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Abstract: Introduction: The management of osteoporotic fractures is sometimes rather challenging for
spinal surgeons, and considering the longer life expectancy induced by improved living conditions,
their prevalence is expected to increase. At present, the approaches to osteoporotic fractures differ
depending on their severity, location, and the patient’s age. State-of-the-art treatments range from
vertebroplasty /kyphoplasty to hardware-based spinal stabilization in which screw augmentation
with cement is the gold standard. Case presentation: We describe the case of a 74-year-old man
with an L5 osteoporotic fracture. The patient underwent a vertebroplasty (VP) procedure, which
was complicated by a symptomatic cement leakage in the right L4-L5 neuroforamen. We urgently
decompressed the affected pedicle via hemilaminectomy. At that point, the column required stability.
The extravasation of cement had ruled out the use of cement-augmented pedicle screws but leaving
the pedicular screws alone was not considered sufficient to achieve stability. We decided to cover
the screws with a polyethylene terephthalate sleeve (OGmend®) to avoid additional cement leakage
and to reinforce the screw strength required by the poor bone quality. Conclusion: In the evolving
technologies used for spinal surgery, screws sleeve implants such as OGmend® are a useful addition
to the surgeon’s armamentarium when an increased pull-out strength is required and other options
are not available.
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1. Introduction

Osteoporosis is a condition that causes the bone to lose structural integrity by decreas-
ing its mineral density and altering the bone formation/resorption mechanism [1], which
results in increased susceptibility to fractures [2]. Osteoporosis-related vertebral fractures
also occur in the spine and may require cement augmentation using vertebroplasty (VP) or
surgical fixation with hardware (i.e., pedicle screws and rods) [2]. As the screw strength
in the osteoporotic bone is impaired due to the loss of trabecular bone, several techniques
have been developed to improve fixation, such as augmentation with bone cement to
increase screw stability in osteoporotic vertebral bodies [1,2]. Furthermore, population
aging requires new solutions for increasing a fixation strength that can be applied safely
and, if necessary, removed without damaging the surrounding tissue [2].

Cement (polymethyl methacrylate, PMMA) injection procedures, either through VP,
kyphoplasty, or augmented screws, are, however, burdened with adverse events—the
worst being leakage [3]. In this paper, we present the case of a patient with severe spinal
osteoporosis who experienced failure of the L5 VP and developed acute post-procedural L4
radiculopathy and weakness secondary to cement leakage in the right L4-L5 neuroforamen.
Our approach to the failure of the VP procedure and neurological status control and fixation
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will be described in detail in this paper. In this case, the failure of VP required a salvage
procedure to control pain and restore neurological function while ensuring stability without
using cement augmentation. Therefore, because of the impaired bone quality and the fear
of new cement extravasation, we deployed a recently designed braided polyethylene
terephthalate screw sleeve (OGMend®) to improve the screw pull-out strength. Such a
device has rarely been utilized, and large cohort studies on its use are still unavailable
in the literature. This case, for the first time to our knowledge, aims to sensitize spine
surgeons to the use of additional technologies that can be helpful in select cases in which
traditional therapeutic approaches are lacking in efficacy or are not suitable.
This case report conforms to the CARE guidelines (for CAse REports).

2. Case Report

Institutional review board approval was not required for this case report, as per our
institution’s policy. Moreover, data from this case were anonymized, and sensitive pieces
of information were deleted from the images. The patient provided informed consent and
agreed to publish anonymized personal data.

