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ABSTRACT

Background: Although cement augmentation of pedicle screws increases stability, complications, such as pul-
monary embolism, must be considered. One possible approach to minimize complication risk is not augmenting
all pedicle screws. It remains unclear whether full augmentation is necessary or if restricted cement augmen-
tation is sufficient regarding cement-associated complications, implant failure, or adjacent fractures.

Research question: Is there a difference in cement-associated complications, implant failure rate, and revision
rates in non-cemented, fully augmented, and restricted cement-augmented long-segment posterior stabilization
of the thoracolumbar spine?

Methods: In a single-center retrospective observational study, patients aged >60 years who underwent pedicle
screw fixation of >3 segments in the thoracic/lumbar spine treating an osteoporotic fracture, metastatic lesion,
or ankylosing spondylitis fracture were enrolled and categorized into no, full, and restricted cementation groups.
Demographics, cement-associated complications, revision surgeries, implant failures, adjacent fractures, and
other complications were also recorded.

Results: Cement leakage rate was significantly higher in the full than in the restricted cementation group (p <
0.05), with no sign of pulmonary embolism in either group. Patients with osteoporotic fractures experienced
implant failure and adjacent fractures significantly more frequently than those with other pathologies (p < 0.05).
In the full cementation group, the rate of screw cut-out with fractures of the last instrumented vertebra and
adjacent fractures was the highest (p < 0.05).

Discussion and conclusion: Restricted cementation does not result in a higher rate of complications, particularly
cement-associated complications, screw cut-out, or implant failure, and appears more favorable than full
cementation.

1. Introduction

30-day mortality rate was demonstrated in one study (Janssen et al.,
2017; Morimoto et al., 2023).

Several biomechanical studies have demonstrated substantial and
relevant improvement in pedicle screw retention in the osteoporotic
thoracolumbar spine through cement augmentation (Hoppe et al., 2014;
Bostelmann et al., 2017; Riesner et al., 2021). Cement augmentation of
pedicle screws considerably decreases clinical loss of reduction and
implant failure after isolated posterior stabilization (Spiegl et al., 2016;
Feng et al., 2022). However, the potential complications associated with
pedicle screw cement should be considered. Symptomatic pulmonary
embolization rates of 0-26% have been described; moreover, a 1.8%
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Therefore, cement augmentation should be carefully considered.
Decreasing the total amount of cement by reducing the number of
augmented screws might combine the advantages of cement augmen-
tation and reduce the risk of cement-associated complications.

Restricted cement augmentation (solely augmenting the most cranial
and caudal pairs of pedicle screws) demonstrated comparable stability
to full cementation in two biomechanical studies (Spiegl et al., 2020,
2021).

However, whether the biomechanically proven construct stability
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with restricted cementation can be consistently observed in clinical
practice remains unclear. Therefore, this study aimed to compare
cement-associated complications, implant failure rates, and revision
rates in non-cemented, fully augmented, and restricted cement-
augmented long-segment posterior stabilization of the thoracolumbar
spine. We hypothesized that no increase in cement-associated compli-
cations or implant failure rates would be detectable after restricted
cementation.

2. Methods
2.1. Participants

The ethics committee of the University of Leipzig (069/24-ek, 26-03-
2024) approved this study. Owing to the retrospective study design, no
informed consent was required by the ethics committee. This study was
conducted in accordance with the Declaration of Helsinki and all rele-
vant laws and institutional guidelines.

2.2. Study design

This was a single-center retrospective observational cohort study
performed in a level-1 trauma center between October 1, 2014, and June
15, 2022. Patients aged >60 years who underwent pedicle screw fixa-
tion of >3 segments in the thoracic or lumbar spine and were not treated
for degenerative spine pathologies were consecutively enrolled. Patients
aged <60 years were only included if they had known osteoporosis
(confirmed by patient history, dual energy X-ray absorptiometry [DXA],
or medication) or inadequate or no trauma. Spinal pathologies included
osteoporotic fracture (OF), ankylosing spondylitis (AS) fracture
(including diffuse idiopathic skeletal hyperostosis [DISH]), and meta-
static spine lesions. Osteoporosis in patients with DISH, AS fractures,
and metastatic spine lesions was not discussed separately. Patients
treated for inflammatory spinal diseases (such as spondylitis and spon-
dylodiscitis), treated additionally with intersomatic fusion (interverte-
bral cage or anterior cage), with primary spinal tumors, or who were
pregnant were excluded. Patients were categorized into the following
groups: no cementation, full cementation (including patients with sub-
total augmentation), and restricted cementation (only the most cranial
and caudal pedicle screw pair was augmented) (Fig. 1). Patient selection
is shown in Fig. 2.

