European Journal of Trauma and Emergency Surgery (2021) 47:37-45
https://doi.org/10.1007/500068-020-01498-8

ORIGINAL ARTICLE q

Check for
updates

Minimally invasive posterior locked compression plate osteosynthesis
shows excellent results in elderly patients with fragility fractures
of the pelvis

Imke U. Schmerwitz'2® . Philipp Jungebluth’ - Wolfgang Lehmann? - Thomas J. Hockertz'

Received: 20 May 2020 / Accepted: 8 September 2020 / Published online: 26 October 2020
© The Author(s) 2020

Abstract

Purpose Fragility fractures of the pelvis (FFP) are common in older patients. We evaluated the clinical outcome of using a
minimally invasive posterior locked compression plate (MIPLCP) as therapeutic alternative.

Methods 53 Patients with insufficiency fractures of the posterior pelvic ring were treated with MIPLCP when suffering from
persistent pain and immobility under conservative treatment.

After initial X-ray, CT-scans of the pelvis were performed. In some cases an MRI was also performed to detect occult frac-
tures. Postoperatively patients underwent conventional X-ray controls. Data were retrospectively analyzed for surgical and
radiation time, complication rate, clinical outcome and compared to the literature.

Results Patients (average age 79.1 years) underwent surgery with operation time of 52.3 min (SD 13.9), intra-operative X-ray
time of 9.42 s (SD 9.6), mean dose length product of 70.1 mGycm (SD 57.9) and a mean hospital stay of 21.2 days (SD 7.7).
13% patients (n=7) showed surgery-related complications, such as wound infection, prolonged wound secretion, irritation
of the sacral root or clinically inapparent screw malpositioning. 17% (n=9) showed postoperative complications (one patient
died due to pneumonia 24 days after surgery, eight patients developed urinal tract infections).

42 patients managed to return to previous living situation. 34 were followed-up after a mean period of 31.5 (6-90) months
and pain level at post-hospital examination of 2.4 (VAS) with an IOWA Pelvic Score of 85.6 (55-99).

Conclusion We showed that MIPLCP osteosynthesis is a safe surgical alternative in patients with FFP 3 and FFP 4. This
treatment is another way of maintaining a high level of stability in the osteoporotic pelvic ring with a relatively low compli-
cation rate, low radiation and moderate operation time and a good functional outcome.
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Introduction [3, 4]. The incidence of pelvic fractures in the German popu-
lation aged 60 years or older was 22.4 per 10,000 person

Osteoporosis related fractures are common in older patients ~ years. A significant age and sex effect on first fracture risk

and its prevalence is rising with advancing age [1, 2]. Even
though a high number of fractures involve the wrist, hip and
spine the number of osteoporotic pelvic fractures including
sacral and pubic rami fractures is likewise increasing rapidly
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was confirmed [3].

The number of people affected by osteoporotic fractures
is increasing worldwide just as the older population [5].
However, the social and economic burden will unavoidably
become more and more relevant. In the United States 7% of
all osteoporosis related fractures in people over 50 years of
age are pelvic fractures which accounts for 5% of the total
economic costs [1].

Studies revealed a substantial one-year mortality
of about 8-27% in pelvic fractures with excess mortal-
ity being highest in the first four weeks after the occur-
rence of the fracture [6]. There was also a high number of
patients moving from an independent to a dependent living
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situation, which was similar to data reported for elderly
patients with a hip fracture [7].

However it is still not thoroughly investigated which
portion of the excess mortality is caused by the fracture
itself or caused by associated prior existing comorbidities
and poor health status [8].

Low energy trauma such as sliding of a chair or even
lack of trauma, may result in an unstable pelvic fracture
which can lead to immobilizing pain. The loss of elasticity
and strength, hence a reduced bone quality results in so
called fragility fractures of the pelvis.

Recent studies on osteoporosis related pelvic frac-
tures demonstrated an increase of incident rates over the
last decade [3, 9, 10]. Part of the increase may be due
to improved diagnostic methods (CT, MRI) and greater
awareness of the fracture pattern, as well as to an increase
of life expectancy. Still, the overall impact of pelvic frac-
tures is immense.

The World Health Organization (WHO) defines a fragility
fracture as one caused by a trauma that would be insufficient
to injure bone if the bone substance were normal.

In some cases particular isolated fractures of the sacrum
cannot immediately be detected, but are only seen in the
magnetic resonance imaging (MRI scan) [11]. Patients suffer
from severe lower back pain and loss of mobility.

In 2013, the Fragility Fractures of the Pelvis classifica-
tion was introduced for this fracture entity [12]. The clas-
sification is based on instability signs and includes treatment
recommendations. Nevertheless, there are still controversies
regarding when and how these fractures should be treated.
In recent years it has become more and more obvious that
fragility fractures of the pelvis are a different entity in com-
parison to traumatic pelvic fractures due to different fracture
mechanism, bone quality and degree of instability [13, 14].

