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Spinopelvic fixation is becoming increas-
ingly topical in spine surgery. If previ-
ously the main indications for it were 
deformities accompanied by twisted pel-
vis (neuromuscular scoliosis), then with 
the expansion of surgeries, an increase in 
spinal osteotomies, correction of sagittal 
balance, the issue of performing spino-
pelvic fixation has become of particular 
significance. The anatomical features of 
lumbosacral region as a junctional zone, 
complex biomechanical interactions as 
well as its key role for the entire axial 
skeleton define the importance of spi-
nopelvic fixation. The urgency of this 
issue also reflects the growing number 
of publications: in 2019 PubMed offered 
40 articles on “spinopelvic fixation”, in 
2020 – 50, in 2021 – 60.

We present a continuation of a non-
systematic literature overview con-
cerning spinopelvic fixation under the 
papers from PubMed and eLibrary data-
bases. We used the following keywords: 

“spinopelvic fixation”, “iliac screws”, 
“S2AIS”, “spinopelvic reconstruction”, and 
“sacrectomy”.

The objective is to highlight modern 
techniques of spinopelvic fixation with 
the use of iliac screws, including ana-
tomical and biomechanical features and 
clinical outcomes of its application. It is 
also essential to consider performing spi-
nopelvic fixation in tumor involvement 

of sacrum, including with the use of cus-
tomized implants.

Spinopelvic Fixation  
with Iliac Screws

The introduction of iliac screws into 
operational practice was a logical exten-
sion and development of the Galveston 
technique (Fig. 1).

A number of morphometric and 
experimental studies have been per-
formed to define the optimal insertion 
trajectory of screws and their dimensions. 
In 1990, Miller et al. [1] published a study 
of the anatomy of 72 cadaveric models 
of pelvic. They noted constant anatomi-
cal features of iliac bones and confirmed 
the opinion of Allen and Ferguson that 
an iliac bone is the best fixing point for 
rods to the pelvis when performing spi-
nopelvic fixation. Meanwhile, the authors 
pointed out that drilling a hole 110 mm 
long in the iliac bone, starting from the 
posterior superior iliac spine, will lead to 
penetration of the acetabulum in 25 % 
of cases. In this regard, the authors rec-
ommended using screws no longer than 
90 mm.

According to anatomical and radio-
logical studies of the pelvis, Schildhauer 
et al. [2] and Berry et al. [3] identified sig-
nificant anatomical features concerning 
the possibility of using iliac screws. The 

authors considered two directions of 
screw insertion: from the posterior supe-
rior iliac spine to the upper edge of the 
acetabulum and the anterior inferior iliac 
spine, respectively (trajectories A and B 
in Fig. 2a). Key points of their procedure:

– the absolute minimum safe length 
of the screws when they are inserted in 
the iliac bones above the sciatic notch 
is 80 mm in adults and adolescent boys, 
70 mm in adolescent girls;

– if the screws are directed towards 
the anterior superior iliac spine, it is per-
missible in most cases to use screws with 
a length of 100 mm;

– the average diameter of the iliac 
bone along the insertion trajectory at 
the narrowest point is 13.2 mm in ado-
lescent girls and 17.3 mm in adult men, 
which is much larger than the diameter 
of the implants usually used.

The two narrowest places in the screw 
trajectory have been identified (at sacro-
iliac joint level and at sciatic notch level), 
during the passage of which the screws 
are fixed for the cortical layer of bone 
(Fig. 2b). Zhang et al. [4] performed ana-
tomical and biomechanical research and 
studied the dependence of the insertion 
depth of the iliac screws (in fact, their 
length) and the fixation strength. Biome-
chanical research on cadaveric models 
included series of three studies: on the 
intact lumbosacral region, after resection 
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of the sacrum and fixation with short ili-
ac screws and long ones, respectively. In 
all cases the screw diameter was 7.5 mm. 
The length of the screws was chosen as 
follows: in the short fixation group, the 
screw end was located 2 mm ventral to 
the large sciatic notch, and in the long 
fixation group, it went 2 mm beyond 
the bone tissue at anterior superior iliac 
spine level. If the screws in both groups 
were arranged in this way, they passed 
through both narrow-width places of the 
iliac fixation. 