In the full cementation group, two patients aged <60 years were
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included: one had known osteoporosis and experienced an atraumatic
fracture, and the other had known osteoporosis confirmed by patho-
logical DXA. In the restricted cementation group, four patients aged <60
years were included. One had osteoporosis confirmed by pathological
DXA, one had osteoporosis due to mastocytosis proven by histology, one
had lytic metastasis, and one had osteoporosis due to glucocorticoid
treatment for rheumatoid arthritis.

2.3. Outcome measures

The following demographic parameters were compared: sex, age,
Charlson Comorbidity Index (CCI), American Society of Anesthesiolo-
gists (ASA) classification, length of hospital stay, mortality, Frankel
grading, affected vertebral region, single- or multi-affected vertebrae,
and treated pathology, number of instrumented segments. If transdiscal
disruption was observed, both affected vertebrae were counted, and the
patients were allocated to the multi-affected vertebra subgroup. To
analyze cement-associated complications, the number of cemented
screw pairs, cement leakage frequency, cement leakage type, diagnostics
for deep vein thrombosis, and computed tomography findings with
proven pulmonary embolism were assessed. The following types of
cement leakage were defined: paravertebral, vascular, and intraspinal
(Fig. 3).

Data on complications and revision surgeries were derived from in-
hospital and outpatient data. The rates of revision due to infections,
wound healing disorders, implant failure, adjacent fractures next to the
instrumentation, and nonadjacent spinal fractures were analyzed.
Implant failure was defined as follows: screw cut-out with fracture of the
most cranial or caudal instrumented vertebra, screw cut-out with frac-
ture of the most cranial or caudal instrumented vertebra and an adjacent
fracture next to the last instrumented vertebra, and rod failure. In
addition, the following complications were evaluated: neurological
deficits, sensory or motor loss, incontinence, decubitus, urinary tract
infection, pneumonia, acute renal failure, cardiological problems,
asystolia, respiratory failure, and neurological disorders.

2.4. Statistical analysis

Data were collected in a predefined Research Electronic Data Cap-
ture form and analyzed using GraphPad Prism software 10 (GraphPad
Software, La Jolla, USA) (Harris et al., 2009). Gaussian distribution was
assessed using the Shapiro-Wilk test. Gaussian and non-Gaussian

Fig. 1. Groups compared. A No cementation, B Full cementation, and C Restricted cementation of the posterior fixation.
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Fig. 2. Patient selection flow-chart including distribution according to the treated pathology, respective group, and available follow-up in the outpatient clinic.

Fig. 3. Cement-associated complications. A Paravertebral, B Vascular, and C Intraspinal cement leakages.

distributed data are presented as the mean + standard deviation and
median [interquartile range (IQR)2s50,; IQR7s04], respectively. Ordinal
data were compared using Fisher’s exact test. Gaussian-distributed data
were analyzed using one-way analysis of variance followed by Bonfer-
roni correction for multiple comparisons. Non-Gaussian distributed data
were compared using the Kruskal-Wallis test followed by Dunn
correction. Statistical significance was defined as p < 0.05.

3. Results
3.1. Demographics and indication for cement augmentation

The no cementation group significantly comprised more men than
both cemented groups did (p < 0.001; Table 1). Compared with the full
cementation group, patients in the no cementation group were signifi-
cantly older, with higher CCIs (p < 0.05; Table 1). Regarding the ASA,
no significant differences were observed in length of hospital stay,
mortality, and preoperative Frankel grading (p > 0.05).

No significant differences were observed between the groups in the

treated spinal region (p > 0.05; Table 2), with the thoracic spine being
the most frequently affected region. There were 65 and 121 patients
with single and multi-affected vertebrae, respectively (Table 2 and
Table al). Further, the no-cementation group comprised significantly
more multi-affected vertebrae than the other groups (p = 0.0145).

Fig. 4 shows the affected vertebrae in each group. Osteoporotic
fractures were significantly more frequently treated with cement
augmentation, whereas DISH, AS, and metastatic lesions were more
frequently treated without cement augmentation (p < 0.05; Table 2).
The no cementation group had significantly more instrumented levels
than the cementation groups did (p < 0.05; Table 2).