In patients with anterior fractures only, conservative
treatment with early mobilization and pain relief medica-
tion is highly recommended [14, 15]. However, patients with
combined posterior and anterior pelvic fractures suffer from
severe pain when being mobilized; surgical treatment should
be considered to avoid institutionalization. There are a num-
ber of operative procedures available, such as percutaneous
iliosacral screw fixation, sacroplasty, lumbo-pelvic stabili-
zation, sacral bar fixation with or without additional ventral
fixation, transiliac internal fixator and minimally invasive
posterior locked compression plate (MIPLCP) [16-29].

In this paper, outcomes of the MIPLCP osteosynthesis as
a standalone treatment option in pelvic fractures, which was
first applied for polytraumatized patients [26], was applied
to elderly patients with osteoporotic bone stock.

The purpose of our study was to determine whether the
MIPLCP osteosynthesis shows equal results regarding com-
plication rate and outcome as ilio-sacral-screw osteosynthe-
sis and whether operation time and radiation time is lower.
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Patients and methods
Inclusion criteria

After ethical committee approval, a retrospective data analy-
sis of patients with fragility fractures of the pelvis was per-
formed. Inclusion criteria consisted of age above 60 years
with low energy trauma. Surgical treatment was indicated in
fractures we considered as being unstable such as FFP 3 and
FFP 4 fractures and in some cases of FFP 2 fractures with
persistent pain under conservative treatment. Additional
surgical treatment of the pelvis let to exclusion of the study
cohort.

Diagnostics and treatment

All patients with trauma or persistent lower back pain
received a standardized therapeutic procedure. Clinical data
such as medical history, clinical examination, radiographs of
the pelvis anterior—posterior, followed by computed tomog-
raphy (CT scan, Fig. 1) of the pelvic in case of anterior
pelvic ring disruption were performed. In cases of persistent
lower back pain without apparent radiological findings the
indication for a MRI scan was given.

Fig. 1 Preoperative X-ray and CT scan



Minimally invasive posterior locked compression plate osteosynthesis shows excellent results... 39

All patients were initially mobilized with physical
therapy under pain medication. Operation was proposed
in fractures we considered as being unstable such as FFP
3 and FFP 4 and in some cases of FFP 2 fractures, when-
ever conservative therapy was unsuccessful and patients
could not sufficiently be mobilized. Some patients initially
refused surgery and were ultimately operated due to persis-
tent immobilizing pain after a mean of 6.7 hospital days.
We performed surgery at the earliest 3 days and at the lat-
est 720 days after trauma (mean 55.5 days). Some patients
had a long ambulatory history prior to our examination
as the origin of the pain was not immediately detected.
We used a MIPLCP as standard operative procedure for
these indications even in FFP 2 fractures. Postoperatively
patients underwent conventional X-ray controls.

Besides from the clinical aspect our criteria for surgery
were radiological signs of instability and fracture progres-
sion. The FFP classification for fragility fractures of the
pelvis was used for classification [12]. The classification
was performed by a senior surgeon and revised by a highly
experienced senior surgeon.

Surgical procedure

The surgical procedure has been described earlier [21,
26]. In summary it was performed minimally invasive
in prone position using a 4.5 locked compression plate
(LCP) (manually bent) as an angular stable implant, plac-
ing angular-stable screws through the ilium into the massa
lateralis of the sacrum (Fig. 2). Patients were mobilized
according to their capacity with full weight bearing with
or without crutches.

Outcome parameters

We analyzed the demographic data of the patient cohort,
including age, sex, living situation and care level. Fur-
thermore we recorded Body Mass Index (BMI), American
Society of Anesthesiologists (ASA) classification, time until
surgery (in and out of hospital) and length of hospital stay,
as well as perioperative complications. We analyzed whether
patients went back to their former living situation after dis-
charge or were institutionalized.

Preoperative diagnostics (CT, MRI) or where applicable
scintigraphy were evaluated. Furthermore, we monitored the
intraoperative radiation time and the operation time. The
osteoporotic medication prior and after surgery was assessed
and the follow-up period was monitored.

In order to assess the postoperative mobility and pain
level we compared the Barthel index (activities of daily liv-
ing) before discharge and in the follow-up, as well as the
Towa Pelvic Score and the Visual Analog scale (VAS). The
fracture classification was done by a senior surgeon using
the FFP classification.

We analyzed statistical data of the whole cohort concern-
ing living situation pre and post trauma, hospital-stay, time
till surgery, BMI, ASA, VAS, operation time, radiation dose,
anti-osteoporotic medication and complications. In the fol-
low-up we assessed VAS, living situation and mobility score
(Iowa Pelvic Score) as well as anti-osteoporotic medication
and whenever available x-ray control.

Statistics

Statistic evaluation was performed with a Software R Ver-
sion 3.4.0; R core team 2018.

Fig.2 Follow-up X-ray and CT scan
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Results
Demographics

Patient cohort (Fig. 3) Patient gender was 48 female versus
five male. 34 out of 53 patients participated in the follow-up
examination after written consent. 12 patients passed away
in the meantime, seven denied to participate. Mean age was
79.1 (SD 7.8), with a BMI of 24.8 (SD 4.5) and ASA of 2.7
(SD 0.6).

