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Abstract
Introduction External fixation is widely accepted as a provisional or sometimes definitive treatment for long-bone fractures.
Indications include but are not limited to damage control surgery in poly-traumatized patients as well as provisional bridging to
definite treatment with soft tissue at risk. As little is known about surgeon’s habits in applying this treatment strategy, we
performed a national survey.
Methods We utilized the member database of the German Trauma Society (DGU). The questionnaire encompassed 15 questions
that addresses topics including participants’ position, experience, workplace, and questions regarding specifics of external
fixation application in different anatomical regions. Furthermore, we compared differences between trauma centre levels and
surgeon-related factors.
Results The participants predominantly worked in level 1 trauma centres (42.7%) and were employed as attendings (54.7%).
There was widespread consensus for planning and intra-operative radiographical control of external fixation. Surgeons appointed
at a level I trauma centre preferred significantly more often supra-acetabular pin placement in external fixation of the pelvis rather
than the utilization of iliac pins (75.8%, p = 0.0001). Moreover, they were more likely to favor a mini-open approach to insert
humeral pins (42.4%, p = 0.003). Overall, blunt dissection and mini-open approaches seemed equally popular (38.2 and 34.1%).
Department chairmen indicated more often than their colleagues to follow written pin-care protocols for minimization of
infection (16.7%, p = 0.003).
Conclusion Despite the fact that external fixation usage is widespread and well established among trauma surgeons in Germany,
there are substantial differences in the method of application.

Keywords External fixation . Application standards . Pelvic external fixation . Pin-tract infection

Introduction

The use of external fixation is widely accepted as a provisional
and in specific cases definitive treatment of fractures. There

are many commonly accepted indications for the application
of an external fixator, such as damage control surgery in poly-
traumatized patients, provisional stabilization when soft tis-
sues are not amenable to definitive open fixation, and occa-
sionally definitive management of certain fractures [30, 34,
39]. Furthermore, external fixator constructs can serve as ad-
juvant tools for treating non-unions or bone defects after trau-
ma [17, 37]. Especially in the treatment of post-traumatic bone
defects, external fixation is but one of the options [1].With the
advent of the concept of damage control orthopaedics, indica-
tions for application further expanded. However, there is still
considerable variance among surgeons concerning external
fixation application technique, indications, and after-care
guidelines.

Techniques for the application of an external fixator vary
greatly based on surgeon preference and anatomical location.
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External fixation as provisional or definitive stabilization of
rotationally unstable pelvic ring injuries represents an impor-
tant tool for trauma surgeons in adults and children and can
even be applied in late open-book deformities [10, 11, 21, 36].
Pin purchase in the pelvic region can be obtained either by
supra-acetabular or iliac crest placement, or even by a combi-
nation of the two. Although supra-acetabular pins have been
shown to have increased biomechanical stability in several
studies [12, 22], the degree of experience and preference of
the treating physician, as well as other external factors (e.g.,
morbid obesity and proximity of concomitant soft tissue inju-
ry), can lead to a variety of different application techniques.
Although the recent advent of the internal subcutaneous
fixator has decreased the use of external pelvic fixation, its
use is still widespread due to the application difficulties and
complications that may be associated with an infix [10, 11].

Similarly, there are multiple techniques described to avoid
damage to the radial nerve when placing humeral external
fixation pins. These can include adhering to a predefined safe
zone, indirect blunt dissection/palpation, or mini-open ap-
proaches with direct visualization of the nerve [5, 19].

The aim of this study was to assess the preferences for
external fixation application and management among
German trauma surgeons registered with the German
Trauma Society (DGU). Our objective was to investigate the
use, management, and perception of external fixation, exclud-
ing variables such as adjacent soft tissue injuries, morbid obe-
sity, and other external factors, which would otherwise cause
deviation from typical use. We sought to further evaluate if a
consensus exists among DGU surgeons, or if trends could be
identified when taking surgeon experience and level I trauma
status into consideration.

