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of the screw, language of the article English or German. 
Exclusion criteria were osteoporotic fracture, tumor, 
reviews, epidemiological studies, biomechanical/cadaveric 
studies, studies about operative technique. For statistical 
analysis the random effect model was used.
Results  A total of 51 studies fulfilled the inclusion require-
ments describing 2,353 percutaneous screw implantations 
following pelvic trauma in 1,731 patients. The estimated 
rate of malposition was 0.1  % for 262 screws using CT 
navigation. This rate was significantly lower (p  <  0.0001) 
than for the conventional technique with malposition rate 
of 2.6  % (total 1,832 screws). Using 2D and 3D image-
based navigation and reconstruction techniques, the mal-
position rate was 1.3 % (total 445 screws). No significance 
was observed between the conventional and the 2D and 3D 
image-based navigation and reconstruction techniques. The 
rates of revision were not statistically significant with 2.7 % 
(1,832 implantations) in the conventional group, 1.3 % (445 
implantations) in the group of 2D and 3D image-based 
navigation and reconstruction techniques and 0.8  % (262 
implantations) using the CT navigation.
Conclusions  CT navigation has the lowest rate of screw 
malposition, but on the other hand it could not be used 
for all type of fractures where surgical procedures (reduc-
tion maneuvers, additional osteosynthetic procedures) are 
necessary. The 2D and 3D image-based navigation and 
reconstruction techniques provide encouraging results with 
slightly lower rate of complications compared to the con-
ventional technique and are additional tools to enhance the 
precision and decrease the rate of revision.

Keywords  Iliosacral screw · SI screw · Navigation · 
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Abstract 
Introduction  Percutaneous iliosacral screw placement fol-
lowing pelvic trauma is associated with high rates of revi-
sions, screw malpositioning, the risk of neurological dam-
age and inefficient stability. The correct entry point and 
the small target corridor may be difficult to visualize using 
only an image intensifier. Therefore, 2D and 3D image-
based navigation and reconstruction techniques could be 
helpful tools. The aim of this systematic review and meta-
analysis was to evaluate the best available evidence regard-
ing the rate of malpositioning and revisions using different 
techniques for screw implantation, i.e., conventional, 2D 
and 3D image-based navigation and reconstruction tech-
niques, CT navigation.
Methods  A systematic review and meta-analysis were 
performed using the data available on Ovid Medline. 430 
studies published between 1/1948 and 2/2011 were iden-
tified by two independent investigators. Inclusion criteria 
were percutaneous iliosacral screw fixation after traumatic 
pelvic fractures with included revision rate or positioning 
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Introduction

Iliosacral screw placement has become a common tech-
nique for the fixation of unstable posterior pelvic ring inju-
ries [1–3]. Despite its widespread acceptance and use, ili-
osacral screw placement is challenging for various reasons 
(variable posterior pelvic ring osseous anatomy and upper 
sacral segment dysmorphisms) [4, 5].

The current standard treatment for these injuries is per-
cutaneous iliosacral screw fixation using the fluoroscopic 
technique described by Matta and Saucedo [6]. This tech-
nique, which was first used on patients when they lay 
in the prone position, was later modified to allow for its 
use in the supine position with or without a percutane-
ous approach. Complications can arise under fluoroscopic 
guidance due to poor visualization [7]. Imaging is often 
inadequate due to obesity, bowel gas, intestinal discharge, 
dysplastic pelvis and low-quality X-ray pictures [8]. Due 
to relatively high misplacement rates [9], navigated pro-
cedures were subsequently introduced to decrease radia-
tion exposure and to increase the safety of screw place-
ment, especially when a percutaneous technique is used 
[10–13].