In our present study we retrospectively analyzed data
from 53 patients which were treated surgically with MIPLCP
in one single unit in the time from 5/2007 until 6/2015.
Follow-up examination was done from 2015 until 2018 by
visiting the patients.

Radiographic results and classification

FFP classification (performed by a senior surgeon) in our
surgically treated collective was as follows: One FFP II a
(2%), Three FFP II b (6%), Nine FFP II ¢ (19%), One FFP
IIIb (2%), 21 FFP 11l ¢ (40%) and 18 FFP IV b (31%). In 25
out of 34 patients (32 out of 53) we have a follow-up x-ray
examination. In these patients we did not see any implant
loosening, all fractures were united.

Surgical data

Mean radiation time was 9.42 s (SD 9.6) with a dose-area
product of 70.1 mGycm (SD 58). Operation time was
52.3 min (31-117 min).

Postoperative surgery-related complications occurred
in seven patients (13%). Notably one mal-positioning of a
screw, one irritation of the sacral root, three wound infec-
tions, which needed revision surgery and two prolonged
wound secretions which ceased without surgical interven-
tion. 46 patients (87%) did not show any surgery related
complication. In 36 patients we used an 11-hole, in ten
patients a 10-hole, in six patients a 12-hole and in one
patient a 9-hole 4.5 LCP (Synthes). The plate length was
intraoperatively assessed depending on the width of the
sacrum and the dorsal pelvis.

Hospital stay

Mean hospital stay after surgery was rather long with
14.3 days (SD 4.9) as we tried to dismiss patients only after
sufficient mobilization. Overall hospital stay was 21.2 days
(1043 days). All patients with fractures we considered as
being stable underwent a trial of conservative treatment.
In patients with FFP 3 or 4 we proposed surgical therapy,
even though most patients initially denied surgery and were
operated after failure of mobilization due to persistent pain.
Mean time till surgery after admission was 6.7 days (SD
5.1) and ambulatory period before treatment 55.5 days
(3-720 days).

Fig.3 Patient cohort
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In nine out of 53 (17%) patients we saw non-surgery
related complications. Eight urinal tract infections occurred
during the hospital stay or the rehabilitation period, one
patient suffered from pneumonia (1.8%) and died during
the hospital stay.

34 patients went to a rehabilitation clinic, whereas 18 did
not. Mean pain level at admission was 4.8 (SD 2), pain level
prior surgery was 4.3 (SD 2.6). Pain level at discharge was
1.97 (SD 0.9).

Follow-up data

Prior to trauma four patients (7.5%) were living in a nurs-
ing home, two patients (4%) in an assisted living situation
and three patients (5.5%) were in a short-time-care unit,
whereas 44 patients (83%) were self-dependent. After sur-
gery 42 patients returned to their former living situation.
Five patients changed their living situation and moved to a
nursing home, one patient, who formerly lived in a nursing
home, died after surgery (pneumonia). Three patients moved
to an assisted living situation and two patients, who were
living in a short-time-care unit due to immobilizing pain
prior to surgery, returned to an independent living situation.
Overall 39 out of 53 patients were able to live independently
after surgery, five out of 53 patients only needed little help
(assisted living). Five patients were newly admitted to nurs-
ing homes after discharge.

Preoperatively, ten patients had a care level, compared to
19 patients after discharge, as in some patients the hospital
stay uncovered preoperatively existing nursing deficits. In
others the fracture let to the need of professional nursing
care.

A subgroup of 34 patients (64%) were clinically exam-
ined at an average of 31.5 (6-90) month after surgery. The
results of the subgroup showed, that pain level at post-hos-
pital examination was 2.4 (scale 0—10) with an IOWA Pel-
vic Score (daily live activity assessment) of 85.6 (SD 11.1).
Postoperative Barthel score (daily living activity) was 69.4
(SD 18.8) at discharge with a follow-up score of 95.1 (SD
8.4). 26 (74%) patients did not need any analgetic therapy at
the follow-up examination. All patients were mobile.

Besides we evaluated osteoporotic medication prior and
after surgery. Three patients (8.8%) were under osteoporo-
tic medication before trauma and 17 patients (55%) at the
follow-up examination.

Discussion

Until now there is no golden standard surgical procedure
for osteoporotic pelvis fractures and appropriate studies are
rare or pending. The aim of our study was to investigate

whether MIPLCP shows sufficient results compared to other
methods.

The most commonly used method is the ilio-sacral screw
fixation (with or without cement augmentation), sometimes
with additional ventral plating, retrograde transpubic screw
fixation or external fixation. Thus we compared our data to
studies regarding percutaneous ilio-sacral screw fixation in
patients with fragility fractures of the pelvis.

During our study period 398 patients with fragility frac-
tures of the pelvis were identified, out of which 15% (n=61)
had to be surgically treated. 53 patients met the inclusion
criteria and 34 were available for follow-up examination. We
only retrospectively classified the surgically treated patients
according to the FFP classification at that time. From 2016
onwards all patients at our hospital were thus classified.
Results of ongoing studies are being evaluated.

