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OPEN A comparative study of lumbar

spine stabilization with 2-stage
surgery and cement augmentation
In osteoporosis patients: a
randomized clinical trial

Parisa Hajilo®*, Behzad Imani®?*, Shirdel Zandi{®? & Ali Mehrafshan?

The biggest challenge for osteoporotic patients after spinal stabilization is screw loosening. Therefore,
the present study was conducted with the comparative aim of stabilizing the lumbar spine with 2-stage
surgery and cement augmentation in osteoporotic patients. 66 patients selected through convenience
sampling and randomly assigned to two groups: CAPS and 2-stage surgery. In the CAPS group,

lumbar spine fixation was performed in a single stage, accompanied by cement augmentation. In the
2-stage surgery group, spinal stabilization was conducted in 2 stages. In the first stage, pedicle screws
were implanted, followed by the pedicle screw anchoring process 6 months later. fusion rate, screw
loosening, pain levels (VAS), and patients’ disability (ODI) were measured in each group. The fusion
rate in the 2-stage Surgery group significantly increased. Screw loosening in the CAPS group showed

a significantly higher difference. The rate of pain and disability in patients early postoperatively, in
comparison to preoperative measures, significantly decreased in both groups. In the final follow-

up, the CAPS group experienced a significant increase in pain and disability. The 2-stage Surgery
stabilization, when compared to the CAPS technique, demonstrates superiority in enhancing the
biomechanical stability of screws and achieving successful fusion.
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Posterior Spinal Fusion (PSF) is considered one of the most commonly used surgical approaches for degenerative
lumbar diseases. The pedicle screw-based fixation system has increasingly gained popularity worldwide!. Pedicle
screws restrict vertebral movement across all planes, enhancing fusion speed between vertebrae?. Despite
reported effectiveness, fixation surgery is associated with certain complications, often leading to repeated surgery.
The most crucial aspect of spinal stabilization is the of pedicle screws loosening (PSL)>. This issue becomes
particularly pronounced with advancing age and an increased risk of more serious pathological conditions.
Osteoporosis stands out as one of the most common causes of screw instability and pseudarthrosis post-surgery*.
Osteoporosis is defined by a bone mineral density (BMD) reduction in the trabecular section for lumbar regions,
averaging less than 0.8 g/cm? or a T-Score < -2.5° The loss of trabecular structure disrupts the mechanical
adherence of pedicle screws to the bone, hindering the osteointegration process. In other words, due to increased
osteolysis, a clear zone around pedicle screws emerges, indicating Pedicle Screw Loosening (PSL)®. Therefore,
many surgeons believe that performing surgery in patients with osteoporosis, despite progressive deformity of
the spinal (scoliosis) and severe clinical manifestations (radiculopathy and limping), is not rewarding”®.

With advances in surgical techniques, medical equipment, and growing patient expectations, various
approaches have been developed to reduce the incidence of PSL and enhance stabilization. Cement-Augmented
Pedicle Screw (CAPS) is a common technique in this regard, strengthening the mechanical force between the
screw and the bone®. Bone cement, scientifically known as polymethyl methacrylate (PMMA), creates a robust
anchor point for stabilization by filling the trabecular spaces’. Although the benefits of the CAPS method are
evident, scientific reports associated with spinal canal extrusion, nerve injury, vascular occlusion, and pulmonary
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cement embolism have limited its use!’. Despite the frequent use of PMMA for spinal stabilization, surgeons are
still seeking more effective methods with fewer complications. OZER et al. have adopted a novel approach. They
investigated a 2-stage dynamic lumbar stabilization approach in patients with osteoporosis'!. 2-stage dynamic
lumbar stabilization is an innovative surgical method that minimizes complications associated with cement
leakage!?. This technique is inspired by implant technology in dentistry, where an implant is initially placed
on a tooth and undergoes a 6-month osteointegration process. Then, the tooth is attached to the implant!>4.
The responsibility for osseous integration primarily lies with living tissue through mechanisms akin to fracture
healing. Creating a cavity in the bone before screw placement can damage the bone tissue, leading to specific
stages of wound healing'®. In the screw-rod system, pedicle screws are initially implanted into lumbar vertebrae.
During this process, the bone surrounding the screws undergoes adaptive changes, and the screws are firmly
secured within the bone matrix over six months'®. In the second stage of the surgery, the pedicle screw anchoring
process is performed!!. Subsequently, the radiological effects and screw loosening, represented by radiolucent
halos around the screws, are assessed. Generally, long-term follow-up and management strategies for PSL in
osteoporotic patients require more attention than conventional fusion methods. The ability to predict the risk
of screw loosening through the examination of specific biomechanical aspects can contribute to advancing
surgical outcomes. Extensive discussions have taken place regarding methods to enhance the strength of pedicle
screws, evaluating their effectiveness and risks. However, selecting the best technique as the gold standard in
this field necessitates assessing new approaches and determining their effectiveness. Therefore, in this study, the
biomechanical properties of the commonly used pedicle screw augmentation technique (CAPS) with 2-stage
surgery are evaluated as an innovative surgical method.