A 74-year-old male with a medical history of hypertension, cardiac disease, prostate
cancer, and obstructive pulmonary disease was referred to us to evaluate his acute back
pain. A lumbar CT scan showed an L5 fracture (Figure 1) in what we consider, based on CT
examination (i.e., the appearance of diminished bone density as well as cortical thickness
and loss of bony trabeculae, etc.), a severely osteoporotic spine. We did not perform a
specific examination to assess the suspected osteoporosis degree, and we only performed
an MRI scan to exclude other causes of fracture (i.e., neoplasms or infection). Moreso, the
average Hounsfield Units (HU) value for the L5 vertebral measured on the CT scan was
47 units, which is under the HU cutoff value considered highly predictive for osteoporosis
(the average HU for the selected vertebra was calculated on an oval region of interest
placed over an axial image of the L5 mid-body. PACS software automatically calculates the
average CT HU for the selected region of interest. Reported values in the recent literature
are 54.7 £ 25.2 HU units for osteoporotic bone and 120.8 + 41.8 HU for normal bone [4].
At that point, we opted for conservative treatment with a lumbar orthosis. At 30 days, the
patient’s lower back pain had worsened, and another CT scan showed a progression in
the L5 fracture. The patient was counseled to perform dual-energy X-ray absorptiometry,
confirming the diagnosis of osteoporosis (T-score: —2—4) and undergoing endocrinology
assessment and adequate therapy. The patient was a proposed L5 vertebroplasty, but
the percutaneous procedure was complicated by cement extravasation through a lateral
fracture cleft (Figure 2). The cement reached the anterior-inferior portion of the L4-L5 right
neuroforamen, causing the patient severe L4 radiculopathy with decreased strength in
the right quadriceps femoris (3/5 on the Medical Research Council scale). In our opinion,
these adverse events discouraged any other type of cement-related procedures, even in
neighboring vertebras, due to the risk of additional cement extravasation.

To control the pain and restore neurological function, the patient received an open
L4-5S1 instrumentation with pedicle screws and rods (Stryker Corp., Kalamazoo, MI 49002
USA) and decompression via an L4 hemilaminectomy and medial facetectomy. The L5
vertebral body, because of the presence of cement, was not available for screw placement,
and thus a bridging fixation from L4 to S1 was considered. Unfortunately, in the S1, we
could not insert screws in a bicortical manner, which could have helped increase the pull-out
strength. In order to enhance the quality of the screw-to-bone interface, the pedicle screws
at L4 and S1 were covered with an OGmend® implant (Woven Orthopedic Technologies,
LLC. Manchester, USA), a polyethylene terephthalate sleeve (Figure 3). This was done to
prevent additional cement leakage and reinforce the screw’s strength, considering the poor
bone quality.
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Figure 1. (A) Sagittal CT scan of the L5 fracture; (B) axial CT scan at the fracture level; (C) coronal CT
scan; (D) sagittal MRI scan of the L5 fracture; (E) axial MRI scan at the fracture level.

Figure 2. (A) Axial CT scan at the fracture level, documenting cement leakage in the neuroforamen
(white arrow); (B) A 3D CT reconstruction of the lumbar spine: cement extravasation visible in the
right neuroforamen (white arrow); (C) sagittal CT scan of the L5 fracture after VP; (D) sagittal CT
scan at the fracture level, documenting cement leakage in the neuroforamen (white arrow).
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Figure 3. An example of an OGmend® kit with an intact sleeve implant (white arrow) and a de-
interlaced one (red circles) showing the net of interwoven polyethylene terephthalate fibers.

After selecting the appropriate screw length, we partially cut the sleeve with scissors.
We left 3-5 fibers attached between the end of the cut and the rest of the implant to create a
tab that could be held for proper placement and positioning during the insertion (Figure 4).
At that point, the inserter was passed through the center of the sleeve, bypassing the tab
and whole length of the sleeve We placed OGmend® inside the hole created by the pedicle
tap, leaving the remaining portion slightly above the hole level. We used a tab to reposition
the OGmend® by pulling the tab proximally (Figure 4). While holding the tab, we inserted
the screw into the OGmend® implant. We drove the screw into the hole until approximately
50% of its length, cut the remaining part, and completed the insertion.

The procedure was well tolerated and had no immediate post-operative complications.
At 3 months, the patient was pain-free, and the incisions were healed with no evidence of
prominent instrumentation. The radiographs showed that the instrumentation was intact
and well-aligned (Figure 5).

