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Introduction: Osteoporotic vertebral fractures and spinal degeneration are 
common consequences of aging, and co-occurrence of these two pathologies 
can impair spinal balance leading to development of further deformities. 
The most common treatment measure for osteoporotic vertebral fractures is 
percutaneous balloon kyphoplasty which can potentially improve spinal balance 
along the sagittal and coronal planes. However, there is limited evidence in 
support of this issue to date.

Materials and Methods: This study included 49 patients (27 males, 22 
females) who were diagnosed with osteoporotic vertebral fracture. The patients 
were evaluated preoperatively and one year postoperatively using three-
dimensional thoracolumbar computed tomography scans. The lumbar lordosis 
and sacral slope angle were used to assess the sagittal plane, while coronal 
plane assessment was carried out using Cobb’s angle. The angle values before 
and after treatment were compared statistically.

Results: The mean age of the study participants was 72.16 years (range: 61–
94 years), and 28.6% and 71.4% of the patients exhibited thoracic and lumbar 
vertebral fractures, respectively. Moreover, 19 patients exhibited spontaneous 
or minor traumatic vertebral fractures, and 16 patients diagnosed with 
degenerative scoliosis exhibited a significant improvement in Cobb’s angle after 
treatment. The comparison of pre-and postoperative mean sacral slope and 
lumbar lordosis angles showed an increase in both values and these differences, 
although not statistically significant, in agreement with previous literature. 

Conclusion: Percutaneous balloon kyphoplasty has become an increasingly 
popular treatment measure for osteoporotic vertebral fracture due to its ability 
to effectively correct spinal imbalance in patients.
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INTRODUCTION
Spinal degeneration, an inevitable consequence 
of aging, typically affects the intervertebral discs, 
facets, vertebral endplates, and ligaments and 
can eventually lead to spinal deformity (1). Severe 
vertebral degeneration is often associated with 
impaired spinal balance, resulting in deformities such 
as degenerative scoliosis, spondylolisthesis, and/or 
kyphosis. Previous studies have shown that spinal 
degeneration and its accompanying deformities are 
relatively common in elderly individuals, affecting 
their quality of life considerably (2). 

Osteoporosis, another inevitable consequence 
of aging, is also relatively common and can be 
attributed to chronic vitamin D deficiency, hormonal 
withdrawal syndromes, malnutrition, immobility, 
and steroid use, particularly in socio-culturally 
underdeveloped societies. It is characterized by 
decreases in the anatomical strength of the bone 
structure and bone matrix density, leaving the 
lower thoracic and lumbar vertebrae particularly 
susceptible, as they bear the majority of the body 
weight. An initial microtrauma to the bones can, 
over time, lead to vertebral deformities and severe 
collapse fractures that affect the patient’s spinal 
balance, resulting in symptoms of varying severity 
(3).

Minimally invasive methods have become 
increasingly popular in spinal surgery, such as 
percutaneous balloon kyphoplasty (PBK), used for 
the treatment of pathologies affecting multiple 
vertebrae (e.g., osteoporosis), has been shown to 
be associated with significantly lower morbidity and 
mortality rates than other treatment methods (4). 
PBK typically involves percutaneous insertion of a 
Jamshidi biopsy needle into the collapsed vertebral 
corpus, followed by inflation of a balloon that 
facilitates reshaping of the deformed vertebrae. 
The balloon is then removed and materials such 
as poly methyl acrylate (PMMA) that harden in the 
corpus and restore the strength of the vertebrae 
are placed in the cavity created to allow three-

dimensional remodeling (5). Previous studies have 
shown that elderly patients with severe preexisting 
spinal degeneration exhibit a marked improvement 
following PBK treatment for osteoporotic vertebral 
fractures (OPVFs), and it has been suggested that 
this can likely be attributed to partial recovery of 
spinal balance. A limited number of studies to date 
have evaluated improvements in spinal balance 
along the coronal and sagittal planes following 
PBK treatment for OPVF (6). A limited number of 
studies to date have evaluated improvements in 
spinal balance along the coronal and sagittal planes 
following PBK treatment of OPVF, potentially due 
to the rarity of co-occurrence of deformities along 
both of these planes (7,8). Therefore, the current 
study aimed to evaluate the effects of PBK treatment 
for OPVF on coronal and sagittal balance in elderly 
patients.