Materials and methods

Study design

This study is a randomized clinical trial (TRCT20230222057496N3 in 2024-02-26) conducted at the Iran Teaching
Hospital in Qom province. Patients were enrolled prospectively from December 2021 to September 2022. The
researcher enrolled the participants and established the allocation sequence. Eventually, They were divided into
two intervention groups, CAPS (surgical approach involving pedicle screw augmentation with bone cement)
and 2-stage (surgical approach performed in 2 stages), based on a randomized block design with 4-patient
blocks. The manuscript follows the Consolidated Standards of Reporting Trials (CONSORT) guidelines.

Setting and participants

All patients were followed up for 12 months. The surgeries were performed under general anesthesia by a single
surgeon. Dual-energy X-ray absorptiometry (DEXA) scans were used to determine bone mineral density. In the
first six months post-surgery, all patients were prescribed Teriparatide and Bisphosphonates (Alendronic acid
70) to enhance bone mineral density.

Sample size calculation

According to the study by Imani et al., the average pain score seven days post-discetomy surgery was reported as
6.97 +1.24 and 8.23 +1.04 for the two surgical methods, respectively!”. Considering an 80% power of the study
and a type ] error level of 0.05, the sample size in each group was estimated at 25 individuals using the formula.
The final sample size in each group was set at 33 participants for the study, accounting for a 30% dropout rate.

(et Z5)(S2 4 S2)
(11 — p2)?

Inclusion and exclusion criteria

Inclusion criteria

Patients aged > 50 years with a T-score < — 2.5 (L1-S1), multilevel lumbosacral disease, and BMI between 20
and 30 were enrolled in the study.

Exclusion criteria

Previous lumbar surgeries, degenerative disorders in other vertebrae, and opioid use were considered exclusion
criteria. Additionally, lack of willingness for follow-up, inaccessibility to patients, and absence of X-ray and CT
scans in the final follow-up were considered exclusion criteria.

Surgical technique

Intervention 1: cement augmentation pedicle screw

Initially, a midline posterior incision was made, and decompression (bilateral partial facetectomy) was performed
for all patients. Before screw placement, a two-sided entrance hole was created in the pedicles of the vertebrae
using an awl, followed by a 3 mm diameter pilot hole with a Lenke-type probe. The selected screw geometry
was a solid core with a titanium alloy. C-arm radiography was employed To determine the precise screw
trajectory. High-viscosity 2 ml cement with bone fillers was injected into the pilot hole, and immediately screws
(length between 40 and 50 mm and outer diameter of 6-6.5 mm) were placed using the technique described by
Weinstein et al.!%. Preparation and injection of PMMA were performed according to the guidelines provided by
the company (DePuy Spine, Raynham, MA). Subsequently, rods and nuts were assembled, and the construct was
firmly secured. Perivertebral cement assessment was conducted via CT scan within 72 h post-surgery, following
the classification by Yeom et al.”.
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2-Stage surgery: intervention 2