Similar to other studies we found a mean age of about
79 (60-99) years with a predominance of women, which
constituted 90% of our collective [16, 30-36].

In our data the mean hospital stay until surgery was
6.7 days (SD 5.1) and the mean hospital stay overall was
21.2 days (SD 7.7), which goes in line with other studies,
where the mean hospital stay varies from 13 to 23.7 days
[16, 31, 33, 34, 36].

Hopf et al. [16] describe in their collective a mean hos-
pital stay until surgery of 9.2 (1-24) days, which is similar
to our findings.

In the after-care patients were mobilized according to
their capacity with full weight bearing to avoid additional
risk factors and further decrease of bone quality and muscle
mass.

In our collective mean time from symptom onset until
surgery was 55.5 days (3—720). This is in accordance with
the data by Eckardt et al. and Sanders et al. which detected a
mean time from first symptom to operation of 33.1 (7-103)
to 68 days, with mentionable 10% of the patients suffering
more than 104 days [30, 35].

Analysing the FFP classifications that led to the surgical
procedure we found data similar to Noser et al., whereas the
patient collective of Eckhardt et al. consisted more from FFP
4 than FFP 3 fractures [30, 31].

In our own proceed patients were operated whenever
mobilization with full weight bearing was not possible or
when patients presented with increase of pain and dismobil-
ity after initial conservative treatment. Whenever suitable
(no soft tissue problems, no immobility prior to the acute
trauma), we used the MIPLCP as surgical procedure. In
cases of vertical instability or severe dislocation of the ven-
tral pelvic ring we performed a combination of ventral and
dorsal fixation techniques, such as additional ventral plating
or retrograde transpubic screw osteosynthesis. Additional
ventral fixation let to exclusion of the study.
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In our collective we recorded a mean x-ray time of 9.42 s
(SD 9.66), a mean dose-length-product of 70.125 mGycm
(SD 57.9) and an operation time of 52.3 (34—117) minutes
(SD 13.9). The notable outlier of 117 min of surgical time
for the MIPLCP is caused by an additional total hip replace-
ment due to a severe arthrosis of the hip, which was per-
formed at the same time. We found five studies regarding
fragility fractures of the pelvis which assessed operation
times. Sanders et al. recorded operation times of 26.6 min,
Hoch et al. of 27 min per screw with 33 of the 34 patients
needing additional ventral fixation, the total operation time
was not assessed. Eckhardt et al. recorded operation times
of 79 min, Konig et al. of 45.25 min, Wong et al. described
mean operation times of 93.7 min (SD 32.4) and 133 min
(SD 38.3), depending on whether the procedure was planned
in advance or intra-operatively [30, 32, 34, 35, 37]. Per-
cutaneous screw insertion is typically associated with con-
siderable fluoroscopy use, although there have only been
a few studies that fully assessed radiation doses in FFP.
Eckhardt et al. recorded an mean dose-length-product of
449.6 mGycm, Sanders et al. assessed a radiation time of
2 min (range 101-143 s) [30, 35].

Far more data is available concerning ilio-sacral screw
osteosynthesis in polytraumatized patients. Radiation doses
up to two minutes and a dose-length-product (DLP) of up to
952.4 mGycm are described in studies that examined pol-
ytraumatized patients treated with ilio-sacral screw osteo-
synthesis [38—41]. Fischer et al. registered operation times
with an average of 84 min (SD 35.2) and a mean radiation
dose of 336.7 mGycm (53-2238 mGycm) [38, 42, 43].
Osterhoff et al. registered operation times of 16 min (SD 7)
per screw, radiation doses or times have not been assessed.
Time to full weight bearing was 9 weeks (SD 4) in their
collective [23]. Compared to these studies, our collective
had low radiation doses and a moderate operation time. An
analysis from the Tennessee Surgical Quality Collaborative
suggests that duration of operation correlates with compli-
cations and higher risks, thus a fast and effective surgical
procedure could add to the safety of this rather frail patient

cohort [44]. Our data show, that the MIPLCP is a suitable
technique even in patients with FFP TYP IV b fractures
[42, 44, 45]. The technique of the dorsal plating is simple
whereas the iliosacral screw osteosynthesis can sometimes
be silent, especially if it is difficult to reach a good view
with the c-arm. Our locking plate has a high stability, as it
provides threedimensional fixation with four angularstable
screws that are placed through a 4.5 Locking Plate into the
massa lateralis of the sacrum via the ilium.

Especially in cases of dysmorphic sacra where screw
placement can be demanding and in bilateral injuries the
MIPLCP might prove to be an excellent treatment option,
due to relatively easy placement and high stability [42, 45,
46]. Biomechanical studies have shown that even non-lock-
ing plates show equal stablility to iliosacral screws. A bio-
mechanical study by Albert et al. demonstrated a strong fixa-
tion of the pelvis by using a 4.5 recontruction plate, which
was comparable to the fixation with a transsacral bar [47,
48]. Our technique provides even greater stability, as the
fixation is angularstable and an arthrodesis of the iliosacral
joint is performed using 45-55 mm 4.5 locking screws.