A graphical summary of our decisional process is pictured in Figure 6.
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Figure 4. Intraoperative imaging. (A) Pedicle hole for screw insertion (white arrow); (B) The sleeve
over the pedicle probe; (C) The pedicle probe, inserted through the hole, to help pedicle insertion;
(D) pushing the sleeve inside the pedicle hole with the pedicle probe; (E) Screw placement inside the
OGmend® sleeve; (F) After complete insertion the sleeve excess is cut with scissors.

Figure 5. The 3-month follow-up, post-operative imaging. (A) Axial CT scan at the L4-L5 right
neuroforamen, showing the foramen enlargement after hemilaminectomy and foraminotomy (white
arrow); (B) sagittal CT scans showing neuroforamen enlargement over cement leakage (red circle);
(C) sagittal (left) and coronal (right) post-operative X-rays; (D) 3D CT reconstruction of the lumbar
spine: foramen enlargement over cement leakage.
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Figure 6. Decisional approach summary. The bold black line highlights the decisional approach
chosen compared to the thin black line, which shows the alternative strategies that were not taken.

3. Discussion

Injected cement may leak into different anatomical compartments, including the
prevertebral soft tissue (6-52.5% of cases), the spinal canal (1.2-37.5%), intervertebral disk
(5-25%), prevertebral veins (5-16.6%), and epidural veins (16.5%) [3]. Catastrophic cases
of leakage in the inferior vena cava and lungs have also been reported [5]. The cement
extravasation rates reported in the literature are 11-76% for vertebroplasty and 4.8-39% for
kyphoplasty [5-7]. Compression spine fractures imply a disruption of venous drainage;
therefore, cement extravasation during VP or kyphoplasty is less likely [8].

Despite the rates reported in the case series, in cadaveric studies, 100% of the patients
showed some degree of extravasation, and 92% of injected VBS had CT evidence of cement
leakage. Almost one-third of the patients in these studies were found to have one or more
clinically worrisome extravasation events, while in most cases, the extravasation was only
a small (1 mm) protrusion of cement outside the external osseous borders of the vertebral
body. These studies show that the frequency of leakage was significantly higher than
suggested by fluoroscopy during the augmentation procedures and that surgeons always
believed they had stopped the injection before any cement extravasation [9].

Cement viscosity, bone density, cement injection rate and volume, presence, or absence
of vertebral body fracture, and the level of cement injection can influence the risk of cement
extravasation [7], and surgeons must act on them to decrease the risk. Additionally, a sig-
nificant parameter to consider is the timing of the cement injection concerning the fracture.
Several studies highlighted how the best candidate for percutaneous vertebroplasty are
patients with subacute fractures, between 1 to 3 months, in which satisfactory results can be
achieved with a lower risk of cement leakage than that of acute fracture patients (<1 month).
It may be possible that, in our case, the fracture was still in his acute phase (30 days) and
thus possibly leading to an increased risk of cement extravasation [4]. However, we believe
that, eventually, the experience and skills of the physicians performing the procedure are
the paramount factors for success.

Since 2007, only a few cases of cement leakage after VP with symptomatic lesions have
been reported in the literature [10-12]. In these occurrences, the hard cement compressed,
heated up, and even adhered to the dura, thus producing neurological symptoms [13].
In some cases, neurological deficits were also associated with persistent spinal instability.
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In these instances, the most common salvage procedure is the laminectomy for urgent
spinal cord decompression and, when required, spinal stabilization. In a very similar
case of cement leakage anatomical position, Wagner et al. recently presented a minimally
invasive transforaminal endoscopic solution for VP and kyphoplasty cement leakage, and
their patients’ pain improved immediately after surgery [13,14]. In addition, Senturk et al.
recently described a minimally invasive endoscopic translaminar technique for removing
cement leakage fragments after PVP [10,15,16].

