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Abstract

Background/purpose Pubic ramus fractures account for the most common types of pelvic fractures. The standard surgical
approach for superior pubic ramus fractures (SPRF) is a minimally invasive percutaneous screw fixation. However, percutane-
ous closed reduction and internal fixation of anterior pelvic ring injuries have high failure rates of up to 15%. The aim of this
biomechanical study was to evaluate the stability of SPRF following stabilization with retrograde placed cannulated com-
pression headless screw (CCHS) versus conventional fully and partially threaded screws in an artificial pelvic bone model.
Methods SPREF type II as described by Nakatani et al. was created by means of osteotomies in eighteen anatomical composite
hemi-pelvises. Specimens were stratified into three groups of six specimens each (n=6) for fixation with either a 7.3 mm
partially threaded cannulated screw (group RST), a 7.3 mm fully threaded cannulated screw (group RSV), or a 7.5 mm
partially threaded cannulated CCHS (group CCS). Each hemi-pelvic specimen was tested in an inverted upright standing
position under progressively increasing cyclic axial loading. The peak load, starting at 200 N, was monotonically increased
at a rate of 0.1 N/cycle until 10 mm actuator displacement.

Results Total and torsional displacement were associated with higher values for RST versus CCS and RSV, with significant
differences between RST and CCS for both these parameters (p <0.033). The differences between RST and RSV were signifi-
cant for total displacement (p =0.020), and a trend toward significance for torsional displacement (p =0.061) was observed.
For both failure criteria 2 mm total displacement and 5° torsional displacement, CCS was associated with significantly higher
number of cycles compared to RST (p <0.040).

Conclusion CCHS fixation presented predominantly superior stability to the standard surgical treatment and could therefore
be a possible alternative implant for retrograde SPRF screw fixation, whereas partially threaded screws in group RST were
associated with inferior biomechanical stability.

Keywords Superior pubic ramus fracture - Biomechanics - Cannulated compression headless screw - Artificial bone
model - Motion tracking

Introduction when addressing traumatic of the anterior pelvic ring, par-

ticularly the pubic branches, conclusions in the literature

Fractures of the pubic ramus are among the most com-
mon pelvic fracture types and a demanding need for their
improved management has been reported [1]. There is a
strong body of evidence regarding timing and choice of sur-
gical approach for the posterior pelvic ring [2—4]; however,
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are much more ambiguous. Patients with pubic ramus frac-
tures are known to experience time-consuming and painful
mobilization [5]. A high mortality rate has been described
in elderly patients and the preinjury level of mobility can-
not be reached by many [5, 6]. High incidences of chronic
pain (48.4%) following surgery for pelvic fractures have also
been described [7]. Clinical studies report that disability and
chronic pain are associated with nonunion or malunion of
pelvic fractures [8].
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Minimally invasive percutaneous screw fixation is one
of the standard procedures for treatment of superior pubic
ramus fractures (SPRF) recognized for shorter surgery times
and reduced blood loss when compared to other fixation
methods, such as plate fixation [9—11]. However, percutane-
ous closed reduction and internal fixation (CRIF) of anterior
pelvic ring injuries has witnessed high failure rates of up to
15% [11-13]. Common failures include screw migration and
fragment displacement. Alternative percutaneous surgical
implants addressing SPRF could be of great benefit for this
well validated surgical method to provide reasonable out-
comes with potentially reduced implant failure rates.

Therefore, the aim of this biomechanical study was to
evaluate the stability of SPRF following stabilization with
retrograde placed cannulated compression headless screw
(CCHS) versus conventional fully and partially threaded
screws in an artificial pelvic bone model. The hypothesis
was that CCHS would provide equivalent or greater stabil-
ity when compared to conventional ramus screws. To our
knowledge, this surgical technique of CCHS fixation of
SPREF has never been evaluated.

Materials and methods
Specimens and fracture model

Eighteen anatomical composite hemi-pelvises (9 left/9
right, model LSS4060/Hard®, Synbone, Zizers, Switzer-
land) were used in this study. A type II fracture was cre-
ated in each specimen at the middle zone of the superior
pubic ramus according to the Nakatani classification system
[11] by means of an osteotomy using a 1 mm sawblade. A
custom template was used to ensure that all vertical oste-
otomies were identical. The inferior pubic ramus was also
osteotomized with a 10 mm gap osteotomy. This disconti-
nuity allowed the superior pubic ramus to be isolated from
the influence of the inferior ramus, limiting the parameters
affecting the investigated region.