As a result, the length of the inserted 
short screws averaged 70 ± 2 mm versus 
138 ± 4 mm long ones with difference 
of almost 2 times. The obtained results 
showed comparable mechanical fixa-
tion strength with short and long screws 
under compression and torsion loads. 
A significant difference was in advantage 
of longer screws only in the pullout test. 
Therefore, it is observed that the use of 
shorter screws for spinopelvic fixation 
does not have a substantial effect on sta-
bility. Meanwhile, the complication risk 
associated with a possible screw malpo-
sition is reduced.

Numerous clinical observations prove 
the effectiveness of iliac screws. Peelle 
et al. [5] analyzed the treatment out-
comes of 40 patients with neuromuscu-
lar scoliosis. Moreover, the authors com-
pared a long-term use of the Galveston 
technique and the iliac screws. Good 
results and a relatively minimal num-
ber of complications when using screws 
were observed. Also, Tumialan et al. [6] 
note the advantage of iliac screws in spi-
nopelvic fixation in deformities. Tsuchiya 
et al. [7] have traced long-term (from 5 
to 10 years) results of iliac screw inser-
tion in 67 patients with scoliosis and 
spondylolisthesis. There were no cases of 
abnormal fixation of screws in S1 verte-
bra. In five cases, fractures of screws in L5 
or L4 vertebra and a fracture of the rod 
were observed. Moreover, in three out 
of five cases, interbody fusion was not 
initially performed. There were fractures 
of the iliac screws in 7 (10.5 %) cases. 
Signs of bone resorption around the iliac 
screws were recorded on X-rays in 43.3 % 
of cases. Two years after surgery, the ili-
ac screws had to be removed from one 

or both sides due to their subcutaneous 
protrusion. It was done in 23 (34.3 %) 
patients. There was no pronounced insta-
bility effect of the iliac screws on the clin-
ical outcomes. There were no signs of 
osteoarthritis and changes in sacroiliac 
joints in any case. Cho et al. [8] also note 
that the long-term results after 2 years 
in patients with signs of bone resorption 
around the iliac screws and without it do 
not substantially differ.

Installation of Iliac Screws through 
S2 Vertebra and Wings of Sacrum

The use of iliac screws is associated with 
a number of disadvantages. Firstly, the 
need for extensive skeletonization, which 
enhances the injury rate of the surgery. 
Secondly, the remotness to the spinal 

axis and the main fixing system axis 
requires the use of additional connecting 
nodes (connectors, plates), which raises 
the height of instrumentation system 
profile. Thirdly, the small volume of soft 
tissues in the area of screw insertion 
causes their subcutaneous protrusion, 
associated discomfort and an increased 
risk of seroma and infection. All this 
prompted the development of a new 
installation technique for screws in the 
iliac bones – through S2 vertebra and 
wings of sacrum at The Johns Hopkins 
Hospital of The Johns Hopkins University 
(USA). It was called S2 Alarm Iliac Screws 
(S2AIS technique). In 2009 O’Brien et al. 
[9] published the first data obtained 
under anatomical examination using 
cadaveric models. The authors identified 
the insertion point of the screws 1 mm 

Fig 1
The arrangement of iliac screws [60] (a) and the design with iliac screws on the 
spinopelvic complex model [61] (b)
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Fig 2
Possible insertion trajectories of screws into the iliac bones [3] (a) and narrow-width 
places along the screw trajectory in the iliac bones (b): AIIS – anterior inferior iliac 
spine; PSIS – posterior superior iliac spine [4]
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below and outward from the S1 dorsal 
intervertebral foramen, using screws 
from 70 to 100 mm. As a result, none of 
the screws passed inside the pelvis and 
did not constitute a risk of neurovascular 
complications. Three screws protruded 
from the posterior surface of the 
ilium. They also presented no threat of 
complications. All screw heads were 
located in line with the screw heads in S1 
vertebra (Fig. 3). The authors note injury 
to the cartilaginous surface of sacroiliac 
joint in 60 % of cases.

CT data concerning the insertion of 
screws through the S2 into the iliac bone 
were also studied [10]. It is noted that this 
technique can provide a stable spino-
pelvic fixation in case of spinal deformi-
ties in adults. Starting with adolescents 
with complete bone growth, the optimal 
screw insertion point is 25 mm below 
S1 endplate and 22 mm laterally to the 
middle of S2 vertebra. The screw trajec-
tory is on average 40° deflected caudally 
and laterally in the frontal and sagittal 
planes, respectively.

