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Objective: Fenestrated screw fixation with bone cement augmentation has been demonstrated 
to increase the pullout strength. Bone cement augmentation is performed to prevent screw fail-
ure. The study aimed to investigate the safety and efficacy of multilevel percutaneous fenes-
trated screw fixation with bone cement augmentation in the adult lumbar spinal deformity.
Methods: We performed a retrospective study of 15 patients who underwent multilevel percu-
taneous fenestrated screw fixation (PFSF) with bone cement augmentation between January 
2018 and December 2020. Visual analogue scale (VAS) score, Oswestry disability index (ODI), 
sagittal vertical axis (SVA), and lumbar lordosis (LL) were investigated in the patients.
Results: Mean BMD was -2.0. The mean percutaneous fenestrated screw fixation level was 6. 
The mean VAS score changed from 7.14 preoperatively to 4.57 postoperatively, to 3.71 at the 
last follow-up. The mean ODI changed from 45.21 preoperatively to 32.5 postoperatively, to 
27.0 at the last follow-up. The mean LL changed from 23.6 preoperatively to 32.96 postopera-
tively, to 31.67 at the last follow-up. The mean SVA changed from 76.65 preoperatively to 46.15 
postoperatively, to 48.46 at the last follow-up. The bony fusion rate was 73.3%. There were 
screw loosening in 4 patients and screw fracture in 3 patients. Cement leakage occurred to-
wards the anterior body of the vertebrae in 2 patients but no symptoms were observed.
Conclusion: Our study results demonstrate that multilevel PFSF with bone cement augmenta-
tion can result in good clinical and radiological outcomes for lumbar spinal deformity. However, 
larger size screws or smaller through-hole screws are required to prevent screw fracture. 

Key Words: Pedicle screw, Osteoporosis, Bone cement, Spinal curvatures.

Received: February 10, 2022 
Revised: March 17, 2022 
Accepted: March 22, 2022

Corresponding Author: 
Sang Gu Lee, MD, PhD 
Department of Neurosurgery, 
Gachon University Gil Medical 
Center, Gachon University College 
of Medicine, 24 Namdong-daero 
774beon-gil, Namdong-gu, Incheon 
21565, Korea
Tel: +82-32-460-3304 
Fax: +82-32-460-3899 
E-mail: samddal@gilhospital.com

INTRODUCTION 

As the aging population becomes more abundant, degener-

ative spine diseases are also increasing. With the development 

of surgical techniques for degenerative spinal diseases, various 

surgical methods have been introduced to obtain good surgical 

results. However, conventional surgical procedures for adult 

degenerative spinal deformity have been associated with se-

vere blood loss, instrument failure, proximal junctional failure, 

and other complications found in elderly patients with multiple 

medical comorbidities. 

Minimally invasive deformity correction and fusion remains 

as an exciting field of spinal deformity surgery. In adult lum-

bar spinal deformity, percutaneous fenestrated screw fixation 
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is a promising approach to spinal deformity surgery that can 

achieve correction and fusion with less tissue trauma, bleeding, 

and potentially fewer complications [1]. 

The biggest obstacle in performing spinal deformity surgery 

is osteoporosis [2]. As the number of osteoporotic patients in-

creases, the related problems also increase. The anchoring ef-

fect of holding the screw in place is reduced and the probability 

of hardware failure becomes higher for osteoporotic patients. 

As a result, chances of non-union and complications such as 

screw loosening and pull-out also become higher. 

Accordingly, various surgical fixation techniques have been 

introduced to address some of the problems encountered with 

osteoporotic patients. The use of larger and longer screws, ad-

dition of equipment such as hooks to increase screw fixation 

range, and injection of bone cement into the vertebral body 

around the screw have been some of the efforts made to over-

come the weak bone integrity of osteoporotic patients. Among 

them, bone cement injection is mainly used to overcome 

osteoporosis. Bone cement augmentation is considered to 

be an effective method to increase the screw strength [3]. The 

challenge lies in the injection of bone cement while performing 

percutaneous pedicle screw fixation (PPF). Fenestrated screws 

were introduced to make the cement insertion process more 

convenient. A bone cement filler device is used to inject bone 

cement into the screw and the cement enters the vertebral 

body through small holes in the screw. 

Injection of bone cement into percutaneous screws can in-

advertently result in bone cement leakage at the screw head, 

which can make the rod fixation procedure difficult [4]. Screw 

fracture is another emerging complication for cement injecting 

screws, and the size of the screw hole through which the ce-

ment is injected seems like a very important factor in prevent-

ing screw fracture. 