MATERIALS AND METHODS
Patient population 

This retrospective study examined 112 patients 
who underwent PBK treatment between 2016 and 
2022 at a neurosurgery clinic of a university hospital. 
Of these, 49 patients (27 males, 22 females) who 
were over 60 years of age, diagnosed with OPVF, 
and had completed the first year of postoperative 
follow-up were included in the final study sample. 
Local ethics committee approval was obtained 
(13-06, 30/11/2022). Patients with a previous 
history of spinal surgery, spinal tumors, congenital 
malformations, or exposure to major trauma 
were not included. The study was carried out in 
accordance with the Declaration of Helsinki, and 
data on the patient’s age, gender, fracture level, 
presence of trauma, and quantity of PMMA injected 
during treatment were recorded. The Cobb’s angle, 
sacral slope (SS) angle, and lumbar lordosis (LL) 
angles were measured pre- and postoperatively, 
and the changes in these measures after treatment 
and the amount of PMMA used were also assessed. 
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Radiological analyses 

The patients included in the study sample were 
placed in a neutral supine position and thoracolumbar 
computed tomography (CT) scanning was carried 
out using the Aquilion Lightning™ system, a 16-
row 32-section helical CT manufactured by Canon 
Medical. The resultant images were transferred to 
a computer using the DICOM PACS program, and 
the LL, SS, and Cobb’s angles were measured using 
the Clear Canvas program. During thoracolumbar 
CT scanning, CT was checked that it was obtained 
from the T1 vertebral upper-end plate to the 
femoral head of pelvis. The SS angle was defined 
as the angle formed by a line parallel to the S1 
endplate and a reference horizontal line, while the 
LL angle was defined as the angle between the 
horizontal midpoints of L1 and L5 (Figure 1). In 16 
patients with lumbar degenerative scoliosis, the 
Cobb’s angle was defined as the angle between two 

planes drawn along the upper and lower ends of 
the affected region (Figure 2).

Statistical analysis

All statistical analyses were performed using 
SPSS, version 23.0. Descriptive analyses included 
calculation of the mean, standard deviation, and 
minimum and maximum values for numerical 
variables and frequencies and percentages for 
categorical variables. Following confirmation of a 
normal distribution, an independent t test was used 
to examine the association between the pre- and 
postoperative (after one year of follow-up) Cobb’s, 
SS, and LL angles. The Mann-Whitney U test was 
used to examine the association between the 
amount of PMMA used and postoperative changes 
in the Cobb’s angle as the data were not normally 
distributed. The level of statistical significance was 
set at p-value of <0.05.

Figure 1.  LL angle (between lines a and b) on a sagittal CT image. (A) Preoperative 
SS angle (between lines c and d), and (B) no significant change in LL angle 
(between lines e and f) seen postoperatively.
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RESULTS
The mean age of the study participants was 72.16 
years (range: 61–94 years), and 28.6% and 71.4% 
of the patients were diagnosed with thoracic 
and lumbar vertebral fractures, respectively. 
Additionally, 19 patients exhibited spontaneous 
or minor traumatic vertebral fractures. Table 
1 includes a heatmap showing the correlation 
between the pre- and postoperative SS, LL, and 
Cobb’s angles.

The mean postoperative Cobb angle was 
significantly lower than the mean preoperative 
Cobb angle in 16 patients diagnosed with 
degenerative scoliosis (p = 0.050, Graph 1). 
Moreover, comparison of pre-and postoperative 
mean SS and LL angles showed an increase in 
both values and these differences, although not 

statistically significant, were in agreement with 
previous literature (Graph 2). 

Examination of the relationship between the 
amount of PMMA used and the change in Cobb’s 
angle after treatment showed that patients who 
exhibited no change and those who exhibited a 
decrease one year postoperatively received 3.37 
cc and 3.57 cc of PMMA, respectively. A larger 
mean amount of PMMA was used in patients 
exhibiting decreases in their Cobb’s angles one 
year postoperatively, although this difference was 
not statistically significant. 

DISCUSSION
Impaired spinal balance, commonly caused by 
spinal degeneration and OPVF, has a relatively 

Figure 2.  Three-dimensional reformat CT image showing collapse of the L3 vertebral corpus. (A) Preoperative Cobb 
angle (between lines a and b) of 18˚, and (B) postoperative Cobb angle (between lines c and d) of 14˚. 
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Table 1.  Heatmap showing correlation between pre- and postoperative SS, LL, and Cobb’s angles.