To achieve a correct screw placement, various authors 
have used fluoroscopy [2, 14], computed tomography (CT) 
[7, 14, 15], fluoroscopic CT and computer-assisted tech-
niques [12, 16, 17]. Conventional fluoroscopy is the cur-
rent standard in most hospitals for intraoperative visualiza-
tion [2, 15, 18–21]. Lateral sacral images are required in 
combination with anteroposterior, inlet and outlet views. 
One disadvantage of this technique is that visualization 
using an image intensifier is only possible in one plane at a 
time. The surgeon must perform a process of interpolation 
that may be associated with inherent errors. Identifying 
the correct entry point for the screw and the correct angle 
of implantation within the very small target corridor in all 
planes is essential for proper placement. Therefore, the 
danger of perforation of the sacrum or the sacral foramina 
is high, and the operative procedure requires exact ana-
tomic knowledge and extensive surgical experience. The 
technical problems of screw placement are compounded 
by difficulties in radiographic interpretation caused by 
obesity, intestinal gases and variations in the anatomy of 
the posterior pelvis [22]. The incorrect placement of ili-
osacral screws may result in implant-related and neurovas-
cular complications [13, 23, 24]. Screw malposition rates 
with fluoroscopic guidance have been reported to range 
from 2 to 15 % [19, 25], with an incidence of neurological 
injury between 0.5 and 7.7 % [26]. Moreover, a malposi-
tion of the screw of as little as 4º can damage neurovascu-
lar structures [25].

The aim of this systematic review was to use the best 
available evidence to evaluate the rates of malposition, 

performed revisions, postoperative reductions and clinical 
follow-ups in clinical trials of iliosacral screw implantation 
to treat traumatic pelvic fractures. Here different imaging 
modalities should be analyzed.

Materials and methods

Selection of studies

For this systematic review and meta-analysis, an OVID-
based literature search was performed to identify any pub-
lished clinical studies regarding the surgical treatment of 
traumatic pelvic fractures using percutaneous iliosacral 
screw fixation. The following databases were included: 
MEDLINE, MEDLINE preprints, EMBASE, CINAHL, 
Life Science Citations, British National Library of Health, 
and the Cochrane Central Register of Controlled Tri-
als (CENTRAL). The literature search period was from 
1/1/1948 to 2/1/2011. The search was performed on 
5/26/2012. The literature search was performed using the 
following systematic strategy:

1. Sacroiliac joint/, 2. Sacrum/, 3. Ilium/, 4. Pelvic bones/
in, 5. 1 or 2 or 3 or 4, 6. Bone plates/, 7. Bone screws/, 8. 
Fracture fixation, internal/, 9. 6 or 7 or 8, 10. 5 and 9, 11. 
tomography, X-ray/, 12. tomography, X-ray computed/, 13. 
exp fluoroscopy/, 14. Radiography/, 15. Imaging, three-
dimensional/, 16. Image processing, Computer-assisted/, 17. 
Surgery, computer-assisted/, 18. Surgical procedures, Mini-
mally invasive/, 19. Fractures, bone/ra, 20. navigat*.mp., 21. 
fluoroscop*.mp., 22. guid*.mp., 23. 11 or 12 or 13 or 14 or 
15 or 16 or 17 or 18 or 19 or 20 or 21 or 22, 24. 10 and 23.

Assessment protocol

The methods of the analysis and the inclusion criteria were 
specified in advance and documented in a protocol. Any 
study that reported clinical information operative treatment 
of traumatic pelvic fractures using iliosacral screws was 
considered to be potentially relevant and selected for pri-
mary review. Specific attention was placed on identifying 
studies that described the parameters of the misplacement 
of the screw, the revision rate and the secondary rotational 
displacement of the fracture.

The abstracts of the identified studies were evaluated in 
a primary screening by two independent reviewers, who 
used the inclusion and exclusion criteria that are given in 
Fig.  1, where also the dropout criteria were mentioned. 
Subsequently, two independent reviewers systemically 
extracted the following data from the 430 studies: the 
characteristics and design, the level of evidence, the demo-
graphic parameters, the fracture classification, the surgical 
and implantation and navigation technique, the associated 
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surgical procedures, the rate of malposition of screws, the 
revision rates, the postoperative quality of reduction and 
secondary rotational displacement. Specific focus was 
placed on extracting data that described the malposition 
and revisions rates for the different screw implantation 
techniques, i.e., conventional intraoperative X-ray, 2D and 
3D image-based navigation and reconstruction techniques 
or CT navigation.

A total of 51 clinical studies of an operative treatment 
with percutaneous iliosacral screw fixation were identified 
for further analysis. These studies were evaluated in a pri-
mary screening by two independent experienced orthopedic 
and trauma surgeons.

The level of evidence was categorized according to the 
definition given by the Oxford Centre for Evidence-based 
Medicine published by Hanzlik [27]. All of the prospec-
tive randomized controlled studies (Levels I and II), and all 
of the prospective or retrospective studies with or without 

control groups (Levels III and IV) were accepted for inclu-
sion into the study.