Although percutaneous transpedicular screw fixation alone 

may not be sufficient to correct spinal deformity, screw fixation 

with bone cement augmentation can reduce various complica-

tions such as loosening or pull-out screw that may commonly 

occur in conventional adult spinal deformity surgery [5]. This 

study aimed to investigate the safety and efficacy of multilevel 

percutaneous fenestrated screw fixation with bone cement 

augmentation in the adult lumbar spinal deformity.  

MATERIALS AND METHODS  

1. Patient Population 

From January 2018 to December 2020, a total of 15 patients 

with lumbar spinal disease underwent multilevel PFSF with 

bone cement augmentation by a single experienced spine 

surgeon. There were 14 women and 1 man with a mean age of 

71.3±7.2 years and a mean follow-up period of 19±7.5 months. 

The following group of patients were included in this study. 

1) Multilevel degenerative diseases such as spinal stenosis, 

spondylolisthesis with spinal deformity requiring PPF of 

at least 5 levels. 

2) Spinal instability with spinal cord compression requiring 

PPF of at least 5 levels. 

3) Osteopenic or osteoporotic patients who have poor bone 

quality. 

Out of the 15 patients, 14 patients underwent surgery due 

to degenerative diseases, 1 patient due to burst fracture with 

instability. The mean BMD was –2.0±0.8. The Body Mass Index 

(BMI), past history (diabetes, hypertension, thyroid disease, 

renal failure and cardiac disease) were investigated in the pa-

tients (Table 1). 

2. Surgical Method 

The posterior lumbar interbody fusion (PLIF) and/or trans-

foraminal lumbar interbody fusion (TLIF) with PPF via mid-

line incision was performed in 10 patients, and direct lateral 

interbody fusion (DLIF) with percutaneous screw fixation in 5 

patients. Multilevel PPF was performed in prone position using 

bone cement fenestrated screws (ZENIUS pedicle screw system 

distributed by Medyssey). The screws were placed percutane-

ously under fluoroscopic guidance. For every lumbar fenestrat-

ed screw, approximately 1.5–2.5 mL of polymethylmethacrylate 

(PMMA) was injected in the top and lower screws through the 

injection cannula. The rods were shaped according to the sag-

ittal contour and then passed through the screw heads under 

fluoroscopic control. Compression or distraction was applied 

to the extenders as required to gain further correction. 

3. Clinical and Radiologic Data 

A retrospective review of clinical and radiological data was 

conducted. The visual analog scale (VAS) and the ODI scores 

were measured preoperatively, postoperatively (after 1 month 

of surgery) and at the last follow up. For radiological evaluation, 

SVA, PT, PI, SS, LL and Cobb’s angle were measured through 

radiographs taken preoperatively, postoperatively (1–2 months 

after operation), and at last follow up (Figure 1). 

The bony fusion rate of interbody fusion and instrument fail-

ure such as fracture or loosening were evaluated by radiographs 
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and computed tomography (CT) during the follow-up period. 

The degree of bone fusion was based on the classification of 

Brantigan and Steffee (Table 2) [6]. Grade 4 or 5 was regarded 

to have achieved bony fusion. Screw loosening was defined 

as halo sign showing a radiolucent line of ≥1 mm around the 

screw in radiographs or CT [7]. 

Perioperative complications such as postoperative infection, 

PMMA and cerebrospinal fluid leakage, or neurologic deterio-

ration were also recorded. 

4. Statistical Analysis 

For statistical analysis, ANOVA test was conducted using 

SPSS software (ver. 17.0; SPSS Inc, Chicago, IL, USA). A proba-

bility value of less than 0.05 was considered significant.  

RESULTS  

1. Clinical Outcomes 

The mean VAS score decreased from 7.14 preoperatively to 

4.57 postoperatively. VAS score decreased to 3.71 at the last 

follow up. The mean ODI score improved from 45.21 pre-

operatively to 32.5 postoperatively. Like the VAS score, ODI 

score improved to 27.0 at the last follow up. Both VAS and 

ODI score improved after the surgery and the improvement 

was maintained during the follow-up period with statistical 

significance (p<0.05). 

2. Radiological Outcomes 

Spinopelvic parameters were measured by three researchers 

(two experienced spine surgeons, one spine fellow), and the 

mean values were used for analysis. 

The mean SVA decreased from 76.65 mm before the surgery 

to 46.15 postoperatively and 48.46 at the last follow-up. The 

mean LL increased from 23.60 before the surgery to 32.96 post-

operatively however, decreased to 31.67 at the last follow-up. 

