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Abstract

Objective: The objective of this study was to explore the impact of sarcopenia and sagittal parameters on the
residual back pain (RBP) after percutaneous vertebroplasty (PVP) for treatment of osteoporotic vertebral compression
fracture (OVCF).

Methods: This retrospective study included elderly patients (age range 60-90 years) with OVCF treated with PVP
from January 2015 and December 2020 in our hospital. The skeletal muscle mass index (SMI) was calculated by divid-
ing the T12 pedicle level muscle cross-sectional area by the square of body height from chest CT to diagnose sarcope-
nia. The radiological parameters for measuring the sagittal alignment were included: C7-sagittal vertical axis (SVA), T1
pelvic angle (TPA), lumbar lordosis (LL), thoracic kyphosis (TK), pelvic tilt (PT), sacral slope (SS), pelvic incidence (PI).

Result: According to whether the VAS score >4, patients were divided into RBP group (56 patients) and Control
group (100 patients). There was no difference in age, gender, body mass index, BMD, surgical segment, bone cement
usage between the groups (P>0.05). The SMIin RBP group (27.3 £ 5.1) was significantly lower compared to that in
Control group (36.8£3.2) (P<0.05). Sarcopenia was present in 19 patients (20.3%) in RBP group, which was signifi-
cantly more than that in Control group (P <0.05). C7-SVA and TPA was significantly larger in the RBP group than in the
Control group (P<0.05). Pl and LL was significantly smaller in the RBP group compared to the Control group (P <0.05).
However, no significant differences between the two groups with respect to TK, SS and PT (P> 0.05).

Conclusion: Poor sagittal parameters and sarcopenia in OVCF patients after PVP were more prone to residual back
pain. Larger C7-SVA, TPA and PI-LL mismatch could increase the incidence of RBP in elderly patients with single-seg-
ment osteoporotic compression fractures.

Keywords: Sarcopenia, Spinal sagittal parameters, Residual back pain, Osteoporotic vertebral fracture, Percutaneous
vertebroplasty, Skeletal muscle mass index
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vertebral height, increases spinal deformity, and leads
to spinal sagittal imbalance [4—6]. Percutaneous verte-
broplasty (PVP) has the advantages of pain relief and is
widely used [7-9]. Owing to disc and ligament degenera-
tion, elderly patients with osteoporosis often have altered
spinal mechanical distribution and reduced paravertebral
muscle strength. Patients with OVCF exhibit significant
anterior sagittal imbalance compared with healthy adults.
In patients with OVCE, PVP is an effective minimally
invasive procedure that not only relieves fracture-related
pain, but also improves the sagittal balance of the spine
by improving local kyphosis.

However, several scholars were still sceptical about the
analgesic effect of PVP [10, 11]. Some patients have vary-
ing degrees of pain in the postoperative period of PVP,
and the postoperative pain of patients is the result of the
combined effect of many factors. Previous studies sug-
gested the pains were related to the patient’s bone den-
sity, cement leakage, compression of the spinal cord and/
or nerve roots by cement leakage, the volume of cement
injection, postoperative vertebral infection, new frac-
tures, loosening of the bone-cement interface or bone
discontinuity, and regular postoperative anti-osteoporo-
sis therapy. In addition, lumbar dorsal fascia injury has
also been suggested as a possible factor [12—-15]. The
objective of this study was to explore the impact of sar-
copenia and sagittal parameters on residual back pain
(RBP) after PVP, providing theoretical basis for clinical
prevention of residual low back pain after PVP.

Method

This retrospective study analyzed 638 patients with
OVCEF who underwent PVP in the authors’ institution
between January 2015 and December 2020. Inclusion
criteria: (i) patients diagnosed with OVCEF; (ii) treated
with PVP; (iii) follow-up period of more than 12 months.
Exclusion criteria: (i) a history of previous spine surgery,
(ii) intraoperative leakage of bone cement into the spinal
canal and compression of the spinal cord and/or nerve
roots, (iii) new postoperative vertebral fracture or post-
operative infection, (iv) combined with malignant tumors
of the spine, (v) combined with severe cardiac and pul-
monary dysfunction, unable to tolerate surgery. This
study protocol was approved by the Institutional Review
Board of the Third Hospital of Hebei Medical University.
All patients signed written informed consent. The clinical
procedures were carried out according to the principles
in the Declaration of Helsinki.