The fracture type according to the AO classification was 
used to categorize the fractures in each subgroup. Given 
that various modifications of surgical principles were per-
formed in the included studies, the present study analyzed 
the major treatment subgroups of the following three pri-
mary therapy concepts for screw implantation: “Conven-
tional technique using fluoroscopy guidance only, 2D and 
3D image-based navigation and reconstruction techniques 
or CT navigation.” A specific meta-analysis was performed 
in these subgroups with the primary endpoint of screw mal-
positioning and surgical revisions following implantation 
for multiple reasons, such as loosening, hematoma, malpo-
sition, the failure of the osteosynthesis, etc. A more specific 
analysis was not possible due to the small numbers. Moreo-
ver, the postoperative quality of fracture reduction was cat-
egorized as excellent, good, fair or poor.

Studies with percutaneous iliosacral screw fixation in traumatic pelvic fractures were identified after the search 
strategy for medical databases

Primary screening

Inclusion criteria: 
percutaneous iliosacral screw fixation after traumatic pelvic fractures with included revision rate or positioning of the screw,
language of the article English or German

Exclusion criteria: 
Osteoporotic fracture, Tumor, Reviews, epidemiological studies, biomechanical/cadaveric studies, studies about operative technique

430 studies met primary inclusion criteria

84 Other form of osteosynthesis
77 Reviews, Comments, technical notes
61 Osteosynthesis in other anatomical region than pelvis/SI joint
56 Cadaver study, studies with plastic pelvis model
45 not separated from other surgical or conservative procedures
23 Fusion of the SI Joint, no fracture
11  Animal studies
11 CT analysis of the anatomical region pelvis
7 Oncologic Patients
3 Lumbopelvic dislocation and osteosynthesis
1 Overview of classification

Secondary screening by 2 independent reviewers with full-text articles

Number of studies and reasons for drop out

=> 51 remaining studies

Fig. 1   This figure gives the number of studies that were identified by a search of the medical databases, with the inclusion and exclusion criteria 
of the primary screening. The reasons for dropout based on the secondary screening are given, resulting in the final set of analyzed studies
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Statistics

The data were independently verified against the original 
manuscripts in an unblended standardized manner by two 
reviewers, who used a standard quality-control procedure. 
Any differences of opinion between the original reviewer 
and quality-control reviewer were resolved by discussion 
and reference to the study paper. A consensus was achieved 
in these cases. The data were analyzed using established 
statistical software (SPSS software Version 17.0, R-Project 
2.15.0, package ‘meta’, by G. Schwarzer). The analyzed 
standard deviations were computed for the reported means 
of each study. This analysis took possible study effects into 
account, and a random effect model was used for the statis-
tical analysis.

Results

The characteristics of the included studies and the patients

A total of 430 clinical studies of percutaneous iliosacral 
screw fixation in traumatic pelvic fractures were identified. 
Due to the criteria that are indicated in Fig.  1, 379 stud-
ies were excluded. After the screening 51 studies were 
included, describing 2,353 percutaneous screw implanta-
tions into the iliosacral joint in 1,731 patients following 
traumatic pelvic fractures. The average age of the patients 
ranged from 19 to 56 years (mean 39.6 ± 10.7 years). In 39 
studies (n = 1,394), the gender distribution was mentioned 
for a total of 866 males (62 %) and 528 females (38 %). 
The AO classification was only used in 30 studies, for a 
total of 1,216 patients. 21 fractures were Type A, 342 were 
Type B and 853 were Type C. The ISS could only be ana-
lyzed in eight studies, and the mean was 24 (range 18–32).

The analyzed studies were divided into three subgroups 
of implantation techniques for further analysis:

1.	 conventional technique using intraoperative fluoros-
copy;

2.	 2D and 3D image-based navigation and reconstruction 
technique;

3.	 the use of CT navigation.

The demographic data are given in Table 1.

Malposition of the screws

A random effect model was used to determine the malpo-
sition rates for each group (Fig. 2). The estimated rate of 
malpositions (events) was significantly lower with the use 
of CT navigation (0.1 % in 262 implanted screws, group 3) 
as compared to both the conventional technique (2.6 % in 

1,832 screws, group 1) and 2D and 3D image-based navi-
gation and reconstruction techniques (1.3 % in 445 screw 
implantations, group 2) (p < 0.0001). No statistically sig-
nificant difference was observed between the conventional 
and 2D and 3D image-based navigation and reconstruction 
techniques.