Step 1  According to the previous surgical method, after creating a posterior incision for all patients, decom-
pression (bilateral partial facetectomy) was performed. In this procedure, only the medial one-quarter of the
facets was removed, leaving the spinous processes intact. The facet capsules were preserved, with only a mini-
mal portion of the medial facets opened. Additionally, the interspinous ligament was left undisturbed, and the
hemilaminectomy was performed with a narrow approach to maintain spinal stability. In essence, the procedure
involved carefully undermining the facets to maintain structural stability. In the first stage of surgery, pedicle
screws (length between 40 and 50 mm and outer diameter of 6-6.5 mm) were placed bilaterally under fluoro-
scopic guidance without cement injection in the two-sided pilot hole. Without inserting the rod and establishing
a connection between the screws, the incision area was closed in a layered fashion.

Step2 six months after the first surgery, when sufficient osseointegration occurred between the screws and the
lumbar vertebrae, and this process was confirmed by a CT scan, the surgical site was reopened, and the pedicle
screw anchoring procedure was performed. In other words, the screws were connected with a 5.5 mm diameter
rod, tightened by adjusting nuts, and the fixation process was completed.

Radiographic assessment

The loosening of screws and the extent of fusion at the last follow-up (12 months) were independently assessed
by a specialized neuroradiologist and an experienced radiologist based on computerized tomography scans
(CT scans) and dynamic radiographs. The fusion rate was determined using the modified Brantigan-Steffee-
Fraser (mBSF) scale, categorizing fusion into three grades: Grade 1 (radiographic pseudarthrosis), Grade 2
(Indeterminate fusion), and Grade 3 (solid radiographic fusion)®.

The criterion for screw loosening in CT scans was identified as an area without signal, encompassing the
entire screw body in the image. Due to metal artifacts, no signal region was visible at the tip of the screw, and we
did not consider it as screw loosening. The criteria for screw loosening in X-ray radiography were a radiolucent
area with a thickness of 1 mm or the presence of a “double halo” sign around the screw®. In Fig. 1, A: the CT
scan axial image of an adult is visible. An area of signal loss around the entire body of the screw indicates screw
loosening. B: relates to fluoroscopic control during cement injection to halt the injection in case of leakage into
the spinal canal (Fig. 1).

Clinical assessment

Pain rate were assessed using the Visual Analog Scale (VAS), a linear pain scale rated from 0 to 10 (Score 0:
No pain, Score 10: Unbearable pain). Functional outcomes were assessed using the Oswestry Disability Index
(ODI). The minimum and maximum scores achievable on this questionnaire are 0-100. Accordingly, five
disability categories were established: patients with mild disability (0-20%), moderate disability (21-40%),
severe disability (41-60%), incapacitated (61-80%), and bed-bound (81-100%)?'. Both questionnaires (VAS,
ODI) were evaluated before surgery, early post-surgery (one month after surgery for the CAPS group and one
month after the second surgery for the 2-stage surgery group), and at the latest follow-up (12 months after
surgery).

Statistical analysis

Data analysis was conducted using SPSS software version 16. The normality of the data was assessed using
the Shapiro-Wilk test. The impact of time on pain and disability variables in the two intervention groups was
statistically evaluated using repeated measures analysis. Fusion levels and screw loosening were examined
through the independent samples Kruskal-Wallis test.

Fig. 1. (A) CT scan axial plane. A no signal zone surrounding whole body of screw indicates the loosening of
the screw. (B) The Fluoroscopic control during cement application.

Scientific Reports |

(2025) 15:5226 | https://doi.org/10.1038/s41598-024-80845-w nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Results

Baseline characteristics

66 patients meeting the inclusion criteria were enrolled in the study. Due to limited access to patient records and
insufficient X-ray and CT scan data, eight patients in the CAPS group and seven patients in the 2-Stage group
were excluded from the final follow-up analysis, resulting in 25 patients in the CAPS group and 26 patients in the
2-stage group (Fig. 2). Before the intervention, both groups exhibited no significant differences in demographic
and clinical characteristics, demonstrating homogeneity. The average scores of pain index and functional
disability in both groups before surgery do not show any significant difference (Table 1).