Graph 1.  Bar-plot showing pre- and postoperative Cobb’s angle values.
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high incidence rate among elderly individuals 

and this can be attributed to spinal aging caused 

by a combination of various environmental and 

genetic factors (9,10). The quality of life of patients 

diagnosed with OPVF and prominent three-

dimensional irregular vertebral collapses may be 

affected considerably by the fracture itself as well as 

the development of postural dysfunction secondary 

Graph 2.  Pair-plot graph showing association between variables.
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to spinal imbalance (5,9). Previous studies have 
concluded that partial restoration of spinal balance 
through PBK treatment of OPVF in elderly patients 
can improve their quality of life considerably (7,8,11).

Fechtenbaum et al., observed poorer sagittal 
balance in elderly patients diagnosed with OPVF 
than in age-matched healthy controls with no spinal 
complaints (12), while Ishikawa et al., reported that 
patients with OPVF exhibited higher rates of spinal 
curvature and compromised postural balance (13). 
The majority of evidence on improvements in spinal 
balance in the sagittal and coronal planes following 
PBK treatment for OPVF has been obtained from 
reviews of the current literature, with very few clinical 
studies examining this due to the rarity of both 
deformities occurring simultaneously (8,14,15). Cao 
et al. suggested that patients with OPVFs affecting 
the thoracolumbar junction were more susceptible 
to spinal imbalances, and PBK treatment resulted in 
significant improvements in spino-pelvic alignment 
and overall sagittal balance (7). In the current 
study, Cobb’s angle was used to measure changes 
in coronal balance, and comparison of the pre- 
and postoperative values showed a statistically 
significant improvement after treatment.

While impaired sagittal balance is typically 
compensated for by the thoracic, lumbar, sacral, 
and hip joints, compensation of coronal imbalance 
is more difficult in the elderly population and usually 
relies on positional stance (16, 17). Therefore, the 
most common symptom of three-dimensional 
spinal deformity is impaired coronal balance, 
and treatment measures tend to result in marked 
improvements (18). In the current study, OPVF 
patients with degenerative scoliosis exhibited a 
significant improvement in the Cobb’s angle after 
PBK treatment and, as this angle is minimally 
affected by compensatory mechanisms for spinal 
balance, this change can likely be attributed to 
the treatment itself. However, further prospective 
studies using larger sample sizes are necessary to 
confirm this. 

OPVF most commonly affects the lumbar 
vertebrae as this region bears the main load of 
the trunk, is frequently traumatized, and is more 
mobile than the other vertebral levels (4). In the 
current study, lumbar vertebral fractures were 
observed in 71% of patients. At the same time, the 
LL angle was higher than that of thoracic kyphosis 
in healthy individuals. Pathologies affecting the 
lumbar vertebrae often lead to severe spinal 
imbalance along the sagittal plane (19). The 
current study assessed sagittal balance using the 
SS and LL angles, and comparison of the pre- and 
postoperative values showed a larger change in 
the latter compared to the former, although this 
difference was not statistically significant (as shown 
in the heatmap in Figure 1).

OPVF can occur spontaneously or after a minor 
trauma. In their large cohort study including 4349 
patients with osteoporosis, Melton et al. found 
that the majority of new bone fractures observed in 
896 patients during the follow-up period occurred 
spontaneously or could be attributed to minor 
trauma. Moreover, vertebral fractures without any 
clinical symptoms were more common in these 
patients than in the normal population (20). Similarly, 
in the current study, 19 patients were diagnosed 
with OPVFs that developed either spontaneously or 
after minor trauma.

Important considerations of PBK treatment 
include differences in outcomes between bilateral/
unilateral injections and by the amount of PMMA 
injected, with previous studies suggesting that 
injection of PMMA at an optimal angle from the 
side with an intact pedicle can reduce the risk of 
complications (21,22). Therefore, unilateral PMMA 
injections were performed in the current study. 
With regards to the amount of PMMA required, 
the general consensus leans toward quantities 
that can safely fill the cavity (22). The current study 
observed no association between the amount of 
PMMA injected and the extent of improvement in 
coronal balance, as patients exhibiting a significant 
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improvement in the Cobb’s angle have received only 
a very slight excess of PMMA. In the future, larger 
studies should aim to examine these outcomes 
on the vertebral side where coronal balance is 
deviated.

