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Abstract

Study design Retrospective study.

Objective For successful multilevel correction and sta-

bilization of degenerative spinal deformities, a rigid basal

construct to the sacrum is indispensable. The primary

objective of this study was to compare the results of two

different sacropelvic fixation techniques to conventional

stabilization to the sacrum in patients with multilevel

degenerative spine disease.

Methods A total of 69 patients with multisegmental

fusion surgery (mean number of stabilized functional

spinal units: 7.0 ± 3.3) with a minimum of 1-year follow-

up were included. 32 patients received fixation to the

sacrum (S1), 23 patients received S1 and iliac screw fixa-

tion (iliac) and 14 patients were treated with iliosacral plate

fixation (plate). Primary outcome parameters were radio-

graphic outcome concerning fusion in the segment L5–S1,

rate of screw loosening, back and buttock pain reduction

[numeric rating scale for pain evaluation: 0 indicating no

pain, 10 indicating the worst pain], overall extent of dis-

ability after surgery (Oswestry Disability Index) and the

number of complications.

Results The three groups did not differ in body mass

index, ASA score, the number of stabilized functional

spinal units, duration of surgery, the number of previous

spine surgeries, or postoperative complication rate. The

incidence of L5–S1 pseudarthrosis after 1 year in the S1,

iliac, and plate groups was 19, 0, and 29 %, respectively

(p \ 0.05 iliac vs. plate). The incidence of screw loosening

after 1 year in the S1, iliac, and plate groups was 22, 4, and

43 %, respectively (p \ 0.05 iliac vs. plate). Average

Oswestry scores after 1 year in the S1, iliac, and plate

groups were 40 ± 18, 42 ± 20, and 58 ± 18, respectively

(p \ 0.05 both S1 and iliac vs. plate).

Conclusion The surgical treatment of multilevel degen-

erative spine disease carries a significant risk for pseudar-

throsis and screw loosening, mandating a rigid sacropelvic

fixation. The use of an iliosacral plate resulted in an infe-

rior surgical and clinical outcome when compared to iliac

screws.

Keywords Sacropelvic fusion � Sacropelvic fixation �
Iliac screws � Spine deformities � Adult scoliosis

Introduction

The number of elderly patients with adult spinal scoliotic

deformities with the need for multilevel spinal stabilization

is growing. This is one of the reasons for the increasing

number of lumbosacropelvic fusion surgeries in the past

decade [1]. Because of the complexity of the regional

anatomy of the lumbosacropelvic junction and the large

prying effect due to the length of the lever, the results after

multilevel spinal stabilization in degenerative spine disease

are often hampered by inadequate fixation of the basal

construct. Pseudarthrosis at L5/S1 and loosening of the S1

pedicle screws are common problems. In previous studies,

the pseudarthrosis rates after stabilization to the sacrum

varied widely (3–83 %) [2, 3]. This high complication rate

can be explained by the poor bone quality in elderly
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patients and the substantial biomechanical forces at the

lumbosacropelvic junction [3–6].

In order to take this into account, various strategies

have been recently introduced to improve the rigidity of

the basal construct [4–7]. Previous studies could demon-

strate the increased risk for postoperative complications

with long-level fusions ending at the sacrum [8]. A

solution to that problem was an extension of the stabil-

ization construct to the pelvis. One of the first surgical

techniques that showed a significant improvement con-

cerning the pseudarthrosis and complication rate was the

Galveston technique, which was later replaced by the

insertion of iliac screws that are connected to the regular

rod system [9, 10].

From the biomechanical standpoint, the insertion of

additional iliac screws is superior to the Galveston tech-

nique due to the increased pullout strength, and from the

surgical standpoint it is superior due to easier handling

[11]. One of the limitations of this technique is the high

rate of instrumentation prominence and associated pain

that led to screw removal in 22 % of the patients after

2 years in one publication [12]. As a valid alternative to

the iliac screws, the implantation of a sacroiliac plate

device has been introduced. It has proven to be an elegant

and solid sacroiliac fixation technique. However, although

conceptually appealing, the experience with the sacroiliac

plate is limited to young patients with good bone quality

[13].