Data collection and image analysis

Clinical and radiographic data were examined. Demo-
graphic data of the patients were collected, including
age, gender, skeletal muscle mass index (SMI), body mass
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index (BMI), bone mineral density (BMD), and surgical
level. For patients with residual low back pain, thoracic
and lumbar MR examinations were performed at the
1-year postoperative outpatient follow-up to rule out a
new fracture. The Visual Analogue Scale (VAS) was used
to evaluate the RBP, with a score of 0 indicating no pain
and 10 indicating the most painful pain, and patients
were asked to select one of 11 numbers to represent their
pain level. The scale is 0—10. In this study, the patients
were divided into RBP group (VAS score >4) and control
group (VAS score<4).

The SMI was calculated from chest CT to diagnose
sarcopenia. SMI was defined as the sum of the measured
muscle area (at the thoracic 12 vertebral body) divided by
the square of the patient’s height (cm?/m?). Muscle area
was calculated by measuring muscle area including erec-
tor spinae, latissimus dorsi, internal abdominal oblique,
external abdominal oblique, rectus abdominis, exter-
nal intercostal muscles and intercostal muscles on CT
images. The images were analyzed using PACS 3.6 soft-
ware. The diagnostic cut-off values for SMI at the tho-
racic 12 level were proposed by Nemec et al. [16]. Values
below 42.6 cm?/m? (male) and 30.6 cm?/m? (female) were
diagnosed as sarcopenia (Fig. 1).

To analyze the sagittal parameters, the radiographic
assessment was performed using full-length radiographs
(the radiograms were standardized by full extension of
hips and knees). All parameters were measured by two
surgeons without patients’ information, and the aver-
age value was adopted. The radiological parameters for
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Fig. 1 CTimages used for the assessment of T12 SMI in OVCF
patients. SMI was defined as the sum of the measured muscle area
(at the level of the thoracic 12 vertebral body) divided by the square
of the patient’s height (cm?/m?). Muscle area was calculated by
measuring muscle area including erector spinae, latissimus dorsi,
internal abdominal oblique, external abdominal oblique, rectus
abdominis, external intercostal muscles and intercostal muscles on
CTimages
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Fig. 2 PI: Use the midpoint of the upper endplate of S1 as the
vertical line, and the angle between the vertical line and the
midpoint of the upper endplate of ST and the center of the femoral
head. If the bilateral femoral heads do not overlap, take two femoral
heads The midpoint of the center line is used as the center point.
SS:The angle between the upper end plate of S1 and the horizontal
line. PT: The angle between the midpoint of the upper endplate of
S1 and the center of the femoral head and the vertical line. TPA: The
angle formed by the line between the center of the bilateral femoral
head and the center of the T1 vertebral body and the line between
the center of the femoral head and the midpoint of the S1 superior
endplate. C7-SVA: The distance between the C7 plumb line and the
upper posterior angle of the sacrum. TK: The angle between the
extension line of the upper endplate of T5 and the lower endplate of
T12. LL: The angle between the extension line of the upper endplate
of L1 and the lower endplate of L5

measuring the sagittal alignment included C7-sagittal
vertical axis (SVA), T1 pelvic angle (TPA), lumbar lor-
dosis (LL), thoracic kyphosis (TK), pelvic tilt (PT), sacral
slope (SS), pelvic incidence (PI) (Fig. 2).

Statistical analysis

Statistical analyses were performed with SPSS version
22.0 software. All data were presented as mean =+ stand-
ard deviation. A P value of<0.05 was considered a sta-
tistically significant difference. Parametric statistical
analysis was conducted by using the independent ¢ test
or chi-squared test to identify significant differences
between two groups.

Results

In the present study, a total of 56 patients out of 638
patients with OVCF had poor postoperative back pain
relief. These patients were classified as the RBP group
(VAS score>4). Due to the significant difference in the
number of cases, 100 patients with significant relief of
postoperative back pain were selected using the random
number table method to represent the Control group
(VAS score <4). The preoperative VAS score in the Con-
trol group (7.3£0.4) was slightly higher than that in
the RBP group (7.1£0.5). However, the VAS score at
12 months postoperatively (2.6+1.2) was significantly
lower than that in the RBP group (4.3+1.5) (P<0.05).