3.2. Cement-associated complications

Cement leakage rate was significantly higher in the full than in the
restricted cementation group (p < 0.05; Table 3). No significant differ-
ences were observed regarding single- or multi-level (p = 0.4757) or the
type (paravertebral, vascular, or intraspinal) of cement leakage (p >
0.99) between full and restricted cementation. Furthermore, no sign of
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Table 1

Patient demographics. Sex, categorization in the Charlson comorbidity index
(CCI) and to ASA<3 or ASA>3, mortality, and Frankel grading are presented as
number of respective patients (n). Age is presented as the mean + standard
deviation. CCI and length of hospital stay are presented as the median [inter-
quartile range (IQR)2s0; IQR750,]. m, male; f, female; d, days; y, yes; n, no ASA,
American Society of Anesthesiologists.

Non- Full Restricted p-value
cementation cementation cementation (n
=74 (n = 47) = 65)
Sex (m:f) 51:23 21:27 22:44 <0.001
Age 77.3 £ 6.7 76.6 + 8 73.5 + 8.7 0.0118
CCI 8 [5; 9] 6 [4; 8] 7 [4.5; 9] 0.0078
no (0 0 0 0
points)
mild (1-2 0 0 7
points)
moderate 14 18 9
(3-4 points)
severe (>5 60 29 49
poitns)
ASA <3:>3 14:60 12:35 15:50 0.5691
Length of 18 [15; 27] 19 [14; 22.5] 18.5 [13.25; p>
hospital 24.75] 0.05
stay [d]
Mortality y:n 3:71 2:45 5:60 0.7069
Frankel grading 0.2679
A 1 0 1
B 1 0 3
C 3 1 3
D 8 2 1
E 61 44 57
Table 2

Distribution of the treated spine pathologies according to corresponding group.
Osteoporotic fractures are classified based on the OF classification (Schnake
etal., 2018). All data except the number of instrumented segments are presented
as the number of respective patients (n). Number of instrumented segments is
presented as the median [interquartile range (IQR)2s%; IQR7s0,]. T, thoracic; L,
lumbar; TL, thoracolumbar; y, yes; n, no; DISH, diffuse idiopathic skeletal hy-
perostosis; AS, ankylosing spondylitis; OF, osteoporotic fracture.

No Full Restricted p-Value
cementation cementation cementation
(n=74) (n=47) (n = 65)
Affected Region 69:1:4 42:3:2 59:3:3 0.6592
(T:L:TL)
Muti-affected 35:39 14:33 16:49 0.0145
vertebra y:n
Osteoporotic 6 36 38 <0.001
fracture
OF2 1 3 1
OF3 4 16 19
OF4 1 16 17
OF5 - 1 1
AS 34 4 7 <0.001
Metastatic 34 7 20 <0.001
lesion
Pathological 3 4 2
fracture
Unstable 31 3 18
Number of 5 [4; 6] 4 [4; 5] 4 [4; 5]
instrumented
segments

pulmonary embolism was observed in both cementation groups. One
patient in the restricted cementation group had intraspinal cement
leakage and a pedicle screw near the aorta but refused revision surgery.
Another in the fully cemented group experienced intraspinal cement
leakage. Notably, two patients with tumors in the no cementation group
experienced deep vein thrombosis and pulmonary embolism.
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Fig. 4. Distribution of affected vertebra according to the corresponding treat-
ment group for the thoracic (A) and lumbar (B) spine.

Table 3

Distribution of cement-associated complications. The number of cement-
augmented screws is presented as the median [interquartile range (IQR)2s0s;
IQR750,]; the remaining data are presented as the number of respective patients
(n). y, yes; n, no.

Full cementation (n  Restricted cementation  p-

= 47) (n = 65) value

Cemented screw pairs 4 [4; 5] 2 0.0001
Cement leakage y:n 21:26 17:48 0.046
Single-:multi-level 15:6 14:3
Paravertebral cement 9 8

leakage
Vascular cement 12 9

leakage

3.3. Revision due to infection or wound healing disorders and other in-
hospital complications

In the no cementation group, four patients with metastatic spine
lesions required revision surgery owing to wound healing disorders. One
patient required screw exchange because of loosening. One patient with
a metastatic lesion and one with an AS fracture required revision surgery
but refused it. Another with an AS fracture required revision surgery
owing to a hematoma, leading to neurological deficits. Five patients
with AS fractures and two with metastatic lesions were re-admitted,
requiring revision surgery owing to wound healing disorders.