66 patients with multilevel lumbosacral
diseases
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Fig. 2. CONSORT.
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CAPS 2-Stage

N=25 N=26 *p-value
Age T (years), mean(SD) 61.32(4.413) | 61.96(3.156) | 0.555
Gender*, No (%)
Male 10(40.0%) 12(46.2%) 0.67
Female 15(60.0%) 14(53.8%) 0.853
Height' (cm), mean (SD) 163.80(5.058) | 164.65(5.230) | 0.556
Weight" (kg), mean (SD) 72.12(8.467) | 74.15(7.379) | 0.343
BMI' (kg/m?), mean (SD) 26.93(3.350) | 28.47(2.519) | 0.069
Employment status*, N. (%)
Unemployed 10(40%) 10(38.5%) 1
Employed 15(60%) 16(61.5%) 0.857
Smoking status*, No. (%)
Yes 18(72.0%) 17(65.4%) 0.866
No 7(28.0%) 9(34.6%) 0.617
Marital status*, No. (%)
Single 4(16.0%) 3(11.5%) 0.705
Married 21(84.0%) 23(88.5%) 0.763
Level of education*, No. (%)
Diploma 18(72.0%) 18(69.2%) 1
Bs 4(16.0%) 6(23.1%) 0.527
Ms 1(4.0%) 1(3.8%) 1
PhD 2(8.0%) 1(3.8%) 0.564
BMD (T-score), mean (SD) 3.08(0.353) 3.04(0.272) 0.626
Fusion level*, No. (%)
L1-S1 3(12.0%) 3(11.5%) 1
L2-L5 2(8.0%) 4(15.4%) 0.414
L3-S1 6(24.0%) 3(11.5%) 0.317
L1-L5 6(24.0%) 7(26.9%) 0.782
L2-81 3(12.0%) 4(15.4%) 705
L1-L4 5(20.0%) 5(19.2%) 1
Spinal instability 5(20.0%) 6(23.1%) 0.763
Spondylolysis 5(20.0%) 5(19.2%) 1
Degenerative disc 7(28.0%) 8(30.8%) 0.796
Spondylolisthesis 8(32.0%) 7(26.9%) 0.796
VAS'-preoperative, mean (SD) | 8.28(0.980) 8.04(0.871) 0.356
ODI'-preoperative, mean (SD) | 70.64(6.311) | 68.96(8.838) | 0.44

Table 1. Demographic and clinical characteristics of the 2 groups. *Goodness of fit, "t-test, *Statistical
significant as p <0.05. BS Bachelor degree, Ms Master of science, PhD Doctor of philosophy, BMI Body mass
index, BMD Bone minimal density, CAPS Cement augmentation pedicle screw, VAS Visual analog scale, ODI
Oswestry Disability Index.

Clinical results

Descriptive statistics of pain levels over time for CAPS and 2-Stage surgical procedures are reported separately.
Pain was assessed for both groups before surgery, early after surgery (1 month after surgery in the CAPS group
and 1 month after the second stage of surgery in the 2-stage surgery group) and 12 months after surgery. Data
analysis showed a decreasing trend in pain level throughout the follow-up period for the 2-stage group. In other
words, the pain level of patients in the initial results of surgery (1 month after the second stage of surgery) was
lower than the pain of patients before surgery. Also, patients in the two-stage surgery group experienced the least
amount of pain in the final follow-up (12 months after surgery) compared to early after surgery (1 month after
the second stage of surgery) and before surgery. However, the pain level in the CAPS group was significantly
lower 1 month after surgery compared to the 2-stage group. Furthermore, in the CAPS group, the pain level 1
month after surgery was significantly lower than their pain level one year after surgery (Table 2, Fig. 3).

