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Abstract

Purpose The aim of this study were the retrospective evaluation of the compressive effect and complication rates of trans-
sacral stabilization of osteoporosis-associated sacral fragility fractures in 106 patients using three different implants (6.0 mm
sacral bar, n=32; 7.3 mm screw, n=26; 7.5 mm ISG-Rod System, n=48) with regard to the image morphological and
clinical-perioperative outcome.

Methods For this purpose, the sacral width was determined preoperatively and postoperatively using multiplanar CT recon-
structions and correlated with the measured bone density (HU). The results were compared with each other on an implant-
specific basis.

Results A significant compressive effect was found for all implants (6.0 mm sacral bar 7.1+3.4 mm, 7.3 mm screw
6.9+ 1.8 mm, 7.5 mm ISG-Rod System 8 +2.4 mm). No implant-specific difference in compression could be detected. Over-
all, the washers broke into the iliac cortex in 9% of cases. The subgroups did not differ significantly in this respect (6.0 mm
sacral bar: 4 [13%], 7.3 mm screw 1 [1%], 7.5 mm ISG-Rod System (5 [10%], p=0.581). A correlation between the degree
of osteoporosis and the compressive effect could not be demonstrated. Significant implant-specific differences were found in
the incision-suture time, with only ©0:39+0:13 h required for implantation of the 7.5 mm ISG Rod System (6.0 mm sacral
bar: 91:09+0:22 h, 7.3 mm screw: @0:55+0:20 h). The fluoroscopy time was significantly lower with the 7.3 mm screw
(90:57 £ 0:23 min) and the 7.5 mm ISG Rod System (¢0:42 + 00:17 min) than with the 6.0 mm sacral bar (¢1:36 + 0:46 min).
Conclusion A significant compressive effect was demonstrated with all three implants. No implant-specific complications or
surgical site complications were identified in either the overall cohort or the subgroups. The 7.5 mm ISG Rod System shows
advantages with regard to the duration of surgery and fluoroscopy.

Keywords Fragility fractures of the pelvis - Transsacral stabilization - Compressive effect - Transsacral bar - Marquardt
rod - Sacroiliac screw
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In the treatment of FFP, the focus is on sufficient pain
relief in order to achieve early mobilization of elderly
patients and avoid subsequent complications. For patients
who are immobile due to pain, prompt surgical treatment of
FFP has proven to be an effective therapeutic approach [7—
9]. Nowadays, various osteosyntheses procedures are avail-
able for this purpose: transiliosacral procedures, various
plate osteosyntheses procedures, lumbopelvic fixation and
triangular osteosynthesis as a combination procedure. The
selected osteosynthesis must ensure sufficient primary sta-
bility to enable immediate mobilization under full weight-
bearing [8, 10, 11].

The technique of transsacral stabilization (TSS) appears
to meet the biomechanical requirements for this and can also
be performed in a minimally invasive manner, which is why
it is becoming increasingly established for the treatment of
sacral fragility fractures [12, 13]. As a rule, fully threaded
implants are used for this in order to achieve the greatest
possible hold in the rarefied iliosacroiliac bone. However,
the possibility of fracture compression via the centrally
inserted force carrier has received little attention to date.

The fixation of screws in osteoporotic bone poses par-
ticular challenges as it is less dense and weaker than healthy
bone. The most important biomechanical prerequisites for
the successful fixation of screws in osteoporotic bone are
high primary stability and an adequate implant design.
In osteoporotic bone, primary stability is impaired by the
lower bone density and quality. It is therefore important to
optimise screw selection and placement. Specially devel-
oped screw designs with a larger diameter, increased thread
depth and different thread pitches can improve the retention
force in osteoporotic bone [14—16].

In the opinion of the authors, compression of the trans-
alar fracture zones using the lag screw technique appears
to be advantageous. On the one hand, the increased static
friction in the fracture area increases primary stability; on
the other hand, the impaction leads to a compression of the
rarefied bone substance of the fractured sacral wing and thus
provides an additional consolidation stimulus.

