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Abstract: Objective: This review aims to present relevant considerations for the surgical treatment of spinal deformities 
accompanied by osteoporosis, how surgeons are trying to overcome the challenges posed by osteoporosis in patients 
with spinal deformities, and directions for further development. Summary of literature review: Various trials have been 
carried out to overcome the short- and long-term complications associated with osteoporosis in order to achieve successful 
clinical results in the surgical treatment of spinal deformities. Methods: A comprehensive review of relevant articles was 
conducted. Results: The surgical goal of treating spinal deformities is to reverse neurological compromise and restore 
balanced spine alignment. To achieve these goals, several surgical considerations should be kept in mind. Osteoporosis is 
an important issue related to early and long-term complications following surgery. Methods of overcoming the challenges 
posed by osteoporosis such as rigid fixation techniques, proper selection of the fusion levels, perioperative medical 
treatment, and effective bone grafting materials are described herein; however, further development in these areas is also 
necessary. Conclusions: Osteoporosis may be a major obstacle in spinal deformity surgery. Although several effective 
attempts have been made to overcome these limitations, further research and trials are necessary to obtain better results. 
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1. Introduction
In the treatment of spinal disorders that have all three components of musculoskeletal symptoms including pain, 
paralysis, and deformity, the goal of surgical treatment is to treat neuropathy caused by nerve compression and, 
if necessary, decompress the nerves through fusion. The goal is to achieve a balanced spinal alignment through 
the correction of deformities. As life expectancy increases due to advances in medicine, the number of people 
suffering from musculoskeletal disorders is gradually increasing and the demand for active treatment is rising. 
In the case of spinal deformity, surgical treatment requires fusion of the long segments to achieve correction 
of the deformity. Osteoporosis, which is particularly associated with short-term and long-term prognosis of 
surgical treatment, is a common limitation for clinicians, and many attempts have been made to overcome this. 
This review article aims to address the issue of osteoporosis in the surgical treatment of spinal deformity by 
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summarizing the existing studies on this topic.

2. Spinal deformities
Among spinal deformities, adult spinal deformities are congenital and developmental spinal deformities 
that occur in the adult forms of spinal deformity, secondary degenerative spine diseases that develop later in 
life, deformities associated with infection, trauma, or surgery, and systemic conditions such as ankylosing 
spondylitis.  It occurs for various reasons, such as deformation of the spine that occurs in connection with 
the disease (Table 1). Surgical treatment consists of treatment for neuropathy and correction of the deformity 
in conjunction with the purpose of restoring a balanced alignment of the spine in the sagittal and coronal 
planes. The definition and classification of these adult spinal deformities was first proposed by Aebi in 2005, 
focusing on coronal plane deformities [1], followed by Glassman [2] in 2007, who recognized that sagittal plane 
imbalances were more clinically significant than coronal plane imbalances. Since its publication, studies have 
reported on the importance of restoring and maintaining pelvic spinal alignment and alignment of the entire 
spine along with sagittal balance, and classifications of adult spinal deformity based on sagittal balance have 
been proposed [3]. Since this article is limited in scope to provide a comprehensive classification of these adult 
spinal deformities and their treatment, we would like to present points to consider when planning surgical 
treatment for spinal deformities accompanied by osteoporosis.