The aim of this retrospective analysis was to compare

the effectiveness and early complication rates for distinct

basal fixation techniques applied to multilevel deformity

correction in the treatment of degenerative scoliosis. To

this end, we focused (1) on a comparison of conventional

iliosacral fixation with regular fixation to the sacrum, as

well as (2) on a comparison of sacroiliac plate fixation to

the established screw techniques. We hypothesized that a

solid sacropelvic fixation would reduce the high rates of

pseudarthrosis and screw loosening due to its high pullout

force [14]. We further hypothesized that the use of a sac-

ropelvic plate provides a more solid basal fixation and

more rigid construct than S1/iliac screws [4].

Materials and methods

Clinical data were collected by a chart review. A total of 69

patients were included in this retrospective analysis. All

patients had the diagnosis of multilevel degenerative spine

disease. Indications for multisegmental spinal fusion were

the following: severe adult scoliosis, progression (clinically

and radiographically) of the deformity, multisegmental

instability, and adjacent segment disease after previous

surgeries.

Patient characteristics

We included patients who were treated between 2009 and

2012 at a single institution with a minimum follow-up of

1 year. The surgeries were performed by five senior spine

surgeons. When the patient received sacropelvic stabiliza-

tion it was the surgeon’s choice of which technique (iliac

screws vs. sacropelvic plate) was used.

We identified 37 patients who were treated with sacro-

pelvic stabilization (iliac screw 23 patients, sacropelvic

plate 14 patients), as a control we used 32 consecutive

patients who were stabilized only to S1 (Fig. 1).

In this study, we did not include patients under 18 years,

patients with neuromuscular disease or juvenile scoliosis or

Fig. 1 Postoperative CT scan and X-ray showing iliac screws in two

different patients
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patients with previous history of spinal metastases. Details

of the patient demographics are shown in Table 1.

Surgical parameters

Of the 69 patients, 37 patients were stabilized using TLIF

technique and 14 patients were stabilized in PLIF tech-

nique (Medtronic CD Horizon Legacy Spinal SystemTM,

Medtronic CD Horizon Solera Spinal SystemTM, Med-

tronic Colorado 2 Titan Spinal SystemTM, Aesculap S4�

Spinal System). Ten patients received TLIF and PLIF

cages in different segments due to previous spine sur-

geries. The remaining eight patients were either stabilized

from ventral (6 patients in ALIF technique) or without

any disk replacement (2 patients). 38 patients were sta-

bilized using PEEK cages (Aesculap T-Space PEEKTM,

Aesculap Pro-Space PEEKTM), 14 patients received titan

cages (Aesculap T-Space TitanTM, Aesculap Pro-Space

TitanTM) and 15 patients had a combination of PEEK and

titan cages. The extent of the ventral support is shown in

the Fig. 2.

Nine patients underwent Smith Peterson osteotomy due

to severe sagittal imbalance (7 patients in L4, and 2 patient

in L3 or L5). Because of osteoporotic bone quality, we

augmented the vertebral bodies with bone cement in 16

patients to further prevent screw loosening.

The rod diameter in all three groups was 5.5 mm. If the

patient was treated with iliac screws, we used screws with a

diameter of 8.5 mm and a length of 90 mm (Medtronic

Legacy Iliac MAS TitanTM Art. No. 70468590). In the

iliosacral plate group, an iliac screw with a diameter of

7 mm and a length of 80 mm was used (Medtronic Colo-

rado 2 TitanTM Art. No. 8632080). The iliosacral plate

system (Medtronic Colorado 2 TitanTM Art. No. 8638210,

8638220) does not lock the iliac screw at the plate in

comparison to the sacropelvic screws that can be secured.

Pedicle screw sizes and diameters were chosen dependent

on the pedicle anatomy, which was evaluated on the pre-

operative CT scans. Details of the surgical parameters are

shown in Table 2.

Follow-up parameters

The follow-up timepoints were 3 and 12 months after

surgery. For assessing the radiographic outcome, every

patient had either radiographs (a.p. and lateral) or a CT

scan. The fusion rate was evaluated using the criteria that

were previously reported by Hyun et al. [15]. If a

Table 1 Demographic data of the evaluated patients

Demographics S1 group Iliac group Plate

group

p value

Age (years) 63.6 ± 9.2 67.1 ± 11.1 69.5 ± 9.9 0.20

Gender (m/f) 14/18 10/13 6/8 0.98

Body mass index 27.1 ± 4.8 26.1 ± 3.2 27.2 ± 4.5 0.35

ASA score 1.6 ± 1.1 2.1 ± 0.9 1.9 ± 0.7 0.17

Number of

previous spine

surgeries

1.9 ± 1.6 2.0 ± 1.7 1.9 ± 1.4 0.96

Fig. 2 Extent of the ventral support in the patient cohort
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pathological finding was diagnosed on a radiograph, the

patient received additional CT scans.