The aim of this study was to retrospectively analyze the
compressive effect of three different transsacral implants in
FFP using image morphological data (primary endpoint) and
to compare the perioperative outcome. The study also aimed
to answer whether the extent of compression achieved cor-
relates with the degree of osteoporosis.

@ Springer

Methodology
Study design

This monocentric, retrospective observational study was
conducted following approval by the responsible ethics
committee and in compliance with the ethical principles of
the Declaration of Helsinki for medical research in its most
recent form (positive vote no. 5/23).

Data acquisition

TSS as compression osteosynthesis was introduced in our
clinic in 2014 and is still the standard procedure for the treat-
ment of transalar mono- and bilateral fragility fractures of
the sacrum. For the retrospective data acquisition, the elec-
tronic hospital information system (HIS) was first searched
with a corresponding search routine for all cases in which
TSS was performed up to the end of 2023 (9-year period). A
minimum age of 65 years and the presence of osteoporosis
were defined as study inclusion criteria. For this purpose,
the individual bone quality was determined in the preopera-
tive computed tomography (CT) scan of the pelvis (Fig. 1).
The standardized measurement was performed by averaging
the Hounsfield Units (HU) in elliptical region of interests
(ROIs) from three consecutive axial planes in the corpus of
the fifth lumbar vertebral body [17, 18]. Osteoporosis was
defined if the mean HU value was < 100 [16-21]. The pres-
ence of other injuries was defined as an exclusion criterion.

Implants and surgical technique

Transssacral screw fixation using the sacral bar was first
described by Vanderschot et al. in 2001 [22]. Therefore, in
our study three different implants have been used in con-
secutive years since 2014 starting with the 6.0 mm sacral
bar (Depuy-Synthes, Oberdorf, Switzerland) (Fig. 2). A this
implant was not approved for use in the minimally invasive
technique, a long 7.3 mm screw (Depuy-Synthes, Oberdorf,
Switzerland) was subsequently used for trans-sacral screw
fixation in the minimally invasive technique in 2017. Since
its market launch in 2022, the 7.5 mm ISG-Rod system
(Axomed, Freiburg, Germany) has been increasingly used,
being a cannulated and counterable implant. Implantation
was always performed in a minimally invasive technique in
the prone or supine position under fluoroscopic control in
lateral, inlet and outlet projection. Depending on the exis-
tence of a safe transsacral bone corridor, the TSS was per-
formed at segment level S1 for capacious sacral variants and
at level S2 for dysplastic forms.

Implantation was always performed in a minimally
invasive technique in the prone or supine position under
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Fig. 1 Study cohort and subgroup formation based on the patient data available in the HIS
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Fig.2 Consecutive use of the various implants within the follow-up period from 2014 to 2023

fluoroscopic control in lateral, inlet and outlet projection.
Depending on the existence of a safe transsacral bone cor-
ridor, the TSS was performed at segment level S1 for capa-
cious sacral variants and at level S2 for dysplastic forms.

The following three implants were used (Fig. 3): The
Sacral Bar is a 6.0 mm steel rod with a metric Iso full thread,
which is locked at both ends with one washer and two nuts
each. By over-drilling the ilium on both sides up to the sacral
fracture zone with a 6 mm drill, the desired compression
could be generated when tightening the nuts. The applica-
tion is challenging as the implant is not cannulated. Later, a
7.3 mm cannulated, partially threaded screw (thread length
32 mm) with a washer was used, which enables compres-
sion of the sacrum on both sides in the manner of lag screw
technique. The 7.5 mm Marquardt ISG rod system is a fully
threaded rod that has a narrower iso-thread at the opposite
end to accommodate the lock nut over a distance of 40 mm,
so that unilateral compression can be generated on this side.
The total cohort was divided into subgroups according to
the implants mentioned (Fig. 3).
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Investigated parameters

Epidemiological data (gender, age, height, weight, BMI,
ASA classification) were collected in all cases. The type of
implant used was also documented. All fractures were clas-
sified according to the FFP and OF-Pelvis classifications
[23, 24].

