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Case report: Use of peripheral nerve stimulation for treatment of pain from vertebral plana fracture
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Case report: Use of peripheral nerve stimulation for treatment of pain from vertebral plana fracture

Saba Javed1, Kenneth Perry2*, Steven Mach1 and Billy Huh1

1Department of Pain Medicine, University of Texas MD Anderson Cancer Center, Houston, United States

2Department of Anesthesiology, Critical Care and Pain Medicine, University of Texas Health Science Center at Houston, Houston, United States

EDITED BY
Michael Benjamin Larkin, Baylor College of Medicine, United States

REVIEWED BY
Antonios El Helou, Moncton Hospital, Canada
Victor Mayoral, Bellvitge University Hospital, Spain

*CORRESPONDENCE Kenneth Perry kenneth.a.perry@uth.tmc.edu

SPECIALTY SECTION This article was submitted to Cancer Pain, a section of the journal Frontiers in Pain Research

RECEIVED 03 November 2022
ACCEPTED 16 December 2022
PUBLISHED 12 January 2023

CITATION Javed S, Perry K, Mach S and Huh B (2022) Case report: Use of peripheral nerve stimulation for treatment of pain from vertebral plana fracture.
Front. Pain Res. 3:1088097.
doi: 10.3389/fpain.2022.1088097

COPYRIGHT © 2023 Javed, Perry, Mach and Huh. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


Vertebral plana fractures are a severe form of compression fractures that can cause significant morbidity due to incapacitating pain. Due to the flattening of the vertebrae in a plana fracture, accessing the vertebral body transpedicularly can be difficult, making traditional vertebral augmentation treatment dangerous. These injuries also typically occur in elderly patients with contraindications to invasive procedures. Peripheral nerve stimulation is a relatively new and minimally invasive treatment that uses electrical stimulation to inhibit pain signals from reaching the somatosensory cortex. Our case describes an 80 Year old female with multiple comorbidities and refractory pain due to a vertebral planar fracture successfully treated with a 60 day course of peripheral nerve stimulation as evidenced by over 50% reduction in symptoms and discontinuation of opioid pain medication use.
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Introduction

Vertebral compression fractures are a prominent medical ailment, with an estimated 1.5 million occurrences each year in the US. Patients with these fractures have been found to use their primary care providers at a rate 14 times higher than the average person within the first year of the injury (1, 2). Fractures often cause incapacitating pain leading to significant morbidity and mortality through reduced physical activity, loss of independence, difficulty sleeping, and decreased lung capacity (2). Although most often caused by osteoporosis, other etiologies such as trauma, cancer, and infection can be culprits (3, 4).

Approximately 75% of compression fractures occur in the thoracolumbar region, ranging from the T12-L2 vertebrae. This is likely due to the region being the transition zone from the rigid thoracic vertebra to the more mobile lumbar vertebrae, creating excess strain on the spine. Utilizing radiography, compression fractures can be classified by the segment of the vertebra that is most affected (4). A vertebral plana or “pancake” fracture is a specific type of vertebral compression fracture defined by a greater than 70% loss of the anterior vertebral height compared to the posterior vertebral height. This can create unique difficulties when it comes to treatment (5, 6).

Initial treatment of vertebral compression fractures typically involves a combination of invasive and non-invasive options targeted toward pain relief and restoration of function, as shown in Table 1. Options include bed rest, nonsteroidal anti-inflammatory medications, narcotics, lidocaine patches, and muscle relaxants. Physical therapy can be considered for patients who are able to tolerate it (7). Facet joint injections, most commonly used for vertebral facet pain, have also been used to treat compression fracture pain as well as other types of low back pain after conservative treatment has failed. Other minimally invasive approaches include radiofrequency ablations (RFAs) and epidural steroid injections (ESI). All three of these techniques involve the use of fluoroscopic guidance to perform nerve blocks in the affected area (8–11).


TABLE 1 Current treatment options for pain due to vertebral compression fracture.
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When non-invasive methods do not provide definitive improvement, treatment can be escalated. Moderately invasive options include vertebroplasty or kyphoplasty, both of which involve cement augmentation of the fractured bone. Vertebroplasty is performed by the injection of polymethylmethacrylate (bone cement) through a needle into the vertebral body fracture. When performed percutaneously, it involves accessing the vertebral body through the spinal pedicle. Kyphoplasty is performed similarly; however, it utilizes the insertion of a balloon to expand the height of the vertebral body before the injection of the bone cement (1, 12).

