Providing Choice & Value | ) fesees

CONTACT REP

AJNR

AN EXTENDED FOLLOW-UP OF SPINAL
INSTRUMENTATION RESCUE WITH
CEMENT AUGMENTATION

F. Polinelli, M. Pileggi, I. Cabrilo, C. Commodaro, SM.J. Van
Kuijk, A. Cardiaand A. Cianfoni

Thisinformationiscurrentas AINRAmMJ Neuroradiol published online 24 June 2024

of July 27, 2025.

http://www.ajnr.org/content/early/2024/06/24/ajnr A8394


http://www.ajnr.org/cgi/adclick/?ad=57967&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_july2025
http://www.ajnr.org/content/early/2024/06/24/ajnr.A8394

blish Junq 24 gl?o%ﬁc%?eglgé%&ﬁ'/aém 8394

P
This preprint represents the accepteduversmn of the article and emental material; it differs from the printed version
of the article.

ORIGINAL RESEARCH
MANUSCRIPT SUBTYPE

AN EXTENDED FOLLOW-UP OF SPINAL
INSTRUMENTATION RESCUE WITH CEMENT
AUGMENTATION

F. Polinelli**, M. Pileggi?", I. Cabrilo?, C. Commodaro?, S.M.J. Van Kuijk®, A. Cardia'*, A. Cianfoniz+~

ABSTRACT

BACKGROUND AND PURPOSE: Percutaneous cement augmentation has been reported as an effective salvage procedure for frail patients
suffering with spinal instrumentation failure, such as screw loosening, hardware breakage, cage subsidence, and fractures within or adjacent to
stabilized segments. Favorable results were reported over a median follow-up period of 16 months in a retrospective analysis of 31 consecutive
procedures performed in 29 patients. In the present study, the long-term effectiveness of this treatment in avoiding or postponing revision surgery is
reported.

MATERIALS AND METHODS: Clinical and radiological data of our original cohort of patients were retrospectively collected and reviewed to
provide an extended follow-up assessment. The need for revision spinal surgery was assessed as the primary outcome and the radiological stability
of the augmented spinal implants was considered as the secondary outcome.

RESULTS: An extended radiological follow-up was available in 27/29 patients with an average of 50.9 months. Overall, 18/27 (66.7%) patients,
originally candidates for revision surgery, avoided a surgical intervention after a cement augmentation rescue procedure. In the remaining patients,
the average interval between the rescue cement augmentation and the revision surgery was 22.5 months. Implant mobilization occurred in 2/27 (7.4%)
patients, rod breakage in 1/27 (3.7%), a new fracture within or adjacent to the instrumented segment occurred in 4/27 (14.8%) patients and screw
loosening at rescued levels occurred in 5/27 (18.5%) patients.

CONCLUSIONS: In this cohort, cement augmentation rescue procedures were found to be effective in avoiding or postponing revision surgery
during long-term follow up.
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SUMMARY SECTION

PREVIOUS LITERATURE: Cement augmentation has been shown to be a potential alternative to revision surgery, in the short term, for fragile
and elderly patients with spinal implant failures or new fractures. A recent systematic review of case series on cement rescue augmentation by Cawley
et al. included studies with a median follow-up of 12 months, suggesting that cement augmentation in selected patients can help in stabilizing loosened
screws and treating vertebral fractures.

KEY FINDINGS: The present study, with an average follow-up of 50.9 months, found that 66.7% of patients avoided surgery, and for those who
required revision surgery, it was postponed by an average of 22.5 months. This delay could significantly improve quality-adjusted life years for
patients with low life expectancy.

KNOWLEDGE ADVANCEMENT: The extended follow-up period in this study demonstrates the long-term efficacy of percutaneous salvage
procedures, establishing cement augmentation as a practical and less invasive alternative to avoid or postpone revision surgery for selected and fragile
patients.

Copyright 2024 by American Society of Neuroradiology.
Copyright 2024 by American Society of Neuroradiology.