The positive effect of percutaneous approaches on perio-
perative complications has been described previously, there-
fore we are using a minimally invasive approach [41, 49,
50]. Similar to the therapy of osteoporotic fractures in other
regions of the body, the use of angular stable implants has
significant potential to result in higher stability and pull-
out forces than conventional implants [51-54]. In our data,
we did not see any complication regarding implant failure,
even though we only managed to get hold of follow-up
X-ray examinations in 32 out of 53 patients. Our results are
promising, but further prospective, comparative studies with
defined follow-up are necessary.

In our collective we registered 13% surgery related com-
plications. As non-surgery-related complications, urinal tract
infections occurred in 15%. We had one case of pneumonia
(1.8%) in a 99 year old patient, who died during the hospital
stay. Hopf et al. found a complication rate of 20% which is
equal to the findings in our population [16]. In other studies

Table 1 Complications in FFP

Study Cohort Complication  Death Postop Surgery rated Migration
rate, total

Collinge et al. [56] 24 8%

Hoch et al. [55] 50 18% 4%

Sanders et al. [35] 11 0%

Konig et al. [33] 20 20% 10% 5% 5%

Balling et al. [36] 26/26 11.5%/15% 11.5%/15% 2%

Hoch et al. [34] 34 32% 18% 15%

Eckhardt et al. [30] 50 22% 4% 18%

Hopf et al. [16] 30 23% 10% 10% 3%

Wong et al. [32] 17 35% 6% 41%
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Table 2 Surgery time, radiation,

.. . Study
complications (polytraumatized

Operation time

Radiation Complications Surgery related

patients) Hilgert et al. [41] 55 min 1.6 min per screw
Fischer et al. [38] 84 min 336.7 mGycm
Osterhoff et al. [23] 16 min/screw 18%
Zwingmann et al. [5] 29.3%/26.3% 5.9%/8.8%
Tosounidis et al. [40] 58.9 min 1.83 min
Pieske et al. [39] 44.3-88.6 min 953.4/779.1 mSv
Ta.ble 3 V/.\S.—chre, Operation Study Cohort VAS preop Discharge 5-6 weeks Follow-up Optime Radiation
Time, Radiation in FFP
Collinge et al. [56] 24 7.9 34 3.2 2
Hoch et al. [55] 50 2.6
Sanders et al. [35] 11 9.1 34 2.4 26.6 120 s
Konig et al. [33] 20 7.4 1.7 0.85 45.25
Balling et al. [36]  26/26  8.8/9.0 3.5/3.6
Hoch et al. [34] 34 6.7 2.7 34 27
Hopf et al. [16] 30 6 1.8
Wong et al. [32] 17 0.36 93.7/133
Eckhardt et al. [30] 50 79 449.6 mGycm

complication rates from zero to 41% are described [16, 30,
32-36,42, 55, 56] (Table 1).

In the Hopf data pain level at discharge was 1.8 on aver-
age, with a significant reduction compared to pain level
at admission. In our study we found similar pain levels at
discharge of 1.9 in the whole study cohort and 2.1 in the
sub-group (n=34), that was followed-up, resulting in a
significant reduction of pain level from 4.8 at admission.
In the follow-up examination we found a pain level of 2.35.
Other studies reported VAS at follow-up varying from 0.36
to 3.4 [16, 32-36, 56]. Comparison of pain level at dis-
charge (1.98) and in the follow up (2.4) in our collective to
the findings in the Hopf paper (1.73 at discharge) shows no
statistically relevant differences. In both findings a relevant
reduction of the pain level at admission to the pain level at
discharge could be noted [16] (Tables 2, 3).

All patients in our collective were immediately mobi-
lized with full weight bearing, resulting in an excellent
mobility at discharge and at follow-up examination.

The follow-up of our collective showed a low number of
patients who had to be institutionalized after trauma and a
large number (74%) which returned to their former homes
and living conditions. Noser et al. describe institutionali-
zation rates of up to 75% [31].

For follow-up score we decided to apply the Iowa Pelvic
Score (IPS). Until now there is no consistently validated
outcome scoring system for pelvic fracture outcomes. In
our collective the IPS at follow-up examination was 85.6
(SD 11.1) on a range from zero to 100 with 100 being the
best possible result.

Limitations of the study are: retrospective analysis
with small sample size, only a subgroup that has been
followed up with pain and activity level. No comparison
group. Follow-up range between 6 month and 7.5 years
due to retrospective study design over a period of 8 years
(5/2007-6/2015).

Conclusion

The data of our retrospective clinical study demonstrates
that using the minimally invasive posterior locked compres-
sion plate is a simple, safe, quick and reliable stabilization
technique for patients with fragility fractures of the pelvis
with lower radiation times and equal complication rates as
ilio-sacral screw fixation.