Study groups

The eighteen hemi-pelvis were stratified into three groups
of six specimens each (n=06) with equal distribution of left
and right anatomical sites for instrumentation as follows:

e Group RST: SPRF stabilization using 7.3 mm partially

threaded cannulated screw, length 90 mm (DePuy Syn-
thes, Zuchwil, Switzerland, Fig. 2A)
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Fig.1 Custom 3D printed aiming device for K-wire placement

Fig.2 X-rays after instrumentation showing exemplified specimens
from group RSV (a), CCS (b), and RST (c)

e Group RSV: SPRF stabilization using 7.3 mm full
threaded cannulated screws, length 90 mm (DePuy Syn-
thes, Zuchwil, Switzerland, Fig. 2B)

e Group CCS: SPRF stabilization using 7.5 mm partially
long threaded cannulated CCHS, length 90 mm (DePuy
Synthes, Zuchwil, Switzerland, Fig. 2D)
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Surgical procedure

The surgical treatment of the SRPF was carried out accord-
ing to the AO principles [14]. Following anatomical reduc-
tion of the SPRF, a corresponding 2.8 mm guide wire was
placed in the superior pubic ramus across the fracture and
cephalad to the acetabulum according to the AO surgery
references in a retrograde fashion [14]. The starting point for
drilling was the pubic tubercle, following the medial cortical
boarder under avoidance of the acetabulum. A custom 3D
printed aiming device was employed to ensure that repeti-
tive corrections of the Kirschner-wire placements would not
be necessary and possibly affect the outcome. This led to
a standardized and repeatable wire and screw placement,
ensuring avoidance of any perforations, via falsa, or corti-
cal disruptions. The aiming device allowed the Kirschner-
wire to be safely placed in the ideal position in one attempt
(Fig. 1). Following pilot drilling, the cannulated screws
were placed by inserting them over the K-wire and tighten-
ing them according to the operator’s best practice. Inlet and
obturator outlet views were obtained with a C-arm, confirm-
ing proper screw placements (Fig. 2).

The screws in groups RST and RSV were made from
stainless steel (316 L), while those in group CCS were made
from titanium alloy (Ti-6Al-4 V). An experienced surgeon
with senior consultant status performed all procedures.

Biomechanical testing

Biomechanical testing was performed on a servohydraulic
material test system (Mini Bionix II 858; MTS Systems,
Eden Prairie, MN, USA) equipped with a 4 kN load cell
(HUPPERT 6, HUPPERT GmbH, Herrenberg, Germany).
The setup used to mount the specimen for testing was
adopted from previous studies investigating ramus fracture
fixation [15] (Fig. 3). Each hemi-pelvic was aligned and
tested in an inverted upright standing position. For that pur-
pose, the specimen rested on an aluminum base plate, which
was rigidly connected to the machine base, and inclined by
20° in the coronal plane, following the procedure accord-
ing to Morosato [16] for positioning of the medial aspect
of the symphysis and the sacroiliac joint flush with the base
plate. The sacroiliac joint was additionally constrained to the
base plate via two molded polymethylmethacrylate (PMMA,
SCS-Beracryl D-28, Suter Kunststoffe AG/Swiss-Compos-
ite, Fraubrunnen, Switzerland) blocks, which allowed con-
sistent mounting of the specimens.

Axial compression along the machine axis was applied
to the acetabulum via a ceramic ball of 28 mm radius.
Homogenous load transfer to the specimens was achieved
by a molded PMMA hemispherical cavity inserted in the
acetabulum. The setup configuration targeted a simulation

Load cell

TrE— .
=Inclined base plate
Fig.3 Test setup with a specimen mounted for biomechanical testing

of hip joint reaction force trajectory during walking, as
described by Bergmann et al. [17].

The loading protocol commenced with an initial nonde-
structive quasi-static ramp from 20 N preload to 200 N at a
rate of 18 N/s, followed by progressively increasing cyclic
loading in axial compression with a physiological profile of
each cycle at a rate of 2 Hz [17]. Keeping the valley load at a
constant level of 20 N, the peak load, starting at 200 N, was
monotonically increased cycle by cycle at a rate of 0.05 N/
cycle until the test stop criterion of 10 mm actuator displace-
ment had been fulfilled with respect to its position at the
beginning of the loading protocol, which was found adequate
to provoke catastrophic failure of the specimens [18, 19].

Data acquisition and analysis

Machine data of axial displacement and axial load were con-
tinuously acquired from the machine transducer and load cell
throughout the tests at 200 Hz. Based on these, the construct
stiffness was calculated from the ascending load—displace-
ment curve of the initial quasi-static ramp within the linear
loading range between 80 and 180 N.