The results of the intergroup effects test indicate a significant group effect on the dependent variable of
pain levels, meaning that the average pain levels differ between the two surgical methods, CAPS and 2-Stage.
Specifically, the average pain level in the CAPS group is significantly higher than in the 2-stage group (Table 3).

ODI was assessed for both groups before surgery, early after surgery (1 month after surgery in the CAPS
group and 1 month after second-stage surgery in the 2-stage surgery group) and 12 months after surgery. Data
analysis indicates that the level of disability (ODI) in both CAPS and 2-Stage groups one month post-surgery
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>

ODI score(%)

1

CAPS 8.28 0.980 25
VAS preoperative 2-stage 8.04 0.871 26
Total 8.16 0.925 51
CAPS 1.48 0.823 25
VAS early operative 2-stage 4.27 1.079 26
Total 2.90 1.700 51
CAPS 6.76 0.926 25
VAS 1-y postoperative 2-stage 1.08 0.977 26
Total 3.86 3.020 51

2 6.800* 0.224 0.000 | 6.225 7.375
! 3 1.520* 0.301 0.000 | 0.746 2.294
CAPS |2 1 - 6.800* 0.224 0.000 | —7.375 -6.225
3 —-5.280* 0.274 0.000 | —5.985 —4.575
; 1 - 1.520* 0.301 0.000 | —2.294 —-00.746
2 5.280* 0.274 0.000 | 4.575 5.985
2 3.769* 0.295 0.000 | 3.012 4.527
! 3 6.962* 0.238 0.000 | 6.350 7.573
2-stage ) 1 —-3.769* 0.295 0.000 | —4.527 -3.012
3 3.192* 0.248 0.000 | 2.555 3.829
3 1 - 6.962* 0.238 0.000 | —7.573 -6.350

Table 2. Data analysis of VAS scores and pairwise comparisons. VAS visual analog scale, CAPS cement
augmented pedicle screw. Based on estimated marginal means. *The mean difference is significant at the 0.05
level. 2Adjustment for multiple comparisons: Bonferroni.

L CAPS growp 10} [ CAPS groep
I 2-stage grovp I 2stage growp

VAS score

"

pre-operative

early postoperatiy 1-y postop pre-operative early postoperatiy 1yp atiy

Fig. 3. Changes in clinical results between the two groups during follow-up period, (A) Mean Oswestry
Disability Index (ODI) score; (B) Mean Visual Analog Scale (VAS) score.

Group | 41.764 1 | 41.764 46.372 | 0.000

Table 3. The results of the between-subjects effects test for the VAS score.
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Descriptive statistics
Group Mean Std. deviation N
CAPS 70.64% 6.311% 25
ODI preoperative 2-stage 68.96% 8.838% 26
Total 69.78% 7.674% 51
CAPS 12.44% 5.546% 25
ODI early operative 2-stage 24.77% 9.767% 26
Total 18.73% 10.060% 51
CAPA 64.12% 7.401% 25
ODI 1- y postoperative 2-stage 10.96% 5.340% 26
Total 37.02% 27.584% 51
Pairwise comparisons
95% confidence interval for
difference?
Group | (I) Time | (J) Time | Mean difference (I-]) | Std. error | Sig®. | Lower bound | Upper bound
2 58.200* 1.674 0.000 | 53.891 62.509
! 3 6.520* 2.134 0.016 | 1.028 12.012
cAPS |2 1 - 58.200% 1.674 0.000 | - 62.509 —-53.891
3 - 51.680* 2.101 0.000 | —57.088 —46.272
1 —6.520* 2.134 0.016 | —12.012 —-1.028
’ 2 51.680* 2.134 0.000 | 46.272 57.088
2 —44.192* 2.390 0.000 | 38.060 50.324
! 3 58.000* 2.075 0.000 | 52.676 63.324
2-stage | 2 1 —44.192% 2.075 0.000 | —50.324 - 38.060
3 13.808* 2.552 0.000 | 7.260 20.355
3 1 - 58.000* 2.075 0.000 | —63.324 - 52.676
2 - 13.808* 2.552 0.000 | —20.355 - 7.260

Table 4. Data analysis of ODI scores and pairwise comparisons. ODI Oswestry Disability Index, CAPS cement
augmented pedicle screw. Based on estimated marginal means. *The mean difference is significant at the 0.05
level. ®Adjustment for multiple comparisons: Bonferroni.