Unfortunately, for patients suffering from vertebral plana fracture, treatment with vertebroplasty is generally not recommended due to complications that can arise from difficulty accessing the vertebral body transpedicularly. One such complication is the extravasation of bone cement into the spinal canal and subsequent compression of the spinal cord (1). Another potential complication is an increased risk of fracture at the vertebral levels above and below the level at which augmentation is performed. Furthermore, the data regarding the effectiveness of vertebral augmentation for pain control conflicts with limited studies showing evidence of pain relief lasting between 1 month to 3 years (2, 12). These fractures largely impact elderly patients who are often not ideal candidates for anesthesia, highlighting a need for alternative and less invasive treatment modalities to treat intractable pain (1, 6).

With these reasons in mind, we are presenting a case utilizing the relatively new concept of non-invasive peripheral nerve stimulation (PNS). PNS is currently FDA-approved for use in intractable chronic back pain, post-surgical pain, and acute pain due to trauma. However, it also has been used to treat facial pain, headaches, phantom limb pain, osteoarthritis, back pain, and cancer pain (13–16). Mechanism of action involves direct stimulation of a specific peripheral nerve via electrical impulses. This is a practical application of what is known as the gate control theory. Non-noxious stimulation of AB fibers conveys inhibitory signals to the interneurons present inside the dorsal horn of the spinal cord. In essence, the stimulus closes the “gate” and transmission of pain signals is inhibited from reaching the somatosensory cortex through the spinal cord (17).

Our case examines an 80-year-old woman with multiple comorbidities whose pain due to a vertebral plana fracture was successfully treated with the use of a peripheral nerve stimulator.



Case

Our patient is an 80-year-old woman with a history of hypertension, hyperlipidemia, chronic obstructive pulmonary disease, resolved possible gastrointestinal bleeding, hypothyroidism, chronic hyponatremia, and a history of squamous cell carcinoma of the tongue with planned glossectomy. She also has a complex cardiac history including a history of sudden cardiac death (over 20 years ago), carotid stenosis status post carotid endarterectomy, and coronary artery disease status post percutaneous coronary interventional with stent placement in 1996. She attended the pain clinic for acute on chronic low back pain. The patient endured a recent fall at home and subsequent worsening of her low back pain, described as axial pain, located predominantly in the lower back, not radiating down the legs. Pain characteristics were described as constant, dull, and achy, and were scaled 9 out of 10 in intensity. It was also noted that the pain worsened with any movement including getting out of bed or out of her chair. The best pain alleviation at this point was to remain sitting in her recliner. At the initial visit, the patient was using diazepam for anxiety, and acetaminophen 650 mg PO TID PRN for pain, which was not effective. She was not taking any other medications for osteoporosis at her initial visit. Her physical exam was limited due to the above-described discomfort; however, the patient was severely tender to palpation in the lumbar paraspinal region, bilaterally, and with positive lumbar facet loading bilaterally.

The patient underwent a lumbar MRI, as shown in Figure 1, which revealed metastatic lesions in the lumbar spine, T12-L2, and L4 compression deformities. The most significant involvement was seen at L1, with near complete vertebral plana (as shown in the figure). Imaging also showed degenerative disc changes at multiple levels.
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FIGURE 1
T2 weighted sagittal view.


She was initially started on acetaminophen-codeine 300–30 mg PO TID PRN for severe pain, and was educated on lumbar facet steroid injections, which she rejected because “she did not want steroids”. She was presented with vertebral augmentation, which she rejected for not wanting to undergo a procedure requiring any systemic anesthesia, due to a prior history of sudden cardiac death. Radiofrequency ablation was also discussed; however, the patient declined because she did not want to wait 4 weeks to undergo the two trials of medial nerve branch blocks necessary for insurance to cover the cost of the RFA. Lastly, peripheral nerve stimulation was discussed with the patient, to be done under local anesthesia. All questions were answered, and the patient elected to proceed. The total time between symptom onset and the decision to proceed with PNS placement was approximately 3 weeks.