To determine the compressive effect achieved, the width
of the corridor to be instrumented was measured compara-
tively in the preoperative and postoperative CT data set using
IMPAX software (AGFA, Mortsel, Belgium). To ensure that
the length was determined at an identical location, multi-
planar reconstructions were generated as follows using the
IMPAX Volume Viewing MIP/MPR (Maximum intensity
projection/Multi-planar reconstruction) application: The
pelvis was first aligned sagittaly in the virtual coordinate
system. The orientation was based on the symphysis and the
spinous process of the fifth lumbar vertebral body (Fig. 4a,
d). The bisector of an angle resulting from the cover plate S1
and anterior wall S1/2 was then drawn in the sagittal median
plane. In the next step, a perpendicular to the angle bisector
was created, which intersects the rear edge of the cover plate
S1 (Fig. 4b, e). This para-coronal sectional plane was used
as a standard plane for individual comparative measurement
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Fig.3 (a, b, ¢) Illustration of the compression mechanisms (red) of the three implants used: (a) 6.0 mm Sacral Bar, (b) 7.3 mm cannulated partially
threaded screw, (¢) 7.5 mm Marquardt ISG Rod (axomed, Freiburg, Germany)
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Fig. 4 Multiplanar reconstruction of a preoperative (a-c) and postoperative CT data set (d-f). Alignment of the pelvis in the sagittal median plane
[blue] and generation of the para-coronary reconstruction plane [red], based on the bisector [white dashed]

of the iliosacroiliac width pre-operatively (Fig. 4c) and post-
operatively (Fig. 4f). The resulting difference corresponded
to the compression distance (D). To test the reliability
of the measurement method, the measurements were carried
out independently by two examiners (specialist in orthope-
dics and trauma surgery, specialist in radiology).

The individual implant position was categorized accord-
ing to the classification system published by Gertzbein et
al. (Grade A: 0 mm, Grade B: < 2 mm, Grade C: < 4 mm,
Grade D: < 6 mm, grade E: > 6 mm) [25]. In addition, any
collapse of the washers into the ilium caused by compres-
sion was documented.

The hospitalization time (ty,,,), incision-suture time (tcg)
and the intraoperative fluoroscopy time using an image
converter (tgy) were documented as process parameters.
In addition, the occurrence of perioperative complications
such as intra/postoperative bleeding, neurological deficits,
urinary tract infections, pneumonia and postoperative ane-
mia were recorded.

Statistical analysis

The inter-rater reliability of the measurements of sacral
width, compressive effect and HU was calculated using
intra-class coefficients for individual measurements [1, 3].
A multivariate general linear model (GLM) was used to test
for differences between the three implants used and the base-
line (preoperative) for the variables age, ASA classification,
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height, weight, BMI, fracture type, bone quality and sacral
width S1.

Differences in the gender distribution between the groups
were tested using the chi-square test (Fisher exact test). Vari-
ables with implant-dependent differences were considered
as covariates for further adjustment. Implant-dependent dif-
ferences (between-subjects effect) for t,q tess tavs Diomp
were tested using GLM and Dy,,,,, was additionally tested
using GLM for repeated measurements (GLMrm), taking
the implant-dependent covariates into account. A possible
correlation between Dy, and HU was examined for the
entire cohort and subgroups using bivariate Pearson cor-
relation. The frequency of iliac implant collapse was ana-
lyzed using the Chi? test (Fisher’s exact test). A correlation
between bone quality (HU) and implant collapse was ana-
lyzed using a T-test for independent samples. Differences in
Dy omp as a function of implant collapse of the implants used
were also analyzed using univariate GLM. A p-value of 0.05
was defined as the significance level.