INTRODUCTION

Instrumented spinal surgery is widely used in the treatment of degenerative, traumatic and neoplastic pathologies of the vertebral
column. As patients undergoing spinal surgery increase in age, concurrent osteoporosis has become a frequent comorbidity and is one of
the main causes of spinal instrumentation failure. Bone mineral density of the spine has been shown to affect the stability of pedicle
screws? with loosening in up to 25% of patients with reduced bone mineral density®. The length of the stabilization?, sagittal and frontal
imbalance, and thoracic localization are further factors influencing the stability of the spinal constructs®. In addition to bone resorption
and screw loosening, cage subsidence and fractures both in the instrumented segment and at junctional levels, represent the most
common delayed causes of instrumentation failure. These occurrences are often associated with recurrent pain and may require revision
surgery5’. Revision surgery remains the gold standard for implant failure, but it is associated with further potential morbidity and
increased costs®. Moreover, revision surgery may not be suited for patients with significant comorbidities in whom such a procedure —
often more invasive than the index operation — may represent a significant risk. Accordingly, percutaneous cementation has been
reported as a salvage procedure for this elderly and frail patient group, and may represent a safe and effective alternative to surgical
revision®-11,

Our group has previously reported on cement augmentation in the treatment of clinically relevant implant failure in a retrospective
analysis of 31 consecutive procedures performed in 29 patients, with favorable results found over a median follow-up period of 16
months!2. Subsequent publications from other centers have reported similar observations in terms of feasibility and safety of cement
augmentation in frail and elderly patients'13-15 even in complex instrumentation cases such as intervertebral body implant failure6, A
recent systematic review has been published on salvage cement augmentation in cases where surgical revision is not considered a viable
option®.

It is however not yet known whether these favorable outcomes remain sustained in the long-term. To address this question, we
conducted an extended follow-up study based on a retrospective analysis of medical records of our original patient series.

MATERIALS AND METHODS

General methods

In our previous study, 29 patients were treated between May 2013 and October 2016 with rescue cement augmentation for clinically
relevant screw loosening with bone resorption, cage subsidence, and vertebral fracture within or adjacent to the instrumented segment(s).
Instrumentation failure was deemed clinically relevant if associated with new or recurrent pain correlated with imaging findings, or if
deemed a threat to spinal biomechanical stability. Indications for primary spinal instrumentation included traumatic, degenerative, and
neoplastic conditions.

We retrospectively collected and reviewed all available clinical and radiological data related to any spinal interventions until November
2023, defined as extended long-term follow-up.

The details of the rescue procedures were described in the original study, which included 13 procedures with cement augmentation of
fractures within or adjacent to the instrumented segment, 9 procedures with augmentation around loosened screws and 8 with both. One
procedure was aborted.

Informed consent was obtained from all patients. Local ethical committee approved this retrospective study.

The primary outcome assessed in this long-term follow-up study was the effectiveness in avoiding or postponing revision spinal surgery
at the previously instrumented spinal segment or at adjacent levels following the cement augmentation rescue procedure. The time interval
between the cement augmentation and the revision surgery, as well as the indication and the type of new surgical intervention were also
recorded. ASA physical status classification system was adopted as a general indicator of patients’ physical status.

The secondary outcome was the radiological outcome of the previous cement augmentation procedures and implant stability assessment,
on the basis of long-term imaging follow-up performed for the index spinal pathology or for unrelated reasons. The duration of radiological
follow-up was defined as the time between the original rescue procedure and the last available imaging follow-up.

Long-term imaging follow-up consisted of conventional radiograms, CT scans and MRI studies including the spinal segment of interest.
The radiological images were reviewed by a neuroradiologist and a neurosurgeon in consensus, defining the radiological outcome of the
previous percutaneous cement augmentation procedures in terms of implant mobilization and integrity, further cage subsidence, new
fractures or spinal deformity. For patients with an available CT scan, onset or progression of screw loosening was also recorded.

Statistical methods

Characteristics of all included patients are described as mean and standard deviation (SD) or median and 1% and 3" quartile, and as count
and percentage. Follow-up data are described as count and percentage. The Kaplan-Meier method was used to compute the cumulative
probability of being free from revision surgery (i.e ‘avoided surgery’) over more than 4 years of follow-up. Patients who remained free
from surgery were censored at the last follow-up moment.