No significant difference was found in age (P=0.816),
gender (P=0.602), BMI (P=0.505), BMD (P=0.125),
surgical segment (P=0.461), bone cement usage
(P=0.383) between the groups. None of them pre-
sented a new fracture or required additional surgery for
a new fracture. The SMI in the RBP group (27.3+5.1)
was significantly lower compared with that in the
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Table 1 Comparison of demographic characteristics between
the RBP group and control group

RBP group  Controlgroup  Pvalue
Age (years) 702+63 69.54+59 0816
Gender (M/F) 21/35 33/67 0.602
BMI (kg/mz) 258+15 263+18 0.505
BMD (T-score) 31+£10 29411 0.125
Surgical level 0461
T5-9 9 23
T10-L2 31 46
L3-5 16 31
Bone cement usage (ml) 51405 50+06 0.383
SMI 273+£5.1 36.8+32 0.000
Sarcopenia 0.000
Yes 19 21
No 37 79

Table 2 Comparison of sagittal parameters of patients after PVP
between the RBP group and control group at the last follow-up

RBP group Control group Pvalue
C7-SVA (cm) 106+38.1 45+38 0.000
TPA (°) 208£5.6 11.5+£6.3 0.000
TK () 321+£125 3554108 0.105
TLK () 109451 125+36 0479
LL(®) 268+95 392473 0.000
PI() 495+156 526+£11.8 0.038
PT () 228£95 212493 0469
SS () 27.1+86 309465 0.332
PI-LL (°) 233£93 13.5+88 0.000

Control group (36.8+3.2) (P<0.05). Sarcopenia was
present in 19 patients (33.9%) in the RBP group, which
was significantly more than 21 patients (21.0%) in the
other group (P <0.05) (Table 1).

Regarding the global sagittal parameters, C7-SVA was
significantly greater in the RBP group (10.6+8.1 cm)
in comparison with the Control group (4.5+3.8 cm)
(P=0.000), and TPA was significantly higher in the
RBP group (20.8°+ 5.6°) compared to the Control group
(11.5°+£6.3°) (P=0.000). For local sagittal parameters,
PI and LL (49.5°£15.6°, 26.8°+9.5°) were significantly
smaller in the RBP group than in the Control group
(52.6°£11.8°,39.2°£7.3°), and PI-LL was significantly
higher in the RBP group (23.3°+9.3°) than in the Con-
trol group (13.5°+8.8°) (P=0.000). However, no sig-
nificant difference was found between the two groups
with respect to TK, SS and PT. (P> 0.05) (Table 2).
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Discussion

The clinical outcomes of PVP are affected by multiple
factors. Among the patients included in this study, no sig-
nificant difference was found in age, gender, BMI, BMD,
surgical segment, and bone cement dosage between the
RBP group and the Control group. The result demon-
strated that sarcopenia and sagittal balance have a more
significant impact on residual pain after PVP.

The human body maintains a relatively stable posture
with minimal energy consumption, to reduce the impact
of the spine and spinal cord when standing or exercis-
ing. Sagittal balance of the trunk is mainly determined by
the alignment of the spine and pelvis, which is essential
to maintain normal spinal biomechanics. If the balance
of the spine is disrupted, the human body needs to exert
more strength to stay upright, leading to fatigue and pain
[17-19]. C7-SVA is an important parameter reflecting the
global spinal sagittal balance. Previous studies suggested
that the C7-SVA in OVCF patients is greater than that in
healthy people. The compression of the fractured verte-
bral body and the aggravation of the kyphosis deform-
ity lead to the forward movement of the body’s center of
gravity and the increase of C7-SVA [20-22]. TPA reflects
the global and local spine-pelvic sagittal balance and is
closely related to the patient’s quality of life. Schwab and
Protopsaltis et al. [23, 24] analyzed the influence of radio-
graphic parameters on the clinical symptoms in adult
degenerative scoliosis. Compared with C7-SVA, TPA has
a higher correlation with clinical symptoms. The current
study found the TPA and C7-SVA in the RBP group was
greater than the Control group. Compared with the Con-
trol group, the RBP group showed more imbalance in the
sagittal plane.