Results
Epidemiology
A total of 106 patients were included in the study in accor-

dance with the inclusion criteria (Fig. 1). The age of the total
cohort was @81 + 8 years with an average normosomic body
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Table 1 Epidemiological data of 6.0 mm sacral bar 7.3 mmscrew 7.5 mmISGRod Total (n=106) p-value
the total cohort, differentiated (n=32) (n=26) System (n=48)
into the respective subgroups Gender m/f 3/29 0126 4/44 7199 0,313
Age [y] 79,6 +9,9 81,5+8,5 80,7+9,9 83,2+6,2 0,179
Height [m] 1,63+0,07 1,64 +0,08 1,62+0,07 1,65+0,08 0,268
Weight [kg] 69,7+11,6 68,8+12,7 69,8+13,9 67,6+12,5 0,682
BMI (kg/m ]2 262+4.4 25.6+4.4 26,5+52 24,7437 0,159
Table 2 Fracture distribution 6.0 mm sacral 7.3 mmscrew 7.5 mm ISG-Rod Total
and cl.assiﬁcatiO.n. based on the bar (1=32) (n=26) System (n=48)  (n=106)
fﬁ?;;sv?:‘zggg)‘l_lt;/ngicstt‘éfgo‘ff Fracture type one-sided 7 (22%) 17 (65%) 23 (48%) 47 (44%)
rotic fractures of the pelvis (OF) onboth sides 25 (78%) 9 (35%) 25 (52%) 59 (56%)
classification FFP Ila 2 (6%) 2 (8%) 1 (2%) 5 (5%)
Ib - 1 (4%) 1 (2%) 2 (2%)
T 5 (16%) 14 (54%) 24 (50%) 43 (41%)
IVb 25 (78%) 9 (35%) 22 (46%) 56 (52%)
OF-Pelvis OF 3 7 (22%) 17 (65%) 25 (52%) 49 (46%)
OF 4 25 (78%) 9 (35%) 23 (48%) 57 (54%)
anterior pelvic ring  none 9 (28%) 6 (23%) 15 (31%) 30 (28%)
disruption
unilateral 21 (66%) 19 (73%) 28 (58%) 68 (64%)
bilateral 2 (6%) 1 (4%) 5 (10%) 8 (8%)

constitution and a clear predominance of females (93%).
There were no differences in the epidemiological data with
regard to implant-related group allocation (Table 1). The
groups are therefore proven to be comparable.

Fracture type/classification

A total of 47 (44%) unilateral and 59 (56%) bilateral frac-
tures were detected. These were classified according to
the FFP and OF-Pelvis classification. Table 2 provides a
descriptive overview.

Compressive effect

To rule out inter- or intraobserver variability, the image
morphological evaluation of the measurements of the
sacral width was carried out independently by a trauma-
tologist and a radiologist. This revealed almost identi-
cal results. The interrater reliability of the measurement
of the sacral width showed perfect agreement for both
the preoperative (ICC=0.998) and the postoperative CT
(ICC=0.994). The mean width of the transsacral corridor
of primarily 160+ 11 mm could be significantly reduced
to 6153+ 11 mm independent of the implant used (D -
97.5+2.6 mm, p=0.006, ICC: 0.909). However, there were
no differences depending on the implants used (p =0.999,
see Fig. 5). The measurement method used therefore appears
to be valid and reliable.

In the overall cohort, the targeted compressive effect
of 7.5+2.6 mm was clearly demonstrated. However, a

correlation between the compression achieved and the
extent of individual calcium salt reduction could not be
shown (p=0.885). There were also no correlations for the
three subgroups (6.0 mm sacral bar: p=0.499, 7.3 mm
screw: p=0.727, 7.5 mm ISG rod system: p=0.410). Dif-
ferences in the compressive effect depending on the pres-
ence of a unilateral or bilateral fracture could also not be
demonstrated (p=0.377). There were also no significant
differences for the type of implant used (p=0.170) and the
interaction effect between implant and fracture (p =0.894).