Figure 1: Standing lateral radiograph (A) of a 76 year-old patient with T10-L2 posterior fixation and decompression for treatment of a
burst vertebral body fracture of T12 with posterior wall retropulsion and central canal stenosis. Sagittal thick layer MPR reconstruction
from CT scan (B) shows new fracture of T10 with initial “pullout” of the screws one month after surgery. The patient was treated with
rescue cement augmentation on the fractured vertebral body and prophylactic augmentation at the level above. Standing lateral radiograph
(C) performed 3 months after the rescue augmentation shows stability of the treatment. The patient was followed up to 85 months after
surgery and no further invasive procedure was needed.

Figure 2: Standing lateral radiograph (A) of a 57 year-old patient with T12-S1 posterior fixation and decompression for treatment of a
multi-level central canal stenosis. CT axial image (B) shows bilateral screw loosening at S1, deemed symptomatic. Intraprocedural
fluoroscopy (C, D) of rescue cement augmentation procedure performed bilaterally at S1. CT axial image (E) and radiograph (F) follow-
up after 20 months showing stability of the construct. Patient improved clinically after augmentation rescue procedure, and no surgical
intervention was necessary.



RESULTS

Basic characteristics of the study population are summarized in Table 1. An extended follow up was available in 27/29 patients;
male/female ratio: 10/17; age range at time of the original treatment: 50-82 years; average age: 71.3. For one patient an extended follow-
up was not recorded because the rescue procedure was aborted due to technical reasons, while another patient moved abroad, and no
follow-up data could be collected. The median follow-up time of our cohort was 54 months (1% quartile: 21 months; 3 quartile: 78
months).

17/27 patients were still alive at the time of medical record analysis, while 10/27 had died due to causes unrelated to the spinal pathology
and to the cement augmentation (3 oncologic progression, 3 acute coronary syndrome, 2 trauma, 1 COVID-19, 1 sepsis unrelated to
spinal surgery and intervention). 15/27 patients were identified as “ASA 27, and 12/27 patients were identified as “ASA 3”.

An extended radiological follow-up was available for 27 patients with an average of 50.9 months at the last imaging study (range 2 to
103 months, SD 32.2). In 16 patients (59.3%), follow-up imaging was available beyond 4 years.

Overall, the instrumentation was in the thoracic segment in 1/27 patients, in the thoraco-lumbar segment in 16/27 (Figure 1) and in the
lumbo-sacral segment in 10/27 (Figure 2). There was no significant correlation between instrumented segment and need of revision
surgery. The average length of the instrumentation was 5.7 levels (range 2-14). Available follow-up imaging was a CT scan in 17
patients, an MRI scan in 2 patients, conventional radiographs in 6 patients, CT + MRI in 1 patient, and CT + conventional radiographs in
1 patient.

During the extended follow-up interval, imaging revealed implant mobilization in 2/27 (7.4%) patients, rod breakage in 1/27 (3.7%), and
a new fracture within or adjacent to the instrumented segment occurred in 4/27 (14.8%) patients. Fractures were located at the adjacent
segments in 2 cases, within the instrumented segments in 1 case, and in both the adjacent segments and within the instrumented segment
in 1 case. Among patients with a CT scan during the extended follow-up interval, screw loosening in rescued segments was observed in
5/19 patients. No further cage subsidence nor new relevant spinal deformity occurred.

Overall, 9 patients needed revision surgery at the instrumented segment or adjacent levels. The average time interval between the rescue
cement augmentation and the revision surgery was 22.5 months (range 2-47 months).

Reasons for revision surgery were adjacent segment degeneration in 3/9 cases, screw loosening in 1/9 case, both implant mobilization
and new fracture in 1/9 case, both screw loosening and implant mobilization in 1/9 case and infection in 1/9 case. In 2/9 cases reasons
for revision surgery were unknown (surgery performed at other centers).