The mean PT decreased from 32.67 before the surgery to 28.11 

postoperatively and 28.70 at the last follow-up. The mean PI-

LL decreased from 35.20 before the surgery to 22.56 postoper-

atively and 22.76 at the last follow-up. The mean Cobbs angle 

decreased from 18.30 before the surgery to 6.27 postoperatively 

and 5.98 at the last follow-up (Table 3). 

All the clinical and radiographic values were improved after 

the surgery and the improvement was well maintained during 

the follow-up period with statistical significance (p<0.05) (Fig-

ure 2). Figure 1 shows a 77-year-old patient that underwent 

PPF 6 levels with bone cement augmentation. SVA improves 

from 107.30 mm preoperative to 34.70 mm last follow-up, 

PT improves from 28.93 to 24.08, LL improves from 14.56 to 

35.38, PI – LL improves from 38.13 to 14.22 and Cobb’s angle 

improves from 28.69 to 4.12. 

At the last follow-up, bony fusion was achieved in 11 patients 

Table 1. Characteristics of patients

Case Sex Age Diagnosis Decompression levels PPF levels BMD BMI Past history
1 F 62 Scoliosis, stenosis and spondylolisthesis L2-5 TLIF L2-4, PLIF L45 5 –1.4 25.97 HTN, DM
2 F 76 Scoliosis, stenosis with instability L2-5 DLIF L2-5 7 –2.5 26.22 None
3 F 73 Scoliosis, stenosis with instability L3-S1 TLIF L3-5 5 –2.5 27.2 CRF
4 F 74 Stenosis and spondylolisthesis L2-S1 TLIF L2-S1 5 –0.7 26.3 HTN
5 F 80 Scoliosis, stenosis with instability L2-5 DLIF L2-5 5 –2.4 28.78 HTN
6 F 65 Scoliosis, stenosis with instability L2-S1 PLIF L2-5 6 –1.5 23.43 None
7 F 78 Scoliosis, stenosis with instability L3-S1 PLIF L34, TLIF L4-S1 5 –3.3 21.63 HTN
8 M 81 Scoliosis, stenosis with instability L1-5 TLIF L1-5 5 –1.5 23.31 None
9 F 62 Stenosis and spondylolisthesis L2-S1 DLIF L2-5, PLIF L5S1 6 –1.8 25.39 HTN
10 F 77 Stenosis and spondylolisthesis T12-S1 TLIF T12-S1 7 –2.1 24.03 HTN, DM
11 F 76 Scoliosis, stenosis with instability L1-5 TLIF L1-3, DLIF L3-5 6 –2.1 20.8 HTN, DM
12 F 72 Scoliosis, stenosis and spondylolisthesis L2-S1 TLIF L2-S1 5 –0.9 23.61 None
13 F 71 Stenosis and spondylolisthesis L1-S1 DLIF L1-4, PLIF L5S1 5 –1.9 19.29 HTN
14 F 73 Scoliosis, stenosis and spondylolisthesis L3-5 PLIF L3-5 8 –2.5 27.43 HTN
15 F 58 Old burst fracture L3, scoliosis Corpectomy L3, DLIF L2-4 6 –3.2 20.9 None
Mean 71.3 6 –2.02 24.29

PPF: percutaneous pedicle screw fixation, BMD: bone mineral density, BMI: body mass index, HTN: hypertension, DM: diabetes mellitus, CRF: chronic 
renal failure, DLIF: direct lateral interbody fusion, TLIF: transforaminal interbody fusion, PLIF: posterior lumbar interbody fusion.
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Figure 1. Female, 77-year-old, T=–2.1 SD, the patient underwent PPF with bone cement augmentation. (A) The preoperative A-P view 
X-ray image measured Cobb’s angle; (B) Postoperative A-P view X-ray image measured Cobb’s angle; (C) Last follow-up A-P view X-ray 
image measured Cobb’s angle (yellow angle); (D) The preoperative lateral view X-ray image measured SVA (blue line), PT (green angle), SS 
(red angle), and LL (purple angle); (E) Postoperative lateral view X-ray image measured SVA, PT, SS, and LL; (F) Last follow-up lateral view 
X-ray image measured SVA, PT, SS, and LL.
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out of 15 patients and thus the fusion rate was 73.3%. Screw 

loosening was observed in 4 patients, rod fracture in 1 patient 

and screw fracture in 3 patients. Among the 3 patients of screw 

fracture, 1 patient underwent screw pull-out at the top screw 

and required reoperation. Cement leakaged occurred in 2 pa-

tients through the anterior body of vertebrae but no symptoms 

were observed. There were no cases of postoperative surgical 

site infection (Table 4). 