Table 1. Classification of adult spinal deformities according to causes

Type Examples

Type I: 
Adult form of developmental deformity 

Adult form of AIS 

Adult form of congenital abnormality 

Adult form of Scheurmann’s disease 

Type II: 
De novo spinal deformity 

Degenerative kyphosis/ Scoliosis 

Senile kyphosis 

Hip/knee spine syndrome

Type III: 
Secondary deformity 

Post-traumatic 

Post-infection 

Post-surgery

Type IV: 
Systemic condition related 

Ankylosing spondylitis 

Parkinsonism 

Connective tissue disorders

3. Preoperative evaluation and preparation
When it comes to the assessment of osteoporosis, bone mineral densitometry (BMD) has been the most 
utilized test, and it is used as the standard for treatment of osteoporosis based on the T-score. However, due to 
insurance coverage of the test in limited cases and factors that affect the measurement of degenerative changes 
in the spine and aortic calcification, questions about clinical reliability and meaning, as well as problems 
with discrepancies in hip joint and spine have been raised. However, as there is currently no indicator that 
can be used as an alternative, it has been used as a standard for preoperative evaluation [4]. In addition to the 
preoperative evaluation of osteoporosis, it is also important to evaluate for factors associated with previous 
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osteoporosis, such as vertebral compression fractures. Many of these adult spinal deformities with osteoporosis 
are accompanied by degenerative sagittal imbalance, and one of the pathological mechanisms is suggested 
to be a decrease in the central trunk muscles, including the erector spinae, so it is also necessary to evaluate 
sarcopenia through analysis of muscle mass, strength, and walking ability [5,6]. The diagnostic criteria of 
sarcopenia are based on imaging studies such as MRI/Dual-energy x-ray absorptiometry (DEXA), measurement 
of muscle mass, gait speed, and assessment of muscle strength using instruments such as dynamometers [5]. 
However, considering that in many cases of patients with degenerative sagittal imbalance in clinical practice, 
grip strength, which is used as a measure of muscle contractility, does not decrease, and the contractility of 
the central muscles of the trunk is significantly reduced, it is believed that more research is needed on this. In 
addition, there is some controversy regarding the treatment of osteoporosis before surgery. There are reports that 
the use of osteogenesis stimulants is more beneficial than bone resorption inhibitors in the initial treatment of 
osteoporotic vertebral body fractures, and that it promotes union when used after fusion surgery [7,8]. Although 
more research needs to be done on its use before and after surgery, given the fragmentary but consistent results 
reported in these studies, the preoperative use of osteogenesis stimulants is recommended. However, there is 
insufficient evidence to support the use of bone resorption inhibitors and their replacement, so it is difficult to 
draw conclusions about the choice of osteoporosis medication in relation to surgery.

4. Intraoperative considerations
During surgical treatment of spinal deformity accompanied by osteoporosis, the expected complications related 
to osteoporosis are the problems of loosening of the internal fixation within the first 3 months, leading to loss of 
reduction of the deformity, causing recurrence of neurological symptoms or nonunion. Long-term problems can 
be caused by failure of fusion, which manifests itself in the form of damage to the internal fixation and is often 
accompanied by worsening clinical symptoms. Additionally, increased dynamic stress on adjacent segments 
due to osteoporosis or fusion may lead to fractures of adjacent segments. In an effort to reduce the morbidity 
of early internal fixation, the most commonly used methods are UIV (upper instrumented vertebra) and LIV 
(lower instrumented vertebra) with osteosynthesis of either polymethyl methacrylate (PMMA) or calcium-
based bone cement. Biomechanical studies have shown that in the case of vertebrae without osteoporosis, this 
method of reinforcement makes a difference in the resistance to traction force of the internal fixator. However, 
in the case of vertebral bodies with osteoporosis, it is reported that the addition of reinforcement procedures 
increases the resistance to traction force by about 1.5 to 2 times [9]. Some studies report similar results in studies 
of the toggling load applied to internal fixation due to the effects of repetitive axial compression. In a study 
on the amount of bone cement inserted in such reinforcement surgery, the amount of 2–3 cc of bone cement 
was sufficient for the fixation within each corner [10], and in case of a larger volume, the risk of complications 
such as leakage of bone cement following insertion is increased, but the mechanistic benefit is not high. The 
timing of the insertion of the internal fixture after the injection of the bone cement is important. In many 
cases, the internal fixture is inserted after the injection of cement and before the hardening of the bone cement 
(soft cement technique), but in some cases, the internal fixture is inserted after the cement has solidified (hard 
cement technique). In studies comparing the two techniques, the mechanics are similar, but the risk of fixation 
failure due to crossing the stress point is higher in the soft cement technique. In the case of fixation failure with 
soft cement, the failure may be due to dissociation between the osteoid and trabecular bone. The number of 
internal fixture inserted using the soft cement technique is lower. It is believed that the soft cement technique 
has the advantage of reducing the number of internal fixture insertions and obtaining initial fixation between 
bone cement and internal fixture [11,12]. In a study on the use of fenestrated pedicle screws and regular screws, 
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fenestrated internal fixators have the advantage of reducing the insertion time. In addition, the method of 
inserting an internal fixation after cement injection may require a long insertion time and has disadvantages in 
terms of leakage of bone cement, but the results of research so far show that the difference in mechanics is not 
significant [13,14]. In the case of bone cement used, when comparing PMMA and calcium-based cements such 
as calcium sulfate and calcium phosphate, PMMA has higher initial strength, but it has the disadvantage of a 
higher risk of leakage. In addition, calcium-based cements have the advantage of osteogenic ability, but the 
hardening process of inserted calcium-based cement requires time. It is disadvantageous in terms of stability 
of the initial internal fixation because it requires time to harden and set. The design of the internal fixation may 
also have an impact, and there are design changes that seek to increase the initial fixation force by making a 
difference in the screw lines of the vertebral body and pedicle positions through changes in the design of the 
pedicle screw line, and other changes in the internal fixation. Studies are being conducted to overcome this 
problem by changing the internal fixation. In addition, proximal fixation with hooks other than pedicle screws, 
such as ultrahigh molecular weight polyethylene (UHMWPE) and UIV +1 vertebroplasty have been attempted, 
but reports on long-term outcomes are required [15-17].