Two electrode peripheral nerve stimulators (PNS) with SPRINT® were placed at L3 bilaterally to stimulate the multifidi muscles. An external pulse generator (EPG) was connected to the lead to confirm proper placement of the electrode via elicited muscle contraction per manufacturer guidelines, i.e., ramped waveform, applied at a frequency of 12 Hz, amplitude (0.1 to 30 mA) and pulse duration (10 to 200µs) were applied intraoperatively (fast-cycle alternating 1-second on, 1-second off) and titrated to patient comfort post-procedure (20-second slow-cycling). After the electrode placement, the patient scaled her pain as 7/10 intensity. One week post-procedure, the patient endorsed improvement in her pain which was scaled at 5/10 and accompanied by a decreased use of acetaminophen-codeine to once a day. At the 1-month and 2-month follow-ups, pain scores were reported at 4/10 and 3/10 respectively, with no usage of acetaminophen-codeine. PNS electrodes were removed after 60 days, per FDA guidance. At the 3-month follow-up after electrode removal, she continued to have pain scored at 3/10 and reported continued cessation of pain medication.



Discussion

Vertebral compression fractures are a common occurrence in the elderly. Plana fractures are a severe form of these injuries with unique treatment obstacles. For patients that fail conservative treatment, vertebral augmentation has traditionally been the next step in management. Although relatively safe, both vertebroplasty and kyphoplasty procedures carry the risk of complications, including leakage of bone cement, recurrent pain, and fracture of adjacent vertebrae (18).

The type of pain experienced by the patient can vary based on the location of the spinal column at which the pathologic process is occurring. Pain originating from the anterior portion of the spine is typically caused by vertebral body fracture or intervertebral disc degeneration. It is referred to as axial or mechanical pain and is generally localized to the area of injury. Pain is worsened with axial loading in spinal flexion and prolonged standing. Conversely, it is improved with spinal extension and lying supine (19, 20). Pathology in the middle portion of the spinal column is most often due to direct pressure on the spinal cord/peripheral nerve roots as they exit the spinal column. The most common causes include disc herniation, osteophyte formation, or spinal cord stenosis. This type of pain is called radicular pain as it is characterized by radiation of the painful sensation down either leg (20). Finally, pain due to degeneration of the synovium due to osteoarthritis of the facet joints in the posterior aspect of the spinal column is known as facetogenic pain. This accounts for up to 45% of low back pain and is associated with mostly localized discomfort. However, it can sometimes present with symptoms similar to radicular pain in what is referred to as pseudo-radicular pain when synovial cysts form and compress nerve roots as they exit the spinal foramen. Facet loading, which involves simultaneous extension and rotation of the spine, can be a key provocative test (19–21).

The near complete flattening of the vertebrae in a plana facture makes percutaneous treatment with vertebroplasty or kyphoplasty not possible, as was the case in our patient (1). These fractures frequently show weakness or fracture of the posterior wall on imaging. This greatly increases the risk of extravasation of bone cement into the vertebral canal when performing the procedure. In any compression fracture, bony retropulsion into the spinal canal is an absolute contraindication to percutaneous treatment. As exhibited in the images above, our patient's fracture would have made it nearly impossible to safely perform percutaneous intervention and would have required a significantly invasive open procedure (6, 18).

MRI imaging can be helpful in evaluating the age of the fracture, as new injuries will show areas of hyperintensity on T2 imaging (22). This can be visualized on our patient's L1 plana (Figures 1, 2). Determining the age of the fracture is important, as studies have shown that vertebroplasty is most effective when used to treat fractures less than 6 months old. The definition of an acute compression fracture can vary: typically, they are not considered chronic until after at least 4 months (23).
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FIGURE 2
T1 weighted sagittal view.


The ability to lay flat in a prone position and tolerate general anesthesia is required in order to undergo vertebral augmentation as well as RFAs and facet injections. Elderly and frail patients are often poor candidates for anesthesia due to cardiac or pulmonary pathologies (1, 24). Another moderately invasive procedure requiring general anesthesia is spinal cord stimulation (SCS). This has been used successfully to treat back pain of several different causes. SCS was used in a study of 300 patients in treating multifactorial chronic pain in failed back surgery syndrome, vertebral compression fracture pain, and diabetic neuropathy (25). PNS may therefore offer a less invasive replacement for both vertebral augmentation and spinal cord stimulation for patients not able to tolerate anesthesia or sedation.