In the application of S2AIS technique, 
the screw heads are immersed on aver-
age 2 cm deeper from the surface of the 
skin, compared with the iliac screws [11]. 
Meanwhile, there is no need to use addi-
tional connectors to install the rod.

Biomechanical studies comparing 
the stability of S2AIS screws with iliac 
screws under various loads revealed a 
slight advantage in the fixation rigidity 
when using the S2AIS technique [12, 13]. 
These data are also verified by finite ele-
ments method [14].

Park et al. [15] performed a cadaveric 
study to determine the optimal meth-
od of free-hand installation of S2AIS 
screws and described the technique in 
detail. The insertion point is located in 
the middle of the distance between S1 
and S2 intervertebral foramen by 2 mm 
medial to the lateral sacral crest (Fig. 3). 
The mini-invasive insertion of screws 
using S2AIS technique and application 
of robotics [16–18] are also described. 
The co-use of these technologies increas-
es the accuracy of screw installation and 
reduce the injury rate of the operation.

Clinical outcomes of S2AIS tech-
nique application. Kebaish et al. [19, 20] 

described the treatment outcomes of 
52 adult patients with spinal deformi-
ties; the average follow–up period was 
2.5 years. Complications associated with 
the installation of screws were observed 
in three cases (2 screw fractures, 1 mal-
position), bone block at the L4–S1 level – 
in 92 % of cases.

Sponseller et al. [21] compared the 
treatment outcomes in children and 
adolescents with neurogenic scoliosis 
using the S2AIS screws technique and 
traditionally installed iliac screws. It was 
noticed that magnitude of Cobb angle 
correction in spinal deformity is com-
parable in both groups, whereas the cor-
rection of twisted pelvis is statistically 
significant in the S2AIS screw fixation 
groups (67 % vs. 60 %; p = 0.002). In both 
groups there were 2 cases of radiological-
ly detected bone resorption around the 
pelvic screws. According to CT data, in 
18 patients with S2AIS screws, there was 
no intrapelvic protrusion of the screws in 
any case; in a single case, the screw was 
outward by 5 mm. There were no cases 
of deep infection, subcutaneous implant 
protrusion, delayed skin trophic abnor-
malities above the implants and screw 
migration in group with S2AIS screws. 
In the group of patients with traditional 
iliac screws, deep wound infection was 
noted in three cases (p = 0.09); in three 
cases, there was a subcutaneous protru-
sion of implants with local skin mani-
festations. Therefore, the authors note a 
better correction of twisted pelvis and a 
smaller number of complications when 
using the S2AIS technique.

Jain et al. [22] reported that out of 
80 children who underwent sacroiliac 
fixation using the S2AIS technique, only 
three (3.8 %) cases required revision 
surgery. In their study, the technique of 
S2AIS fixation for spinal deformities in 
children and the use of screws with a 
diameter of less than 8 mm raised the 
risk of their breakdown.

In 2017, Elder et al. [23] published a 
study comparing the application results 
of S2AIS screws and iliac screws in adult 
patients with spinal deformities. Accord-
ing to their data, clinical and functional 
outcomes, the frequency of L5-S1 pseu-
doarthrosis, pain in sacroiliac joints and 

proximal kyphosis are comparable in 
both groups. Meanwhile, in the group 
of patients with S2AIS screws, the fre-
quency of reoperations was lower (8.8 % 
vs. 48.0 %; p < 0.001); the frequency of 
infectious complications was also consid-
erably lower (1.5 % vs. 44.0 %; p < 0.001); 
there was no subcutaneous protrusion of 
instrumentation when using the S2AIS 
technique (0.0 % vs. 12.0 %; p = 0.02).

Guler et al. [24] reported a higher sta-
bilization rate of spinopelvic fixation 
using the S2AIS technique in comparison 
with iliac screws using connectors. The 
remaining analyzed papers of compara-
tive studies on the use of iliac screws and 
screws installed according to the S2AIS 
technique show a smaller number of 
complications and reoperations when 
using the S2AIS technique [25–28].

In 2019, data from systematic and 
meta-analyses were published on com-
paring the number of complications and 
revision surgeries after performing spi-
nopelvic fixation in children and adults 
with screws installed by the S2AIS tech-
nique. According to this analysis, the use 
of iliac screws is associated with a large 
number of postoperative complications 
and revision surgeries as well as a lower 
level of outpatient status in comparison 
with the use of the S2AIS technique [29].