Author contribution 1.U.S: study design, data collection and analy-
sis and interpretation, writing of the manuscript; P.J.: co-analysis of
data, review of the manuscript; W.L.: review of the manuscript, co-
interpretation of data analysis; T.J.H.: supporting the study design,
data-analysis. All authors reviewed and approved the final manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Data availability Data supporting the here reported results are stored
and available on the server of our hospital according to the security
guidelines of data storage.

@ Springer



44

I. U. Schmerwitz et al.

Compliance with ethical standards

Conflict of interest We herewith confirm that all authors declare no
conflict of interest for this work.

Ethical approval This study is a retrospective analysis of patients with
fragility fractures of the pelvis treated surgically between 2007 and
2015 at the Klinikum Wolfenbuettel, Germany. It was approved by
the local ethic committee of the University of Goettingen Approval
number: 8/9/15.

Consent to participate All followed-up patients gave oral and written
consent to participate in this study.

Consent for publication All followed-up patients gave written consent
for publication.

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. Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A,
Tosteson A. Incidence and economic burden of osteoporosis-
related fractures in the United States, 2005-2025. J Bone Miner
Res. 2007;22:465-75.

2. Cauley JA. Public health impact of osteoporosis. J Gerontol A Biol
Sci Med Sci. 2013;68:1243-51.

3. Andrich S, Haastert B, Neuhaus E, Neidert K, Arend W, Ohm-
ann C, et al. Epidemiology of pelvic fractures in Germany: con-
siderably high incidence rates among older people. PLoS ONE.
2015;10(9):¢0139078.

4. Breuil V, Roux CH, Carle GF. Pelvic fractures: epidemiology,
consequences, and medical management. Curr Opin Rheumatol.
2016;28:442-7.

5. Zwingmann J, Stidkamp NP, Konig B, Culemann U, Pohlemann
T, Aghayev E, et al. Intra- and postoperative complications of
navigated and conventional techniques in percutaneous iliosacral
screw fixation after pelvic fractures: results from the German pel-
vic trauma registry. Injury. 2013;44(12):1765-72.

6. Andrich S, Haastert B, Neuhaus E, Neidert K, Arend W, Ohmann
C, et al. Excess mortality after pelvic fractures among older peo-
ple. J Bone Miner Res. 2017;32(9):1789-801.

7. Benzinger P, Riem S, Bauer J, Jaensch A, Becker C, Biichele G,
et al. Risk of institutionalization following fragility fractures in
older people. Osteoporos Int. 2019;30:1363-70.

8. Schousboe JT. Mortality after osteoporotic fractures: what propor-
tion is caused by fracture and is preventable? J Bone Miner Res.
2017;32(9):1783-8.

9. Nanninga GL, de Leur K, Panneman MJM, van der Elst M,
Hartholt KA. Increasing rates of pelvic fractures among

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

older adults: The Netherlands, 1986-2011. Age Ageing.
2014;43(5):648-53.

Kannus P, Parkkari J, Niemi S, Sievdanen H. Low-trauma pel-
vic fractures in elderly finns in 1970-2013. Calcif Tissue Int.
2015:;97(6):577-80.

Niichtern JV, Hartel MJ, Henes FO, Groth M, Jauch SY, Hae-
gele J, et al. Significance of clinical examination, CT and MRI
scan in the diagnosis of posterior pelvic ring fractures. Injury.
2015;46(2):315-9.

Rommens PM, Hofmann A. Comprehensive classification of fra-
gility fractures of the pelvic ring: recommendations for surgical
treatment. Injury. 2013;44(12):1733—44 (Epub 2013 Jul 18).
Wagner D, Ossendorf C, Gruszka D, Hofmann A, Rommens PM.
Fragility fractures of the sacrum: how to identify and when to treat
surgically? Eur J Trauma Emerg Surg. 2015;41(4):349-62.
Rommens PM, Ossendorf C, Pairon P, Dietz S-O, Wagner D, Hof-
mann A. Clinical pathways for fragility fractures of the pelvic
ring: personal experience and review of the literature. J Orthop
Sci. 2015;20:1-11.

Oberkircher L, Ruchholtz S, Rommens PM, Hofmann A, Biick-
ing B, Kriiger A. Osteoporotic pelvic fractures. Dtsch Aerzteb-
latt Int. 2018;115(5):70-80.

Hopf JC, Krieglstein CF, Miiller LP, Koslowsky TC. Percu-
taneous iliosacral screw fixation after osteoporotic posterior
ring fractures of the pelvis reduces pain significantly in elderly
patients. Injury. 2015;46(8):1631-6.

Zwingmann J, Hauschild O, Bode G, Siidkamp NP, Schmal H.
Malposition and revision rates of different imaging modali-
ties for percutaneous iliosacral screw fixation following pelvic
fractures: A systematic review and meta-analysis. Arch Orthop
Trauma Surg. 2013;133:1257-65.

Pommersheim W, Huang-Hellinger F, Baker M, Morris P. Sac-
roplasty: A treatment for sacral insufficiency fractures. AJNR
Am J Neuroradiol. 2003;24(5):1003-7.