Among the 9 patients requiring a surgical revision, 2 were treated with extension of the instrumentation due to adjacent segment
degeneration, 3 with implant removal, and 3 patients with both implant removal and extension of the stabilization. One patient treated at
another center with implant removal, also underwent cement-augmentation for a new vertebral fracture within the instrumented segment.
One patient underwent multiple unspecified revision procedures at different hospitals abroad. The new fractures were treated in 2/4 cases
with cement augmentation vertebroplasty, associated with implant removal in one case due to implant mobilization. A conservative
approach for the remaining 2 fractures was adopted.

Overall, the probability of being free from revision surgery following the cement augmentation rescue procedure was 79.6% at 3 years
(95% confidence interval: 64.8% to 97.7%), despite being originally candidates for revision surgery (Figure 3).
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Figure 3: Kaplan-Meier curve with 95% confidence interval band and an at-risk table.



In the subgroup of patients that did not underwent revision surgery the average length of instrumentation was 5.3 levels, while it was 6.4
levels for patients that underwent revision; the difference was not statistically significant.

Main results are summarized in Table 2.

DISCUSSION

Rescue cement augmentation, in selected fragile patients with implant failure or new fractures after spine surgery, may represent a safe
and effective technique to avoid or postpone revision surgery: on an average follow-up interval of 50.9 months after a rescue augmentation,
66.7% of patients in our series had avoided surgery and, for those who required revision surgery, the intervention was postponed for almost
2 years (22.5 months).

Revision surgery remains the first treatment option for symptomatic implant mobilization, with the aim of easing pain and ensuring the
stability of the posterior fixation'”. The surgical treatment is also useful in collecting material for microbiological analysis in order to
provide information regarding low-grade infection, which is present in up to 29% of cases with implant mobilization!81°, On the other
hand, conservative management is an option in asymptomatic patients?’. Surgical treatment usually involves implant removal and
replacement using larger screws (a 2 mm increase in diameter significantly enhances the resistance to pullout®’), utilizing allograft bone?
or cement??, with or without prolongation of the stabilization. Since the anatomy can be distorted and scar tissue is present, these revision
surgeries are usually more invasive, last longer, and come with a higher risk of complications?32* compared to index surgeries. Cement
augmentation techniques may therefore offer an alternative option to surgery in fragile patients. Their aim is to stabilize loosened screws
and mobilized implants and treat vertebral body fractures within the fixation segment or at the adjacent levels, with the aim of avoiding or
at least delaying revision surgery in patients in whom open surgery is deemed dangerous or too invasive. Of note, cement augmentation
has been demonstrated as not being inferior to revision surgery from a biomechanical perspective?®. Our results seem to align with the
biomechanical characteristics of cement salvage, seeing that no new deformities were observed during our long-term follow-up.

Our original patient cohort presented with clinically relevant screw loosening with bone resorption, cage subsidence or vertebral fractures
within or adjacent to the instrumented segments and had a surgical indication, either due to their biomechanical situation or because of
pain symptoms, yet they were not considered good surgical candidates. It is conceivable that without a minimally invasive possible solution
at hand, as cement augmentation rescue, some of them would have been managed conservatively.

Because of their general conditions and/or advanced age, rescue cement augmentation was found to be indicated instead of surgical revision
after multidisciplinary spine board discussion with spine surgeons, neuroradiologists, and pain physicians.

Our follow-up interval (50.9 months on average) is longer than that of other studies published to date. In a recent review by Cawley et al®
that included our previous report and 10 other studies regarding cement augmentation, a median follow-up period of 12 months was
reported (average 12.1 months; 3-24 months range).

Of the 27 patients included in our cohort, a total of 9/27 patients required revision surgery.

The most common reason to repeat surgery was adjacent segment degeneration (3/9). Infection was the indication in another patient (1/9).
1 patient (1/9) was re-operated due to screw loosening, another (1/9) due to implant mobilization and another (1/9) due to both screw
loosening and implant mobilization. Two cases were operated in other centers and underwent revision surgery for unknown indications.
For one of these two cases, the type of surgery is also unknown, while the second patient underwent implant removal, extension of the
stabilization and cementoplasty for an adjacent segment vertebral body fracture. 2/9 patients were subsequently operated in our center and
underwent implant removal and extension of the stabilization, whilst 3/9 underwent implant removal only and 2/9 extension of the
stabilization only.