The advancement of science and informatics have 
made the severity of disease, treatment outcomes, 
and risk of complications more predictable. Rath et 
al., proposed the multiple linear regression model 
that examined the coexistence of metabolic and 
infectious diseases taking various demographic 
and medical parameters into consideration, and 
suggested that it could be used to predict the 
patient’s clinical progression (23). Similar studies 
could be used for OPVF treatment, and the rate of 
deformity improvement after PBK can be predicted 
at a higher rate. 

The current study included patients who 
underwent a standard PBK surgical procedure under 
fluoroscopy. PMMA was injected from the most 
suitable side of the pedicle and to the most reliable 
localization of the vertebra. Although the extent of 
correction of the spinal imbalance can potentially 
be improved through administration of the injection 
on the side/location with the greatest collapse 
using advanced technologies such as intraoperative 
CT and/or robotic surgical equipment, these 
methods are limited by their ethical considerations 
(increased X-ray exposure, infection rate, surgery 
time and anaesthesia medication) and poor cost-
effectiveness (24,25). 

CONCLUSIONS
Elderly patients diagnosed with OPVFs exhibit a 
significant improvement in symptoms after PBK 
treatment, potentially due to its ability to effectively 
correct sagittal and coronal imbalances.

Conflict of Interest
The authors declare that there is no conflict of 

interest between them

REFERENCES
1. Zileli M, Dursun E. How to Improve Outcomes 

of Spine Surgery in Geriatric Patients. World 
Neurosurg 2020; 140: 519-526. (DOI: 10.1016/j.
wneu.2020.04.060).

2. Hirai T, Uehara M, Miyagi M, et al. Current Advances 
in Spinal Diseases of the Elderly: Introduction to the 
Special Issue. J Clin Med 2021; 10(15): 3298. (DOI: 
10.3390/jcm10153298). 

3. Khandelwal S, Lane NE. Osteoporosis: Review of 
Etiology, Mechanisms, and Approach to Manage-
ment in the Aging Population. Endocrinol Metab 
Clin North Am 2023; 52(2): 259-275. (DOI: 10.1016/j.
ecl.2022.10.009).

4. Akyuva Y, Baysoy B, Savrunlu EC, et al. Kyphoplas-
ty in the Early Oncologic Diagnosis and Treatment 
of Vertebral Fractures: A Clinical Study. Turk Neuro-
surg 2020; 30(4): 588-594. (DOI: 10.5137/1019-5149.
JTN.29550-20.2).

5. Liang D, Ye LQ, Jiang XB, et al. Biomechanical 
effects of cement distribution in the fractured 
area on osteoporotic vertebral compression frac-
tures: a three-dimensional finite element analysis. 
J Surg Res 2015; 195(1): 246-56. (DOI: 10.1016/j.
jss.2014.12.053).

6. Rao RD, Singrakhia MD. Painful osteoporotic verte-
bral fracture. Pathogenesis, evaluation, and roles of 
vertebroplasty and kyphoplasty in its management. 
J Bone Joint Surg Am 2003; 85(10): 2010-2022.

7. Cao Z, Wang G, Hui W, et al. Percutaneous kyphop-
lasty for osteoporotic vertebral compression frac-
tures improves spino-pelvic alignment and global 
sagittal balance maximally in the thoracolumbar re-
gion. PLoS One 2020; 15(1): e0228341. (DOI: 10.1371/
journal.pone.0228341).

8. Yuan HA, Brown CW, Phillips FM. Osteoporotic spi-
nal deformity: a biomechanical rationale for the clin-
ical consequences and treatment of vertebral body 
compression fractures. J Spinal Disord Tech 2004; 
17(3): 236-242. (DOI: 10.1097/00024720-200406000-
00012).

9. Delank KS, Röllinghoff M, Eysel-Gosepath K, et al. 
Degeneration und Osteoporose der Wirbelsäule. 
Andert sich die Vorgehensweise? [Degeneration 
and osteoporosis of the spine. Is there a modified 
procedure?]. Orthopade 2010; 39(4): 425-431. (DOI: 
10.1007/s00132-009-1573-9).



2023; 26(2):184−192

192

10. Kanter AS, Asthagiri AR, Shaffrey CI. Aging spine: 
challenges and emerging techniques. Clin Neuro-
surg 2007; 54: 10-18. 

11. 11-Phillips FM. Minimally invasive treatments of 
osteoporotic vertebral compression fractures. 
Spine 2003; 28(15 Suppl): 45-53. (DOI: 10.1097/01.
BRS.0000076898.37566.32).

