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A B S T R A C T   

There is a growing understanding of the specific characteristics of insufficiency fractures of the pelvis and of 
general requirements for the treatment of affected patients with focus on early mobilization and effective pain 
reduction as the main goals of therapy. While there is consensus on the significance of achieving stability of the 
dorsal pelvic ring structures there is still an open discussion about the potential benefits of additional stabili-
zation of an anterior fracture component. 

Within a biomechanical test setup, two established methods of dorsal fracture fixation were tested under axial 
loading (25–1200 N; 1000 test cycles) on an explicit osteoporotic bone model (n = 32) with a standardized FFP 
type IIIc fracture with and without additional fixation of the anterior fracture component. Dorsal fixation was 
performed with and long and a short 7.3 mm cannulated screw in S1 in one group (n = 16), and a trans sacral bar 
with an additional short 7.3 mm cannulated screw in S1 in the other group (n = 16). Half of the samples received 
a 7.3 mm cannulated retrograde transpubic screw for anterior fixation. 

The fixation with the trans sacral bar and the additional anterior screw fixation showed the highest rate of 
stability (p = 0.0014), followed by the double SI-screw fixation with stabilization of the anterior fracture (p =
0.0002). During testing, we observed the occurrence of new sacral fractures contralateral to the initial fracture in 
22/32 samples. 

The results let us assume that stabilization of an additional anterior fracture component relevantly improves 
the stability of the entire ring construct and might prevent failure of the dorsal stabilization or further fracture 
progression.   

Introduction 

We observe an increasing incidence of fragility fractures of the pelvis 
(FFP) especially in patients older than 65 years [1–3]. Affected patients 
suffer from pain, which often leads to significantly reduced mobility. 
The primary objective of therapy is sufficient pain reduction to allow for 
early remobilization in order to prevent common complications like 
pneumonia, muscular atrophy, uncertain gait and persisting immobility 
with subsequent loss of independency [1,4–6]). During the past decades 
the clinical characteristics and specific requirements for treatment of 
these fractures have been examined and well described. New and spe-
cific classification systems were implemented as the Fragility Fractures 

of the Pelvis Classification (FFP) by Rommens and Hofmann [7], the 
Alpha Numeric Classification system (ANC) by Krappinger et al. [8] and 
the OF-pelvis Classification system of osteoporotic sacral and pelvic ring 
fractures by Ullrich et al. [9] to specify the individual fracture and also 
to guide early treatment decisions. Analgetic therapy and physiother-
apeutic mobilization is recommended for isolated anterior (FFP I) and 
non-displaced dorsal fractures (FFP II) [7]. Dorsally displaced fractures 
(FFP III and FFP IV) and patients with prolonged pain or immobilization 
were recommended for surgical intervention [10]. Fracture progression 
was observed in 14 % of patients with FFP [7], which also included the 
progression from a unilateral to a bilateral dorsal pelvic fracture [7,8]. 
Increased shear forces due to interruption of the ring construct are 
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considered as the predominant reason [11]. 
In operatively treated patients, minimally invasive procedures and 

percutaneous fixation techniques are favored for these typically frail 
patients. In contrast to young patients with pelvic ring fractures after 
high-energy trauma, the goal of the operative treatment is not an 
anatomical reduction but an in situ fixation and stabilization to achieve 
sufficient pain relief [12,13]. 

Established operative methods for the treatment of FFP include 
different percutaneous (trans-) iliosacral fixation techniques [14–21] 
and the trans-iliac internal fixator for stabilization of the posterior pelvic 
ring [22–25]. For the anterior fracture, internal [26] or external fixator 
[27], minimally invasive percutaneous screw fixation of the ramus su-
perior ossis pubis [28], or open reduction and plate osteosynthesis are 
commonly used [29]. 