Revision rate following screw implantation

Figure  3 gives the revision rates following screw implan-
tations. No significant difference was observed between 
the estimated rates of revision. These rates were 2.7 % (of 
the 1,832 screws in the conventional group), 1.3 % (of 445 
screws) in the group of 2D and 3D image-based navigation 
and reconstruction techniques and 0.8  % (of 262 screws) 
using the CT navigation. The reasons for the revisions were 
only partially mentioned in a subset of the studies, and no 
further analyses were performed.

Quality of postoperative reduction

The postoperative reduction was evaluated in 11 studies 
in the conventional group. Excellent or good results were 
observed in 561 patients (92  %), and fair or poor results 
were obtained in 49 patients (8 %). The use of CT naviga-
tion in five studies with similar fracture distributions led to 
excellent or good results in 47 patients (88.3  %) and fair 
or poor results in 4 patients (11.7 %). No data were found 
regarding postoperative reduction in the group of 2D and 
3D image-based navigation and reconstruction techniques.

Secondary rotational displacement in follow‑up 
radiographs

With respect to follow-up radiographs, the results for a 
secondary rotational displacement with the same defini-
tion (>5 mm) were given in 11 studies in the conventional 
group, in five studies in the group of 2D and 3D image-
based navigation and reconstruction techniques and in 
two studies in which CT navigation was used. The results 
are given in Table  2 and indicate persistent displacement 
of the posterior pelvic ring. Considering that a persistent 
displacement of >5  mm redisplacement may or may not 
be clinically important, but it provided a measurable and 

Table 1   The epidemiological data of the included patients

No. of 
patients

No. of 
screws

Male Female Mean 
age

1. Conventional 1,230 1,832 638 347 39.2

2. 2D/3D  
navigation

346 445 131 75 40.6

3. CT navigation 166 262 93 65 37.7
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Study Year

1 Conventional technique
2 Osterhoff G 2011
4 Grossterlinden L (convent.) 2011
5 Osterhoff G 2011
6 Gardner M 2011
7 Li S 2011
8 Nicodemo A 2011
9 Zwingmann J (convent.) 2010

10 Conflitti J 2010
11 Kraus M (convent.) 2010
18 Mendel T 2009
19 Zwingmann J (convent.) 2009
22 Scheitzer D 2008
23 Chang−Wug OH 2008
25 Tosounidis G 2007
26 Briem D (convent.) 2007
27 Gänsslen A 2006
29 Moed B 2006
30 Peng K 2006
31 Griffin D 2006
32 Hilgert R 2005
34 Zamzam M 2004
36 Griffin D 2003
38 Ricci W 2003
40 Nork SE 2001
41 Keating J 1999
42 Moed B 1998
43 Routt C 1997
45 Chip M 1996
46 Routt C 1995
47 Shuler T 1995
Random effects model

Events

2
10
4
0
0
0

14
4
0
0
0
2
0
2
4
3
2
0
4
0
2
0
1
0
5
0
5
5
5
1

Total

50
65
83
73
43
15

131
24
2
2

35
109

19
73
23
23
53
18

126
24
38

113
27
25
85
51

244
114
103

41
1832

Proportion

0.040
0.154
0.048
0.000
0.000
0.000
0.107
0.167
0.000
0.000
0.000
0.018
0.000
0.027
0.174
0.130
0.038
0.000
0.032
0.000
0.053
0.000
0.037
0.000
0.059
0.000
0.020
0.044
0.049
0.024
0.026

95%−CI

[0.005; 0.137] 
[0.076; 0.265] 
[0.013; 0.119] 
[0.000; 0.049] 
[0.000; 0.082] 
[0.000; 0.218] 
[0.060; 0.173] 
[0.047; 0.374] 
[0.000; 0.842] 
[0.000; 0.842] 
[0.000; 0.100] 
[0.002; 0.065] 
[0.000; 0.176] 
[0.003; 0.095] 
[0.050; 0.388] 
[0.028; 0.336] 
[0.005; 0.130] 
[0.000; 0.185] 
[0.009; 0.079] 
[0.000; 0.142] 
[0.006; 0.177] 
[0.000; 0.032] 
[0.001; 0.190] 
[0.000; 0.137] 
[0.019; 0.132] 
[0.000; 0.070] 
[0.007; 0.047] 
[0.014; 0.099] 
[0.016; 0.110] 
[0.001; 0.129] 
[0.014; 0.043]