Pain is typically at its worst during the first few weeks of the fracture, which is therefore when patients are at the greatest risk of debilitation (3, 23). Compression fractures in the thoracoabdominal region often cause severe enough pain to subject patients to prolonged bed rest. This increases the risk of other complications, including constipation, urinary tract infections, deep vein thrombosis, and diminished ability to function independently (26). Additionally, restrictive bracing treatment has been associated with a higher risk of deconditioning, including atrophy of the paraspinal muscles (24). As discussed in our case, the patient's pain was exacerbated by any type of movement. Her pain was described as 9/10 at its worst which prevented her from moving from her chair for most of the day. Three months after treatment her pain was reported as 3/10 and she was able to participate in PT. PNS may serve as a bridge treatment through acute fracture pain after conservative management has failed. The patient also ceased the use of Tylenol with codeine after PNS treatment, which highlights the possibility of PNS being used as part of an opioid-sparing multimodal approach to lower back pain caused by compression fractures.

In addition to the gate control mechanism mentioned above, PNS action in the CNS may be modulated by elevated levels of dopamine and serotonin as well as changes in GABAergic and glycine pathways. These changes in neurotransmitter quantities have shown some evidence of gene transcription alterations in rat studies as well as the enhancement of NMDA receptor plasticity. Such alterations may give credence to long-lasting pain control after treatment has been stopped. Research also has shown that repetitive stimulation of A-Delta and C fibers can reduce the excitation of these fibers over time, creating a localized peripheral decrease in pain which may help provide longer-lasting pain relief even after treatment has been completed (17).

A review of the literature regarding PNS treatment revealed a randomized controlled trial that was successful in relieving peripheral nerve pain with greater than 50% efficacy 3 months after treatment. Evidence includes trials showing efficacy in the treatment of pelvic and cluster headaches (27). Case series data exhibited successful implementation of PNS to treat oncologic pain, with success defined as a greater than 50% reduction of pain. Three of these cases involved the treatment of spinal lumbar and thoracic pain. Other studies have shown the effectiveness of PNS in treating extremity pain by targeting the brachial plexus and other peripheral nerves (13).

According to Medicare data, the average cost of peripheral nerve stimulator placement in an ambulatory surgery center is around $5,000, which is fully reimbursable. In comparison, the cost of vertebroplasty and kyphoplasty can range from $10,000 to $15,000. Epidural steroid injections can range from $500-$1000 when paid for by Medicare (28, 29).

However, with PNS being a relatively new treatment, there is little literature and no case studies found on its use in successfully treating pain specifically due to vertebral plana fracture.



Conclusion

Vertebral plana fractures refractory to conservative treatment are difficult to treat with current, minimally invasive techniques due to their anatomical configuration. The occurrence and greater prominence in elderly patients who may not tolerate anesthesia or vertebral augmentation increase treatment complexity. In the case of the patient, symptoms decreased by 4 points on the pain scale, she discontinued taking opioid pain medication and was able to participate in PT. PNS has been effectively used to treat several types of pain and more research is needed into its effectiveness in treating refractory pain due to vertebral plana fracture.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

SJ: clinical case authorship, principle investigator, clinical expertise and provider of case. KP: background research, introduction, discussion and conclusion authorship. SM and BH: review of manuscript. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Donnally III CJ, DiPompeo CM, Varacallo M. Vertebral compression fractures. In: Statpearls. Treasure island, FL: StatPearls Publishing (2022). p. 1–12. Available at: https://www.ncbi.nlm.nih.gov/books/NBK448171/ (Updated February 12, 2022).