In our case, it was paramount to decompress the neurological structures while also
stabilizing the spine. Unfortunately, osteoporosis decreases the fixation strength of pedicle
screws by 40% to 80% [17]. Further, augmentation of pedicle screws in an osteoporotic
bone is one of the most commonly used methods of osteoporotic spine fixation or revision
surgery. However, even here, concern exists that cement-augmented pedicle screws may
fail by posterior displacement while still bound to cement [17] and that with fenestrated
screws, there may be a risk of cement leakage and neurological complications, especially if
the screw is too short and its fenestrated portion is close to the foramen [17].

In our case, the pull-out strength was compromised by osteoporosis, and cement
augmentation could not be used, in our opinion, for the risk of further extravasation.
Therefore, we adopted a screw implant system. Different strategies, i.e., mechanical devices
such as intrapedicular bone anchors, are being tested to improve screw pull-out strength [2].
However, such devices are quite expensive and require storage space and specific training
in order to implant them correctly. Conversely, the OGmend® implant is simply a sleeve
that acts as a bone plug-in before inserting the pedicle screw. Additionally, it is compatible
with screws that already exist and does not occupy storage space. Such advancements in
material and implants in the field of osteoporosis are mandatory to overcome the limitations
of standard treatments (i.e., VP or pedicle screw with cement augmentation) [18,19]. Further,
new therapeutic strategies are mandatory in medical and surgical fields.

We believe that shifting to a less aggressive surgical approach by progressively inte-
grating the screw into the bone instead of anchoring them with cement may benefit the
biomechanical aspect of the construct and neighboring vertebra [19,20]. The implant is
made of thermoplastic polymer resin, used in synthetic fibers (most notably, dacron sutures)
and is biocompatible. The FDA approved its use over 40 years ago. The sleeve can be used
on common commercial pedicle screws of different sizes. It offers a scaffold to enhance the
bone-screw interface and favors bone in-growth due to its porosity and bone remodeling
over the screw, thus reaching a pull-out strength comparable to that achieved in healthy
bone. The integration aspect is paramount, as it offers the possibility of acting on the bone’s
natural ability to heal the fracture without impairing it with cement.

In addition, animal or human studies have demonstrated the safety of this device [21].
Two studies were conducted on ovine animal models. The first one evaluated the efficacy
of the screw retention technology, and the second one simulated screw loosening and
showed the biomechanical and histological results of achieved stabilization and fusion,
demonstrating the efficacy of this solution on improved screw retention. Thus, this ancillary
device could also be used in case of screw loosening or on a routine basis when the surgeon
feels the screw construct needs to be strengthened.

The main limitation of this case is the inherent low level of evidence (level IV), which
limits the generalizability of our conclusions. Unfortunately, the literature on these devices
is still scarce and mostly based on animal models for OGmend’s safety and efficacy. Large
cohort studies, as well as long-term histological specimens for assessing osteointegration,
are expected to confirm the features of the screw sleeve in terms of both osteointegration
and safety.

4. Conclusions

In the evolving technologies used for spine surgery, screw augmentation implants such
as OGmend® are a useful addition to the surgeon’s armamentarium for salvage procedures
or routine screw placement when an increased pull-out strength is required, such as in



Medicines 2023, 10, 6 80f9

cases of osteoporosis. A spinal surgeon should bear in mind that innovative options to help
them adapt to each case’s requirements are available.

Author Contributions: Conceptualization, E.G. and R.Z.; methodology, E.G.; software, E.G.; valida-
tion, E.G., R.Z. and ].D.V,; formal analysis, E.G.; investigation, E.G.; resources, E.G. and G.P; data
curation, E.G.; writing—original draft preparation, G.D.; writing—review and editing, PG. and A.S.;
visualization, E.G.; supervision, A.S.; project administration, E.G. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study due
to our Institution policy for Case Reports. The patient provided informed consent and agreed to
publish anonymized personal data.

Informed Consent Statement: Written informed consent was obtained from the patient for publica-
tion of this case report and any accompanying images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: This study was supported by latrotek S.r.1. (30100 Venice, Italy).

Conflicts of Interest: The authors have no conflict of interest to declare.

References

1.

10.

11.

12.

13.

14.