W(random)

2.4%
2.6%
2.7%
2.6%
2.2%
1.3%
3.0%
1.7%
0.3%
0.3%
2.1%
2.9%
1.5%
2.6%
1.7%
1.7%
2.4%
1.5%
3.0%
1.7%
2.1%
2.9%
1.8%
1.8%
2.7%
2.4%
3.2%
2.9%
2.9%
2.2%

65.0%
Heterogeneity: I−squared=70.8%, tau−squared=0.0102, p<0.0001

2 2d/3d navigation technique
15 Zeng Z 2009
26 Briem D (2d nav.) 2007
39 Grutzner P 2002

4 Grossterlinden L 2011
9 Zwingmann J (3d nav.) 2010

11 Kraus M (3d nav.) 2010
14 Konrad G 2009
19 Zwingmann J (3d nav.) 2009
20 Gardner M 2009
21 Sun, Y 2008
Random effects model

1 42
3 35
0 14
3 82
1 63
0 20
2 37
0 26
0 106
0 20

445

0.024
0.086
0.000
0.037
0.016
0.000
0.054
0.000
0.000
0.000
0.013

[0.001; 0.126] 
[0.018; 0.231] 
[0.000; 0.232] 
[0.008; 0.103] 
[0.000; 0.085] 
[0.000; 0.168] 
[0.007; 0.182] 
[0.000; 0.132] 
[0.000; 0.034] 
[0.000; 0.168] 
[0.002; 0.033]

2.2%
2.1%
1.3%
2.7%
2.5%
1.6%
2.1%
1.8%
2.9%
1.6%

20.7%
Heterogeneity: I−squared=52.2%, tau−squared=0.0064, p=0.0266

3 CT navigation technique
12 Hong H                                  2010 0
13 Iguchi T                                  2010 1
16 Amoretti N                             2009 0
24 Ziran B                                   2003 0
28 Pan W                                    2012 0
33 Chmelova J                            2005 0
35 Tsukushi S                             2003 0
44 Jacobs A                                1997 0
48 Ebraheim N                            1994 1
49 Duwelius P                             1992 0
50 Nelson D                                 1991 0
Random effects model
Heterogeneity: I−squared=0%, tau−squared=0, p=0.6989

17
11
40

113
8
1
2

27
19
16

8
262

0.000
0.091
0.000
0.000
0.000
0.000
0.000
0.000
0.053
0.000
0.000
0.001

[0.000; 0.195] 
[0.002; 0.413] 
[0.000; 0.088] 
[0.000; 0.032] 
[0.000; 0.369] 
[0.000; 0.975] 
[0.000; 0.842] 
[0.000; 0.128] 
[0.001; 0.260] 
[0.000; 0.206] 
[0.000; 0.369] 
[0.001; 0.008]

1.4%
1.1%
2.2%
2.9%
0.8%
0.1%
0.3%
1.8%
1.5%
1.4%
0.8%

14.4%

Random effects model 2539 0.018 [0.010; 0.029] 100%
Heterogeneity: I−squared=65.7%, tau−squared=0.0098, p<0.0001

0 0.05 0.1 0.15 0.2 0.25 0.3

Fig. 2   This figure shows the random effect model that was used 
for the statistical analysis, which returned the results of malposition 
rates for the implanted screws for each group of studies. The stand-

ard deviations were computed from the reported means for each 
study and were analyzed. This analysis took possible study effects 
into account
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Study year

1 Conventional technique
2 Osterhoff G 2011
4 Grossterlinden L (convent.) 2011
5 Osterhoff G 2011
6 Gardner M 2011
7 Li S 2011
8 Nicodemo A 2011
9 Zwingmann J (convent.) 2010

10 Conflitti J 2010
11 Kraus M (convent.) 2010
18 Mendel T 2009
19 Zwingmann J (convent.) 2009
22 Scheitzer D 2008
23 Chang−Wug OH 2008
25 Tosounidis G. 2007
26 Briem D (convent.) 2007
27 Gänsslen A 2006
29 Moed B 2006
30 Peng K−T 2006
31 Griffin D 2006
32 Hilgert R 2005
34 Zamzam M 2004
36 Griffin D 2003
38 Ricci W 2003
40 Nork SE 2001
41 Keating J 1999
42 Moed B 1998
43 Routt C 1997
45 Chip M 1996
46 Routt C 1995
47 Shuler T 1995
Random effects model