12. 12-Fechtenbaum J, Etcheto A, Kolta S, et al. Sagittal 
balance of the spine in patients with osteoporotic 
vertebral fractures. Osteoporos Int 2016; 27(2): 559-
567. (DOI: 10.1007/s00198-015-3283-y).

13. 13-Ishikawa Y, Miyakoshi N, Kasukawa Y, et al. Spinal 
curvature and postural balance in patients with os-
teoporosis. Osteoporos Int 2009; 20(12): 2049-2053. 
(DOI: 10.1007/s00198-009-0919-9).

14. 14-Najjar E, Mardashti A, Komaitis S, et al. Does 
kyphoplasty affect the global sagittal alignment in 
patients with osteoporotic vertebral fractures? A sys-
tematic review and meta-analysis. Eur Spine J 2023; 
32(1): 38-45. (DOI: 10.1007/s00586-022-07479-2).

15. 15-Pateder DB, Khanna AJ, Lieberman IH. Vertebro-
plasty and kyphoplasty for the management of os-
teoporotic vertebral compression fractures. Orthop 
Clin North Am 2007; 38(3): 409-418. (DOI: 10.1016/j.
ocl.2007.03.010).

16. 16-Bao H, Yan P, Qiu Y, et al. Coronal imbalance in 
degenerative lumbar scoliosis: Prevalence and in-
fluence on surgical decision-making for spinal oste-
otomy. Bone Joint J 2016; 98-B(9): 1227-1233. (DOI: 
10.1302/0301-620X.98B9.37273).

17. 17-Bae J, Theologis AA, Jang JS, et al. Impact of Fa-
tigue on Maintenance of Upright Posture: Dynamic 
Assessment of Sagittal Spinal Deformity Parameters 
After Walking 10 Minutes. Spine 2017; 42(10): 733-
739. (DOI: 10.1097/BRS.0000000000001898).

18. 18-Birknes JK, White AP, Albert TJ, Shaffrey CI, Har-
rop JS. Adult degenerative scoliosis: a review. Neuro-
surgery 2008; 63(3 Suppl): 94-103. (DOI: 10.1227/01.
NEU.0000325485.49323.B2).

19. 19-Sugrue PA, McClendon J Jr, Smith TR, et al. Re-
defining global spinal balance: normative values of 
cranial center of mass from a prospective cohort of 
asymptomatic individuals. Spine 2013; 38(6): 484-
489. (DOI: 10.1097/BRS.0b013e318273a1c0).

20. 20- Melton LJ, Atkinson EJ, Cooper C, O’Fallon WM, 
Riggs BL. Vertebral fractures predict subsequent 
fractures. Osteoporos Int 1999; 10(3): 214-221. (DOI: 
10.1007/s001980050218). 

21. 21-Yilmaz A, Çakir M, Yücetaş CŞ, et al. Percuta-
neous Kyphoplasty: Is Bilateral Approach Neces-
sary? Spine 2018; 43(14): 977-983. (DOI: 10.1097/
BRS.0000000000002531).

22. 22-Weisskopf M, Ohnsorge JA, Niethard FU. Intra-
vertebral pressure during vertebroplasty and bal-
loon kyphoplasty: an in vitro study. Spine 2008; 33(2): 
178-182. (DOI: 10.1097/BRS.0b013e3181606139).

23. 23-Rath S, Tripathy A, Tripathy AR. Prediction of 
new active cases of coronavirus disease (COVID-19) 
pandemic using multiple linear regression model. 
Diabetes Metab Syndr 2020; 14(5): 1467-1474. (DOI: 
10.1016/j.dsx.2020.07.045).

24. 24-Yuan W, Cao W, Meng X, et al. Learning Curve 
of Robot-Assisted Percutaneous Kyphoplasty for Os-
teoporotic Vertebral Compression Fractures. World 
Neurosurg 2020; 138: 323-329. (DOI: 10.1016/j.
wneu.2020.02.110).

25. 25-Villavicencio AT, Burneikiene S, Bulsara KR, Thra-
mann JJ. Intraoperative three-dimensional fluoros-
copy-based computerized tomography guidance 
for percutaneous kyphoplasty. Neurosurg Focus 
2005; 18(3): 3. (DOI: 10.3171/foc.2005.18.3.4).