The relative movements between the fractured frag-
ments were continuously assessed at 20 Hz throughout
the tests in all six degrees of freedom by means of optical
motion tracking. For that purpose, an individual marker
set, consisting of multiple single optical markers, was
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attached to the superior and inferior fragment adjacent
to the fracture line using Kirschner (K-) wires. A local
anatomical coordinate system was created based on proper
alignment of the superior marker set. A second coordinate
system was created based on the fracture plane, which was
virtually defined using a dedicated touch probe. The coor-
dinates of the markers were tracked with a stereographic
optical camera system (Aramis SRX, Carl Zeiss GOM
Metrology GmbH, Braunschweig, Germany) within these
two coordinate systems. Based on these measurements, the
relative movements of the two most anterior aspects—each
one associated to either fragment defined by the attached
marker sets, but initially overlapping each other at the
reduced fracture state—relative to each other, were calcu-
lated as the Euclidean normal distance of the translational
displacements along the three principal axes and defined
as total displacement. In addition, the combined angular
displacement was calculated as the gap opening between
the two initially reduced osteotomy/fracture surfaces
adjoining each other in the fracture gap and defined as gap
angle. Furthermore, the angular displacement between the
fragments in the fracture plane was assessed and defined
as torsional displacement.

The outcome measures were calculated at five intermit-
tent time points of cyclic testing after 2000, 4000, 6000,
8000, and 10,000 test cycles. The latter represented the high-
est rounded number of cycles at which none of the speci-
mens had failed and dropouts could not artifactually influ-
ence the results. The values were considered with respect to
the values at the beginning of the cyclic test and were calcu-
lated in peak loading condition. Additionally, three different
criteria for specimen failure were set at 2 mm total displace-
ment, 5° gap angle, as well as 5° torsional displacement, and

Table 1 Outcome measures of the parameters of interest evaluated over
the five time points after 2000, 4000, 6000, 8000, and 10,000 cycles,
presented for each group separately in terms of mean and SD, together

the corresponding number of cycles until fulfillment of these
criteria were calculated.

Statistical analysis among the outcome measures was
performed with SPSS software (v.27, IBM SPSS, Armonk,
NY, USA). Mean and standard deviations were calculated
for each parameter of interest and group separately. General
linear model repeated measures test with Bonferroni post
hoc test for multiple comparisons was conducted to deter-
mine significant differences between the treatment groups
for the outcome measures of the parameters of interest evalu-
ated over the time points during cyclic testing after 2000,
4000, 6000, 8000, and 10,000 cycles. Initial axial construct
stiffness and the numbers of cycles for the different fail-
ure criteria, including cycles to earliest failure, were com-
pared among the groups with one-way analysis of variance
(ANOVA) considering either Bonferroni or Games-Howell
post hoc tests. Level of significance was set at 0.05 for all
statistical tests.

Results

Initial construct stiffness was 296.0 +50.8 N/mm for
group CCS, 365.5+111.1 N/mm for group RST, and
311.3 +£80.5 N/mm for group RSV, without significant dif-
ferences among the groups (p=0.411).

The outcome measures for the parameters of interest ana-
lyzed over the four time points after 2000, 4000, 6000, 8000,
and 10,000 cycles are summarized in Table 1. Total dis-
placement and torsional displacement were associated with
higher values for RST versus CCS and RSV, with significant
differences between RST and CCS for both these parameters
(» £0.033). The differences between RST and RSV were

with p values indicating general significant differences over cycles as
well as between the group pairs

Parameter of interest Treatment Cycles p value pairwise
2000 4000 6000 8000 10,000 CCS RST RSV
Total displacement CCS 0.20 (0.05) 0.38(0.09) 0.61(0.18) 0.94(0.24) 1.33(0.37) - 0.021 >0.999
RST 0.41(0.21) 0.78(0.31) 1.26(0.41) 1.78(0.59) 2.88(1.49) - - 0.020
RSV 0.16 (0.07) 0.37(0.14) 0.66 (0.26) 0.99 (0.38) 1.40(0.46) - - -
p value over cycles CCS: p=0.001; RST: p=0.045; RSV: p<0.001 -
Gap angle CCS 0.40(0.21) 0.81(0.44) 1.23(0.65) 1.75(0.76) 2.32(1.05) 0.972
RST 0.36 (0.21) 0.64 (0.41) 1.00(0.44) 1.36(0.53) 2.83(2.36)
RSV 0.37 (0.23) 0.64 (0.40) 1.08 (0.61) 1.66(0.79) 2.45(1.41)
p value over cycles CCS: p=0.006; RST: p=0.164; RSV: p=0.006 -
Torsional displacement CCS 0.68 (0.26) 1.37(0.32) 2.21(0.52) 3.54(0.71) 5.15(1.27) - 0.033 >0.999
RST 1.66 (0.83) 3.09(1.18) 4.85(1.27) 7.25(2.22) 11.17(6.74) - - 0.061
RSV 0.53 (0.25) 1.30(0.59) 2.65(1.46) 4.22(2.28) 6.32(2.96) - - -