The discussion is ongoing if an anterior fixation is essential in FFP if 
the posterior fracture component is sufficiently stabilized. On the one 
hand, additional anterior fixation can reduce pain in the groin region, 
and can enhance overall stability. On the other hand, the additional 
incision provides more risks of affecting vulnerable structures as nerves, 
blood vessels and the urinary bladder, as well as wound infection, and 
prolongs operation and anesthesia time [30,31]. Further, 
implant-related complications are reported like implant loosening due 
to reduced bone quality, especially after plate osteosynthesis [29]. 
Currently, the question remains if the benefit of an additional anterior 
surgical approach outweighs its risks. 

The motivation of the present study was the biomechanical evalua-
tion of the potential benefit of an additional anterior fixation regarding 
stability after posterior fixation of an FFP IIIc fracture of the pelvic ring 
on an osteoporotic bone model. 

Materials and method 

During a pre-study three different synthetic bone models (Fa. Syn-
bone Type 4060 [32], Fa. Synbone Type 4900 and Fa. Sawbone Type 
1301–1), each of them designated by the producer to be osteoporotic, 
underwent pull-out tests. Therefore, a semi-threaded 7.3 mm screw was 
introduced trans-iliacal into the cancellous bone of the body of S1. The 
thread of the screw was positioned in the body of S1, while the head of 
the screw had at least a 3 cm distance to the lateral cortex of the ilium. 
Three bone models from each type were prepared this way. Position of 
the screw was confirmed radiographically in three views (ap view, inlet 
and outlet view). With a servo-pneumatic test machine continuously 
increasing pulling force was applied to the screw head with the force 
vector corresponding to the screw axis. The test machine detected and 
recorded the force at the moment of screw pull-out. According to these 
pre-testings, the bone model Sawbone Type 1301–1 (Fa. Sawbones, 
Sawbones Europe AB Servicing Europe, Middle East, and Africa, Kross-
verksgatan 3, 216 16 Malmö, Sweden) was chosen for further tests [33, 
34]. 

A 3D printed sawing template was generated to create a standardized 
fracture pattern with identical fracture location in each single artificial 
bone. In order to simulate an FFP type IIIc fracture, a complete fracture 
of the sacral ala was generated on the left side lateral to the neuro-
foramina. A standardized vertical-oblique fracture of the superior and 
inferior pubic ramus was generated also on the left side in the area of the 
obturator foramen, consistent with a Naketani II fracture [35]. A 3 mm 
thick felt was placed into the fracture gap to simulate a partially unstable 
fracture. To achieve optimum comparability standardized position of 
the implants was achieved by using customized 3D printed drilling 
templates which were calculated previously on the CAD data set of the 
bone model. The drilling guides follow a straight trans-iliosacral 
corridor in S1 and an additional, slightly oblique corridor in S1 ending 
in the area of the promontory of S1. A separate drilling guide defines the 
corridor for a retrograde transpubic screw for fixation of the anterior 
fracture component ending up in the cortical bone of the lateral ilium. 

Four groups of eight artificial pelvic bones each were prepared. In all 

32 bones, implant corridors in S1 were prepared using the drill guides. In 
16 bones the anterior corridor for the retrograde transpubic screw was 
prepared as well. Preparation of the corridors included introduction of a 
guide wire using the customized drilling guides and over drilling the 
guide wire afterwards with a cannulated 5.0 mm drill. All drilling was 
performed before generation of the fracture to guarantee for standard-
ized reposition afterwards. After removal of the guide wires the fracture 
was generated by using the 3D printed saw guide and an oscillating saw. 

Sixteen of the pelvic bones were fixated with a trans-sacral bar in S1 
according to the implantation technique described by Mehling and 
Hessmann [18,20]. With this implant, a slight compression of the sacral 
fracture was created through carefully bilateral tightening of the nuts 
with washers against the lateral wall of the posterior ilium. An addi-
tional short 7.3 mm fully-threaded ilio-sacral screw with washer was 
implanted, following the prepared corridor by crossing the fracture and 
ending up in the area of the promontory (Fig. 1). 