Dudda M, Hoffmann M, Schildhauer TA. Sakrumfrakturen
und lumbopelvine instabilitdten bei beckenringverletzungen:
klassifikation und biomechanische aspekte. Unfallchirurg.
2013;116:972-8.

Roetman B, Schildhauer TA. Lumbopelvine stabilisierung bei
bilateraler lumbosakraler instabilitit: indikationen und technik.
Unfallchirurg. 2013;116:991-9.

Hockertz TJ. Bridging plate osteosynthesis. In: Rommens PM,
Hofmann A, editors. Fragility fractures of the pelvis. Springer
International Publishing. 2017; pp. 157-64.

Osterhoff G, Ossendorf C, Wanner GA, Simmen HP, Werner
CML. Posterior screw fixation in rotationally unstable pelvic
ring injuries. Injury. 2011;42(10):992-6.

Osterhoff G, Ossendorf C, Wanner GA, Simmen HP, Werner
CML. Percutaneous iliosacral screw fixation in S1 and S2 for
posterior pelvic ring injuries: technique and perioperative com-
plications. Arch Orthop Trauma Surg. 2011;131(6):809-13.
Tsiridis E, Upadhyay N, Gamie Z, Giannoudis PV. Percutane-
ous screw fixation for sacral insufficiency fractures: a review of
three cases. J Bone Joint Surg B. 2007;89(12):1650-3.
Mehling I, Hessmann MH, Rommens PM. Stabilization of
fatigue fractures of the dorsal pelvis with a trans-sacral bar.
Operative technique and outcome. Injury. 2012;43(4):446-51.
Kobbe P, Hockertz I, Sellei RM, Reilmann H, Hockertz T.
Minimally invasive stabilisation of posterior pelvic-ring insta-
bilities with a transiliac locked compression plate. Int Orthop.
2012;36:159-64.

Horne G. AO manual of fracture management: internal fixa-
tors—by Michael Wagner and Robert Frigg. ANZ J Surg.
2007;9:796.

Ayoub MA, Gad HM, Seleem OA. Standalone percutane-
ous transiliac plating of vertically unstable sacral fractures:


http://creativecommons.org/licenses/by/4.0/

Minimally invasive posterior locked compression plate osteosynthesis shows excellent results. .. 45

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

outcomes, complications, and recommendations. Eur Spine J.
2016;25:1153-62.

Frey ME, DePalma MJ, Cifu DX, Bhagia SM, Carne W, Daitch
JS. Percutaneous sacroplasty for osteoporotic sacral insufficiency
fractures: a prospective, multicenter, observational pilot study.
Spine J. 2008;8(2):367-73.

Eckardt H, Egger A, Hasler RM, Zech CJ, Vach W, Suhm N, et al.
Good functional outcome in patients suffering fragility fractures
of the pelvis treated with percutaneous screw stabilisation: assess-
ment of complications and factors influencing failure. Injury.
2017;48(12):2717-23.

Noser J, Dietrich M, Tiziani S, Werner CML, Pape HC, Osterhoff
G. Mid-term follow-up after surgical treatment of fragility frac-
tures of the pelvis. Injury. 2018;49(11):2032-5.

Wong JSY, Lau JCK, Chui KH, Tiu KL, Lee KB, Li W.
Three-dimensional-guided navigation percutaneous screw
fixation of fragility fractures of the pelvis. J Orthop Surg.
2019;27(1):2309499019833897.

Konig MA, Hediger S, Schmitt JW, Jentzsch T, Sprengel K, Wer-
ner CML. In-screw cement augmentation for iliosacral screw fixa-
tion in posterior ring pathologies with insufficient bone stock. Eur
J Trauma Emerg Surg. 2018;44(2):203-10.

Hoch A, Pieroh P, Henkelmann R, Josten C, Bohme J. In-screw
polymethylmethacrylate-Augmented sacroiliac screw for the treat-
ment of fragility fractures of the pelvis: a prospective, observa-
tional study with 1-year follow-up. BMC Surg. 2017;17(1):132.
Sanders D, Fox J, Starr A, Sathy A, Chao J. Transsacral-transiliac
screw stabilization: effective for recalcitrant pain due to sacral
insufficiency fracture. J Orthop Trauma. 2016;30:469-73.
Balling H. Additional sacroplasty does not improve clinical out-
come in minimally invasive navigation-assisted screw fixation
procedures for nondisplaced insufficiency fractures of the sacrum.
Spine (Phila Pa 1976). 2019;44:534-42.

Konig A, Oberkircher L, Beeres FJP, Babst R, Ruchholtz S, Link
BC. Cement augmentation of sacroiliac screws in fragility frac-
tures of the pelvic ring—a synopsis and systematic review of the
current literature. Injury. 2019;50(8):1411-7.