Events

2
10
4
0
0
0

25
0
0
0
0
9
1
2
4
0
2
0
4
0
1
4
2
0
2
0
7
5
5
1

Total

50
65
83
73
43
15

131
24
2
2

35
109

19
73
23
23
53
18

126
24
38

113
27
25
85
51

244
114
103

41
1832

Proportion

0.040
0.154
0.048
0.000
0.000
0.000
0.191
0.000
0.000
0.000
0.000
0.083
0.053
0.027
0.174
0.000
0.038
0.000
0.032
0.000
0.026
0.035
0.074
0.000
0.024
0.000
0.029
0.044
0.049
0.024
0.027

95%−CI

[0.005; 0.137] 
[0.076; 0.265] 
[0.013; 0.119] 
[0.000; 0.049] 
[0.000; 0.082] 
[0.000; 0.218] 
[0.127; 0.269] 
[0.000; 0.142] 
[0.000; 0.842] 
[0.000; 0.842] 
[0.000; 0.100] 
[0.038; 0.151] 
[0.001; 0.260] 
[0.003; 0.095] 
[0.050; 0.388] 
[0.000; 0.148] 
[0.005; 0.130] 
[0.000; 0.185] 
[0.009; 0.079] 
[0.000; 0.142] 
[0.001; 0.138] 
[0.010; 0.088] 
[0.009; 0.243] 
[0.000; 0.137] 
[0.003; 0.082] 
[0.000; 0.070] 
[0.012; 0.058] 
[0.014; 0.099] 
[0.016; 0.110] 
[0.001; 0.129] 
[0.013; 0.044]

W(random)

2.3%
2.5%
2.7%
2.6%
2.2%
1.4%
2.9%
1.8%
0.3%
0.3%
2.1%
2.8%
1.6%
2.6%
1.7%
1.7%
2.4%
1.5%
2.9%
1.8%
2.1%
2.8%
1.9%
1.8%
2.7%
2.4%
3.1%
2.8%
2.8%
2.2%

64.5%
Heterogeneity: I−squared=73.4%, tau−squared=0.0116, p<0.0001

2 2d/3d navigation technique
15 Zeng Z 2009
26 Briem D (2d nav.) 2007
39 Grutzner P 2002

4 Grossterlinden L 2011
9 Zwingmann J (3d nav.) 2010

11 Kraus M (3d nav.)  2010
14 Konrad G 2009
19 Zwingmann J (3d nav.) 2009
20 Gardner M 2009
21 Sun Y 2008
Random effects model

1 42
3 35
0 14
3 82
1 63
0 20
2 37
0 26
0 106
0 20

445

0.024
0.086
0.000
0.037
0.016
0.000
0.054
0.000
0.000
0.000
0.013

[0.001; 0.126] 
[0.018; 0.231] 
[0.000; 0.232] 
[0.008; 0.103] 
[0.000; 0.085] 
[0.000; 0.168] 
[0.007; 0.182] 
[0.000; 0.132] 
[0.000; 0.034] 
[0.000; 0.168] 
[0.002; 0.033]

2.2%
2.1%
1.3%
2.7%
2.5%
1.6%
2.1%
1.8%
2.8%
1.6%

20.7%
Heterogeneity: I−squared=52.2%, tau−squared=0.0064, p=0.0266

3 CT navigation  technique        
12 Hong H 2010
13 Iguchi T 2010
16 Amoretti N 2009
24 Ziran B 2003
28 Pan W 2012
33 Chmelova J 2005
35 Tsukushi 2003
44 Jacobs A 1997
48 Ebraheim N 1994
49 Duwelius P 1992
50 Nelson D 1991
Random effects model

0 17
1 11
0 40
0 113
0 8
0 1
0 2
3 27
1 19
0 16
0 8

262

0.000
0.091
0.000
0.000
0.000
0.000
0.000
0.111
0.053
0.000
0.000
0.008

[0.000; 0.195] 
[0.002; 0.413] 
[0.000; 0.088] 
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Fig. 3   This figure shows the random effect model that was used for 
the statistical analysis, which gave the results of the revision rates fol-
lowing screw implantation. The analyzed standard deviations were 

computed for the reported means of the studies. This analysis took 
possible study effects into account
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appropriately sensitive threshold for technical failure. The 
results indicate that the very reliable placement of screws 
by CT navigation is associated with a poor quality postop-
erative reduction.

