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Abstract: Multiple computed tomography (CT) scans are required to diagnose lumbar spondylolysis stage and confirm fusion degree. 
However, multiple CT scans should be avoided because of radiation exposure. There are no case reports of complete diagnosis and 
treatment of pediatric lumbar spondylolysis without the use of CT. Fast field echo resembling a CT using restricted echo-spacing 
(FRACTURE) is a magnetic resonance imaging (MRI) sequence used to evaluate bone lesions. Here we report the case of a pediatric 
patient with lumbar spondylolysis who was able to return to sports after diagnosis, treatment, and bone union confirmation using MRI 
and FRACTURE. 
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Introduction
Multiple computed tomography (CT) scans have traditionally been required to identify lumbar spondylolysis stage and 
confirm fusion degree. However, multiple CT scans should be avoided, particularly in children, because of the risk of 
radiation exposure. Fast field echo resembling a CT using restricted echo-spacing (FRACTURE) is a magnetic resonance 
imaging (MRI) sequence that is used to evaluate bone lesions.1 A FRACTURE image was created by adding images 
captured in similar sequences and subtracting the final image. Here we report the case of a pediatric patient with lumbar 
spondylolysis who was able to return to sports after diagnosis, treatment, and bone union confirmation using MRI with 
FRACTURE.

Case Report
A 13-year-old male right-handed soccer player belonging to the Japan Football Association Academy in Fukushima, 
Japan, was admitted to our hospital. His medical history was unremarkable. At the time of his first visit to our hospital, he 
presented with a 1-week history of low back pain. A physical examination revealed that his lower back pain was induced 
by anteroposterior lumbar flexion and performing the left Kemp’s test. Lumbar spondylolysis was suspected, and plain 
radiography and MRI with a FRACTURE sequence were performed.

Plain radiography of the lumbar spine revealed no apparent spondylolysis (Figure 1a). The age of the vertebral body was 
determined at the apophyseal stage. Lumbar spine MRI revealed no compression of the dura was observed (Figure 1b), 
changes in both pedicles of the L4 vertebra, with a low signal on T1-weighted images and a high signal on short-tau inversion 
recovery (STIR) (Figures 1c and 2a). An unclear fracture line on the right side and a partial fracture line on the left side were 
observed on FRACTURE images (Figures 1d and 2a). Based on the above observations, we diagnosed L4 spondylolysis and 
determined that the right side was in an advanced stage and the left side was in an early stage.
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A rigid corset was created to treat the bone union. Exercise therapy was administered according to our hospital’s 
lumbar spondylolysis protocol. This protocol focuses on strength training using an individual’s body weight, with jogging 
initiated after 8 weeks and a return to active sports after 12 weeks. Strength training focused on stabilization, isometric 
training for the first 6 weeks, and movement training for the latter 6 weeks.

Figure 1 Lumbar spine radiograph and MRI taken at first visit. Lateral-view plain radiography and sagittal STIR-MRI showed no obvious spondylolysis and an apophyseal bone 
stage (a and b). Axial STIR-MRI showing high signal intensity (white arrows) in both L4 pedicles (c). Axial fast field echo resembling a CT using restricted echo spacing MRI 
shows fracture lines (white arrows) on both L4 pedicles (d). 
Abbreviations: MRI, magnetic resonance imaging; STIR, short-tau inversion recovery.

Figure 2 Progression of MRI images (upper row: STIR horizontal view; lower row: FRACTURE horizontal view). STIR-MRI showing hyperintense changes (white arrows) in 
both pedicles and FRACTURE-MRI showing spondylolysis (white arrows) at the pars at the first visit (a). Signal changes in both pedicles disappeared (white arrows), and 
partial fusion of the right-side fractured segment was observed (white arrow) after 12 weeks (b). Bone union of both fractured segments was observed (white arrows) after 
5 months (c). After 10 months, no recurrence was observed (white arrows) (d). 
Abbreviations: FRACTURE, fast field echo resembling a CT using restricted echo spacing; MRI, magnetic resonance imaging; STIR, short tau inversion recovery.
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When MRI was performed 12 weeks after the first visit, the signal changes observed earlier in both pedicles 
disappeared, and the FRACTURE results confirmed partial fusion of the right-sided fractured segment (Figure 2b). 
Therefore, we extended the protocol until bone union was confirmed. Five months after the initial diagnosis, bilateral 
bone union was confirmed using FRACTURE imaging (Figure 2c), and the patient returned to soccer after 6 months. 
Since then, no recurrence has been observed, and 4 months have elapsed since the patient returned to playing soccer 
(Figure 2d).

Discussion
Previous reports have shown a high degree of agreement between FRACTURE and CT radiographic image analysis for 
detecting bone fractures.2 Conventionally, in the diagnosis and monitoring of the progression of lumbar spondylolysis, 
CT imaging is required to accurately determine spondylolysis stage and bone union degree. At least two CT scans are 
required: the first to confirm the diagnosis and the second to confirm bone union. Each CT scan carries a radiation 
exposure of 5–30 mSV.3 Every time a CT scan is performed to confirm fusion, there is a risk of radiation exposure or 
organ damage. FRACTURE allows the evaluation of cortical bone without radiation exposure;4 however, to the best of 
our knowledge, there are few reports on its use in clinical practice. Based on our experience treating this patient, the 
application of FRACTURE allowed us to evaluate bone fracture without CT and the concomitant radiation exposure.