The complication rate was evaluated according to the

chart review, and was divided into minor complications

and neurological complications. Demographic data

including the ASA score were evaluated by the chart

review. The ASA score is a grading system developed to

assess the fitness and health status of patients before sur-

gery, ranging from 1 = healthy patient to 5 = moribund

patient [16].

Patients were asked to complete one questionnaire

(Oswestry Disability Index: ODI) at the 12-month follow-

up. Additional questions included the numeric rating scale

for pain evaluation concerning back pain before surgery

and after 12 months (NRS, 0 indicating no pain, 10 indi-

cating the worst pain). To evaluate the overall satisfaction,

the patient was asked if he or she would undergo the same

surgery again, had the result been known ahead.

The data collection and analysis did not involve any of

the operating surgeons. Statistical analysis was performed

using SPSS 20.0. p values below 0.05 were defined as

significant.

The retrospective chart review was approved by the

local ethics committee (reference number: EA2/093/13).

Results

Between the three groups there were no significant differ-

ences concerning the demographics: age (S1: 63.6 ±

9.2 years; iliac: 67.1 ± 11.1 years; plate: 69.5 ± 9.9

years; p = 0.20), body mass index (S1: 27.1 ± 4.8; iliac:

26.1 ± 3.2; plate: 27.2 ± 4.5; p = 0.35), the physical

status of the patients before surgery assessed with the ASA

classification system (S1: 1.6 ± 1.1; iliac: 2.1 ± 0.9; plate:

1.9 ± 0.7; p = 0.17) or the number of previous spine

surgeries (S1: 1.9 ± 1.6; iliac: 2.0 ± 1.7; plate: 1.9 ± 1.4;

p = 0.96) (Table 1). Comparing the surgical parameters

there were likewise no differences between the groups

(Table 2). The postoperative complication rate concerning

minor complications, i.e., wound infections, re-bleeding or

cerebrospinal fluid fistulas was comparable among the

Table 2 Surgical parameters of

the evaluated patients
Parameters S1 group Iliac group Plate group p value

Number of stabilized functional spinal units 6.5 ± 2.6 7.4 ± 3.8 7.3 ± 3.7 0.93

Surgical technique (n patients) 0.99

TLIF 16 13 8

PLIF 9 4 3

TLIF and PLIF 4 3 2

ALIF 2 2 1

Only dorsal fixation 1 1 0

Cage material (n patients) 0.084

PEEK 14 15 9

Titan 9 4 1

PEEK and titan 8 3 4

No cage used 1 1 0

Vertebral cement augmentation (n patients) 7 6 3 0.93

Smith Peterson osteotomy (n patients) 2 4 3 0.29

Duration of surgery (h:min) 4:51 ± 1:20 5:39 ± 2:27 5:50 ± 2:16 0.19

Length of postoperative hospitalization (days) 12.0 ± 5.6 15.4 ± 8.5 10.5 ± 4.5 0.13

Table 3 Complications of the evaluated patients

Complications S1

group

Iliac

group

Plate

group

p value

Pseudolisthesis in the

segment L5–S1 (%)

19 % 0 % 29 % 0.033*

Screw loosening and material

complications

22 % 4 % 43 % 0.048*

Total (n) 7 1 6

Iliac screws (n) – 1 4

Sacrum screws (n) 5 – –

Iliac ? sacrum screws (n) – – 2

Proximal construct (n) 1 – –

Cage dislocation (n) 1 – –

Minor revisions (%) 28.1 % 17.4 % 28.6 % 0.17

Infection (n) 4 2 4

Hematoma (n) 2 2 0

CSF fistula(n) 3 0 0

Neurological deficits (%) 6.3 % 13.0 % 7.1 % 0.67

Temporary (n) 2 2 1

Permanent (n) 0 1 0

* Difference between the iliac group and the plate group
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three groups (Table 3). In total, 17 patients (24.6 %)

underwent early surgical revision.