Modification of Iliac Screw 
Installation

To reduce the height of the structure 
cross section and eliminate the need to 
use connecting parts, Sohn et al. [30] pro-
posed an original modification of iliac 
screw installation. The installation point 
of the screw is located 1 cm caudal and 
1 cm medial to the posterior superior 
iliac spine. Meanwhile, iliac spine 
resection is not performed (Fig. 4a). The 
authors’ evaluation of this technique 
by applying the finite element method 
demonstrated the advantages of load 
distribution on screws compared to the 
S2AIS installation option [31]. Caddy-
McCrea et al. [32] describe a similar 
technique. In this case, a partial resection 
of the medial part of posterior superior 
iliac spine is performed. The authors 
designate this technique as “DVIP –
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Distal Ventral Iliac Pathway”. Analyzing 
the long-term treatment outcomes in 
128 patients, the authors point out the 
sufficient technical simplicity and safety 
of the method. It is also possible to install 
several screws. In addition, there is no 
need for connectors and injuring the 
sacroiliac joint.

Spinopelvic Fixation with the 
Installation of Dual Iliac Screws

Anatomical features of the iliac bones 
provide for the installation of a pair of 
screws on each side, respectively. Yu et al. 
[33] have demonstrated the biomechani-
cal advantage of fixation with dual iliac 
screws compared to fixation with a sin-
gle screw during sacrectomy. The authors 
also performed a study of possibility of 
iliac screws to be installed in different 
directions (Fig. 5). The obtained results of 
the biomechanical study indicate greater 
fixation stability with a double screw 
system. Meanwhile, it is insignificant to 
depend on the orientation of the iliac 
screws [33]. The main indications for the 
use of dual screw iliac fixation are: total 
resection of the sacrum [34], including 
sacroiliac joints; partial sacrectomy, 
including resection of more than 50 % 
of sacroiliac joints on both sides; partial 
sacrectomy with unilateral complete 

resection of the sacroiliac joint [33]. This 
technique is also applied when more 
rigid fixation is necessary for traumatic 
sacral injuries [35], extended deformities 
and performing corrective osteotomies 
of the sacrum [36–39]. A systematic 
literature review conducted by Bourghli 
et al. [40], confirms that dual screw 
fixation has an advantage over single-
screw fixation in complex clinical 
situations. 

Multi-rod Construct Arrangement 
in Spinopelvic Fixation

The installation of dual iliac screws 
enables the multi-rod arrangement of 
the surgical hardware. Shen et al. [41] 
described a new technique for the four-
rod arrangement of a surgical hardware 
(Fig. 6), which was successfully applied 
in a patient with sacral chordoma. 
Mindea et al. [34] performed a cadaveric 
biomechanical study comparing various 
spinopelvic fixation techniques after 
total sacrectomy. The maximum fixation 
strength is achieved, according to the 
results obtained, when installing dual 
iliac screws and a four-rod arrangement 
of the surgical hardware. The next in 
terms of fixation strength was a design 
using dual iliac screws and dual rod 
arrangement.

Anterior Support Column Fixation 
during Spinopelvic Fixation

The value of interbody fusion during 
fixation at the L5–S1 level, especially 
when extended in the cranial direction, 
is beyond doubt. If it is not performed 
or if the bone block fails, the risk of frac-
ture of the surgical hardware increases 
many times. In the case when the caudal 
fixation ends at the level of S1 vertebra, 
the fracture of the screws in S1 vertebra 
is likely to occur. Performing additional 
fixation with iliac screws considerably 
reduces the load on the screws in S1 
vertebra and prevents their fracture. 
This is proven by biomechanical studies 
and the finite element method [42, 
43]. It  was also discovered that when 
the load on the screws in S1 vertebra 
decreases, the load on the rod increases 
above the screws in S1 vertebra [43]. 
Analysis of fractures of the surgical 
hardware above S1 vertebra revealed its 
correlation with the absence or failure 
of the anterior bone block at the L5–-S1 
level [44]. Meanwhile, the failure of 
fixation below S1 vertebra (fracture or 
instability of the pelvic screws) relates to 
a greater length of fixation and sagittal 
imbalance. 