Other MRI methods have also been used to confirm bone union. These include black bone imaging,5 ultrashort-echo 
time sequence (UTE),6 and zero-echo time sequence (ZTE).7 Black bone imaging provides improved soft-tissue/bone 
contrast by suppressing both fat and water to obtain a uniform soft-tissue background and reduced signal for the cortical 
bone. By inverting the black-and-white signals of the black bone image, the cortical bone attains a high signal intensity 
and is used as a CT-like radiograph. The greatest advantage of this method is its versatility, which allows it to be used in 
any MRI device. The disadvantage of this technique is that the boundary between bone and air becomes unclear. UTE 
and ZTE collect signals directly from the cortical bone, and their findings correlate best with those of CT scans. However, 
each requires special hardware such as high-performance coils for rapid switching between the transmitter and receiver 
coils.8

FRACTURE has the advantages of high spatial resolution obtained in a short time while maintaining a high signal-to- 
noise ratio and almost no restrictions on hardware or software.8 However, only a limited number of facilities use the 
Philips FRACTURE sequence. That being said, FRACTURE sequences can be imaged using all MRI scanners from 
other companies; however, this requires considerable time. The FRACTURE sequence devised by Philips is equipped 
with artificial intelligence that can save time and capture images quickly.9 Another drawback of FRACTURE is that 
bones and calcifications are not the only substances depicted as high signals; if this caveat is not considered while 
interpreting FRACTURE images, a user may make an incorrect diagnosis.10 Future studies with more cases are required 
to validate the usefulness of FRACTURE for evaluating patients with lumbar spondylolysis.

Here we reported the case of a pediatric patient with lumbar spondylolysis who was able to return to sports after 
receiving a diagnosis, appropriate therapy, and bone union confirmation using MRI with FRACTURE, a specialized MRI 
sequence used to evaluate bone lesions, diagnose lumbar spondylolysis, and confirm bone fusion.

Ethics Approval and Informed Consent
The patient and his parents were informed that data from the case would be submitted for publication, and the parents 
gave consent. IRB approval was not required to publish this case report.

Acknowledgments
The authors are truly grateful to radiology technician Koki Seki, who quickly and accurately captured high-quality 
FRACTURE images. A summary of this work was presented at the 120th Tohoku Orthopedic Surgery Society meeting, 
June 9–10, 2023.

Disclosure
The authors report no conflicts of interests.

Open Access Journal of Sports Medicine 2025:16                                                                            https://doi.org/10.2147/OAJSM.S511852                                                                                                                                                                                                                                                                                                                                                                                                      53

Kawarata et al

Powered by TCPDF (www.tcpdf.org)



References
1. Johnson B, Alizai H, Dempsey M. Fast field echo resembling a CT using restricted echo-spacing (FRACTURE): a novel MRI technique with 

superior bone contrast. Skeletal Radiol. 2021;50(8):1705–1713. doi:10.1007/s00256-020-03659-7
2. Schwaiger BJ, Schneider C, Kronthaler S, et al. CT-like images based on T1 spoiled gradient-echo and ultra-short echo time MRI sequences for the 

assessment of vertebral fractures and degenerative bone changes of the spine. Eur Radiol. 2021;31(7):4680–4689. doi:10.1007/s00330-020-07597-9
3. Matsumoto KI, Ueno M, Nakanishi I, et al. Effects of low-dose X-ray irradiation on melanin-derived radicals in mouse hair and skin. J Clin 

Biochem Nutr. 2020;67(2):174–178. doi:10.3164/jcbn.20-34
4. Sakai U. Clinical applications and recent topics in the bone and soft tissue area. Innervision. 2022;37:53–57.
5. Eley KA, McIntyre AG, Watt-Smith SR, et al. “Black bone” MRI: a partial flip angle technique for radiation reduction in craniofacial imaging. Br 

J Radiol. 2012;85(1011):272–278. doi:10.1259/bjr/95110289
6. Du J, Hermida JC, Diaz E, et al. Assessment of cortical bone with clinical and ultrashort echo time sequences. Mag Resonance Med. 2013;70 

(3):697–704. doi:10.1002/mrm.24497
7. Breighner RE, Endo Y, Konin GP, et al. Technical developments: zero echo time imaging of the shoulder: enhanced osseous detail by using MR 

imaging. Radiology. 2018;286(3):960–966. doi:10.1148/radiol.2017170906
8. Hamano H, Yoneyama M. Basics and approaches of MR bone imaging based on MR signal. Clin Imagiol. 2023;39:434–440.
9. Nicola P, Sahar Y, Mohamed SE, et al. An adaptive intelligence algorithm for undersampled knee MRI reconstruction. IEEE Access. 

2020;8:204825–204838. doi:10.1109/ACCESS.2020.3034287
10. Katahira K. MR bone imaging of orthopedic area. Clin Imagiol. 2023;39(4):452–459.

Open Access Journal of Sports Medicine                                                                                     

Publish your work in this journal 
Open Access Journal of Sports Medicine is an international, peer-reviewed, open access journal publishing original research, reports, 
reviews and commentaries on all areas of sports medicine. The manuscript management system is completely online and includes a very quick and 
fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: http://www.dovepress.com/open-access-journal-of-sports-medicine-journal

Open Access Journal of Sports Medicine 2025:16 54

Kawarata et al                                                                                                                                                                       

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s00256-020-03659-7
https://doi.org/10.1007/s00330-020-07597-9
https://doi.org/10.3164/jcbn.20-34
https://doi.org/10.1259/bjr/95110289
https://doi.org/10.1002/mrm.24497
https://doi.org/10.1148/radiol.2017170906
https://doi.org/10.1109/ACCESS.2020.3034287
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Case Report
	Discussion
	Ethics Approval and Informed Consent
	Acknowledgments
	Disclosure