In total, we had a neurological complication rate of

8.7 % over all three groups. 5 out of the 69 patients had a

temporary muscle palsy that was absent at the 12-month

follow-up. One patient had a new postoperative inconti-

nence (bowel and bladder) which did not improve after

1 year. A postoperative spinal epidural hematoma, that was

immediately removed after diagnosis, could be identified as

the cause for the new symptom. The neurological com-

plication rate between the groups was without a statistical

difference (Table 3).

In total, we had ten cases of pseudarthrosis in the segment

L5–S1 after 1 year (average over all groups 14.5 %). Of

those, six patients had undergone regular stabilization to the

sacrum (19 %) and four patients received iliosacral plate

fixation (29 %). In the group that received iliac screws we

had no case of pseudarthrosis (0 %). The difference in the

incidence of L5/S1 pseudarthrosis between the two sacro-

pelvic fixation groups was significant (p = 0.033). In par-

allel, 14 patients required revision surgeries due to screw

loosening or material dislocation (in total 20.3 %): n = 7 in

the S1 group (22 %), n = 6 in the iliosacral plate fixation

group (43 %), and n = 1 in the iliac screw group (4 %).

Again, the difference between the two sacropelvic fixation

groups was significant (p = 0.048).

One-year improvement in back pain, evaluated with the

numeric rating scale (S1: 4.0 ± 2.5; iliac: 4.1 ± 1.8; plate:

3.6 ± 3.5; p = 0.86) was not statistically different

between the groups. All patients improved by around 4

points on the NRS scale after surgery, after 1 year. We

could also not show any difference in the patients decision

undergoing the same surgery again, had the result been

known ahead (S1: 0.31 ± 0.64; iliac: 0.38 ± 0.65; plate:

0.29 ± 0.61; p = 0.76). Average Oswestry scores after

1-year follow-up were significantly worse in the iliosacral

plate fixation group (57.8 ± 17.5) when compared to the

iliac screw group (41.7 ± 19.9; p = 0.041), as well as the

control group (40.3 ± 17.6; p = 0.017).

Discussion

The principal findings of this retrospective analysis of three

different basal fixation techniques for longstanding con-

structs in the treatment of multilevel degenerative spine

disease are that (1) the incidence of L5/S1 pseudarthrosis

using transforaminal interbody fusion techniques seems to

be reduced by primary addition of iliac screws to regular

sacral fixation, (2) the use of a sacroiliac plate with its

current design is associated with a higher incidence of

pseudarthrosis and hardware failure than classic S1/iliac

screw fixation, (3) the clinical short- to mid-term outcome

when using a sacroiliac plate is inferior to both conven-

tional S1 and S1/iliac screw fixation.

Due to the increasing number of elderly patients with

multilevel degenerative spine disease, surgical treatment

options for adult spinal deformity are gaining an increasing

attention. Several studies have proven superiority of multi-

level surgical spondylodesis over conservative treatment in

the past, given that patients are selected carefully [17–21]. In

this retrospective study, we compared three different surgi-

cal treatment options for patients with multilevel degenera-

tive spine disease. Additional iliac fixation has already been

proven to be more effective than secondary sacropelvic fix-

ation points in the biomechanical laboratory [14, 22]. In the

clinical setting, the benefit of additional iliac screws could be

shown in patients with neuromuscular spinal deformities

[23]. Sponseller et al. [24, 25] could also show in the pedi-

atric population that a solid distal ‘‘foundation’’ with pelvic

fixation can improve the deformity correction in terms of

improving the coronal and sagittal balance significantly in

comparison to regular sacral fixation. One group found an

evidence that the use of iliac screws can be beneficial when it

comes to a revision surgery in failed lumbosacropelvic fix-

ation. Here, an increased rate of successful fusion in the

segment L5–S1 could be demonstrated [26].

One common general problem in lumbosacropelvic

fusion surgery in the treatment of multilevel degenerative

disease is the high rate of pseudarthrosis, especially in the

aging population [10, 22, 27, 28]. Pseudarthrosis rates

between 3 and 83 % can be found in the literature [2, 3,

29]. In our patient cohort, we had, based on our radio-

graphic evaluation, a primary non-fusion in the segment

L5–S1 after 1 year in 15 % of the cases. Unexpectedly, the

worst result was achieved in the iliosacral plate device

group. Intuitively, we had expected that the addition of a

plate to sacroiliac plate fixation would represent the

strongest basal construct. However, in this group, the rate

of pseudarthrosis was as high as 29 %. In contrast, the

regular iliac screws proved to be statistically superior with

a pseudarthrosis rate of 0 % after the first year.