Vertebral fracture at the level of the loosened screws or adjacent to the instrumented segments is a well-known complication for which
percutaneous vertebroplasty has been already described as a treatment option?. In a total of 4/27 of our patients (14.8%) a new fracture
was diagnosed within the instrumented levels (2 patients), at a junctional level (1) or both (1). In two cases a cementoplasty was carried
out, in one case a surgical intervention was performed, and, in the last case, no further treatments were performed due to lack of symptoms.

The fragility of our population is highlighted by the finding that more than 1 out of 3 patients (37% - 10/27) died during the extended
follow-up period due to causes unrelated to the surgery or the cement augmentation. Among the patients who required a surgical revision
after rescue cement augmentation, the median time between cement augmentation and the new surgical intervention was 22.5 months.
Delaying surgical treatment for a few months or years may be beneficial in terms of quality adjusted life years (QALY), or may be helpful
to entirely avoid surgery in patients with a low life expectancy.

The present study lacks clinical outcome scores; this is in contrast with our previous work where clinical outcome had been reported 2,
Our previous results, in line with Wang et al.'3, demonstrate that rescue cement augmentation favorably impacts short-term clinical
outcome. In the present study clinical scores — such as the NRS pain scale — were not reported because patients were no longer being
routinely followed at that point, for some patients several years after their procedures. Moreover, pain scores may not be a reliable outcome
parameter, as they may well reflect the wider influence of failed back surgery cases; also, the association between the procedure and the
clinical outcome may be difficult to assess after 10 years post-procedure. Our clinical endpoint was therefore the need for revision surgery,



which in our opinion is a more relevant clinical variable.

Other limitations of our study are its retrospective analysis, the absence of sagittal balance measurements and DEXA scores, and the lack

of a control group.

A prospective randomized trial (revision surgery versus rescue cement augmentation versus conservative management) would be ethically
questionable and difficult to perform due to the fragility of these patients together with the variable complexity of biomechanical, clinical

and surgical aspects.

Table 1: Baseline characteristics of the population.

*At study completion (November 2023).

Baseline Characteristics

Number of patients

Age at treatment
average (range) —years
Sex
Female
Male
ASA Score
1
2
3
4
Alive*
Dead*
Follow-up -months
Average (range)
Standard Deviation

Instrumented levels
Thoracic
Thoraco-lumbar
Lumbo-sacral

27

71.3 (50-82)

17 (63%)
10 (37%)

0

15 (55.6%)
12 (44.4%)
0

17 (63%)
10 (37%)

50.9 (2-103)
322

1(3.7%)
16 (59.3%)
10 (37%)

Table 2: Technical information regarding the procedures



Technical Details Regarding Surgery And Rescue

Instrumentation failure

Screw loosening 5 (18.5%)
Implants mobilization 2 (7.4%)
Broken implants 1 (3.7%)
New fractures 4 (14.8%)
Adjacent segment (A) 2 (7.4%)
Instrumented segment (1) 1 (3.7%)
A+l 1(3.7%)
Revision surgery
Total 9 (33.3%)
> 1 surgery 2 (7.4%)
Time interval, rescue to revision surgery
Average -months 225
Indication to revision surgery
Adjacent segment degeneration 3 (11.1%)
Screw loosening 1(3.7%)
Implants mobilization + new fracture 1 (3.7%)
Screw loosening + implants mobilization 1 (3.7%)
Infection 1(3.7%)
Unknown (Surgery at outside institution) 2 (7.4%)
Type of revision surgery
Implants removal 3
Extension of the stabilization 2
Implants removal and extension of the stabilization 3
No data available 1
New fractures treatment
Cementoplasty 2

Conservative treatment

CONCLUSIONS

Cement augmentation performed to salvage spinal hardware failure allowed to avoid or delay revision surgery during long-term follow-
up in a large proportion of frail patients in our cohort, in whom revision surgery was deemed to come with a significant risk of morbidity.
The indication for cement salvage procedures should be reached after multidisciplinary discussion and tailored to the requirements of
individual patients who present with a higher surgical risk.