The change of pelvic position is considered an essen-
tial role in the compensation of spinal imbalance. The
occurrence of OVCF leads to LL decrease and C7-SVA
increase, resulting in trunk tilts forward. Simultane-
ously, spinal balance is maintained by the compensatory
posterior pelvic rotation followed by the corresponding
changes in hip and knee joints. Once spinal kyphosis and
hip degeneration in elderly patients exceed the capacity
of the compensation mechanism, the sagittal imbalance
will occur [25-27]. The loss of LL is one of the initiating
factors of the compensation mechanism in patients with
sagittal imbalance. PI reflects the compensatory ability in
maintaining overall spinal balance and reducing the for-
ward tilt of the trunk. To obtain the balance between the
spine and the pelvis, humans will use various compen-
satory mechanisms to pull the trunk backward, such as
reducing thoracic kyphosis (decreasing TK), pelvic tilt-
ing (increasing PT), etc., thereby pulling back the center
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of gravity [28-30]. The smaller the LL, the larger the
PI-LL, and the greater the degree of mismatch between
the spine and pelvis. In this study, the PI and LL in the
Control group were significantly greater than those of
the RBP group, and PI-LL was the opposite (all P<0.05).
Patients in the RBP group had smaller PI and LL, larger
PI-LL mismatch, which means the weaker the ability
to compensate for the imbalance in the sagittal plane
(increased SVA and TPA), the greater the degree of spinal
deformity, and more likely it to cause low back pain.

Elderly adults usually suffer from spinal arthritis,
degenerative disc disease, decreased bone density and
sarcopenia. Sarcopenia is a progressive and extensive
skeletal muscle disease involving the decrease of mus-
cle mass and function that is associated with increased
adverse outcomes. The pathophysiology of sarcopenia is
multifactorial, seriously affecting the daily behavior abil-
ity and life quality of the elderly. Briefly summarized as
mechanical factors acting on the mechanical scaffolds
and myotubes composed of bone cells; musculoskeletal
systems interact with each other to influence the release
of chemical factors; crosstalk and fat infiltration factors
in muscle and bone at paracrine and endocrine levels lead
to decreased muscle strength and increased incidence of
fractures; nutritional deficiency accelerates bone loss and
reduces muscle protein synthesis; decreased individual
exercise and decreased neuro-muscular function indi-
rectly affect muscle and bone anabolism [31]. According
to the bowstring principle, in the process of spinal com-
pensation, muscles act as tension bands. The better the
muscle quality, the stronger the compensatory ability of
the spine [32]. Iolascon et al. studies of 67 female patients
with vertebral fractures found that 35 cases had a frac-
ture of one vertebral body, the incidence rate was 52.23%,
and 8 cases (22.85%) had reduced skeletal muscle mass.
The remaining 32 cases had multiple vertebral fractures,
the incidence rate was 47.76%, of which 14 cases (43.75%)
had reduced skeletal muscle mass [33]. DiMonaco et al.
study of 313 elderly women with hip fractures found that
180 patients had reduced skeletal muscle mass, with an
incidence rate of 58% [34]. The above-mentioned lit-
erature suggested that the reduction of skeletal muscle
mass may be related to OVCE. In addition to increasing
the risk of falls or trauma in elderly patients, sarcopenia
combined with osteoporosis often has a more negative
impact on the treatment and recovery of fractures. The
present study found that the SMI in the RBP group was
much lower than that the Control group, indicating that
patients with sarcopenia improved poorly in postopera-
tive back pain symptoms.

Sarcopenia has significant deleterious effects on mus-
cle strength and balance, increases the incidence of
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osteoporotic fracture-related complications. Therefore,
patients with sarcopenia are at higher risk of falls, espe-
cially those with osteopenia, which is a major cause of
fractures and can lead to poor postoperative outcomes.
Chen et al. analyzed patients with hip fracture after sur-
gery experience a significant loss of muscle mass and
may be detrimental to functional recovery among geri-
atric patients undergoing surgery. They emphasized a
potential treatment target of maintaining muscle mass to
improve prognosis in patients with sarcopenia [35]. For
OVCEF patients with sarcopenia, besides the treatment
of the fracture, the sarcopenia also requires intervention
and treatment at the same time. The perioperative period
can be combined with rehabilitation and nutrition, such
as early nutritional intervention, supplementing appro-
priate amounts of protein, essential amino acids, and
fatty acids, etc., and symptomatic treatment such as pain
relief if necessary. During rehabilitation training, the doc-
tor should guide the patient and emphasize to the patient
to avoid falling again during the exercise. The focus of
treatment is to improve the muscle mass, strength, and
general condition. It should be noted that clinicians
usually associate sarcopenia with thinness. However,
obese patients also develop sarcopenia. If only obesity is
treated, it may lead to undesirable consequences.