2. Wong CC, McGirt MJ. Vertebral compression fractures: a review of current management and multimodal therapy. J Multidiscip Healthc. (2013) 6:205–14. doi: 10.2147/JMDH.S31659

3. Alexandru D, So W. Evaluation and management of vertebral compression fractures. Perm J. (2012) 16(4):46–51. doi: 10.7812/TPP/12-037

4. Nevitt MC, Ettinger B, Black DM, Stone K, Jamal SA, Ensrud K, et al. The association of radiographically detected vertebral fractures with back pain and function: a prospective study. Ann Intern Med. (1998) 128(10):793–800. doi: 10.7326/0003-4819-128-10-199805150-00001

5. Jacobson R E, Granville M, Hatgis J, Berti A. Low volume vertebral augmentation with cortoss® cement for treatment of high degree vertebral compression fractures and vertebra Plana. Cureus. (2017) 9(2):e1058. doi: 10.7759/cureus.1058

6. Oh HS, Kim TW, Kim HG, Park KH. Gradual height decrease of augmented vertebrae after vertebroplasty at the thoracolumbar junction. Korean J Neurotrauma. (2016) 12(1):18–21. doi: 10.13004/kjnt.2016.12.1.18

7. Ensrud KE, Schousboe JT. Clinical practice. Vertebral fractures. N Engl J Med. (2011) 364(17):1634–42. doi: 10.1056/NEJMcp1009697

8. Won HS, Yang M, Kim YD. Facet joint injections for management of low back pain: a clinically focused review. Anesth Pain Med (Seoul). (2020) 15(1):8–18. doi: 10.17085/apm.2020.15.1.8

9. Wilson DJ, Owen S, Corkill RA. Facet joint injections as a means of reducing the need for vertebroplasty in insufficiency fractures of the spine. Eur Radiol. (2011) 21(8):1772–8. doi: 10.1007/s00330-011-2115-5

10. Leggett LE, Soril LJ, Lorenzetti DL, Noseworthy T, Steadman R, Tiwana S, et al. Radiofrequency ablation for chronic low back pain: a systematic review of randomized controlled trials. Pain Res Manag. (2014) 19(5):e146–53. doi: 10.1155/2014/834369

11. Patel K, Chopra P, Upadhyayula S. Epidural steroid injections. In: Statpearls. Treasure island, FL: StatPearls Publishing (2022). p. 1–12. Available at: https://www.ncbi.nlm.nih.gov/books/NBK470189/ (Updated July 4, 2022).

12. Barr JD, Jensen ME, Hirsch JA, McGraw JK, Barr RM, Brook AL, et al. Position statement on percutaneous vertebral augmentation: a consensus statement developed by the society of interventional radiology (SIR), American association of neurological surgeons (AANS) and the congress of neurological surgeons (CNS), American college of radiology (ACR), American society of neuroradiology (ASNR), American society of spine radiology (ASSR), Canadian interventional radiology association (CIRA), and the society of NeuroInterventional surgery (SNIS). J Vasc Interv Radiol. (2014) 25(2):171–81. doi: 10.1016/j.jvir.2013.10.001

13. Mainkar O, Solla CA, Chen G, Legler A, Gulati A. Pilot study in temporary peripheral nerve stimulation in oncologic pain. Neuromodulation. (2020) 23(6):819–26. doi: 10.1111/ner.13139

14. Lee P, Huh BK. Peripheral nerve stimulation for the treatment of primary headache. Curr Pain Headache Rep. (2013) 17(3):319. doi: 10.1007/s11916-012-0319-2

15. Ikeuchi M, Ushida T, Izumi M, Tani T. Percutaneous radiofrequency treatment for refractory anteromedial pain of osteoarthritic knees. Pain Med. (2011) 12(4):546–51. doi: 10.1111/j.1526-4637.2011.01086.x

16. Roy H, Offiah I, Dua A. Neuromodulation for pelvic and urogenital pain. Brain Sci. (2018) 8(10):180. doi: 10.3390/brainsci8100180

17. Strand NH, D'Souza R, Wie C, Covington S, Maita M, Freeman J, et al. Mechanism of action of peripheral nerve stimulation. Curr Pain Headache Rep. (2021) 25(7):47. doi: 10.1007/s11916-021-00962-3

18. Liu JT, Li CS, Chang CS, Liao WJ. Long-term follow-up study of osteoporotic vertebral compression fracture treated using balloon kyphoplasty and vertebroplasty. J Neurosurg Spine. (2015) 23(1):94–8. doi: 10.3171/2014.11.SPINE14579

19. Pathak S, Conermann T. Lumbosacral discogenic syndrome. In: Statpearls. Treasure island, FL: StatPearls Publishing (2022). p. 1–13. Available at: https://www.ncbi.nlm.nih.gov/books/NBK560537/ (Updated May 20, 2022).