In adult spinal deformities, restoring coronal and sagittal plane balance is an important factor in the 
maintenance of initial fixation and the success rate of fusion. The selection of an appropriate range of fusion is 
critical, and there is much more to this topic than can be covered here. However, in general, current research 
suggests that restoration of the sagittal plane is more important. A method has been proposed to predict and 
restore appropriate lumbar lordosis and thoracic lordosis by taking into account the spine-pelvis relationship 
completed during the individual’s growth. In many cases of degenerative kyphosis, the posterior dislocation 
of the pelvis is the main change, so it is necessary to correct it to restore the normal sagittal plane. For this 
purpose, correction between the spine and pelvis is often required, and it is necessary to select the extent of 
distal fusion using iliac screws, etc. (Figure 1) [18,19].

Figure 1. A 65-year-old woman underwent anterior-posterior reconstructive surgery for secondary kyphosis related to 
congenital anomaly. To prevent pseudoarthrosis at the osteotomy site, anterior fusion was also performed.

The selection of the proximal fusion site beyond the thoracolumbar transition area is the most common 
method to date. However, there are relatively many proximal transitional kyphotic deformities and the problems 



34 Volume 2; Issue 1

resulting from them. Recently, there have been claims that it is necessary to select the upper thoracic spine as 
the proximal fusion range due to the occurrence of such cases. In adolescent spinal deformity or neuropathic 
spinal deformity, for which surgical treatment is performed at a relatively young age, the frequency of nonunion 
is 1.4 to 2.0%. However, in adult spinal deformities, many of which are accompanied by degenerative changes, 
osteoporosis, and sarcopenia, a higher rate of nonunion (6.3%) has been reported [20]. Therefore, in the surgical 
treatment of adult spinal deformities, analysis of the cause and extent of the deformity and the selection of an 
appropriate fusion range are also important to achieve good clinical outcomes.