DISCUSSION 

Multilevel PFSF in adult spinal deformity is becoming a pop-

ular option among surgeons for the aging population. PPF de-

creases muscle crush injures during retraction, avoids detach-

ment of tendons to the posterior bony elements, maintains the 

integrity of the dorsolumbar fascia, limits bony resection, and 

decreases the size of the surgical corridor. But technical lim-

its of PPF also exists. Facet hypertrophy, high iliac crest when 

screwing S1 segment, severe spondylolisthesis, osteopenia or 

osteoporosis, and scoliosis [8]. 

Therefore, perioperative complications such as screw loos-

ening or fracture are commonly encountered. Studies have 

demonstrated that 17% of revision surgeries are associated with 

fenestrated screw failure [4,9]. Longer, thicker sized screws, 

bone cement augmentation along with teriparatide injections 

have been applied to overcome such instrument failure. This 

study was aimed to evaluate safety and efficacy of percutane-

ous fenestrated screw with bone cement augmentation in adult 

lumbosacral degenerative spine diseases with low bone quality. 

There are two main methods of screw augmentation current-

ly in practice. One method is using a fenestrated screw, through 

which bone cement is injected via injection cannula after 

screw insertion. The other conventional augmentation method 

involves tapping over the guidewire, bone cement injection 

through a injection cannula, followed by screw insertion. A pre-

Table 2. Discription of fusion result by Brantigan and Steffee [6]

Grade Description
1 Obvious collapse of construct due to pseudoarthrosis, loss of disc height, vertebral slip, broken screws, displacement of the cage, resorption of 

bone graft
2 Probable significant resorption of the bone graft due to pseudoarthrosis, major lucency, or gap visible in fusion area (2 mm around the entire pe-

riphery of graft)
3 Uncertain non-union, bone graft visible in the fusion area ot approximately the density originally achieved at surgery. A small lucency of gap may 

be visible involving a portion of the fusion area with at least half of the graft area.
4 Probable fusion bone bridges entire fusion area with at least the density achieved at surgery. There should be no lucency between the donor and 

vertebral bone.
5 Fusion bone in the fusion area is radiographically more dense and mature than originally achieved by surgery. Optimally, there is no interface be-

tween the donor bone and the vertebral bone, although a sclerotic line between the fusion areas, resorption of the anterior traction spur, ante-
rior progression of the graft within disc space, and fusion of facet joints.

Table 3. Radiological outcomes of patients
Index Preoperative Postoperative Last follow-up p-value
PT 32.67 28.11 28.70 0.003
LL 23.60 32.96 31.67 0.011
PI-LL 35.20 22.56 22.76 0.001
Cobb’s angle 18.30 6.27 5.98 0.002
SVA (mm) 76.65 46.15 48.46 0.009

PT: pelvic tilt, LL: lumbar lordosis, PI-LL: pelvic incidence minus lumbar 
lordosis, SVA: sagittal vertical axis.

Figure 2. Graph showing Visual Analog Scale (VAS), Oswestry 
Disaability Index (ODI), Pelvic Tilt (PT), Lumbar Lordosis (LL), Pel-
vic incidence minus Lumbar Lordosis (PI-LL), Cobb’s angle, and 
Sagittal Vertical Axis (SVA) before the surgery, 1–2 months after 
the surgery (postoperative period), and last follow-up period. The 
mean improvement of VAS from pre-operation to the last fol-
low-up was 3.43 points (from 7.14 to 3.71) (p<0.05). The mean 
improvement of ODI from the pre-operation to the last follow-up 
was 18.21 points (from 45.21 to 27.0) (p<0.05). All the last fol-
low-up radiologic outcomes improves than before the surgery 
(p<0.05). X axis represents preoperative, postoperative, and last 
follow-up period. The Y axis represents the score.
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vious study demonstrated that fenestrated screw augmentation 

is more effective than vertebroplasty augmentation [5]. 

Many problems can occur during the bone cement augmen-

tation process. Cement leakage into the spinal canal or inter-

vertebral foramen causing neural obstructions and neurologic 

damage to the nearby nerve root as a result of the chemical 

reaction of the PMMA are some of the common complications 

[10,11]. More serious complications such as pulmonary embo-

lism, paraplegia, or death can also occur [12]. In our patients at 

least 1.5 mL of bone cement was injected at each fenestrated 

screw based on the study that 1.5 mL is an effectiveness dose 

that increases the pullout strength and minimizes the risks as-

sociated with higher volume [13]. 