Radiation exposure and clinical follow‑up

No sufficient analyses could be performed with respect to 
radiation exposure given that most studies did not provide 
data. Moreover, it was only possible in four studies for data 
regarding a single screw implantation to be distinguished 
from those data for other operative procedures.

Only seven studies provided the postoperative evaluation 
of the clinical outcome, with a follow-up period between 
15 and 33  months. The following results were obtained 
with respect to the Majeed score [28]: 184 × excellent or 
good results (90 %), 14 × fair (7 %), 7 × poor result (3 %). 
In one study, the Rommens and Hessmann score [29] was 
used, and the follow-up investigation revealed 16× excel-
lent and good results (84 %), 2× fair (11 %), and 1× poor 
(5 %) result. A comparison between the defined interven-
tion groups was not possible using the extracted data.

Discussion

In this systematic review and meta-analysis, the pri-
mary aim was to investigate the best possible differences 
between 2D and 3D image-based navigation and recon-
struction techniques in percutaneous screw stabilizations 
of the iliosacral joint following traumatic pelvic fracture 
compared to the conventional fluoroscopic procedure and 
CT navigation in terms of malposition and revision rates. 
The demographic data were similar for all three of the 
groups.

The CT navigation has the lowest rate of screw malposi-
tion, but on the other hand it could not be used for all types 
of fractures where surgical procedures (reduction maneu-
vers, additional osteosynthetic procedures) are necessary. 
The 2D and 3D image-based navigation and reconstruction 
techniques provide encouraging results with slightly lower 
rate of complications compared to the conventional tech-
nique and are an additional tool to enhance the precision 
and decrease the rate of revision.

One strength of this study is the analysis by using the 
random effect model of the best available evidence of 

different imaging modalities for percutaneous iliosacral 
screw fixation following pelvic fractures. Weaknesses of 
most included studies and therefore of this meta-analysis 
are that no clear definition of screw malposition and no 
comparable grading systems are given by most authors and 
no level of experience of the surgeons are mentioned.

In the years following the introduction of navigation 
systems, only a small number of authors have reported 
their clinical experiences or the results of cadaver studies 
[3, 30–33]. The studies that have reported results regarding 
the relatively new 2D and 3D image-based navigation and 
reconstruction techniques were published between 2002 
and 2011. These studies therefore reported the first results 
following the clinical use of this method.

In earlier studies, similar OR times and significant 
reductions in both the average radiation dose and time 
were achieved using the 3D image-based navigation and 
reconstruction techniques [10, 11]. The exact Matta pro-
jections of the inlet, outlet and lateral perspectives are dif-
ficult to accomplish and are not required with the 2D and 
3D image-based navigation and reconstruction techniques. 
Moreover, earlier studies have indicated lower radiation 
exposure using computer-assisted surgery in animal stud-
ies or for patients with postpartum pelvic pain syndrome 
[1, 9].

Screw malposition rates with fluoroscopic guidance 
have been reported to range from 0 to 15 % [19, 25], with 
an incidence of neurological injury between 0.5 and 7.7 % 
[26]. Retrospectively, either the bending of the guide wire 
of the tracked power drive, which cannot be accommodated 
by the navigation system, or unnoticed manipulations of 
the reference array can lead to a complete shift of the image 
in the navigated technique. Although the accuracy of the 
computer-guided iliosacral screw implantation was investi-
gated by different authors [16, 17], who demonstrated that 
the navigated system was effective and sufficiently safe to 
warrant clinical trials, Arand [31] recommended that the 
following potential technical pitfalls be kept in mind when 
navigating CT datasets of the pelvis: (1) the intraoperative 
accuracy of the registration of the preoperative CT scan; (2) 
the movement of the pelvic bone structure between the pre-
operative CT scan and during operation; (3) the bending of 
the guide wire of the tracked power drive, which cannot be 
accommodated by the navigation system, will lead to mis-
guidance; therefore, only navigated drill sleeves should be 
used.