5. Efforts to prevent misalignment
As described above, surgical treatment for spinal deformities arising from a variety of causes takes into account 
a number of factors such as osteoporosis, degenerative changes in the spine, and sarcopenia, and more efforts 
are made to achieve correction and fusion of the deformity. Among these, in cases of union that are related 
to long-term prognosis, the presence of osteoporosis is associated with an increase in nonunion along with 
the dissociation of the initial internal fixation [20,21]. In the presence of concurrent osteoporosis, nonunion is 
more likely to occur in association with decreased osteogenic capacity. In addition, failure of initial internal 
fixation may also be associated. Anterior intervertebral fusion is used as a method to overcome this problem, 
and it has been shown to be effective in correcting deformity [19,22] and its active use is needed to achieve a 
more robust correction and union (Figure 2). Posterior correction and posterior or posterolateral fusion, which 
are commonly performed, are not complete unions, so in the case of long-segment fusions, even if fusion is 
confirmed radiologically, anterior motion remains, which can lead to nonunion and rupture of the internal 
fixator. In one study, posterior fusion for adult spinal deformity was associated with radiographic nonunion 
and internal fixation failure. In one study, posterior fusion for adult spinal deformity was radiologically 
determined to be fusion, but it was reported that rupture of the internal fixation and nonunion occurred in 
9.5% of cases during follow-up [23]. In the surgical treatment of adult spinal deformity, active anterior fusion 
is necessary in cases where lumbar and sacral fusion is required; where trilaminar osteotomy is required; and 
where intervertebral disc gap remains at the site of fusion. As alternative method for posterior fixation, fixation 
using multiple steel rods and different types of rods has been proposed [24]. In addition, considering the material 
properties of steel wires, more solid fixation and steel wire of various materials are used for stronger fixation 
and durability. Bone grafting is the most important element of bone fusion, autologous bone grafting is the best 
method, but in most cases, the use of bone substitutes is often necessary for long segmental fusion, osteoporosis, 
and lack of sufficient autologous bone. To date, among the commercially available bone substitutes, bone 
morphogenetic proteins (BMPs) are the most effective [25], but its general use is limited due to several problems. 
In addition, research and experiments on the development and commercialization of bone graft materials using 
autologous cells are underway [26], so it is expected that more diverse bone graft materials will be available to 
choose from in the future. Although much research is still needed on the use of osteoporosis drugs, most clinical 
studies report that the use of bisphosphonate, the most commonly used osteoporosis medication, has no clinical 
impact on bone union. However, laboratory studies, including animal studies, have reported negative effects 
on early bone union, thus further studies are needed to confirm this conclusion [8,27,28]. Among osteoporosis 
treatments, the use of osteogenic agents can be considered as it has been reported that they can promote bone 
union and reduce loosening of internal fixation when used in early fusion [7,8,27]. Furthermore, the long-term 
outcome remains to be studied.
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Figure 2. A 76-year-old woman presented with lumbar degenerative kyphosis combined with post-traumatic kyphosis. To 
restore the sagittal alignment, posterior 3-column osteotomy was done with interbody fusion for the lumbar lesions.

6. Conclusion
Surgical treatment of spinal deformity is aimed at improving neurological symptoms and restoring sagittal and 
coronal plane balance. Preoperative, postoperative, short- and long-term problems associated with osteoporosis 
should be recognized and efforts should be made to prevent them. To this end, more research on the scope, 
method, and selection of appropriate fusion, internal fixation, and bone graft materials is needed.

Funding 
This study was partially supported by an investigator-initiated trial funded by Dong-A Pharmaceuticals.

Disclosure statement
The authors declare no conflict of interest.

References
[1]	 Aebi M, 2005, The Adult Scoliosis. Eur Spine J, 2005(14): 925–948. 
[2]	 Glassman SD, Bridwell K, Dimar JR, et al., 2005, The Impact of Positive Sagittal Balance in Adult Spinal Deformity. 

Spine (Phila Pa 1975), 2005(30): 2024–2029. 
[3]	 Schwab F, Lafage V, Farcy JP, et al., 2007, Surgical Rates and Operative Outcome Analysis in Thoracolumbar and 

Lumbar Major Adult Scoliosis: Application of the New Adult Deformity Classification. Spine (Phila Pa 1975), 
2007(32): 2723–2730. 

[4]	 Leslie WD, Lix LM, Johansson H, et al., 2011, Spine-Hip Discordance and Fracture Risk Assessment: A Physician-
Friendly FRAX Enhancement. Osteoporos Int, 22(3): 839–847. http://doi.org/10.1007/s00198-010-1461-5

[5]	 Ohyama S, Hoshino M, Terai H, et al., 2019, Sarcopenia is Related to Spinal Sagittal Imbalance in Patients with 
Spinopelvic Mismatch. Eur Spine J, 28(9): 1929–1936. http://doi.org/10.1007/s00586-019-06066-2 