There were several limitations in the present study.
First, although this study used strict inclusion criteria
and excluded the interference of age, gender, bone den-
sity, bone cement leakage, number of injured vertebrae
and surgical approach, it was only a retrospective study,
and the sample size of poor postoperative low back
pain relief was small. Second, this study did not include
patients after kyphoplasty, which has certain shortcom-
ings. Anti-osteoporosis treatment after PVP in OVCE
patients is important for pain symptom relief. Third, in
this study, only preoperative BMD T values were ana-
lyzed, and the effect of anti-osteoporosis treatment was
not considered. Forth, the effects of vertebral height res-
toration and cemented disc leakage after PVP treatment
were not analyzed. Therefore, a prospective, controlled
study is needed to further investigate the quantitative
effects of these factors on residual pain after surgery.

Conclusion

In summary, poor sagittal balance and sarcopenia in
OVCE patients after PVP were more prone to residual
back pain. Larger C7-SVA, TPA and PI-LL mismatch
could increase the incidence of low back pain in elderly
patients with OVCE. For patients with abnormal sagittal
parameters and sarcopenia, appropriate lengthening of
bedtime, wearing a brace and systematic functional exer-
cise can be recommended.



Bo et al. Journal of Orthopaedic Surgery and Research (2022) 17:111

Abbreviations

OVCF: Osteoporotic vertebral compression fracture; PVP: Percutaneous
vertebroplasty; RBP: Residual back pain; SMI: Skeletal muscle mass index; BMI:
Body mass index; BMD: Bone mineral density; VAS: Visual Analogue Scale; SVA:
C7-sagittal vertical axis; TPA: T1 pelvic angle; LL: Lumbar lordosis; TK: Thoracic
kyphosis; PT: Pelvic tilt; SS: Sacral slope; PlI: Pelvic incidence.

Acknowledgements
Not applicable.

Authors’ contributions

JLand XQ carried out the manuscript preparation and experimental design,
JBNconducted patient visits and statistical analysis of the data. XZ and ZH car-
ried out the statistical analysis of the data. YS revised the manuscript critically
for important intellectual content and gave final approval of the version to be
published. All authors read and approved the final manuscript.

Funding
There was no direct funding source aligned to this study.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

The Ethics Committee of Third Hospital of Hebei Medical University approved
this study. Patient consent for review of medical records was not required, as
all data was de-identified. All protocols were conducted in accordance with
the research principles in the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
This material has not been published and is not under consideration else-
where. The authors declare that they have no competing interests.

Author details

"Department of Orthopaedic Surgery, The Third Hospital of Hebei Medi-

cal University, Shijiazhuang 050051, People’s Republic of China. “The Key
Laboratory of Orthopedic Biomechanics of Hebei Province, The Third Hospital
of Hebei Medical University, 139 Zigiang Road, Shijiazhuang 050051, People’s
Republic of China.

Received: 15 December 2021 Accepted: 9 February 2022
Published online: 20 February 2022

References

1. Edwards MH, Dennison EM, Aihie Sayer A, et al. Osteoporosis and sar-
copenia in older age. Bone. 2015;80:126-30. https://doi.org/10.1016/j.
bone.2015.04.016.

2. Tournadre A, Vial G, Capel F, et al. Sarcopenia. Joint Bone Spine.
2019;86(3):309-14. https://doi.org/10.1016/j.jbspin.2018.08.001.

3. Sepulveda-Loyola W, Phu S, Bani Hassan E, et al. The joint occurrence
of osteoporosis and sarcopenia (osteosarcopenia): definitions and
characteristics. J Am Med Dir Assoc. 2020;21(2):220-5. https://doi.org/
10.1016/}jamda.2019.09.005.