REFERENCES

1.

Cho JH, Hwang CJ, Kim H, Joo YS, Lee DH, Lee CS. Effect of osteoporosis on the clinical and radiological outcomes following one-level
posterior lumbar interbody fusion. Journal of Orthopaedic Science. 2018;23(6):870-877. doi:10.1016/j.jos.2018.06.009
Galbusera F, Volkheimer D, Reitmaier S, Berger-Roscher N, Kienle A, Wilke HJ. Pedicle screw loosening: a clinically relevant complication?

Okuyama K, Abe E, Suzuki T, Tamura Y, Chiba M, Sato K. Influence of bone mineral density on pedicle screw fixation: A study of pedicle screw
fixation augmenting posterior lumbar interbody fusion in elderly patients. Spine Journal. 2001;1(6):402-407. doi:10.1016/S1529-9430(01)00078-

Bokov A, Bulkin A, Aleynik A, Kutlaeva M, Mlyavykh S. Pedicle Screws Loosening in Patients With Degenerative Diseases of the Lumbar

Marie-Hardy L, Pascal-Moussellard H, Barnaba A, Bonaccorsi R, Scemama C. Screw Loosening in Posterior Spine Fusion: Prevalence and Risk

2.
European Spine Journal. 2015;24(5):1005-1016. doi:10.1007/s00586-015-3768-6
3.
X
4.
Spine: Potential Risk Factors and Relative Contribution. Global Spine J. 2019;9(1):55-61. doi:10.1177/2192568218772302
5.
Factors. Global Spine J. 2020;10(5):598-602. do0i:10.1177/2192568219864341
6.

Christopher J. DeWald, MD, and Thomas Stanley M. Instrumentation-Related Complications of Multilevel Fusions for Adult Spinal Deformity
Patients Over Age 65. Spine (Phila Pa 1976). 2006;31(19):144-151.



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Yuan L, Zhang X, Zeng Y, Chen Z, Li W. Incidence, Risk, and Outcome of Pedicle Screw Loosening in Degenerative Lumbar Scoliosis Patients
Undergoing Long-Segment Fusion. Global Spine J. 2023;13(4):1064-1071. doi:10.1177/21925682211017477

Pearson HB, Dobbs CJ, Grantham E, Niebur GL, Chappuis JL, Boerckel JD. Intraoperative biomechanics of lumbar pedicle screw loosening
following successful arthrodesis. Journal of Orthopaedic Research. 2017;35(12):2673-2681. doi:10.1002/jor.23575

Cawley, D.T., Divani, K., Shafafi, R., Devitt, A., Molloy S. When spinal instrumentation revision is not an option: Salvage vertebral augmentation
with polymethylmethacrylate for mechanical complications: A systematic review,. Brain and Spine. Published online 2023.
doi:https://doi.org/10.1016/ j.bas.2023.101726

Divani KG, Selvadurai S, Molloy S. A novel use of cement as a salvage procedure in patients with complex spinal injuries with proximal junctional
failure. Ann R Coll Surg Engl. 2018;100(6):e154-e157. doi:10.1308/rcsann.2018.0076

Do JG, Kwon JW, Kim SJ. Effectiveness of percutaneous cement injection on proximal junctional failure after posterior lumbar interbody fusion:
Preliminary study. Medicine (United States). 2020;99(2):1-8. doi:10.1097/MD.0000000000018682

Cianfoni A, Giamundo M, Pileggi M, et al. Spinal instrumentation rescue with cement augmentation. American Journal of Neuroradiology.
2018;39(10):1957-1962. doi:10.3174/ajnr.A5795