Elder, B.D.; Lo, S.-E.L.; Holmes, C.; Goodwin, C.R.; Kosztowski, T.A.; Lina, I.A.; Locke, ].E.; Witham, T.F. The biomechanics of
pedicle screw augmentation with cement. Spine J. 2015, 15, 1432-1445. [CrossRef] [PubMed]

de Kater, E.P,; Sakes, A.; Edstrom, E.; Elmi-Terander, A.; Kraan, G.; Breedveld, P. Beyond the pedicle screw—A patent review.
Eur. Spine J. 2022, 31, 1553-1565. [CrossRef] [PubMed]

Kim, H.-J.; Zuckerman, S.L.; Cerpa, M.; Yeom, ].S.; Lehman, ].R.A.; Lenke, L.G. Incidence and Risk Factors for Complications and
Mortality After Vertebroplasty or Kyphoplasty in the Osteoporotic Vertebral Compression Fracture—Analysis of 1,932 Cases
from the American College of Surgeons National Surgical Quality Improvement. Glob. Spine |. 2020, 12, 1125-1134. [CrossRef]
[PubMed]

Ahern, D.P; McDonnell, ].M.; Riffault, M.; Evans, S.; Wagner, S.C.; Vaccaro, A.R.; Hoey, D.A.; Butler, ].S. A meta-analysis of the
diagnostic accuracy of Hounsfield units on computed topography relative to dual-energy X-ray absorptiometry for the diagnosis
of osteoporosis in the spine surgery population. Spine J. 2021, 21, 1738-1749. [CrossRef] [PubMed]

Semaan, H.; Obri, T.; Bazerbashi, M.; Paull, D.; Liu, X.; Sarrouj, M.; Elgafy, H. Clinical outcome and subsequent sequelae of
cement extravasation after percutaneous kyphoplasty and vertebroplasty: A comparative review. Acta Radiol. 2017, 59, 861-868.
[CrossRef]

Taylor, R.S.; Taylor, R.J.; Fritzell, P. Balloon Kyphoplasty and Vertebroplasty for Vertebral Compression Fractures A Comparative
Systematic Review of Efficacy and Safety. Spine 2016, 31, 2747-2755. [CrossRef]

A Hulme, P; Krebs, J.; Ferguson, S.J.; Berlemann, U. Vertebroplasty and Kyphoplasty: A Systematic Review of 69 Clinical Studies.
Spine 2006, 31, 1983-2001. [CrossRef]

Bohl, M.A.; Sethi, R.; Leveque, J.-C. Incidence and Clinical Risk of Cement Extravasation in Adult Patients Undergoing Prophy-
lactic Vertebroplasty During Surgical Spine Reconstruction. World Neurosurg. 2019, 134, €928-e936. [CrossRef]

Lador, R.; Dreiangel, N.; Ben-Galim, P.J.; Hipp, J.A. A pictorial classification atlas of cement extravasation with vertebral
augmentation. Spine J. 2010, 10, 1118-1127. [CrossRef]

Jing, Z.; Li, L.; Song, J. Delayed neurological deficits caused by cement extravasation following vertebroplasty: A case report.
J. Int. Med. Res. 2021, 49, 3000605211019664. [CrossRef]

Tuan, T.A.; Van Luong, T.; Cuong, PM.; Long, V.; Huy, H.Q.; Duc, N.M. Cement Leakage in Percutaneous Vertebroplasty for
Multiple Osteoporotic Vertebral Compression Fractures: A Prospective Cohort Study. Orthop. Res. Rev. 2020, 12, 105-111.
[CrossRef]

Patel, N.; Jacobs, D.; John, J.; Fayed, M.; Nerusu, L.; Tandron, M.; Dailey, W.; Ayala, R.; Sibai, N.; Forrest, P; et al. Balloon
Kyphoplasty vs Vertebroplasty: A Systematic Review of Height Restoration in Osteoporotic Vertebral Compression Fractures.
J. Pain Res. 2022, 15, 1233-1245. [CrossRef]