As previously described in other studies, we experienced

a significant number of hardware failure (20 % over all

estimated groups) [2, 15]. Again, the worst results were

obtained when using the iliosacral plate fixation technique.

This result may reflect the fact that the iliac screws in the

sacropelvic plate device are shorter and of lower diameter

and cannot be locked into the sacropelvic plate. In five

cases, the iliac screws backed out of the plate early after

surgery (Fig. 3a, b).

It is known that a number of iliac screws will need to be

removed because of prominence of the material and the

associated problems of constant pain and the unability to sit

on hard components [2, 7]. We had one patient who was

readmitted and had one iliac screw removed because of

Eur Spine J (2014) 23:1013–1020 1017
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prominence of the screw head. There was no need for

reinsertion of the screw, the segments were already suc-

cessfully fused. Recent papers have shown promising new

minimally invasive approaches and techniques to prevent

hardware prominence and to reduce morbidity showing the

loosening of the right [30–32].

The total rate of almost 25 % of minor complications

after surgery shows the increased perioperative risk in

elderly patients receiving long-level spinal stabilization

procedures. Our results are consistent with previous pub-

lished complication rates [21, 33]. Most studies, however,

show that the total rate of minor perioperative complica-

tions does not influence the patient outcome in the long run

[34]. Accordingly, in our study, we also did not find any

correlation between the minor complication rate and the

outcome parameters after 1 year.

The increased complexity of stabilizing patients with

multilevel degenerative spine disease is also reflected in the

neurological complication rate. In total, we had a compli-

cation rate of 8.7 % over all three groups. Only one of the

patients showed a permanent neurological deficit in the

1-year follow-up (1.4 %). A recent study evaluated the

postoperative neurological complication rate in a patient

cohort undergoing surgery for fixed sagittal imbalance with

pedicle substraction osteotomy. This patient cohort is

resembling our patient cohort concerning the complexity of

underlying spine disease. Here, the complication rates were

10.7 % for short-term deficits and 2.1 % for permanent

deficits [35]. Our neurological complication rate is in the

regular to be expected range.

Despite the high rates of screw loosenings and minor

complications, around 60 % of all the patients were satis-

fied and would not hesitate to repeat the surgery if they had

the choice again. There was no difference between the

groups. Only, when the patients were evaluated with the

Oswestry score we did find a difference between the

groups. Here, the sacroiliac plate device group was sig-

nificantly worse with an average score of 57.8 compared to

the iliac screw group with an average score of 41.7 and the

S1 group with an average score of 40.3.

Conclusion

In this study, we could show that there are no changes in

morbidity, mortality or the incidence of postoperative

Fig. 3 a Postoperative CT scan showing the loosening of the right

iliac screw (green arrow) with a dorsal displacement of 29 mm in a

patient with iliosacral plate device. b Postoperative radiographs in the

a.p. and lateral view showing the loosening of both iliac screws

(green arrows) in a patient with iliosacral plate device
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back pain by additionally placing iliac screws to create a

rigid basal construct when compared to the regular sta-

bilization technique to the sacrum. The iliac screws were

superior to the implantation of the sacral plate regarding

postoperative disability, screw loosening and pseudolis-

thesis in the segment L5/S1. Our first results with the

sacropelvic plate device in the current design are rather

disappointing. The initial assumption that the iliosacral

plate fixation is superior to regular iliac screws could not

be corroborated. We have changed our implantation

policy and have abandoned the use of the sacroiliac

plate.

We still feel, that the concept of a rigid basal plate

fixation might be worthwhile pursuing if there are a few

changes in the plates design. Improvements might include a

locking mechanism for the iliac screws and the possibility

to use longer screws with a bigger diameter.

In this study, we only evaluated a small patient cohort in

a retrospective fashion. What is needed in the future is a

randomized trial that prospectively compares iliac screw

placement with standard sacropelvic fixation in an aged

patient group.

But knowing the limitations of this study we still think

that we can prove that the placement of regular iliac screws

is an effective technique that provides added structural

support to S1 screws in long-segment spinal fusions in

appropriately selected patients.

Conflict of interest None.
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