p value over cycles

CCS: p=0.001; RST: p=0.081; RSV: p=0.004 -

@ Springer



International Orthopaedics

significant for total displacement (p =0.020) and with a trend
toward significance for torsional displacement (p =0.061).
For gap angle, the outcome measures were homogeneously
distributed among the three groups (p =0.972).

The numbers of cycles and the corresponding peak load
at the different failure criteria are summarized in Table 2 and
Fig. 4. For both 2 mm total displacement and 5° torsional
displacement, CCS was associated with significantly higher
values compared to RST (p <0.040), with no further sig-
nificances among the groups (p >0.140). For the criterion
5° gap angle, the values were without significant differences
among the groups, p=0.180. Earliest failure unexpectedly
occurred by 5° torsional displacement of the fragments rela-
tive to each other. The failure modes were predominantly
expressed by fracturing of the ilium in between the anterior
inferior iliac spine and anterior superior iliac spine.

Discussion

The aim of this biomechanical study was to assess the sta-
bility of cannulated compression headless screws used for
fixation of SPRF. Advances on this topic have the potential
to reduce the reported high number of implant failures in the
literature, while supporting minimally invasive procedures
and possibly providing a new implant with greater stability.
Outcome measures of the investigated relative interfragmen-
tary movements lead to the following three primary conclud-
ing statements.

1. Group CCS demonstrated considerably higher stability
in terms of fracture and torsional displacement com-
pared to group RST

Table2 Numbers of cycles to and corresponding load at fulfilling
the three failure criteria 2 mm total displacement, 5° gap angle, and
5° torsional displacement, shown for each group separately in terms

2. Although group CCS revealed comparable results to
RSV, it was associated with higher stability regarding
cycles to predefined failure criteria

3. Group RST was associated with the highest interfrag-
mentary movements and earliest cycles to failure com-
pared to RSV and CCS

According to the AO surgery references, either a fully
threaded 3.5 mm/4.5 mm cortical screw, or a 6.5/ 7.3 mm
cancellous screw without a washer are recommended for
SPREF fixation [14]. A washer does not appear to be an
option for the starting point at the pubic tubercle due to
the steep and small bearing surface. Due to the proximity
to the skin with little overlying muscle tissue, a washer
would likely interfere due to its protruding angle. Yet, a
washer, presented as an integral component of a screw,
has been described as advantageous [20]. It is a standard
component of cannulated 6.5 mm or 7.3 mm cancellous
iliosacral screw placements of the posterior pelvic ring
[21]. Hence, the anatomy-limited absence of the washer
may explain the high number of implant failures reported
in the literature. The CCHS has threads of different pitch
on either end with an unthreaded central part/shaft and
is headless. It acts as a countersink, allowing the differ-
ent threads at each end to draw the fracture fragments
together and therefore create compression. This combines
the advantages of the screws in group RST and group RSV.
The partially threaded screws allow fracture compression,
while the fully threaded screws potentially provide more
stability due to their proximal thread anchorage. Addi-
tionally, it rests flush with the proximal cortex and thus
provides less surface for potential irritation. By using the
CCHS, both advantages are combined within one screw.

of mean and SD, together with corresponding p values from overall
ANOVA output, as well as for pairwise comparisons

Parameter of interest Treatment Cycles Corresponding load (N) p value pairwise
CCH RST RSV
2 mm total displacement CCH 14,318 (4448) 1631.8 (444.8) - 0.040 0.526
RST 8860 (2302) 1086.0 (230.2) - - 0.429
RSV 11,703 (1882) 1370.3 (188.2) - - -
p value ANOVA p=0.042 -
5° gap angle CCH 17,962 (6778) 1996.2 (677.8) -
RST 13,220 (3859) 1522.0 (385.9)
RSV 13,000 (2292) 1500.0 (229.2)
p value ANOVA p=0.180 -
5° torsional displacement CCH 10,572 (2577) 1257.2 (257.7) - 0.023 0.893
RST 6254 (1686) 825.4 (168.6) - - 0.140
RSV 9145 (2163) 1114.5 (216.3) - - -
p value ANOVA p=0.022 -
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Fig.4 Bar chart presenting cycles to (a) 2 mm total displacement, (b)
5° gap angle, and (c) 5° torsional displacement, shown for each group
separately in terms of mean and SD. Star indicates significant differ-
ence