Yang, S.-C.; Chen, W.-].; Yu, S.-W.; Tu, Y.-K,; Kao, Y.-H.; Chung, K.-C. Revision strategies for complications and failure of
vertebroplasties. Eur. Spine J. 2008, 17, 982-988. [CrossRef]

Wagner, R.; Telfeian, A.E.; Iprenburg, M.; Krzok, G.; Gokaslan, Z.; Choi, D.B.; Pucci, EG.; Oyelese, A. Transforaminal Endoscopic
Solution to a Kyphoplasty Complication: Technical Note. World Neurosurg. 2016, 91, 195-198. [CrossRef]


http://doi.org/10.1016/j.spinee.2015.03.016
http://www.ncbi.nlm.nih.gov/pubmed/25797809
http://doi.org/10.1007/s00586-022-07193-z
http://www.ncbi.nlm.nih.gov/pubmed/35380271
http://doi.org/10.1177/2192568220976355
http://www.ncbi.nlm.nih.gov/pubmed/33380221
http://doi.org/10.1016/j.spinee.2021.03.008
http://www.ncbi.nlm.nih.gov/pubmed/33722727
http://doi.org/10.1177/0284185117732599
http://doi.org/10.1097/01.brs.0000244639.71656.7d
http://doi.org/10.1097/01.brs.0000229254.89952.6b
http://doi.org/10.1016/j.wneu.2019.11.034
http://doi.org/10.1016/j.spinee.2010.09.020
http://doi.org/10.1177/03000605211019664
http://doi.org/10.2147/ORR.S255517
http://doi.org/10.2147/JPR.S344191
http://doi.org/10.1007/s00586-008-0680-3
http://doi.org/10.1016/j.wneu.2016.04.013

Medicines 2023, 10, 6 90f9

15.

16.

17.

18.

19.

20.

21.

Sentiirk, S.; Unsal, U.U. Percutaneous endoscopic translaminar approach in a patient with pedicle screw malposition and cement
leakage. Br. J. Neurosurg. 2021. [CrossRef]

Philips, G.A.C.; Oshima, Y.; Inoue, H.; Kitagawa, T.; Iwai, H.; Takano, Y.; Inanami, H.; Koga, H. Full-endoscopic spine surgery for
radiculopathy after osteoporotic vertebral compression fractures: A case report. J. Spine Surg. 2020, 6, 466—471. [CrossRef]
Mesfin, A.; Komanski, C.B.; Khanna, A.J. Failure of Cement-Augmented Pedicle Screws in the Osteoporotic Spine.
Geriatr. Orthop. Surg. Rehabil. 2013, 4, 84-88. [CrossRef]

Ulivieri, EM.; Rinaudo, L. The Bone Strain Index: An Innovative Dual X-ray Absorptiometry Bone Strength Index and Its
Helpfulness in Clinical Medicine. J. Clin. Med. 2022, 11, 2284. [CrossRef]

Hauser, B.; Alonso, N.; Riches, P. Review of Current Real-World Experience with Teriparatide as Treatment of Osteoporosis in
Different Patient Groups. J. Clin. Med. 2021, 10, 1403. [CrossRef]

Ayub, N.; Faraj, M.; Ghatan, S.; Reijers, J.A.A.; Napoli, N.; Oei, L. The Treatment Gap in Osteoporosis. J. Clin. Med. 2021, 10, 3002.
[CrossRef]

Easley, J.; Puttlitz, C.M.; Seim, H.; Ramo, N.; Abjornson, C.; Cammisa, FP.; McGilvray, K.C. Biomechanical and histologic
assessment of a novel screw retention technology in an ovine lumbar fusion model. Spine J. 2018, 18, 2302-2315. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1080/02688697.2020.1861435
http://doi.org/10.21037/jss.2019.10.11
http://doi.org/10.1177/2151458513500787
http://doi.org/10.3390/jcm11092284
http://doi.org/10.3390/jcm10071403
http://doi.org/10.3390/jcm10133002
http://doi.org/10.1016/j.spinee.2018.07.021

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