Table 2   Secondary rotational 
displacement based on the 
follow-up X-ray

Displacement <5 mm 5–10 mm 10–15 mm >15 mm

1. Conventional, n (%) 345 (60.6 %) 193 (33.9) 29 (5.1 %) 2 (0.4 %)

2. 2d/3d navigation, n (%) 213 (80.1 %) 53 (19.9 %) 0 (0 %) 0 (0 %)

3. CT navigation, n (%) 10 (28.6 %) 20 (57.1 %) 3 (8.6 %) 2 (5.7 %)
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CT navigation appears to be a safe technique for implan-
tation, but is only possible when no reduction or other sur-
gical treatment of the pelvic fracture is required. However, 
Tile B and C type fractures frequently require additional 
osteosyntheses and reduction maneuvers. Accordingly, in 
this group, malposition rate was the lowest, whereas the 
remaining displacement was the greatest. A malposition 
rate of only 1.3 % was observed when using the modern 2D 
and 3D image-based navigation and reconstruction tech-
niques, compared to 2.3  % when using the conventional 
technique. Most authors use the term “malposition” only 
when a screw revision was performed. Moreover, the expe-
rience level of the surgeons who performed the primary 
screw implantation was not analyzed.

The target corridor and the cortical borders can be 
extremely difficult to discern using the conventional fluor-
oscopic standard lateral, inlet, and outlet pelvic views. 
Moreover, the views could be poorer in obese patients or 
those with meteoric bowel distension. Therefore, the use of 
trial drillings and repeated Kirschner wire positioning may 
occasionally be required before the correct position can be 
achieved. Given that multiple drilling may lead to a loss of 
bone stock around the screw this was believed to be a pri-
mary reason for the high rate of loosening and performed 
revisions in earlier studies [11]. When 2D and 3D image-
based navigation and reconstruction technique or CT guid-
ance is applied the target corridor is shown in real time 
during drilling, so nearly no correction during the drilling 
process, which can cause the loss of bone stock, is required. 
The accuracy of computer-guided trans-iliosacral screw 
implantation has been reported to be sufficiently effective 
and safe in preclinical work [16, 17] to warrant clinical tri-
als. The revision rate following navigated implantation (CT 
0.8  %, 2D/3D: 1.3  %) appears to be lower than the rate 
that is observed for implantations that are performed using 
the conventional technique (2.7 %) and to be safer for the 
patient. Revised screws were those patients in each study 
who were brought back to OR for another additional surgi-
cal procedure. Still, these studies were limited in that addi-
tional osteosynthesis and reduction techniques were gener-
ally not considered in the evaluated trials.

The quality of the reduction could only be investigated 
in a small number of studies. The observed tendency sug-
gested a better result, with 92.0  % good and excellent 
results in the conventional group compared to only 88.3 % 
in the CT navigation group. Nearly no reduction maneu-
vers can be performed using CT navigation. This circum-
stance may lead one to conclude that the treating radiolo-
gists and trauma surgeons accepted suboptimal reduction 
quality prior to the implantation of the screw in a higher 
number of cases than occurred for the other techniques. 
The acceptance of suboptimal reduction quality may be one 
reason for the relative high percentage (14.3  %) of cases 

that showed secondary rotational displacement on follow-
up radiographs when CT navigation was used. In contrast, 
no secondary rotational displacements of 10 mm or more 
were observed in the group of studies for which 2D and 3D 
image-based navigation and reconstruction techniques was 
used.

Conclusion

Overall, the 2D and 3D image-based navigation and recon-
struction techniques are additional tools that can be used 
to enhance the precision and decrease the rate of revisions 
during the placement of percutaneous iliosacral screws. 
One fundamental advantage of these methods compared to 
the CT navigation is that they may be used in many dif-
ferent circumstances, including during the surgical pro-
cedures, for any required reduction maneuvers or for any 
additional osteosynthesis. These techniques provide good 
results and a low rate of complications and revisions. The 
authors believe that the 2D and 3D image-based navigation 
and reconstruction techniques is also an effective tool for 
teaching young trauma surgeons and to provide additional 
visual aid in an anatomical region where screw implanta-
tion may be challenging.

Nevertheless, the navigation system cannot guarantee 
100  % precision. As demonstrated previously, even when 
these techniques are used to place sacroiliac screws, the 
malpositioning rate is dependent on the surgeon’s experi-
ence with the navigation technique [34].
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