Open reduction and internal fixation of pubic rami frac-
tures using plates are known to result in greater blood
loss due to the requirement of wide surgical exposure and
can result in severe complications such as injuries to the
femoral artery, vena or nerve [22]. Another option for
SPREF fixation is an external fixator, which is often used
in a polytrauma setting. It is a simple, well-established
technique, which is usually applied in a minimal invasive
manner and should require the least amount of surgery
time. However, the known disadvantages such as percuta-
neous Schanz-screw related infections and injuries of the
lateral cutaneous femoral nerve remain in large numbers
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[23]. Furthermore, this surgical method always requires a
second operation to remove the implants and certainly has
the greatest discomfort factor for the patients.

Generally, while using only a single screw, there is
always the possibility of fragment rotation around its axis.
This seems to be especially present in the smooth, thread-
less section of a partially threaded screw. In the case of a
fully threaded screw, such as the one used in group RSV,
intuitively, the rotation should be reduced. This postulation
corroborates our finding, since there was a higher rotation
in the RST group, yet the differences could not be statisti-
cally substantiated as we found no difference between a
fully threaded screw and a partially threaded screw.

A biomechanical cadaver study comparing the stabil-
ity of two 3.5 mm fully threaded screws vs. one 7.3 mm
partial threaded screw treating SPRF also presented com-
parable results [15]. On the contrary, as seen in surgical
fixations of ankle fractures, partially threaded screws have
been proven to reduce the initial screw stiftness as well as
yield load, compared to fully threaded screws [24].

Regarding the entry point, it has been proven that an
antegrade screw placement is less likely to result in fixa-
tion failure, when compared to retropubic screw fixation
[25]. However, antegrade screw placement requires sig-
nificantly more soft tissue preparation with associated
approach morbidities. Yet the chosen investigated frac-
ture in zone II according to Nakatani is most optimally
addressed for retrograde screws fixation [11]. Further-
more, biomechanical studies on anterior pelvic ring frac-
tures could prove that retrograde placed intramedullary
screw could provide equivalent results to standard plating
techniques [26]. Additionally, the retrograde approach for
intramedullary screw placements is accompanied with a
less excessive surgical exposure.

To address the high rate of reported implant related fail-
ure, the authors propose a new implant using secure and
minimally invasive well-established techniques to stabilize
pubic rami fractures by CCHS. There are known predic-
tors of implant failure such as increased patients age and
increased patients BMI, distance and decreased distance
from the symphysis have been reported [27]. Increasing
patient’s age is typically associated with osteoporosis. The
CCHS could bring advantages for this patient group, espe-
cially in osteoporotic bone, due to the additional proximal
thread locking. This hypothesis could not be addressed in
the context of the current study since the data on osteo-
porotic artificial bone in biomechanics is poor and there-
fore conventional artificial bone was used.

Further studies on cadaveric bones should be under-
taken in the next step to verify if the findings are repro-
ducible in human bones. If the results are comparable, the
transition to clinical studies could then be made.
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Strength and limitations

Our results demonstrated a comparable or superior result
of the CCHS versus current standard minimally inva-
sive treatment options. However, no screw migration
was observed in any of the tests, as seen clinically. The
artificial bone seems to have limitations in this regard.
Therefore, the used specimen model of artificial bone is
the main limitation in this study. However, the authors
have performed this first-step investigation because of its
novel approach and no available data for comparison. It
is further known that artificial bones grant standardized
and comparable sample groups, which can overpower
the variations in bone quality in human cadaveric speci-
mens and are more cost-effective [28—31]. Synthetic bone
specimens have been commonly and successfully used in
various previous pelvic biomechanical studies [28, 32-35].
Additionally, the availability of cadavers is limited, lead-
ing to a reduced sample size for biomechanical testing as
previously reported [36]. Furthermore, the use of artifi-
cial bones minimizes the variability of test results between
test samples [34]. The chosen sample size in this study
was relatively small, nevertheless comparable to related
biomechanical studies investigating pelvic fixation tech-
niques [32-35, 37]. Finally, the screws in the CCS group
were 0.2 mm wider in diameter than the screws used in the
comparison groups (7.5 mm CCHS versus 7.3 mm cannu-
lated screws in Ggroup RST and Group RSV). Since the
author’s did not experience any perforation, via falsa, or
cortical disruption during screw placements, we believe
that this difference can be neglected.