Materials and methods

We utilized the database of the German Trauma Society
(DGU) to obtain contact information of its active members.
Active members were then contacted via email and asked to
participate in an online survey that included our questionnaire.
If members did not reply to the invitation to fill out the survey,
a reminder email was sent one additional time. The question-
naire was developed by the two senior authors, T.D and H-
C.P, who have a combined practice experience of 43 years.
The questionnaire was designed to encompass a wide range of
external fixation topics based on variances seen throughout
their years of clinical experience and commonly debated tech-
niques in the literature.

Definitions

For the compilation of the questionnaire, the authors adhered
to the following definitions:

1. Polytrauma
A patient suffering two or more traumatic injuries

resulting in an abbreviated injury severity (AIS) score ≥
3 combined with at least one additional variable condi-
tion. These variables include age ≥ 70, hypotension, aci-
dosis, and/or coagulopathy [32].

2. Trauma centre level
These were adapted from the definition provided in the

German Trauma Society trauma network. According to
the DGU, level III trauma centres are equivalent to local
community low-energy trauma centres, level II includes
regional trauma centres, and level I trauma centres are
considered to provide the highest level of trauma care
with region-spanning collaboration with lower tier cen-
tres, with referrals, with transfers, and with upgrades from
both lower tier trauma centres and non-trauma hospitals.

The distributed version of the questionnaire included 14
questions grouped into three subsections. In the first subsec-
tion, the questionnaire asked for the responder’s demographic
information and workplace environment. This included job
title/position, background and degree of specialty training,
years of clinical experience, and the identified level of the
surgeon’s primary trauma centre. In the second subsection,
items 5 through 11 contained questions dealing with general
preferences for the application and management of external
fixators. This covered a wide-range of topics including the
likelihood and frequency of use of pre-operative template
sketches or plots, use of intra-operative fluoroscopy, pin-site
tract infection prophylaxis, environment for external fixation
removal, and time to definitive surgery/fixation. The second
subsection also queried the surgeon’s opinions regarding the
major drawbacks of external fixation and priorities of applica-
tion with regard to speed, reduction, and soft tissue manage-
ment. In the third subsection, items 12 through 14 dealt with
specific anatomic application techniques with one question
each—including the humerus, pelvis, and ankle-spanning ex-
ternal fixators. For the humerus, the question was directed at
protocols for avoiding radial nerve damage.With regard to the
pelvis, the questions focused on supra-acetabular versus iliac
crest versus combination pin-placement preferences. Finally,
the ankle-spanning external fixation question inquired about
the use of transcalcaneal pins and/or metatarsal pins for distal
fixation and the role of fluoroscopy usage intra-operatively.

Nominal scales were utilized for all but two of the ques-
t ions allowing responders to select from several
predetermined single-choice options. The remaining two
questions were assigned an ordinal scale where the responder
was asked to rank their particular feeling towards the topic
addressed. These two questions were in the second subsection
of the questionnaire concerning the priorities and disadvan-
tages of external fixation application, where the responders
could assign the numbers 1 to 7 and 1 to 5, respectively, to
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reflect priorities and impact of the referenced options. The
survey clearly designated the value of 1 as being the highest
priority, with 7 and 5 being of the lowest priority, respectively.

Returned questionnaires were scrutinized for missing en-
tries and data was collected and entered into an Excel spread-
sheet (Microsoft, Redmond, Washington, USA).

Statistical analysis

Data stored in the Microsoft Excel file was then transferred to
SPSS version 23.0 (IBM, Chicago, Illinois, USA) for statisti-
cal analysis. Questions that were designed for single-choice
responses were further evaluated for potential significant dif-
ferences among surgeons at different levels of trauma centres
and among differing levels of surgeon position. We further
grouped surgeons from different trauma centre levels into
two main groups. The first group was comprised of surgeons
who identified their primary workplace as a level I trauma
centre, while the second group was comprised of surgeons
from primarily level II trauma centres and below.

In a separate analysis, we subdivided the responses from
those that were identified as department chairmen and com-
pared them to all other responders. Preliminary crosstabs with
a chi-square test were performed to test for independence be-
tween the categorical parameters and to analyze question re-
sponses for significant differences. With the contingency ta-
bles being lager than 2 × 2, follow-up subtables were created
and tested with the chi-squared test and the Fischer test to
evaluate whether significant differences between levels of
trauma centre or position of the surgeon existed.