Kai-Chun Wang 1 Deng-Ho Yang, Ku-I Chang, Wei-Tzu Hsu, Chih-Yen Chang Chien-Ying Wang, Yi-Ping Yang, Chian-Shiu Chien, Meng-Yin
Yang CCS. Using percutaneous parapedicle screw vertebroplasty to treat transpedicle screw loosening. J Chin Med Assoc. 1;84(5):517-522.
doi:10.1097/JCMA.0000000000000490

Weiser L, Huber G, Sellenschloh K, et al. Rescue Augmentation: Increased Stability in Augmentation After Initial Loosening of Pedicle Screws.
Global Spine J. 2021;11(5):679-685. doi:10.1177/2192568220919123

Amoretti N, Bertrand AS, Gallo G, et al. Percutaneous consolidation of loosened spine arthrodesis under CT and fluoroscopy guidance by
radiologists: a new useful technique. Eur Radiol. 2015;25(4):1135-1139. doi:10.1007/s00330-014-3475-4

Amoretti N., Burns R., Ranc P-A., Elbaze S., Sala V., Pavan L-J., Torre F., Rudel A. KA. Intervertebral Body Implant Salvage: Stabilization by
Bone Augmentation. Cardiovasc Intervent Radiol.

Varghese V, Krishnan V, Kumar GS. Comparison of pullout strength of pedicle screws following revision using larger diameter screws. Med Eng
Phys. 2019;74:180-185. doi:10.1016/j.medengphy.2019.09.008

Bratschitsch G, Puchwein P, Zollner-Schwetz I, et al. Spinal Surgery Site Infection Leading to Implant Loosening Is Influenced by the Number
of Prior Operations. Global Spine J. 2022;12(3):458-463. d0i:10.1177/2192568220957268

Leitner L, Malaj I, Sadoghi P, et al. Pedicle screw loosening is correlated to chronic subclinical deep implant infection: a retrospective database
analysis. European Spine Journal. 2018;27(10):2529-2535. doi:10.1007/s00586-018-5592-2

Wu JC, Huang WC, Tsai HW, et al. Pedicle screw loosening in dynamic stabilization: Incidence, risk, and outcome in 126 patients. Neurosurg
Focus. 2011;31(4). doi:10.3171/2011.7.FOCUS11125

Lea MA, Elmalky M, Sabou S, Siddique I, Verma R, Mohammad S. Revision pedicle screws with impaction bone grafting: A case series. Journal
of Spine Surgery. 2021;7(3):344-353. doi:10.21037/JSS-20-684

Kang SH, Kim KT, Park SW, Kim YB. A case of pedicle screw loosening treated by modified transpedicular screw augmentation with
polymethylmethacrylate. J Korean Neurosurg Soc. 2011;49(1):75-78. d0i:10.3340/jkns.2011.49.1.75

Poorman GW, Zhou PL, Vasquez-Montes D, et al. Differences in primary and revision deformity surgeries: following 1,063 primary
thoracolumbar adult spinal deformity fusions over time. Journal of Spine Surgery. 2018;4(2):203-210. d0i:10.21037/jss.2018.05.06

Elgafy H, Vaccaro AR, Chapman JR, Dvorak MF. Rationale of Revision Lumbar Spine Surgery. Global Spine J. 2012;2(1):007-014.
d0i:10.1055/s-0032-1307254

David B Kurland 1, Matin Lendhey 2, Nader Delavari 1, Jalen Winfield 3, Jonathan M Mahoney 2, Tibor Becske 4, Maksim Shapiro 5, Eytan
Raz 5, Donato Pacione 1, Brandon S Bucklen 2 AKFB 1. Percutaneous Juxtapedicular Cement Salvage of Failed Spinal Instrumentation?
Institutional Experience and Cadaveric Biomechanical Study. Oper Neurosurg (Hagerstown). doi:10.1227/ons.0000000000000924.

Fu TS, Li Y Da. Fluoroscopy-guided percutaneous vertebroplasty for symptomatic loosened pedicle screw and instrumentation-associated
vertebral fracture: An evaluation of initial experiences and technical note. J Neurosurg Spine. 2018;28(4):364-371.
doi:10.3171/2017.7.SPINE17625

SUPPLEMENTAL FILES