In the full cementation group, three patients with OF required revi-
sion surgery because of wound healing disorders. Among them, one
required additional surgery because of an intraspinal hematoma. In the
restricted cementation group, two patients with OF, one each with an AS
fracture and metastatic lesion required revision owing to wound healing
disorders. In both cementation groups, one patient was readmitted,
requiring revision surgery owing to wound healing disorders. Overall,
revision surgery due to infection or wound healing disorders was indi-
cated in 13/74 (17.6%), 4/47 (8.5%), and 5/65 (7.7%) in the no, full,
and restricted cementation groups, with no statistically significant
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differences (p = 0.1696). The remaining complications are summarized
in Table a2.

3.4. Implant failure and adjacent fractures

During the in-hospital stay, one patient each in the no cementation
and restricted cementation groups experienced a screw cut-out with
fracture of the caudally instrumented vertebra, leading to a revision
surgery extending the instrumented vertebrae and full cementation. In
the full cementation group, one patient experienced rod breakage; in the
revision surgery, a two-level Ponte osteotomy and rod customization
was performed.

Implant failure and adjacent fracture were observed in 28 patients
after discharge (Table 4). Two patients had metastatic lesions: one had
an AS fracture, and the remaining 25 had OFs. Patients with OF expe-
rienced implant failure and adjacent fractures significantly more often
than those with other pathologies (p < 0.0001).

In the comparison of failure modes and adjacent fractures, the most
common failure modes were screw cut-out and fracture of the most
cranial or caudal vertebrae (p = 0.0133). In the full cementation group,
three patients had screw cut-outs, a fracture of the most cranial or caudal
vertebra, and an adjacent fracture next to this vertebra (p = 0.0106). All
patients with screw cut-outs and fractures were treated with extension of
the posterior fixation of at least two vertebrae and full cementation. In
the full and restricted cementation groups, one patient suffered from
screw cut-out and a fracture of the last instrumented vertebra but
refused surgery.

In the no cementation group, one patient with an AS fracture had an
adjacent fracture and was treated with no cementation extension of
posterior fixation.

In the full cementation group, one patient had adjacent fractures,
treated with five-level kyphoplasty caudal to the instrumentation.
Another patient with an adjacent fracture was treated non-operatively.
Two patients with adjacent fractures were treated with full cemented
extension of their posterior fixation. In the restricted cementation group,
one adjacent fracture occurred and was treated with kyphoplasty.
Adjacent fractures occurred significantly more frequently in the full
cementation group than in the other groups (p = 0.0440).

Non-adjacent fractures occurred in both the no cementation and
restricted cementation groups and in two patients in the full cementa-
tion group. All the patients were treated without surgery. One rod
breakage combined with nonunion occurred in the restricted cementa-
tion group, treated with full-cemented extension of the posterior fixation
and cage implantation.

Table 4
Distribution of implant failure and (non-) adjacent fractures.
No Full Restricted p-
cementation cementation cementation value
(n=39) (n=21) (n=32)
Screw cut-out 6 5 2 0.1654
with fracture of
the most caudal
or cranial
vertebra
Screw cut-out 0 3 0 0.0106
with fracture of
the most caudal
or cranial
vertebra +
adjacent
vertebra
Rod failure - 1 1 0.3292
Adjacent 1 4 1 0.0440
Non-adjacent 1 2 1 0.4402
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4. Discussion

The main findings of this study demonstrate that restricted cemen-
tation provides construct stability comparable to full cementation of all
pedicle screws while offering advantages such as lower rates of cement
leakage and adjacent segment pathologies. In addition, a higher revision
rate was observed after procedures without cementation, although no
increase in screw loosening or implant failure was observed.

At first glance, the high revision rates after no cementation, despite
similar implant failure rates, seem surprising. However, upon closer
inspection, this can be largely explained by the differences in indications
and the more frequent use of open procedures in these cases. Sufficient
long-term stabilization is necessary in patients with DISH or AS; how-
ever, postoperative sintering of fractures is uncommon (Schaefer et al.,
2024). Moreover, these fractures generally have a good tendency to
consolidate within 3 months. In addition, open access was chosen for
tumor-related fractures because decompression was frequently per-
formed. The open procedure, as well as the extension of the procedure
with decompression, leads to an extension of the operating time and is
therefore associated with high infection rates and postoperative
bleeding (Kreinest et al., 2017; Bresolin et al., 2024). Nevertheless, the
cemented approach has been shown to have advantages in metastatic
fracture treatment, including reduced surgical revisions and low implant
failure rates (Feng et al., 2022). The low kyphotic malalignment rate in
the later stages also explains the low rate of subsequent adjacent
segment pathology.