Results

The questionnaire was distributed to the entirety of the DGU,
which comprised 375 hospitals at the time of the survey. A
total of 365 surgeons returned the survey with varying levels
of completeness. Three-hundred eleven surgeons completed
the full survey, an additional five surgeons completed the ma-
jority of the survey with the exception of site-specific appli-
cation techniques, and the remaining 49 surgeons returned the
survey with only identifying information and level of
experience.

Demographic of responding hospitals and responders

Out of the 365 total responders, 110 identified themselves as
the chairmen of their respective departments, 190 identified as
attendings, 36 as fellows, and the remaining 29 identified as
surgical residents. The vast majority of responders had more
than ten years of experience. In contrast, only 7.7% of re-
sponders considered themselves to be Bin training^. The ma-
jority of surgeons (42.7%) identified their primary work

environment as a level I trauma center, while level II and level
III trauma centers comprised 29.9 and 18.4% of responders,
respectively. Participants’ demographics are summarized in
Fig. 1.

General considerations in external fixation
application

With regard to pre-operative planning, 93% of responding
surgeons indicated that they do not routinely draw or plot a
physical pre-operative template. For intra-operative control,
96.5% of responders indicated a preference for the use of
fluoroscopy in at least two orthogonal planes, as opposed to
only one view or no fluoroscopy use all together. Responses to
techniques for mitigating the incidence of pin-tract infections
showed only 41.1% of surgeons provide patients with specific
training in the inpatient setting on how to avoid hardware
infections. An even smaller percentage (8.5%) confirmed the
presence of written instructions for pin-site care protocols to
prevent infections. Removal of external fixation pins was pre-
dominantly preferred with an awake patient under local or no
analgesia in an outpatient clinic setting (59.5%). Responders
chose major soft tissue trauma as the main indication for ex-
ternal fixation application. Time to conversion surgery was
overwhelmingly dependent on the condition of soft tissues
(94.0%). Outcomes of general questions regarding external
fixation usage are displayed in Fig. 2.

Ranking of external fixation disadvantages
and priorities

When surgeons were asked to rank drawbacks of external
fixation, pin-tract infections were unanimously ranked as the
primary disadvantage. Themost inconsequential disadvantage
of external fixation among responders was a decreased quality
of computed-tomography (CT) scans with external fixators in
place. Regarding indications, overwhelming importance was
attributed to prevent further insult to the soft tissues in the
acute setting. Adherence to predefined application standards
ranked lowest on the list of priorities.

Region-specific habits

The majority of responders (64.6%) indicated a preference for
supra-acetabular pin placement with regard to pelvic external
fixation application. In the upper extremity, careful blunt dis-
section and mini-open approaches with direct visualization
were similarly utilized with 39.2 and 33.1%, respectively, to
prevent inadvertent nerve injury when placing humeral pins.
For ankle-spanning external fixation, 75.9% of surgeons pre-
fer transcalcaneal pin placement when possible. 98.1% of
these responders also indicated the use of intra-operative fluo-
roscopy was preferred to assess articular reduction of the ankle
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joint. No consensus was reached regarding the placement lo-
cations of the distal pins over the foot. An overview of region-
specific habits is shown in Fig. 3.

Comparative results

Surgeons in a level I trauma centre weremore likely to directly
provide specific instructions to patients with regard to self-
guided pin-site care compared to the rest of responders (54.5
vs. 31.3%, p = 0.0001). For region-specific application tech-
niques, level I trauma surgeons were also more likely to opt
for a mini-open approach for visualization of the radial nerve
(42.4% vs. 26.3%, p = 0.003) and more likely to favour supra-
acetabular pin placement (75.8% vs. 45.3%, p = 0.0001) than
their level II and level III trauma centre colleagues. In

addition, this level I surgeon cohort was less apt to indicate
that pin-site care was primarily the nurse’s responsibility
(21.7% vs. 36.8% p = 0.004).