[6]	 Park S, Kim HJ, Ko BG, et al., 2016, The Prevalence and Impact of Sarcopenia on Degenerative Lumbar Spinal 
Stenosis. Bone Joint J, 98-B(8): 1093–1098. http://doi.org/10.1302/0301-620X.98B8.37623



36 Volume 2; Issue 1

[7]	 Ohtori S, Inoue G, Orita S, et al., 2012, Teriparatide Accelerates Lumbar Posterolateral Fusion in Women with 
Postmenopausal Osteoporosis: Prospective Study. Spine (Phila Pa 1975), 37(23): E1464–1468. http://doi.org/10.1097/ 
BRS.0b013e31826ca2a8

[8]	 Seki S, Hirano N, Kawaguchi Y, et al., 2017, Teriparatide Versus Low-Dose Bisphosphonates Before and After 
Surgery For Adult Spinal Deformity in Female Japanese Patients with Osteoporosis. Eur Spine J, 26(8): 2121–2127. 
http://doi.org/10.1007/s00586-017-4959-0 

[9]	 Hoppe S, Keel MJ, 2017, Pedicle Screw Augmentation in Osteoporotic Spine: Indications, Limitations and Technical 
Aspects. Eur J Trauma Emerg Surg, 43(1): 3–8. http://doi.org/10.1007/s00068-016-0750-x

[10]	 Folsch C, Goost H, Figiel J, et al., 2012, Correlation of Pull-Out Strength of Cement-Augmented Pedicle Screws with 
CT-Volumetric Measurement of Cement. Biomed Tech (Berl), 57(6): 473–480. http://doi.org/10.1515/bmt-2012-0012

[11]	 Flahiff CM, Gober GA, Nicholas RW, 1995, Pullout Strength of Fixation Screws from Polymethylmethacrylate Bone 
Cement. Biomaterials, 16(7): 533–536. 

[12]	 Linhardt O, Luring C, Matussek J, et al., 2006, Stability of Anterior Vertebral Body Screws After Kyphoplasty 
Augmentation. An Experimental Study to Compare Anterior Vertebral Body Screw Fixation in Soft and Cured 
Kyphoplasty Cement. Int Orthop, 30(5): 366–370. 

[13]	 Chen LH, Tai CL, Lee DM, et al., 2011, Pullout Strength of Pedicle Screws with Cement Augmentation in Severe 
Osteoporosis: A Comparative Study Between Cannulated Screws with Cement Injection and Solid Screws with 
Cement Pre-Filling. BMC Musculoskelet Disord, 2011(12): 33. http://doi.org/10.1186/1471-2474-12-33

[14]	 Choma TJ, Pfeiffer FM, Swope RW, et al., 2012, Pedicle Screw Design and Cement Augmentation in Osteoporotic 
Vertebrae: Effects of Fenestrations and Cement ViscosIty on Fixation and Extraction. Spine (Phila Pa 1975), 37(26): 
E1628–1632. http://doi.org/10.1097/ BRS.0b013e3182740e56

[15]	 Ghobrial GM, Eichberg DG, Kolcun JPG, et al., 2017, Prophylactic Vertebral Cement Augmentation at the 
Uppermost Instrumented Vertebra and Rostral Adjacent Vertebra for the Prevention of Proximal Junctional Kyphosis 
and Failure Following Long-Segment Fusion for Adult Spinal Deformity. Spine J, 17(10): 1499–1505. http://doi.
org/10.1016/j.spinee.2017.05.015 

[16]	 Liu N, Wood KB, 2017, Multiple-Hook Fixation in Revision Spinal Deformity Surgery for Patients with a Previous 
Multilevel Fusion Mass: Technical Note and Preliminary Outcomes. J Neurosurg Spine, 26(3): 368–373. http://doi.
org/10.3171/2016.8.SPINE16432

[17]	 Viswanathan VK, Minnema AJ, Viljoen S, et al., 2019, Sublaminar Banding as an Adjunct to Pedicle Screw-Rod 
Constructs: A Review and Technical Note on Novel Hybrid Constructs in Spinal Deformity Surgery. J Neurosurg 
Spine, 30(6): 1–7. http://doi.org/10.3171/2018.11.SPINE181154