Additional biomechanical studies should be performed
using human cadaveric bones and larger sample sizes for
a better understanding of CCHS and their potential for the
minimal invasive treatment of SPFR.

Conclusion

The CCHS fixation, introduced in this study, presented
predominantly superior stability to the standard surgical
treatment and could therefore be a possible alternative
implant for retrograde SPRF screw fixation, whereas par-
tially threaded screws in group RST were associated with
inferior biomechanical stability.

Acknowledgements The authors are not compensated and there are no
other institutional subsidies, corporate affiliations, or funding sources
supporting this work unless clearly documented and disclosed. This
investigation was performed with the assistance of the AO Foundation.
The authors report no conflicts of interest concerning the materials or
methods referred to in this study or the findings specified in this arti-
cle. We hereby declare that the work described has not been published

before, that it is not under consideration for publication anywhere else,
and that its publication has been approved by all co-authors.

Author contribution Till Berk: article writing, study initiation, and per-
forming of instrumentation/tests. Ivan Zderic: data evaluation and sta-
tistics, writer of article, and performing tests. Peter Varga: performing
tests, data evaluation, and manuscript workup. Peter Schwarzenberg:
manuscript workup and literature review. Tatjana Pastor: manuscript
workup and literature review. Felix Lesche: manuscript workup and
literature review. Sascha Halvachizadeh: manuscript workup and lit-
erature review. R. Geoff Richards: manuscript workup and literature
review. Boyko Gueorguiev: initiation of project, manuscript workup,
and literature review. Hans-Christoph Pape: initiation of project, manu-
script workup, and literature review.

Funding Open access funding provided by University of Zurich

Data availability The collected data will be stored securely at our
institute for 10 years. During this period, they are still available upon
request. After 10 years, the data will be deleted; however, all the data-
sets analyzed or generated during this study will be available from
corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate All methods were carried
out in accordance with relevant guidelines and regulations. This study
was performed in line with the principles of the Declaration of Hel-
sinki.

Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Winkelhagen J, van den Bekerom MP, Bolhuis HW, Hogervorst
M (2012) Preliminary results of cannulated screw fixation for iso-
lated pubic ramus fractures. Strateg trauma limb reconstr 7:87-91

2. Grewal IS, Starr AJ (2020) What’s new in percutaneous pelvis
fracture surgery? Orthopedic Clinics 51:317-324

3. Ayoub MA (2012) Type C pelvic ring injuries in polytrauma
patients: can percutaneous iliosacral screws reduce morbidity and
costs? Eur J Orthop Surg Tr 22:137-144. https://doi.org/10.1007/
$00590-011-0811-0

4. VaidyaR, Colen R, Vigdorchik J, Tonnos F, Sethi A (2012) Treat-
ment of unstable pelvic ring injuries with an internal anterior fixa-
tor and posterior fixation: initial clinical series. J Orthop Trauma
26:1-8. https://doi.org/10.1097/BOT.0b013e318233b8a7

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00590-011-0811-0
https://doi.org/10.1007/s00590-011-0811-0
https://doi.org/10.1097/BOT.0b013e318233b8a7

International Orthopaedics

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Koval KJ, Aharonoff GB, Schwartz MC, Alpert S, Cohen G,
McShinawy A, Zuckerman JD (1997) Pubic rami fracture: a
benign pelvic injury? J Orthop Trauma 11:7-9

Hill RMF, Robinson CM, Keating JF (2001) Fractures of the pubic
rami - epidemiology and five-year survival. ] Bone Jt Surg-British
83B:1141-1144. https://doi.org/10.1302/0301-620x.83b8.11709
Meyhoft CS, Thomsen CH, Rasmussen LS, Nielsen PR (2006)
High incidence of chronic pain following surgery for pelvic frac-
ture. Clin J Pain 22:167-172

Blohm D, Madsen F, Jensen J (2000) Fractures of the pelvis—a
survey of" nonunion" and" malunion" surgical results. Ugeskr
Laeg 162:6413-6415