4. Huang S, Zhu X, Xiao D, et al. Therapeutic effect of percutaneous
kyphoplasty combined with anti-osteoporosis drug on postmeno-
pausal women with osteoporotic vertebral compression fracture
and analysis of postoperative bone cement leakage risk factors: a
retrospective cohort study. J Orthop Surg Res. 2019;14(1):452. https://
doi.org/10.1186/513018-019-1499-9.

5. Bae JS, Park JH, Kim KJ, et al. Analysis of risk factors for secondary new
vertebral compression fracture following percutaneous vertebroplasty

20.

21.

22.

23.

24.

Page 6 of 7

in patients with osteoporosis. World Neurosurg. 2017;99:387-94.
https://doi.org/10.1016/j.wneu.2016.12.038.

WeiY, Tian W, Zhang GL, et al. Thoracolumbar kyphosis is associated with
compressive vertebral fracture in postmenopausal women. Osteoporos
Int. 2017;28(6):1925-9. https://doi.org/10.1007/500198-017-3971-x.

Lin CC, Shen WC, Lo YC, et al. Recurrent pain after percutaneous vertebro-
plasty. AJR. 2010;194(5):1323-9. https://doi.org/10.2214/AJR.09.3287.
Rousing R, Kirkegaard AO, Nielsen M, et al. Percutaneous vertebroplasty
as treatment of malignant vertebral lesions: a systematic review and
GRADE evaluation resulting in a Danish national clinical guideline. Eur
Spine J. 2020;29(7):1573-9. https://doi.org/10.1007/500586-020-06392-w.
Kushchayev SV, Wiener PC, Teytelboym OM, et al. Percutaneous verte-
broplasty: a history of procedure, technology, culture, specialty, and
economics. Neuroimaging Clin N Am. 2019;29(4):481-94. https://doi.org/
10.1016/j.nic.2019.07.011.

. Kallmes DF, Comstock BA, Heagerty PJ, et al. A randomized trial

of vertebroplasty for osteoporotic spinal fractures. N Engl J Med.
2009;361(6):569-79. https://doi.org/10.1056/NEJM0a0900563.

. Buchbinder R, Osborne RH, Ebeling PR, et al. A randomized trial of

vertebroplasty for painful osteoporotic vertebral fractures. N Engl J Med.
2009;361(6):557-68. https://doi.org/10.1056/NEJM0a0900429.

. Ma X, Xing D, Ma J, et al. Risk factors for new vertebral compression frac-

tures after percutaneous vertebroplasty: qualitative evidence synthesized
from a systematic review. Spine (Phila Pa 1976). 2013;38(12):E713-22.
https://doi.org/10.1097/BRS.0b013e31828cf15b.

Liang X, Zhong W, Luo X, et al. Risk factors of adjacent segmental frac-
tures when percutaneous vertebroplasty is performed for the treatment
of osteoporotic thoracolumbar fractures. Sci Rep. 2020;10(1):399. https://
doi.org/10.1038/541598-019-57355-1.

Li'Y, Yue J, Huang M, et al. Risk factors for postoperative residual back pain
after percutaneous kyphoplasty for osteoporotic vertebral compression
fractures. Eur Spine J. 2020,29(10):2568-75. https://doi.org/10.1007/
500586-020-06493-6.

YanY, Xu R, Zou T. Is thoracolumbar fascia injury the cause of residual
back pain after percutaneous vertebroplasty? A prospective cohort
study. Osteoporos Int. 2015;26(3):1119-24. https://doi.org/10.1007/
s00198-014-2972-2.

Nemec U, Heidinger B, Sokas C, et al. Diagnosing sarcopenia on thoracic
computed tomography: quantitative assessment of skeletal muscle mass
in patients undergoing transcatheter aortic valve replacement. Acad
Radiol. 2017,24(9):1154-61. https://doi.org/10.1016/j.acra.2017.02.008.
Gonzélez-Galvez N, Gea-Garcia GM, Marcos-Pardo PJ. Effects of exercise
programs on kyphosis and lordosis angle: a systematic review and meta-
analysis. PLoS ONE. 2019;14(4): e0216180. https://doi.org/10.1371/journal.
pone.0216180.