Fig 3
Installation of screws according to the S2AIS technique [15]
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Spinopelvic Fixation during Sacral 
Resection

The difficulty of supporting function res-
toration of spinopelvic complex in the 
sacral tumor resection is due to the use 
of various reconstructive techniques of 
spinopelvic fixation. The latter combines 
both dual iliac screws and multi-rod 
structures, as well as various trans-iliac 
fixation techniques using additional 
support in the pelvic bone with cortical 
grafts, expandable cages and cylindrical 
meshes (Fig. 7) [45–51].

Spinopelvic Fixation  
with Customized Implants

Modern technologies allow designing 
customized implants for spinopelvic fix-
ation and replacement of resected bone 
structures. Customized implants made 
with the help of additive technologies 
are used for spinopelvic fixation and 
reconstructive and corrective surgeries 
in difficult clinical cases when the use 
of standard techniques is difficult or 
impossible.

Wuisman et al. [52] used a customized 
implant to perform spinopelvic recon-
struction in a patient with osteosarco-
ma of the sacrum involving the sacro-
iliac joints. After resection of the sacrum 
and part of the iliac bones, reconstruc-

tion was performed with a customized 
implant (Fig. 8a).

Dalbayrak et al. [53] described 4 cas-
es, including sacrectomy and destabili-
zation of the previous spinopelvic fixa-
tion. Reconstruction was performed by 
U-shaped original plates resting on the 
iliac crests and connecting with the stan-
dard transpedicular instrumentation sys-
tem in the lumbar spine (Fig. 8b).

A.A. Kuleshov et al. [54, 55] report-
ed on the successful use of customized 
plates supported by the iliac crests, ana-

tomically repeating the shape of the ili-
ac bones, and connecting in the cranial 
direction with standard transpedicular 
fixators (Fig. 8b). Joukar et al. [56] con-
ducted a biomechanical evaluation by 
the finite element method of spinopel-
vic fixation using an original tuning fork 
plate. According to the data obtained by 
them, the fixation is comparable in sta-
bility with the use of dual iliac screws. 
However, the load on surgical hardware 
is rather lower when using a tuning fork 

Fig 4
Installation of iliac screws according to modified techniques: a – according to Sohn et al. [31]; b – according to the DVIP (Distal Ventral 
Iliac Pathway) method [32]

Fig 5
Possible trajectories of installing dual screws simultaneously into the iliac bones [33] and 
X-ray images of experimental study of various options for iliac screws to be installed [33]
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plate. This may help to avoid breakage of 
metal fixators.

Wei et al. [57, 58] report a good long-
term outcome of the use of 3D-print-
ed sacral prostheses (Fig. 9) after total 
sacrectomy. The authors describe 10 cas-
es and report fewer complications com-
pared to screw fixation.

A systematic literature review pub-
lished in 2020 on the use of custom-
ized implants in spinal surgery showed 
that an individualized approach and the 
manufacture of implants by 3D printing 
in difficult clinical cases have advantag-
es over standard techniques. Neverthe-
less, most of the available articles only 

describe a series of clinical cases. In this 
regard, it is essential to conduct more 
evidence-based clinical and biomechani-
cal studies [59].

Conclusions

The use of iliac screws is current-
ly the main technique for perform-
ing spinopelvic fixation. The instal-
lation of iliac screws is possible in 
various ways. Preference is given to 
techniques providing a lower profile 
of the instrumentation system and 
the absence of additional connecting 
elements. To prevent the destabilization 

of fixation, it is essential to perform a 
fusion of an anterior support column. 
In difficult clinical cases requiring more 
rigid fixation (for example, sacrectomy), 
it can be reached by installing several 
iliac screws on each side and a multi-rod 
arrangement of the surgical hardware. 
The use of customized implants gives an 
opportunity to restore the supporting 
function of the spinopelvic complex in 
complicated clinical cases.

The study had no sponsors. The authors declare 

that they have no conflict of interest.

Fig 6
Four-rod arrangement of a surgical 
hardware for performing spinopelvic 
fixation with the use of dual iliac 
screws [41]

Fig 7
Several options for spinopelvic reconstruction after sacrectomy [46]: a – using the John 
Hopkins University technique; b – using cortical grafts and a trans-iliac rod
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Fig 8
Several options of customized implants for spinopelvic fixation: a – individual design 
for spinopelvic fixation [52]; b – U-shaped plates to the iliac wings [53]; c – plates 
supported by the iliac wings [54, 55]

Fig 9
A prosthetic part of the sacrum made by 3D printing [58]
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