Implant position and break-in behavior

In four patients (4%), the implants perforated the cortical
bone by less than two millimeters in the transsacral course
(type B). Three of these occurred in the 7.3 mm screw group
and one in the 6.0 mm sacral bar group. In this respect, there
were no clinically relevant implant malpositions. A break-
in of the washers into the iliac cortex was found in 9% of
cases (n=10). There were no significant differences within
the subgroups in this respect (6.0 mm sacral bar: 4 [13%],
7.3 mm screw 1 [1%], 7.5 mm ISG rod system (5 [10%],
p=0.581). In addition, no differences could be shown with
regard to the correlation between bone quality and the pres-
ence of an implant perforation (p=0.431).

Complications

The occurrence of surgical site complications (SSC) and
in-hospital complications (IHC) was also analyzed within
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the overall cohort. SSC occurred in one patient with iatro-
genic injury to the superior gluteal artery (subgroup: SIJ-
rod system), which was ligated. Secondary IHC occurred
in 23 cases (22%) in the elderly patient population (sacral
bar: urinary tract infection: n=135, pneumonia: n=2; 7.3 mm
screw: urinary tract infection: n=35, pneumonia: n=2,
postoperative anemia: n=1; SIJ-rod system: urinary tract
infection: n=4, postoperative anemia: n=4). There were
no significant differences in the complication rates of the
subgroups. Implant failure within the subgroups could not
be determined.

Discussion

The rising incidence of osteoporosis-related geriatric fragil-
ity fractures of the pelvis is becoming increasingly clini-
cally and socioeconomically relevant [8, 26, 27]. FFP often
lead to pain-related immobility and loss of social indepen-
dence in affected patients. In up to 60% of cases, the sacral
bone is affected, with typical unilateral or bilateral transalar
fractures being seen in most cases [23]. Percutaneous trans-
sacral screw fixation is an adequate minimally invasive and
primarily load-stable procedure for this purpose [8—-10, 13,
28].

Biomechanical studies have demonstrated the advantage
of transsacral stabilization over alternative osteosynthesis
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procedures [13, 29, 30]. Transsacral stabilization appears
to be fundamentally superior to monolateral sacroiliac (SI)
screw fixation [13, 29]. Cintean et al. investigated the dif-
ference between transsacral and monolateral sacroiliac
screw fixation using a biomechanical model. The authors
concluded that transsacral screw fixation provides greater
fracture stability due to significantly less interfragmentary
movement [13]. Bradley et al. analyzed the fracture stability
after using monolateral sacroiliac partial-thread screws of
different diameters compared to a transsacral partial-thread
screw. The authors were able to show that the transsacral
implant offered higher primary stability in direct compari-
son [30]. In most studies, transsacral screw implants with a
full thread were used. This involved a simple transfixation
of the posterior pelvic ring, with the aim of achieving the
greatest possible interfragmentary stability in the rarefied
iliosacroiliac bone due to the full thread. On the other hand,
Berk et al. were able to show that a monolateral SI screw
fixation with two partially threaded screws had better inter-
fragmentary stability than two fully threaded screws due to
the compression achieved, whereby a type III APC injury
according to Young and Burgess was simulated on an arti-
factual bone model for this purpose [12].

In summary, the compressive effect in the context of
transsacral stabilization in FFP has received little attention
to date. In particular, various authors have pointed out that
overcompression can lead to entrapment of sacral nerve
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roots. However, these studies investigated transforaminal
fracture types [31-34]. Although the risk in transforaminal
fractures is obvious, there is no evidence in the literature of
such a complication in transalar fragility fractures. Conse-
quently, there is no clinical evidence to date as to whether
transsacral compression osteosynthesis provides a clinical
advantage for the healing of sacral fragility fractures.

It can be assumed that compression in the alar fracture
zone can achieve greater primary stability through interfrag-
mentary static friction. It can also be postulated that com-
pression of the alar bone substance additionally induces a
bony consolidation stimulus. In a prospective study on the
clinical outcome of geriatric patients after transsacral sta-
bilization, Mendel et al. described a clear postoperative
reduction in pain and a significant increase in the level of
mobility after the operation using this technique, for which
the patients were fitted with a pedometer. Previously immo-
bile patients achieved a median of 308 steps per day during
their postoperative inpatient stay. At the six-month follow-
up, the daily step count was as high as 3,759, with all frac-
tures being bony consolidated [8, 9].