[18]	 Daniels AH, Reid DBC, Durand WM, et al., 2019, Upper-Thoracic Versus Lower-Thoracic Upper Instrumented 
Vertebra in Adult Spinal Deformity Patients Undergoing Fusion to the Pelvis: Surgical Decision-Making and Patient 
Outcomes. J Neurosurg Spine, 32(4): 1–7. http://doi.org/10.3171/2019.9.SPINE19557 

[19]	 Theologis AA, Mundis GM, Jr., Nguyen S, et al., 2017, Utility of Multilevel Lateral Interbody Fusion of 
the Thoracolumbar Coronal Curve Apex in Adult Deformity Surgery in Combination with Open Posterior 
Instrumentation and L5-S1 Interbody Fusion: A Case-Matched Evaluation of 32 Patients. J Neurosurg Spine, 26(2): 
208–219. http://doi.org/10.3171/2016.8.SPINE151543 

[20]	 How NE, Street JT, Dvorak MF, et al., 2019, Pseudarthrosis in Adult and Pediatric Spinal Deformity Surgery: A 
Systematic Review of the Literature and Meta-Analysis of Incidence, Characteristics, and Risk Factors. Neurosurg 
Rev, 42(2): 319–336. http://doi.org/10.1007/s10143-018-0951-3 

[21]	 Karikari IO, Metz LN, 2018, Preventing Pseudoarthrosis and Proximal Junctional Kyphosis: How to Deal with the 
Osteoporotic Spine. Neurosurg Clin N Am, 29(3): 365–374. http://doi.org/10.1016/j.nec.2018.03.005 



37 Volume 2; Issue 1

[22]	 Park HY, Ha KY, Kim YH, et al., 2018, Minimally Invasive Lateral Lumbar Interbody Fusion for Adult Spinal 
Deformity: Clinical and Radiological Efficacy with Minimum Two Years Follow-Up. Spine (Phila Pa 1975), 43(14): 
E813–E821. http://doi.org/10.1097/BRS.0000000000002507

[23]	 Daniels AH, DePasse JM, Durand W, et al., 2018, Rod Facture After Apparently Solid Radiographic Fusion in Adult 
Spinal Deformity Patients. World Neurosurg, 2018(117): e530–e537. http://doi.org/10.1016/j.wneu.2018.06.071

[24]	 Hyun SJ, Lenke LG, Kim YC, et al., 2014, Comparison of Standard 2-Rod Constructs to Multiple-Rod Constructs 
for Fixation Across 3-Column Spinal Osteotomies. Spine (Phila pa 1975), 39(22): 1899–1904. http://doi.org/10.1097/
BRS.0000000000000556

[25]	 Poorman GW, Jalai CM, Boniello A, et al., 2017, Bone Morphogenetic Protein in Adult Spinal Deformity Surgery: A 
Meta-Analysis. Eur Spine J, 26(8): 2094–2102. http://doi.org/10.1007/s00586-016-4841-5 

[26]	 Kim YH, Reoyan GN, Ha KY, et al., 2016, Pseudarthrosis Repair Using Autologous Cultured Osteoblasts in Complex 
Type- 1 Neurofibromatosis Spinal Deformity: A Case Report and Review of the Literature. Spine (Phila Pa 1975), 
41(22): E1372–E1378. 

[27]	 Min HK, Ahn JH, Ha KY, et al., 2019, Effects of Anti-Osteoporosis Medications on Radiological and Clinical Results 
After Acute Osteoporotic Spinal Fractures: A Retrospective Analysis of Prospectively Designed Study. Osteoporos 
Int, 30(11): 2249–2256. http://doi.org/10.1007/s00198-019-05125-0 

[28]	 Nakao S, Minamide A, Kawakami M, et al., 2011, The Influence of Alendronate on Spine Fusion in an Osteoporotic 
Animal Model. Spine (Phila Pa 1975), 36(18): 1446–1452. http://doi.org/10.1097/BRS.0b013e3181f49c47

Publisher’s note

Bio-Byword Scientific Publishing remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