The low cement leakage rate in the restricted cementation group was
expected owing to the reduced number of cemented screws and the
associated limited amount of cement, which confirms our previous hy-
pothesis. Notably, the amount of cement per screw remained constant.
Between 0.8 and 1.2 mL of cement was used per pedicle screw, consis-
tent with recommendations in the literature (Morimoto et al., 2023).
Cementation was stopped immediately intraoperative evidence of
cement leakage was observed. Therefore, in these cases, small cement
amounts were used for the individual screws. Contrary to literature re-
ports, no patient showed clinical abnormalities due to cement leakage
(Janssen et al., 2017), probably because cementation was performed
extremely carefully and slowly, with fluoroscopic controls every 0.3 ml.
In addition, sufficient time was allowed for sufficient cement viscosity,
and positive end-expiratory pressure increased before cementation (El
et al., 2013). Finally, as described above, screw cementation was
stopped at the slightest indication of cement leakage under fluoroscopy.

OF treatment often leads to kyphotic sintering and sagittal imbalance
with subsequent higher stress on the cranial and caudal screws (Ruiz
Santiago et al., 2023; Yuan et al., 2023). The results of this study confirm
the biomechanical data showing comparable construct stability without
evidence of increased screw loosening or implant failure rates after
restricted cementation (Spiegl et al., 2020, 2021). However, higher rates
of adjacent segment pathologies were observed after full cementation.
The amount of cement, which can influence the rate of adjacent segment
disease, had no influence owing to similar cementation techniques used,
as described above. Further, similar implantation and reduction ma-
neuvers were performed. Therefore, performing reduction by posi-
tioning the patient in the supine position alone appears sufficient. In
addition, the fracture types and levels did not differ significantly be-
tween the full and restricted cementation groups, probably because the
full cementation group had a somewhat older patient population. In
addition, restricted cementation has been increasingly used in recent
years; therefore, the higher rate of concomitant anti-osteoporotic ther-
apy in these years may have had a positive effect.

Overall, a high revision rate was observed, which is quite realistic
given the old and multimorbid patient population and the longer follow-
up in most patients. More studies with longer follow-up periods are
desirable in the future to obtain a realistic assessment of the complica-
tion rates and types of complications in these complex patients.

This study has some limitations. First, it was a single-center
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retrospective study with all the associated limitations. In addition, the
no cement-augmentation group was not fully comparable with the other
two groups, owing to differences in indications and the more common
open approach. Nevertheless, we believe it is important to include this
group and highlight screw loosening and implant failure cases, even in
biomechanically more favorable situations. Spinal CT scans were not
routinely performed; therefore, minor cement leakage might be unde-
tected. Chest CT scans were only conducted in cases of clinically sus-
pected embolism, thus silent embolism could have been overlooked.

Moreover, the follow-up periods varied. However, a distinction was
made between short follow-up (<6 months) and long follow-up periods.
Finally, clinical follow-up data were not analyzed.

In addition, detailed information regarding bone density measure-
ments, including T-scores and osteoporosis treatment history, is lacking.
These factors are crucial for determining spinal surgery outcomes and
implant stability. This information was unavailable for all patients and
thus excluded. Another limitation is the lack of information regarding
the decision to determine the number of screws to be augmented owing
to the retrospective nature of the study. Based on these results, we
recommend restricted cementation augmentation. In addition, we did
not analyze global spinal alignment and local kyphosis angles pre- and
postoperatively, which might have affected the material complications.

However, as this study mainly aimed to investigate restricted and full
cementation in relation to construct stability, complications and surgical
revisions were analyzed, and clinical data were excluded.

5. Conclusion

Long-distance dorsal stabilization of the geriatric spine using
restricted cementation did not result in high complication rates,
particularly screw loosening or implant failure. In addition, the
restricted procedure reduced cement leakage rate. Overall, complication
rates remain high, even in no cementation procedures, in older adults
and often multimorbid patient populations. These findings highlight the
comparable stability of restricted cement augmentation with full
cementation, making it a viable treatment option. Future multi-center
studies with longer follow-up periods are desirable for obtaining more
comprehensive and generalizable results.
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