Izzo R, Guarnieri G, Guglielmi G, et al. Biomechanics of the spine. Part I:
spinal stability. Eur J Radiol. 2013;82(1):118-26. https://doi.org/10.1016/].
ejrad.2012.07.024.

Zemkové E, Cepkové A, Muyor JM. The association of reactive balance
control and spinal curvature under lumbar muscle fatigue. PeerJ. 2021;9:
e11969. https://doi.org/10.7717/peerj.11969.

Goldstein CL, Chutkan NB, Choma TJ, et al. Management of the elderly
with vertebral compression fractures. Neurosurgery. 2015;77(Suppl
4):S33-45. https://doi.org/10.1227/NEU.0000000000000947.

Cao Z,Wang G, Hui W, et al. Percutaneous kyphoplasty for osteoporotic
vertebral compression fractures improves spino-pelvic alignment and
global sagittal balance maximally in the thoracolumbar region. PLoS ONE.
2020;15(1): €0228341. https://doi.org/10.1371/journal.pone.0228341.
PanT, Qian BP, Qiu Y. Comparison of sagittal spinopelvic alignment in
patients with ankylosing spondylitis and thoracolumbar fracture. Medi-
cine (Baltimore). 2016;95(4): €2585. https://doi.org/10.1097/MD.00000
00000002585.

Schwab F, Patel A, Ungar B, et al. Adult spinal deformity-postoperative
standing imbalance: how much can you tolerate? An overview of key
parameters in assessing alignment and planning corrective surgery.
Spine (Phila Pa 1976). 2010;35(25):2224-31. https://doi.org/10.1097/BRS.
0b013e3181ee6bd4.

Protopsaltis T, Schwab F, Bronsard N, et al. The T1 pelvic angle, a novel
radiographic measure of global sagittal deformity, accounts for both spi-
nal inclination and pelvic tilt and correlates with health-related quality of


https://doi.org/10.1016/j.bone.2015.04.016
https://doi.org/10.1016/j.bone.2015.04.016
https://doi.org/10.1016/j.jbspin.2018.08.001
https://doi.org/10.1016/j.jamda.2019.09.005
https://doi.org/10.1016/j.jamda.2019.09.005
https://doi.org/10.1186/s13018-019-1499-9
https://doi.org/10.1186/s13018-019-1499-9
https://doi.org/10.1016/j.wneu.2016.12.038
https://doi.org/10.1007/s00198-017-3971-x
https://doi.org/10.2214/AJR.09.3287
https://doi.org/10.1007/s00586-020-06392-w
https://doi.org/10.1016/j.nic.2019.07.011
https://doi.org/10.1016/j.nic.2019.07.011
https://doi.org/10.1056/NEJMoa0900563
https://doi.org/10.1056/NEJMoa0900429
https://doi.org/10.1097/BRS.0b013e31828cf15b
https://doi.org/10.1038/s41598-019-57355-1
https://doi.org/10.1038/s41598-019-57355-1
https://doi.org/10.1007/s00586-020-06493-6
https://doi.org/10.1007/s00586-020-06493-6
https://doi.org/10.1007/s00198-014-2972-2
https://doi.org/10.1007/s00198-014-2972-2
https://doi.org/10.1016/j.acra.2017.02.008
https://doi.org/10.1371/journal.pone.0216180
https://doi.org/10.1371/journal.pone.0216180
https://doi.org/10.1016/j.ejrad.2012.07.024
https://doi.org/10.1016/j.ejrad.2012.07.024
https://doi.org/10.7717/peerj.11969
https://doi.org/10.1227/NEU.0000000000000947
https://doi.org/10.1371/journal.pone.0228341
https://doi.org/10.1097/MD.0000000000002585
https://doi.org/10.1097/MD.0000000000002585
https://doi.org/10.1097/BRS.0b013e3181ee6bd4
https://doi.org/10.1097/BRS.0b013e3181ee6bd4

Bo et al. Journal of Orthopaedic Surgery and Research

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

(2022) 17:111

life. J Bone Joint Surg Am. 2014;96(19):1631-40. https://doi.org/10.2106/
JBJS.M.01459.

