pubmed.ncbi.nlm.nih.gov/28932697/
https://pubmed.ncbi.nlm.nih.gov/28932697/
https://pubmed.ncbi.nlm.nih.gov/28932697/
https://pubmed.ncbi.nlm.nih.gov/28932697/
https://pubmed.ncbi.nlm.nih.gov/35164929/
https://pubmed.ncbi.nlm.nih.gov/35164929/
https://pubmed.ncbi.nlm.nih.gov/35164929/
https://pubmed.ncbi.nlm.nih.gov/35164929/
https://pubmed.ncbi.nlm.nih.gov/31856165/
https://pubmed.ncbi.nlm.nih.gov/31856165/
https://pubmed.ncbi.nlm.nih.gov/31856165/
https://www.ncbi.nlm.nih.gov/books/NBK541020/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5084382/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5084382/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5084382/
https://pubmed.ncbi.nlm.nih.gov/22514102/
https://pubmed.ncbi.nlm.nih.gov/22514102/
https://pubmed.ncbi.nlm.nih.gov/22514102/
https://pubmed.ncbi.nlm.nih.gov/22514102/
https://pubmed.ncbi.nlm.nih.gov/25630416/
https://pubmed.ncbi.nlm.nih.gov/25630416/
https://pubmed.ncbi.nlm.nih.gov/25630416/
https://pubmed.ncbi.nlm.nih.gov/25459454/
https://pubmed.ncbi.nlm.nih.gov/25459454/
https://pubmed.ncbi.nlm.nih.gov/25459454/
https://www.uptodate.com/contents/initial-evaluation-and-management-of-rib-fractures
https://www.uptodate.com/contents/initial-evaluation-and-management-of-rib-fractures
https://pubmed.ncbi.nlm.nih.gov/34698290/
https://pubmed.ncbi.nlm.nih.gov/34698290/
https://pubmed.ncbi.nlm.nih.gov/34698290/
https://www.heraldopenaccess.us/article_pdf/45/single-photon-emission-computed-tomography-computed-tomography-hybrid-imaging-in-the-diagnosis-of-unilateral-facet-joint-arthritis-after-internal-fixation-for-atlas-fracture.pdf
https://www.heraldopenaccess.us/article_pdf/45/single-photon-emission-computed-tomography-computed-tomography-hybrid-imaging-in-the-diagnosis-of-unilateral-facet-joint-arthritis-after-internal-fixation-for-atlas-fracture.pdf
https://www.heraldopenaccess.us/article_pdf/45/single-photon-emission-computed-tomography-computed-tomography-hybrid-imaging-in-the-diagnosis-of-unilateral-facet-joint-arthritis-after-internal-fixation-for-atlas-fracture.pdf
https://www.heraldopenaccess.us/article_pdf/45/single-photon-emission-computed-tomography-computed-tomography-hybrid-imaging-in-the-diagnosis-of-unilateral-facet-joint-arthritis-after-internal-fixation-for-atlas-fracture.pdf


Subclinical rib fractures detected by SPECT/CT imaging in a patient with chest wall pain following a car 
accident

55
Copyright:

©2023 Tsan-Yu et al.

Citation: Tsan-Yu H, Danielle AGT, Chia-Ying L, et al. Subclinical rib fractures detected by SPECT/CT imaging in a patient with chest wall pain following a car 
accident. MOJ Orthop Rheumatol. 2023;15(2):50‒55. DOI: 10.15406/mojor.2023.15.00617

13.	 Shin-Tsu Chang, Wen-Yu Tsai. Abrupt swollen bump of the shoulder 
girdle joint as the first presentation of flare-up in a case of axial spon-
dyloarthritis. Can J Biomed Res Technol. 2020;3(5):1–5.

14.	 Chun-Lin Su, Yu-Lin Tsai, Yuan-Yang Cheng, et al. Meniscus tear pre-
sented as bone marrow edema manifested in hybrid images in skeletal 
scintigraphy: a case report. Archives of Rheumatology & Arthritis Re-
search. 2021;1(3):2021. 

15.	 Lang TF, Hasegawa BH, Liew SC, et al. Description of a prototype 
emission-transmission computed tomography imaging system. J Nucl 
Med. 1992;33(10):1881–1887.

16.	 Townsend DW, Cherry SR. Combining anatomy and function: the path 
to true image fusion. Eur Radiol. 2001;11:1968–1974. 

17.	 Hasegawa BH, Wong KH, Iwata K, et al. Dualmodality imaging of can-
cer with SPECT/CT. Technol Cancer Res Treat. 2002;1:449–458. 

18.	 Bybel B, Brunken RC, DiFilippo FP, et al. SPECT/CT imaging: clinical 
utility of an emerging technology. Radiographics. 2008;28:1097–1113. 

19.	 Gnanasegaran G, Barwick T, Adamson K, et al. Multislice SPECT/CT 
in benign and malignant bone disease: when the ordinary turns in the 
extraordinary. Semin Nucl Med. 2009;39:431–42. 

20.	 Mariani, G, Bruselli L, Kuwert T, et al. A review of the clinical uses 
of SPECT/CT. Eur J Nucl Med Mol Imaging. 2010;37(10):1959–1985. 

21.	 Buck AK, Nekolla S, Ziegler S, et al. SPECT/CT. Journal of nuclear 
medicine.. 2008;49(8):1305–1319. 

https://doi.org/10.15406/mojor.2023.15.00617
https://biomedress.com/pdf/CJBRT-20-35-071.pdf
https://biomedress.com/pdf/CJBRT-20-35-071.pdf
https://biomedress.com/pdf/CJBRT-20-35-071.pdf
https://irispublishers.com/arar/fulltext/meniscus-tear-manifested-as-bone-marrow-edema-as-observed-from-hybrid-images-in-nuclear-medicine.ID.000513.php
https://irispublishers.com/arar/fulltext/meniscus-tear-manifested-as-bone-marrow-edema-as-observed-from-hybrid-images-in-nuclear-medicine.ID.000513.php
https://irispublishers.com/arar/fulltext/meniscus-tear-manifested-as-bone-marrow-edema-as-observed-from-hybrid-images-in-nuclear-medicine.ID.000513.php
https://irispublishers.com/arar/fulltext/meniscus-tear-manifested-as-bone-marrow-edema-as-observed-from-hybrid-images-in-nuclear-medicine.ID.000513.php
https://pubmed.ncbi.nlm.nih.gov/1403162/
https://pubmed.ncbi.nlm.nih.gov/1403162/
https://pubmed.ncbi.nlm.nih.gov/1403162/
https://pubmed.ncbi.nlm.nih.gov/11702130/
https://pubmed.ncbi.nlm.nih.gov/11702130/
https://pubmed.ncbi.nlm.nih.gov/12625772/
https://pubmed.ncbi.nlm.nih.gov/12625772/
https://pubmed.ncbi.nlm.nih.gov/18635631/
https://pubmed.ncbi.nlm.nih.gov/18635631/
https://pubmed.ncbi.nlm.nih.gov/19801222/
https://pubmed.ncbi.nlm.nih.gov/19801222/
https://pubmed.ncbi.nlm.nih.gov/19801222/
https://pubmed.ncbi.nlm.nih.gov/20182712/
https://pubmed.ncbi.nlm.nih.gov/20182712/
https://jnm.snmjournals.org/content/49/8/1305
https://jnm.snmjournals.org/content/49/8/1305

	Title
	Abstract 
	Keywords
	Introduction
	Case report 
	Discussion
	Acknowledgments 
	Conflicts of interest 
	References 
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