The remaining 16 bones models were then fixated with a cannulated 
7.3 mm semi-threaded trans-iliosacral screw (140/32 mm) with washer 
in S1 following the same pre-drilled corridor as the trans-sacral bar 
starting from the left lateral ilium passing right through the right 
sacroiliac joint. In addition, a 7.3 mm fully-threaded screw with washer 
was introduced in S1 as well, following the prepared corridor by 
crossing the fracture and ending up in the area of the promontory 
(Fig. 2). The insertion of the long trans-iliosacral screw was performed 
first in order to create a slight compression on the fracture site as in the 
trans-sacral bar group. 

In each group, eight bones received an anterior screw fixation with a 
cannulated 7.3 mm semi-threaded screw following the prepared trans-
pubic corridor in retrograde version (Figs. 1a–c, 2a–c). The other eight 
bone models were left without an anterior stabilization (Figs. 1d–f, 
2d–f). 

Groups were named as: trans-sacral sacro-iliac screw with anterior 
fixation (SI+), trans-sacral sacro-iliac screw without anterior fixation 
(SI-); trans-sacral bar with anterior fixation (SB+), trans-sacral bar 
without anterior fixation (SB-). 

All bones were checked radiographically for correct implant posi-
tioning after stabilization in ap, inlet and outlet view (Figs. 1, 2). 

The bones were attached to a servo-pneumatic test machine over the 
endplate of S1 and set on to two fixed bipolar hip protheses building up a 
counterfort, simulating a standing position (Fig. 3). Orientation of the 
pelvis was adjusted in a way, so that the pelvic tilt was about 15◦ and 
axial loading could be performed with a minimum of shear forces. 

Axial loading was then performed force-controlled on the endplate of 
S1. Cyclic axial loading forces were applied with 25 - 1200 N for a total 
of 1000 test cycles with a frequency of 0.1 Hz. Fracture zones were 
observed and followed with an optical tracking system. Further, the 
translation of the lever arm of the test machine that was needed to 
generate the demanded forces was measured. Testing was interrupted 
and finished early in case of breakdown of the bone, or if the measured 
translation of the level arm overreached 25 mm. The marge of 25 mm 
was set because fracture occurrence was observed during pre-testing on 
non-fractured bones under a cyclic loading ramp at a translation range >
25 mm. 

Statistical evaluation was performed using GraphPad Prism (Prism 
9.5.1, GraphPad Software, 225 Franklin Street. Fl. 26, Boston, MA 
02,110, USA) applying Mann-Whitney-U test and Kruskal-Wallis test. 

Results 

Ten of the 32 bones finished the test according to the protocol 
reaching 1000 cycles. In the group fixed with trans-sacral bar and S1 
screw and the additional retrograde trans-pubic screw, 7 of 8 constructs 
finished the test. Within the group stabilized with the long semi- 
threaded trans-sacral screw and the S1 screw with an anterior screw 
fixation, 2 of 8 constructs finished the 1000 loading cycles. In the group 
stabilized with the trans-sacral bar without fixation of the anterior pelvic 

C. Arand et al.                                                                                                                                                                                                                                  



Injury 54 (2023) 111096

3

ring fracture, only one of the constructs completed the test, while within 
the group of the semi-threaded trans-sacral screw without anterior sta-
bilization, none of the test samples finished the 1000 test cycles. The 
group of the trans-sacral bar with anterior stabilization showed the 
highest stability (p = 0,0238), followed by the group of the trans-sacral 
screw with fixation of the anterior fracture. Statistical analysis was 
performed applying Mann-Whitney-U test and Kruskal-Wallis test. 
Table 1 shows the reached number of loading cycles in detail, Fig. 4 
provides a graphical overview on the reached loading cycles. 