Fischer S, Vogl TJ, Marzi I, Zangos S, Wichmann JL, Scholtz JE,
et al. Percutaneous cannulated screw fixation of sacral fractures
and sacroiliac joint disruptions with CT-controlled guidewires
performed by interventionalists: single center experience in treat-
ing posterior pelvic instability. Eur J Radiol. 2015;84(2):290-4.
Pieske O, Landersdorfer C, Trumm C, Greiner A, Wallmichrath
J, Gottschalk O, et al. CT-guided sacroiliac percutaneous screw
placement in unstable posterior pelvic ring injuries: accuracy of
screw position, injury reduction and complications in 71 patients
with 136 screws. Injury. 2015;46(2):333-9.

Tosounidis G, Culemann U, Wirbel R, Holstein JH, Pohlemann
T. Die perkutane transiliosakrale zugschraubenosteosynthese des
hinteren beckenrings: erhohte sicherheit durch standardisierung
von visualisierung und technik. Unfallchirurg. 2007;110:669-74.
Hilgert RE, Finn J, Egbers HJ. Technik der perkutanen SI-ver-
schraubung mit unterstiitzung durch konventionellen C-bogen.
Unfallchirurg. 2005;108(11):954-60.

Teo AQA, Yik JH, Jin Keat SN, Murphy DP, O’Neill GK. Accu-
racy of sacroiliac screw placement with and without intraopera-
tive navigation and clinical application of the sacral dysmorphism
score. Injury. 2018;49(7):1302-6.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Zwingmann J, Konrad G, Kotter E, Siidkamp NP, Oberst M.
Computer-navigated iliosacral screw insertion reduces mal-
position rate and radiation exposure. Clin Orthop Relat Res.
2009;467(7):1833-8.

Daley BJ, Cecil W, Clarke PC, Cofer JB, Guillamondegui OD.
How slow is too slow? Correlation of operative time to complica-
tions: an analysis from the tennessee surgical quality collabora-
tive. J Am Coll Surg. 2015;220(4):550-8.

Wagner D, Kamer L, Sawaguchi T, Geoff Richards R, Noser H,
Uesugi M, et al. Critical dimensions of trans-sacral corridors
assessed by 3D CT models: relevance for implant positioning in
fractures of the sacrum. J Orthop Res. 2017;35(11):2577-84.
Wagner D, Kamer L, Sawaguchi T, Richards RG, Noser H, Rom-
mens PM. Sacral bone mass distribution assessed by averaged
three-dimensional ct models: implications for pathogenesis and
treatment of fragility fractures of the sacrum. J Bone Joint Surg
Am. 2016;98(7):584-90.

Albert MJ, Miller ME, Macnaughton M, Hutton WC. Poste-
rior pelvic fixation using a transiliac 4.5-mm reconstruction
plate: a clinical and biomechanical study. J Orthop Trauma.
1993;7:226-32.

Hu P, Wu T, Zhi WH, Zheng QX, Yao J, Dong CX, et al. Bio-
mechanical comparison of three internal fixation techniques for
stabilizing posterior pelvic ring disruption: a 3D finite element
analysis. Orthop Surg. 2019;11(2):195-203.

Chen PH, Hsu WH, Li YY, Huang TW, Huang TJ, Peng KT.
Outcome analysis of unstable posterior ring injury of the pelvis:
Comparison between percutaneous iliosacral screw fixation and
conservative treatment. Biomed J. 2013;36(6):289-94.

Shuler TE, Boone DC, Gruen GS, Peitzman AB. Percutaneous
iliosacral screw fixation: early treatment for unstable posterior
pelvic ring disruptions. J Trauma. 1995;38(3):453-8.

DeKeyser GJ, Kellam PJ, Haller JM. Locked plating and advanced
augmentation techniques in osteoporotic fractures. Orthop Clin
North Am. 2019;50(2):159-69.

Yaacobi E, Sanchez D, Maniar H, Horwitz DS. Surgical treatment
of osteoporotic fractures: an update on the principles of manage-
ment. Injury. 2017;48:S34-S40.

Giannoudis PV, Schneider E. Principles of fixation of osteoporotic
fractures. J Bone Joint Surg Br. 2006;88(10):1272-8.

Wagner D, Hofmann A, Kamer L, Sawaguchi T, Richards RG,
Noser H, et al. Fragility fractures of the sacrum occur in elderly
patients with severe loss of sacral bone mass. Arch Orthop Trauma
Surg. 2018;138:971-7.

Hoch A, Ozkurtul O, Pieroh P, Josten C, Bshme J. Outcome
and 2-year survival rate in elderly patients with lateral com-
pression fractures of the pelvis. Geriatr Orthop Surg Rehabil.
2017;8(1):3-9.

Collinge CA, Christ BD. Combined percutaneous iliosacral
screw fixation with sacroplasty using resorbable calcium phos-
phat cement for osteoporotic pelvic fractures requiring surgery. J
Orthop Trauma. 2016;30(6):e217-22.

@ Springer



	Minimally invasive posterior locked compression plate osteosynthesis shows excellent results in elderly patients with fragility fractures of the pelvis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Inclusion criteria
	Diagnostics and treatment
	Surgical procedure
	Outcome parameters
	Statistics

	Results
	Demographics
	Radiographic results and classification
	Surgical data
	Hospital stay
	Follow-up data

	Discussion
	Conclusion
	References