Li C (2014) Clinical comparative analysis on unstable pelvic fractures in
the treatment with percutaneous sacroiliac screws and sacroiliac joint
anterior plate fixation. Eur Rev Med Pharmacol Sci 18:2704-2708
Gire JD, Jiang SY, Gardner MJ, Bishop JA (2018) Percutaneous
versus open treatment of posterior pelvic ring injuries: changes
in practice patterns over time. J Orthop Trauma 32:457-460
Starr AJ, Nakatani T, Reinert CM, Cederberg K (2008) Superior
pubic ramus fractures fixed with percutaneous screws: what pre-
dicts fixation failure? J Orthop Trauma 22:81-87

Routt MC Jr, Nork SE, Mills WJ (2000) Percutaneous fixation of
pelvic ring disruptions. Clin Orthop Relat Res ® 375:15-29
Routt MC Jr, Simonian PT, Mills WJ (1997) Iliosacral screw fixa-
tion: early complications of the percutaneous technique. J Orthop
Trauma 11:584-589

Nambiar M, West LR, Bingham R (2017) AO surgery reference:
a comprehensive guide for management of fractures. Br J Sports
Med 51:545-546

Acklin Y, Zderic I, Grechenig S, Richards R, Schmitz P, Gueor-
guiev B (2017) Are two retrograde 3.5 mm screws superior to one
7.3 mm screw for anterior pelvic ring fixation in bones with low
bone mineral density? Bone Jt Res 6:8—13

Morosato F, Traina F, Cristofolini L (2018) Standardization of
hemipelvis alignment for in vitro biomechanical testing. J Orthop
Res ® 36:1645-1652

Bergmann G, Deuretzbacher G, Heller M, Graichen F, Rohlmann
A, Strauss J, Duda GN (2001) Hip contact forces and gait patterns
from routine activities. J Biomech 34:859-871. https://doi.org/10.
1016/50021-9290(01)00040-9

Gueorguiev B, Ockert B, Schwieger K, Wiahnert D, Lawson-Smith
M, Windolf M, Stoftel K (2011) Angular stability potentially per-
mits fewer locking screws compared with conventional locking in
intramedullary nailed distal tibia fractures: a biomechanical study.
J Orthop Trauma 25:340-346

Windolf M, Muths R, Braunstein V, Gueorguiev B, Hianni M,
Schwieger K (2009) Quantification of cancellous bone-compac-
tion due to DHS® Blade insertion and influence upon cut-out
resistance. Clin Biomech 24:53-58

Bishop JA, Behn AW, Castillo TN (2014) The biomechanical
significance of washer use with screw fixation. J Orthop Trauma
28:114-117. https://doi.org/10.1097/BOT.0b013e31829f9805
Johnson NL, Galuppo LD, Stover SM, Taylor KT (2004) An
in vitro biomechanical comparison of the insertion variables and
pullout mechanical properties of AO 6.5-mm standard cancellous
and 7.3-mm self-tapping, cannulated bone screws in foal femoral
bone. Vet surg 33:691-698

Routt M Jr, Simonian PT, Grujic L (1995) The retrograde
medullary superior pubic ramus screw for the treatment of

@ Springer

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

anterior pelvic ring disruptions: a new technique. J Orthop Trauma
9:35-44

Solomon LB, Pohl AP, Sukthankar A, Chehade MJ (2009) The
subcristal pelvic external fixator: technique, results, and rationale.
J Orthop Trauma 23:365-369

Downey MW, Kosmopoulos V, Carpenter BB (2015) Fully
threaded versus partially threaded screws: determining shear in
cancellous bone fixation. J Foot Ankle Surg 54:1021-1024
Kanakaris NK, Giannoudis PV (2015) Pubic rami fractures. In:
Lasanianos N, Kanakaris N, Giannoudis P (eds) Trauma and
Orthopaedic Classifications. Springer, London, pp 275-276
Simonian PT, Routt MLC, Harrington RM, Tencer AF (1994) Inter-
nal-fixation of the unstable anterior pelvic ring - a biomechanical
comparison of standard plating techniques and the retrograde med-
ullary superior pubic ramus screw. J Orthop Trauma 8:476-482.
https://doi.org/10.1097/00005131-199412000-00004

Comadoll SM, Matuszewski PE, Liu B, Scott A, Cooper C, Scott
B, Wright RD Jr (2021) Factors associated with failure of superior
pubic ramus screws. J Orthop Trauma 35:181-186

Gardner MP, Chong A, Pollock AG, Wooley PH (2010) Mechani-
cal evaluation of large-size fourth-generation composite femur and
tibia models. Ann Biomed Eng 38:613-620

Heiner AD (2008) Structural properties of fourth-generation com-
posite femurs and tibias. J biomech 41:3282-3284