Le Huec JC, Thompson W, Mohsinaly Y, et al. Sagittal balance of the
spine. Eur Spine J. 2019;28(9):1889-905. https://doi.org/10.1007/
500586-019-06083-1.

Lazennec JY, Brusson A, Rousseau MA. Hip-spine relations and sagittal
balance clinical consequences. Eur Spine J. 2011;20(Suppl 5):686-98.
https://doi.org/10.1007/500586-011-1937-9.

Lamartina C, Berjano P. Classification of sagittal imbalance based

on spinal alignment and compensatory mechanisms. Eur Spine J.
2014;23(6):1177-89. https://doi.org/10.1007/500586-014-3227-9.
Protopsaltis TS, Lafage R, Smith JS, et al. The lumbar pelvic angle, the
lumbar component of the T1 pelvic angle, correlates with HRQOL,

PI-LL mismatch, and it predicts global alignment. Spine (Phila Pa 1976).
2018;43(10):681-7. https.//doi.org/10.1097/BRS.0000000000002346.

Bai H, Li Y, Liu C, et al. Surgical management of degenerative lumbar sco-
liosis associated with spinal stenosis: does the PI-LL matter? Spine (Phila
Pa 1976). 2020;45(15):1047-54. https://doi.org/10.1097/BRS.0000000000
003465.

Luo PJ, Tang YC, Zhou TP, et al. Risk factor analysis of the incidence of
subsequent adjacent vertebral fracture after lumbar spinal fusion surgery
with instrumentation. World Neurosurg. 2020;135:e87-93. https://doi.
org/10.1016/j.wneu.2019.11.010.

Narici MV, Maffulli N. Sarcopenia: characteristics, mechanisms and func-
tional significance. Br Med Bull. 2010;95:139-59. https://doi.org/10.1093/
bmb/Idq008.

Barrey C, Roussouly P, Le Huec JC, et al. Compensatory mechanisms
contributing to keep the sagittal balance of the spine. Eur Spine J.
2013;22(Suppl 6):5834-841. https://doi.org/10.1007/500586-013-3030-z.
lolascon G, Giamattei MT, Moretti A, et al. Sarcopenia in women with
vertebral fragility fractures. Aging Clin Exp Res. 2013;25(Suppl 1):5129-31.
https://doi.org/10.1007/540520-013-0102-1.

Di Monaco M, Vallero F, Di Monaco R, et al. Prevalence of sarcopenia and
its association with osteoporosis in 313 older women following a hip
fracture. Arch Gerontol Geriatr. 2011;52(1):71-4. https://doi.org/10.1016/].
archger.2010.02.002.

Chen YP, Kuo YJ, Hung SW, et al. Loss of skeletal muscle mass can be
predicted by sarcopenia and reflects poor functional recovery at one
year after surgery for geriatric hip fractures. Injury. 2021;52(11):3446-52.
https://doi.org/10.1016/j.injury.2021.08.007.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 7 of 7

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.2106/JBJS.M.01459
https://doi.org/10.2106/JBJS.M.01459
https://doi.org/10.1007/s00586-019-06083-1
https://doi.org/10.1007/s00586-019-06083-1
https://doi.org/10.1007/s00586-011-1937-9
https://doi.org/10.1007/s00586-014-3227-9
https://doi.org/10.1097/BRS.0000000000002346
https://doi.org/10.1097/BRS.0000000000003465
https://doi.org/10.1097/BRS.0000000000003465
https://doi.org/10.1016/j.wneu.2019.11.010
https://doi.org/10.1016/j.wneu.2019.11.010
https://doi.org/10.1093/bmb/ldq008
https://doi.org/10.1093/bmb/ldq008
https://doi.org/10.1007/s00586-013-3030-z
https://doi.org/10.1007/s40520-013-0102-1
https://doi.org/10.1016/j.archger.2010.02.002
https://doi.org/10.1016/j.archger.2010.02.002
https://doi.org/10.1016/j.injury.2021.08.007

	Impact of sarcopenia and sagittal parameters on the residual back pain after percutaneous vertebroplasty in patients with osteoporotic vertebral compression fracture
	Abstract 
	Objective: 
	Methods: 
	Result: 
	Conclusion: 

	Introduction
	Method
	Data collection and image analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