Tests of between-subjects effects

Source | Sum of squares | Df | Mean square | F Sig.
Group | 7676.389 1 7676.389 177.105 | 0.000

Table 5. The results of the effects test between subjects.

is significantly lower than their disability levels before surgery. In other words, both groups showed noticeable
improvement after surgery. However, the disability level in the CAPS group, unlike the 2-stage group, increased
one year after surgery compared to one-month post-surgery (Table 4; Fig. 3).

Table 5 displays the results of the intergroup effects test. The group effect on the dependent variable of
disability level is significant, signifying that the average disability level differs between the two surgical methods,
CAPS and 2-Stage. Specifically, the average disability level in the CAPS group is significantly higher than that in
the 2-stage group (Table 5).

Radiographic results

The study results indicate a significantly higher rate of screw loosening in the CAPS group compared to the
2-stage surgery group during the final follow-up. Moreover, the complete fusion rate was significantly higher in
the 2-stage surgery group. Although the rate of indeterminate fusion was higher in the CAPS group, this difference
did not reach statistical significance. Pseudoarthrosis in the CAPS group was reported with a significantly higher
difference (Table 6). The weighted kappa value between the observers was 0.776 (CI: 95%; p <0.001.The intra-
observer weighted kappa value was 0.893 (CI: 95%, p <0.001), which indicates a good agreement.

In Fig. 4, you can see the images of two-stage surgery (first, sixth months and 1 year after surgery) and cement
reinforcement (during surgery and 6 months after surgery). Case 1: A adult patient (T score = — 2.86) with the
complication of spondylolisthesis at the level of L5-S1 vertebrae and Disc degeneration at the level of L2-L3
underwent a 2-stage surgery. Picture A corresponds to 1 month after surgery, picture B corresponds to 6 months
after surgery and picture C corresponds to 12 months after surgery. Case 2: A adult patient (T score = — 3.06)
with Spondylolisthesis complications at the level of L3-L4 vertebrae and spinal stenosis at the level of L3-14
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Solid 36% (9/25) 61.5% (23/26) | 0.013
Fution* | Indeterminate | 28% (7/25) 23.1% (2/26) 0.096
Pseudarthrosis | 36% (9/25) 15.4% (1/26) 0.011
Yes 48%(12/25) | 3.8%(1/26) 0.002
No 52%(13/25) 96.1%(25/26) 0.037

PSL*

Table 6. Comparison of radiological outcomes between two groups. *Goodness of fit, *Statistical significant as
Pp<0.05. CAPS cement augmented pedicle screw, PSL Pedicle screw loosing.

Case 1: A adult patient (t score=-2.86) with the complication of spondylolisthesis at the level of L3-S1 vertebrae and Disc degeneration at
the level of L2-L3 underwent a 2-stage surgery. Picture A corresponds to one month after surgery, picture B corresponds to 6 months after
surgery and picture C corresponds to 12 months after surgery.

Case 2: A adult patient (t score=-3.06)_yith Spondylolisthesis complitations at the level of L3-L4 vertebrae and spinal stenosis at the level
of L3-L4 underwent surgery at the level of L2-S1 vertebrae. picture A, bone fillers contaming PMMA are inserted into the vertebra through
the pedicle and are ready to be injected. Picture B is related to a Six months after surgery.

Fig. 4. Report of two cases of patients in both surgical groups.
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underwent surgery at the level of L2-S1 vertebrae. picture A, bone fillers containing PMMA are inserted into
the vertebra through the pedicle and are ready to be injected. Picture B is related to a Six months after surgery

(Fig. 4).