20. Alexander CE, Cascio MA, Varacallo M. Lumbosacral facet syndrome. In: Statpearls. Treasure island, FL: StatPearls Publishing (2022). Available at: https://www.ncbi.nlm.nih.gov/books/NBK441906/ (Updated September 26, 2022).

21. Allegri M, Montella S, Salici F, Valente A, Marchesini M, Compagnone C, et al. Mechanisms of low back pain: a guide for diagnosis and therapy. F1000Res. (2016) 5(F1000 Faculty Rev):1530. doi: 10.12688/f1000research.8105.2

22. Dixon A. Acute and chronic vertebral compression fractures. Case Study, Radiopaedia.org. (Accessed October 06, 2022). doi: 10.53347/rID-31608

23. Erkan S, Ozalp TR, Yercan HS, Okcu G. Does timing matter in performing kyphoplasty? Acute versus chronic compression fractures. Acta Orthop Belg. (2009) 75(3):396–404. PMID: 19681328.

24. Mukherjee S, Lee Y-P. Current concepts in the management of vertebral compression fractures. Oper Tech Orthop. (2011) 21(3):251–60. doi: 10.1053/j.oto.2011.06.001

25. Palmer N, Guan Z, Chai NC. Spinal cord stimulation for failed back surgery syndrome – patient selection considerations. Transl Perioper Pain Med. (2019) 6(3):81–90. PMID:31687422; PMCID:6828157.

26. Kobayashi N, Noguchi T, Kobayashi D, Saito H, Shimoyama K, Tajima T, et al. Safety and efficacy of percutaneous vertebroplasty for osteoporotic vertebral compression fractures: a multicenter retrospective study in Japan. Interv Radiol (Higashimatsuyama). (2021) 6(2):21–8. doi: 10.22575/interventionalradiology.2020-0032

27. Helm S, Shirsat N, Calodney A, Abd-Elsayed A, Kloth D, Soin A, et al. Peripheral nerve stimulation for chronic pain: a systematic review of effectiveness and safety. Pain Ther. (2021) 10(2):985–1002. doi: 10.1007/s40122-021-00306-4

28. Procedure Price Lookup for Outpatient Services. Medicare.gov. www.medicare.gov. Available at: https://www.medicare.gov/procedure-price-lookup/.

29. Ong KL, Lau E, Kemner JE, Kurtz SM. Two-year cost comparison of vertebroplasty and kyphoplasty for the treatment of vertebral compression fractures: are initial surgical costs misleading? Osteoporos Int. (2013 Apr) 24(4):1437–45. doi: 10.1007/s00198-012-2100-0



OPS/images/fpain-03-1088097-t001.jpg
Conservative
treatment

Bed Rest

Minimally
invasive injections

Facet joint injections

Advanced spine
procedure

Vertebroplasty

Physical Therapy

Radiofrequency
ablations

Kyphoplasty

NSAIDs

Epidural steroid
injections.

Muscle relaxants

Radicular injections

Narcotics

Peripheral nerve
stimulation






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Case report: Use of peripheral nerve stimulation for treatment of pain from vertebral plana fracture

		Introduction



		Case



		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
' frontiers ‘ Frontiers in Pain Research

Case report: Use of peripheral nerve
stimulation for treatment of pain from
vertebral plana fracture





OPS/images/fpain-03-1088097-g001.jpg
T12 compression deformity —

'
L1 Vertebral Plana
L2 compression deformity ——.

L3 vertebral body —

L4 compression deformity ——

T2 Weighted Sagittal View 2 »,





OPS/images/fpain-03-1088097-g002.jpg
t v \
A
T12 compression deformity ;

[T -

L1 vertebral plana ——

i 4 4 ‘
L2 compression deformity —

L3 vertebral body —_

J
L4 compression deformity ——,

T1 Weighted Sagittal View










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
2 frontiers | Frontiers in Pain Research