The primary aim of this study was to provide image mor-
phological evidence of the compressive effect using three
different patient cohorts after the use of different implant
systems. Breaking of the implant-specific washers into the
iliac cortex was assumed to be a limiting factor. Other pos-
sible complications of this technique, such as the potential
compression of sacral nerve roots, were also analyzed.

In principle, a relevant compressive effect of 7.5 mm
on average was demonstrated in all three subgroups. The
extent of compression does not depend solely on whether
the fracture is mono- or bilateral. Unexpectedly, there was
no significant difference between the subgroups. This could
be due to the fact that although all included patients had
osteoporosis by definition, the individual calcium salt con-
tent differs considerably (HU: @61, range 34-83), which
certainly has a decisive influence. In addition, there is the
individual influence of the surgeon performing the opera-
tion. To summarise, the extent of the compressive effect is
influenced multifactorially. The individual extent of calcium
salt reduction had no significant influence, especially not
on the compression-induced iliac collapse of the washers,
which occurred in only 9% of cases. Perioperative process
parameters such as the incision-to-suture time (952 min)
and fluoroscopy time (¢1.02 min) appear to be consistently
excellent in the literature comparison, irrespective of the
implant system. For example, other authors report fluo-
roscopy times of 1.4 to 4.6 min per SI screw [35, 36]. No
effects of the compressive effect on the width of the sacral
foramina or the incarceration of nerve roots could be deter-
mined either morphologically or clinically.

The average postoperative hospital stay was only eight
days and can be interpreted as an expression of low-com-
plication surgical treatment with sufficient pain relief [8, 9,
12].

Our study has some strengths and limitations. For the first
time, clinical results are presented that take into account the
aspect of the transsacral compressive effect in the treatment
of FFP. However, the limited sample sizes and the retrospec-
tive design increase the selection bias and thus allow only a
limited interpretation of the results. In addition, the chosen
age limit of > 65 years is certainly a limitation. Individual
calendar age sometimes differs significantly from physical,
i.e. biological age. This aspect was taken into account in
our study by defining high energy trauma as an exclusion
criterion, and the underlying osteoporosis was defined as an
inclusion criterion, whereby all included patients had an HU
value of <100 in the preoperative CT. However, numerous
other studies dealing with the outcome of fragility fractures
of the pelvis have also chosen this age limit [2, 32, 37, 38].
Finally, it must be mentioned that the different diameters of
the three implants used also have a potential influence on
the degree of compression achieved. Biomechanical studies
have shown that a larger screw diameter increases stability
by increasing the contact surface and thus a higher torque
moment can be expected [14—16, 34].

In addition, there is no comparative cohort in which
transsacral screw fixation was performed without compres-
sion. Further experimental biomechanical investigations
and clinical comparative studies are therefore required to
substantiate the beneficial effect of compression. Inves-
tigations based on a finite element model taking different
implant geometries into account are currently being carried
out by our working group.

In this study, a significant compressive effect could be
demonstrated by computer tomography when treating FFP
using the transsacral technique. With dosed compression,
the breaking of the washers into the ilium (< 10% of cases),
regardless of the implant used, represents a negligible lim-
iting factor of the compressive effect. There was no inter-
vention-related risk due to compression. In particular, the
risk of incarceration of sacral nerve roots due to the applied
compression appears negligible, as the effect is most likely
to occur in the bone-reduced alar zone. Relevant implant
malpositions could not be detected using our own fluoro-
scopic technique. Promising clinical results of the described
technique with regard to early, low-pain mobilization under
full weight-bearing and timely bony fracture consolidation
[8, 9] should be substantiated by further clinical and experi-
mental studies [8, 9].
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