Complications

The study revealed no cement leakage or embolism in any patients in the CAPS group. Among the 51 patients
included in the study, only one patient experienced a fractured screw, and this occurred in a patient who
underwent CAPS surgery. There were no occurrences of dural tears during surgery, postoperative infection, disc
recurrence, or segmental kyphosis in any of the patients.

Discussion

This study aimed to compare the lumbar spine stability using the 2-stage and CAPS surgical techniques in
osteoporotic patients. Data analysis revealed a significantly higher rate of pedicle screw loosening (PSL) in the
CAPS group compared to the 2-stage group. In the final follow-up, only one patient in the 2-stage surgery group
experienced PSL. The stability of screws in bone is contingent on the rate of the osteointegration process?.
During this process, direct deposition of bone calcification layers on the screws occurs, and the thickness of
these deposits is a function of the screw’s base characteristics. In other words, the topography of the implant
surface and its features (i.e., macrogeometry, surface properties, etc.) Play a crucial role in modulating cellular
and molecular behavior and the speed of the osteointegration process®. The selected screws in the present
study were made of titanium with a screw-root design. Titanium screws, especially those coated with calcium
phosphate, exhibit better chemical bonding with bone, promoting enhanced integration®*. Additionally, the
screw-root design, with microgrooves and protrusions on the screw’s surface, provides a platform for biological
responses at the bone-implant interface, doubling the initial mechanical stability of the screw in the bone?.
In their study, Hoellwarth et al. (2023) inserted titanium screws into mice, stating that by the end of the 16th
week, the screws had integrated so well with the bone that bone fracture occurred upon screw removal in one
specimen?®.

In the final assessment (12 months post-surgery), the loosening of screws in the CAPS group was significantly
higher. Subsidiary analysis revealed visible radiolucent areas around the cement in X-ray and CT scans of CAPS
patients, indicating a lack of adhesion between the cement mass and bone. In this regard, the results of a meta-
analysis showed that the long-term reinforcement of pedicle screws with PMMA In the long term, it leads
to the loss of adhesion between cement and bone, necessitating corrective surgery for patients?’. Hsieh et al.
stated that inadequate adhesion between PMMA and cancellous bone tissue results from the high curing and
rapid cement solidification during injection®.In the current study, this complication may arise from the high
viscosity of cement during injection, disrupting the cement-bone interface. Baroud et al. and colleagues assert
that the injection time of bone cement is the most crucial factor influencing its intrabone diffusion and adhesive
strength?®,

In radiological evaluation, none of the CAPS patients showed cement leakage (CL) or pulmonary cement
embolism (PCE). Mueller et al. also reported similar results?®. However, Bokov et al. (2019) observed cement
leakage from the anterior and posterior aspects into the spinal canal, involving nerve roots'?. Multiple factors
contribute to the occurrence of cement leakage and PCE. The degree of bone porosity, volume of injected
cement, cement viscosity, and the injection site all play significant roles. The closer the cement injection site is
to the vertebral pedicle, the higher the risk of leakage, as there is more cancellous bone around the pedicle®. This
study injected cement with high viscosity and a small volume into the center of the vertebrae to minimize the
risk of cement leakage. Additionally, cement injection was performed under continuous fluoroscopic guidance
to promptly halt injection upon the detection or suspicion of cement leakage.

Data analysis indicates that in the final follow-up, the rate of complete fusion between vertebrae (solid
radiographic fusion) in the CAPS group is lower compared to the two-stage surgical group. The results of
the study by Karaca et al. (2019) demonstrated a significant increase in pseudoarthrosis between vertebrae in
the CAPS group after two years of follow-up®. Studies on 2-stage surgeries showed none of the patients had
pseudoarthrosis in the final follow-up, and the successful fusion rate was high!!. The reduced fusion in CAPS
surgery is attributed to micromotions that occur less frequently in the two-stage surgery. In patients undergoing
CAPS surgery, the entire construct (cement-reinforced screws, rod, and nuts) is placed in one stage, and bilateral
facetectomy is performed for the patient. Therefore, despite stabilization between the vertebrae, removing facets
leads to instability in the spinal!®. However, in the 2-stage method, screws are implanted in the first stage, and
facetectomy is performed for the patient. After six months of surgery, osteogenesis occurs, fibrotic tissues replace
the facets, and the spinal cord reaches desirable stability, securing the construct.