Discussion 

Treatment of osteoporotic pelvic fractures remains a challenge as the 
patients suffering from those injuries are typically frail and often bear 
relevant comorbidities. To avoid permanent immobility and loss of a 
self-determinated life, the first priority for treatment of those fractures is 
early remobilization. If the patient cannot be remobilized despite 
adequate analgesic therapy, operative stabilization is considered. The 
goals for the surgical treatment are to provide sufficient stability and to 
be as minimally-invasive as possible [36]. Specific classification systems 
for osteoporotic and insufficiency fractures of the pelvic ring, such as the 
FFP classification by Rommens and Hofmann [7] and within the last 
year the OF classification [9] (following the corresponding classification 
system for vertebral body fractures), have led to a new and enhanced 
understanding of these pathologies. In addition, specific 

Fig. 1. X-ray control of implant position in the sacral bar group with (a–c) and without (d–f) anterior screw fixation in ap (a, d), inlet (b, e) and outlet-projection 
(c, f). 

Fig. 2. X-ray control of implant position in the SI-screw group with (a–c) and 
without (d–f) anterior screw fixation in ap (a, d), inlet (b, e) and outlet- 
projection (c, f). 

Fig. 3. Test setup with the bone model set on two fixed bipolar hip protheses 
and connected to the lever arm of the servo-pneumatic test machine via end-
plate of S1. 

Table 1 
reached number of test cycles of each single bone. SI+ = SI-screws with anterior 
fixation, SI- = SI-screws without anterior fixation; SB + = sacral bar with 
anterior fixation, SB- = sacral bar without anterior fixation. * marks the 
occurrence of a new fracture.   

SI + SI - SB + SB - 

1 1000 46* 1000 133* 
2 355* 9* 1000 363* 
3 900* 1* 1000 50* 
4 953* 67* 573* 125* 
5 542* 1* 1000 25* 
6 825* 203* 1000 1000 
7 1000 58* 1000 18* 
8 565* 36* 1000 170* 
median 

(range) 
862.5 (645) 41.0 (202) 1000 (427) 129.0 (982) 

percentile 
25 %/75 % 

547.5/988.3 3.0/64.8 1000.0/1000.0 31.3/314.8  
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recommendations for adequate treatment can be suggested in relation to 
the fracture type [37]. Nevertheless, the discussion about how to address 
those fractures in case of an operative treatment remains controversial. 
While the stabilization of the dorsal part of the pelvic ring is uncon-
troversial, the question remains if the stabilization of an additional 
anterior pelvic ring fracture is necessary or at all beneficial, or if it is not 
of essential importance. 

In our study, we evaluated the effects of a potential weight on the 
stability of an additional screw fixation of the anterior pelvic ring 
fracture in an FFP type IIIc model within a standardized biomechanical 
test setup with repetitive axial loading. Our results showed significantly 
higher stability in the bone models with additional fixation of the 
anterior fracture. Furthermore, we observed a significantly reduced rate 
of loss of stability within the group stabilized with trans-sacral bar as 
compared to the group with the two SI screws. Under cyclic axial 
loading, we observed new sacral fractures on the contralateral side of 
the initial fracture to occur more frequently and earlier during testing in 
the bone models without anterior fixation. 

There are several limitations of this study to mention. Testing was 
performed on synthetic bone models. Even if a specific osteoporotic 
bone model was chosen the artificial sawbone does not fully simulate the 
individual physiological variability of bone mineral density within the 
pelvic bone. Furthermore, secondary stabilizers as muscles and espe-
cially the strong peripelvic ligaments like the pectineal ligament and the 
iliolumbar ligaments are missing within this model. Therefore, construct 
stability might be underestimated in our study. 

As another limitation it is to state that within our test setup an up-
right stand with only symmetric axial loading was simulated. Tensile 
forces and asymmetric loading as they occur during walking were not 
reproduced. 

In the literature we find a controversial discussion about fixation of 
the anterior fracture component in fragility fractures of the pelvis 
without clear conclusion or recommendation. 