In this study, all sagittal parameters improved post-operative-

ly compared to the pre-operative state. The correction rate of 

the sagittal imbalances was not ideal according to SRS-Schwab 

Classification, but all patients showed clinical improvements 

postoperatively and at the last follow up. Sagittal corrections 

needed to be tailored to each patient characteristic based on 

bone quality and patient comorbities. Increased post-surgical 

infection and dural tear, massive blood loss during surgery, 

proximal junctional kyphosis, and rod fracture or haloing 

around screw can occur when excessive correction is per-

formed [14]. 

In this study bony fusion rate was 73.3%, which is somewhat 

lower than the previously reported 93.47% [4]. This may be 

due to the fact that ideal sagittal correction values could not be 

achieved based on the limitations of the PPF technique, which 

in turn leads to spinal instability and unbalanced load bar-

ing on the screws and rods. Screw fractures occurred in three 

patients. In all of the screw fracture cases, large holed screws 

were used. While large holed screws allow much easier cement 

injection, screw integrity may be compromised and the chanc-

es of inadvertent cement leakage become more abundant. 

Consistent with previous study of cement leakage rate of 9.3%, 

cement leakage occurred in two of fifteen patients (13.3%) [5]. 

Cement leakage occurred through the anterior body of verte-

brae but no symptoms were triggered. Bone cement injection 

can also occur at the screw head to which the injection cannula 

is attached. Such leakage can make the rod fixation procedure 

difficult and operation time longer. Removal of excess bone 

cement at the screw heads is a crucial process before rod appli-

cation to ensure appropriate capping. Screw pull-out occurred 

in one patient at the uppermost screw fixation level (L2). Fe-

male, 73-year-old, T=–2.5 SD, the patient has history of chronic 

renal failure (CRF) that operation of TLIF L3-5 PPF L2,3,4,5,S1. 

But screw pull-out occurred at the L2 level that removal of in-

strument L2-S1 bilateral and allobone chips was applied at the 

reoperation surgery (Figure 3). Screw loosening occurred in 

four cases. Screw loosening occurred due to insufficient bone 

cement injection on the loosening site in one patient, but all 

screw loosening cases did not result in spinal instability. In 

this study, the mean BMD was –2.02. The mean BMD of the 

screw loosening group was –2.87, and the mean BMD of the 

those without instrument failure was –1.73. Mean BMD values 

of screw loosening cases was significantly lower than those 

of without instrument failure. The rate of instrument related 

complications was quite high compared to other studies about 

multilevel fusion. We believe that the use of large holed fenes-

trated screws and lengthy fusion levels (mean fusion level of 6) 

can be attributed to these results. Previous studies have shown 

that age, more than 5 fusion levels, scoliosis, PI/LL mismatch 

and osteoporosis to be associated with high risk of instrument 

failure [15]. 

In light of the results, it is important to improve the bone 

quality to decrease the rate of instrument failure. Using teri-

paratide injection after the surgery has proven to be an effective 

adjunctive treatment [16]. In this study a daily injection of 20 μg 

of teriparatide for 6 months was prescribed to all osteoporosis 

patients. But based on our experience, teriparatide injections 

should be recommended to osteopenia patients when multi-

level fusion is being considered in order to reduce screw loos-

ening.  

There are many limitations to the study. Selection bias may 

have occurred due to the retrospective nature of the study. The 

sample size is also very small and the follow-up period is not 

long enough to discuss long term outcomes. This study does 

not have a control group to which we can compare the results 

of using fenestrated cement screws. Thus, a randomized con-

trol study with more patients and longer follow-up duration is 

needed to reinforce our results. This study is significant in that 

PPF with bone cement augmentation can conveniently and 

safely be performed using fenestrated screws in adult deformity 

surgery.  

Table 4. Complications related to procedure

Number
Screw fracture 3
Screw loosening 4
Screw pull-out 1
Rod fracture 1
Leakage of cement 2
Postoperative surgical site infection 0
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CONCLUSION 

Although the current study examined a small sample with a 

relatively short term follow up period, our study results demon-

strate that multilevel percutaneous fenestrated screw fixation 

with bone cement augmentation can result in good clinical 

and radiological outcomes for lumbar spinal deformity. Based 

on our experience, we believe that bone cement augmenta-

tion should be performed at all levels for severely osteoporotic 

patients and at least at the uppermost and lowermost level in 

osteopenia patients or those undergoing more than four level 

fusion to minimize instrument failure. Large holed screws used 

for bone cement augmentation may be vulnerable to screw 

fracture and increase the risk of screw fracture. Larger size 

screws or smaller through-holed screws are necessary to pre-

vent screw fracture. Teriparatide injection for at least 6 months 

is recommended after percutaneous screw fixation in low bone 

quality patients. 
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