In the present study, the level of Solid radiographic fusion in the CAPS group was reported to be lower
compared to other studies. The results of Karius et al.'s study in 2017 indicate that most patients treated with
the CAPS method demonstrate Solid radiographic fusion in the final follow-up®!. Chandra et al. 2017 also
achieved similar results in 80 patients undergoing CAPS surgery’. The difference in results in the current
study is attributed to the high sensitivity of CT scans and dynamic X-rays in diagnosing fusion between the
vertebrae of patients. Most previous studies assessed fusion between vertebrae using plain radiographs without
a specific criterion. Metal artifacts, intestinal gas, and the viewing angle are among the factors that can distort
the sensitivity of X-rays for evaluating loosening and may even lead to false interpretation of successful fusion
as pseudoarthrosis®2. Moreover, in other studies, the interpretation of radiological images was carried out by
surgeons. Surgeons, unlike radiologists, have not received specific training in this field, and each individual
provides different interpretations based on their experience. Therefore, in the present study, the interpretation
of radiological images was performed by an experienced neuroradiologist and radiologist using CT scans and
dynamic X-rays, leading to more accurate results.
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The results of the study in the field of pain (VAS) and disability (ODI) in patients showed that the CAPS
group had significant improvement in the initial assessment after surgery compared to the 2-stage surgery group.
The chemical and thermal properties resulting from the heat polymerization process of the cement can cause
damage to nerve endings inside the vertebrae, disrupting the neural signals of pain receptors'>*. Therefore,
patients show significant improvement shortly after cement injection. But in the final evaluation, the 2-stage
surgery group had a significant improvement with a significant difference that is due to the separation of the
cement mass from the bone tissue in the CAPA group in the long term. Studies in this area have demonstrated
that with 2-stage surgery, the pain and disability levels of patients have significantly improved after a 2-year
follow-up!!. Mo et al. (2011) showed that there was no significant difference between the two groups of patients
with and without cement reinforcement in spine surgery in terms of postoperative pain and disability in the
final follow-up?%. Similarly, Wang et al. reported similar results, indicating the long-term detrimental effects
of cement, leading many patients to require reoperation®. The 2-stage surgical stabilization has potential
advantages and prevents subsequent corrective surgeries. It is a valuable technique for individuals with a
broad spectrum of cardiovascular and respiratory diseases who lack organ reserves for lengthy surgeries and
anesthesia. Additionally, elderly patients with spinal deformities requiring stabilization of a significant portion
of their vertebrae necessitate increased attention to the 2-stage surgical approach.

Limitations

Given the current study’s limitations, there are remaining research opportunities for several aspects of this
investigation. We could not differentiate patients based on primary or secondary bone porosity (related to
underlying diseases, drug-induced conditions, and hormonal disorders). The absence of similar studies on
the two-stage surgical technique and insufficient information on its outcomes in different centers are notable
constraints in this study.

Conclusion

Our study results indicate that the 2-stage surgical approach, compared to CAPS, has a higher preference and
reduces potential complications resulting from cement injection. We observed screw loosening and unsuccessful
fusion in only one patient in the two-stage surgery group, with most patients showing significant improvement
in pain and functionality after surgery. Therefore, the 2-stage technique is suitable for all patients with poor
bone quality and underlying diseases. Furthermore, concerns related to surgical complications in pedicle screw
augmentation with cement in osteoporotic patients using the two-stage surgical method are quickly addressed.
The results call for further investigations to solidify the knowledge gained in this study. We share this experience
and recommend evaluating individuals with accompanying underlying diseases and severe spinal deformities,
as our study group did not exhibit serious or symptomatic complications.

Data availability
The datasets used and analyzed during the current study are available from the corresponding author on rea-
sonable request.
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