Wilson et al. reported in a detailed review about the operative 
management of FFP that results of anterior fracture fixation to be very 
variable [38]. The review evaluated 17 studies with a total of 766 pa-
tients of which 463 were treated surgically. In 70 % of the operated 
patients, no anterior fixation was performed at all, even if there was an 
anterior fracture [39–41]. Osterhoff et al. investigated the impact of the 
pectineal ligament as a secondary stabilizer on anterior pelvic ring 
fractures within a biomechanical study on cadaveric hemipelves and 
showed a significant loss of stability in case of injury of the pectineal 
ligament [42]. In most of the cases, the ligament can be assumed to be 

intact in osteoporotic fractures, except when a relevant dislocation of 
the anterior fracture component is present or the fracture is the result of 
a relevant trauma mechanism. 

In contrast, there are many studies found in literature evaluating 
different operative treatment strategies for stabilization of the anterior 
fracture component in FFP. Sufficient pain relief was reported to be 
achieved using a supraacetabular external fixator additional to the 
posterior fixation. However, a relatively high complication rate was 
associated with this method including difficult mobilization of the pa-
tient due to extensive hardware [43,44]. Internal fixation with the usage 
of an internal fixator system consisting of a subcutaneous, curved rod 
connecting the supra-acetabular fixator pins or screws was described to 
be associated with a high complication rate involving the femoral ves-
sels and nerves at risk [30,31,45]. 

Percutaneous screw fixation of the anterior pelvic ring can be per-
formed in antegrade and retrograde direction and was described as a 
sufficient and minimally invasive fixation method for the treatment of 
anterior pelvic ring fractures without relevant displacement [28,46]. 
Mosheiff et al. reported about a method to address even displaced 
fractures with percutaneous screw fixation using a special maneuver 
[47]. With a low intraoperative complication rate, percutaneous trans-
pubic screw fixation is a relatively safe method, but implant-related 
complications, i.e. painful soft tissue irritation due to implant loos-
ening in the weak bone and backing out of the screw, were described. 
Also, screw positioning is not always possible due to narrowness and 
curvature of the screw corridor [48]. 

Acklin et al. investigated different ways of screw and plate fixation of 
the anterior pelvic ring in a biomechanical bone on human cadaveric 
hemipelves with reduced bone mineral density [49,50] and found two 
3.5 mm screws to provide comparable stability to a 7.3 mm screw. 
Within this study, the authors showed plate osteosynthesis to be superior 
over screw fixation regarding primary stability. However, plate osteo-
synthesis is associated with a higher invasiveness of the surgical pro-
cedure and should be limited to displaced fractures [29]. 

Herteleer et al. described in a retrospective analysis of a total of 48 
patients with FFP treated with single plate osteosynthesis of the anterior 
pelvic ring in 37 cases, and double plate osteosynthesis in 11 cases, an 
overall high rate of screw loosening that occurred more frequently and 
earlier in cases of single plate osteosynthesis [29]. 

Conclusion 

Our observations suggest that  

(1) the fixation of the anterior fracture improves the stability of the 
whole pelvic ring construct significantly;  

(2) trans-sacral bar fixation enhanced with an iliosacral screw in S1 
and a retrograde trans-pubic screw provides the highest stability 
within our collective;  

(3) in case of operative treatment of a unilateral fracture of the dorsal 
pelvic ring a prophylactic stabilization of the uninjured contra-
lateral aspect might be beneficial and should be considered with 
respect to the risk of potential fracture progression. To investigate 
the effects of a prophylactic stabilization of the uninjured side, 
further evaluations and testing are warranted. 
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Fig. 4. graphic overview on the reached loading cycles. SI+ = SI-screws with 
anterior fixation, SI- = SI-screws without anterior fixation; SB + = sacral bar 
with anterior fixation, SB- = sacral bar without anterior fixation. Comparison 
show statistical significant differences: * SI + vs. SB + p = 0.0238; ** SI + vs. SI 
- p = 0.0002; *** SB + vs. SB - p = 0.0014. 
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