Zdero R, Olsen M, Bougherara H, Schemitsch E (2008) Cancel-
lous bone screw purchase: a comparison of synthetic femurs,
human femurs, and finite element analysis. Proc Ins Mech Eng
Part H: J Eng Med 222:1175-1183

Elfar J, Stanbury S, Menorca RMG, Reed JD (2014) Composite
bone models in orthopaedic surgery research and education. ] Am
Acad Orthop Surg 22:111

Camino Willhuber G, Zderic I, Gras F, Wahl D, Sancineto C,
Barla J, Windolf M, Richards RG, Gueorguiev B (2016) Analysis
of sacro-iliac joint screw fixation: does quality of reduction and
screw orientation influence joint stability? A biomechanical study.
Int orthop 40:1537-1543

Gardner MJ, Kendoff D, Ostermeier S, Citak M, Hiifner T, Krettek
C, Nork SE (2007) Sacroiliac joint compression using an anterior
pelvic compressor: a mechanical study in synthetic bone. J Orthop
Trauma 21:435-441

Yinger K, Scalise J, Olson SA, Bay BK, Finkemeier CG (2003)
Biomechanical comparison of posterior pelvic ring fixation. J
Orthop Trauma 17:481-487. https://doi.org/10.1097/00005131-
200308000-00002

Sahin O, Demirors H, Akgun R, Tuncay I (2013) Internal fixation
of bilateral sacroiliac dislocation with transiliac locked plate: a
biomechanical study on pelvic models. Acta Orthop Traumatol
Turc 47:411-416

Sagi H, Ordway N, DiPasquale T (2004) Biomechanical analysis of
fixation for vertically unstable sacroiliac dislocations with iliosacral
screws and symphyseal plating. J Orthop Trauma 18:138-143

van Zwienen CMA, van den Bosch EW, van Dijke GAH, van Vugt
AB (2005) Cyclic loading of sacroiliac screws in tile C pelvic
fractures. J Trauma-Inj Infect Crit Care 58:1029-1034. https://
doi.org/10.1097/01.Ta.0000158515.58494.11

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1302/0301-620x.83b8.11709
https://doi.org/10.1016/s0021-9290(01)00040-9
https://doi.org/10.1016/s0021-9290(01)00040-9
https://doi.org/10.1097/BOT.0b013e31829f9805
https://doi.org/10.1097/00005131-199412000-00004
https://doi.org/10.1097/00005131-200308000-00002
https://doi.org/10.1097/00005131-200308000-00002
https://doi.org/10.1097/01.Ta.0000158515.58494.11
https://doi.org/10.1097/01.Ta.0000158515.58494.11

International Orthopaedics

Authors and Affiliations

Till Berk'?® - Ivan Zderic' - Peter Schwarzenberg' - Tatjana Pastor' - Felix Lesche* - Sascha Halvachizadeh?> -
R. Geoff Richards’ - Boyko Gueorguiev' - Hans-Christoph Pape**

Ivan Zderic Hans-Christoph Pape
ivan.zderic @aofoundation.org Hans-Christoph.Pape @usz.ch

Peter Schwarzenberg 1

. AO Research Institute Davos, Clavadelerstrasse 8,
peter.schwarzenberg @aofoundation.org

7270 Davos, Switzerland
Tatjana Pastor 2

. . D f T i ity Hospital Zurich
Tatjana.pastor @aofoundation.org epartment of Trauma, University Hospital Zurich,

Raemistrasse 100, 8091 Zurich, Switzerland
Felix Lesche 3

f lesche @asklepios.com Department of Plastic and Hand Surgery, Inselspital

University Hospital Bern, University of Bern, Bern,

Sascha Halvachizadeh Switzerland

Sascha Halvachizadeh @usz.ch 4 Department of Gynecology and Obstetrics, Asklepios Clinic
R. Geoff Richards Wandsbek, Alphonsstrafle 14, 22043 Hamburg, Germany
geoff.richards @aofoundation.org > University of Zurich, Harald-Tscherne Laboratory

Boyko Gueorguiev for Orthopedic and Trauma Research, Sternwartstrasse 14,
boyko.gueorguiev @aofoundation.org 8091 Zurich, Switzerland

@ Springer


http://orcid.org/0000-0001-9582-1810

	Evaluation of cannulated compression headless screws as an alternative implant for superior pubic ramus fracture fixation: a biomechanical study
	Abstract
	Backgroundpurpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Specimens and fracture model
	Study groups
	Surgical procedure
	Biomechanical testing
	Data acquisition and analysis

	Results
	Discussion
	Strength and limitations
	Conclusion
	Acknowledgements 
	References