Participants identified as department chairmen more com-
monly adhered to a predefined pin-site care protocol com-
pared to the rest of their colleagues (16.7% vs. 5.3%, p =
0.003) and were more likely to remove external fixators in
the operating theatre setting without general anaesthesia
(15.6% vs. 4.9%, p = 0.004).

Discussion

External fixation indications, techniques, and management
vary greatly among different regions around the globe, and

Fig. 1 Participants’
demographics displaying position
and level of trauma center
responders were employed at

Fig. 2 Graph representing
participants’ response to what
measures are in use to prevent
pin-tract infections at their
institution
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as demonstrated here, even among different surgeons in the
same region. Properly applied external fixators represent an
important tool for any trauma surgeon, since their first intro-
duction at the end of the nineteenth century in the USA by
Clayton Parkhill or at the beginning of the twentieth century
by the Belgian Albin Lambotte [15]. Its utility in treating open
fractures alone has been quantified ranging from 29% in
Gustilo type I injuries to 93% in Gustilo type III injuries
[14]. Though the indications for external fixation have ex-
panded with the damage control concept, it is important to
note that its use has decreased in other specific applications,
such as in the case of distal radius fractures. Jo et al. showed
external fixation use has decreased to only 16% with the ad-
vent of angular stable fixation of the distal radius [18].
However, this does not mean that external fixation has gone
out of style and is still an active topic of research being com-
bined with modern techniques [35].

Because its overall popularity still persists, we sought to eval-
uate if a widespread consensus for the application and manage-
ment of external fixation exists among German trauma surgeons.

Results were mixed with a majority of surgeons agreeing in
a few aspects and others with a more balanced response.

Reported standards

Intra-operative orthogonal radiographs in a minimum of two
planes are widely accepted and seem to be the gold standard

for intra-operative quality control. With regard to anatomical
region-specific habits in external fixation, we were able to
identify two areas where a clear majority was in agreement.
The first of these was the preference for a transcalcaneal pin
when performing ankle-spanning fixation of the lower ex-
tremity, agreed upon by 75.9% of responding surgeons. The
other was the preference for supra-acetabular only pin con-
struct for the pelvis, with 64.6% in agreement, compared to
12% of surgeons opting for pin placement only in the iliac
crest. Not surprisingly, this habit is in line with the literature
demonstrating the superior biomechanical stability of pin con-
structs with pins in the supra-acetabular osseous pathway [12,
22].

No consensus reached

Interestingly, no consensus was reached regarding the pre-
ferred method for placing pins in the distal humerus, where
the radial nerve is a known at risk structure ([3, 28]. Both
mini-open approaches with direct visualization of the radial
nerve and blunt dissection with palpation down to the bone
were similarly accepted. Clement et al. was able to show var-
iations in the course of the radial nerve in the distal third of the
humerus with an injury rate of 10% caused by pins transfixing
the nerve. These observations led the authors to recommend
mini-open approaches with visualization of the nerve to avoid
such injuries [5]. Several authors have also tried to define
lateral Bsafe zones^ for pin placement relative to distances
defined by the transepicondylar width [2, 19]. The predefined
Bsafe zones^ to avoid radial nerve injuries as described by
these authors seem less popular among our responders [38].

The preferred method for prevention of pin-tract infections
was another topic where physicians were not in general agree-
ment. Although pin-tract infections were ranked as the highest
drawback with external fixation treatment in our survey,
predefined protocols for infection prophylaxis seem to be the
exception. Looking at the literature, this should not come as a
surprise. Numerous studies contradict each other in topics of
pin-site care, ranging from frequency [4, 42] and method of
pin care [9, 13, 23, 33, 41] to various pin coatings [6–8, 26, 27,
44]. It is therefore not surprising that subsequent Cochrane
systematic reviews found that high-quality studies concerning
pin-tract infections are still missing and that there is insuffi-
cient evidence to formulate a standardized protocol to prevent
pin-site infections [24, 25]. This is further impeded by the fact
that there is a lack of a universally accepted definition of a pin-
tract infection, making it difficult to compare results from
different studies and form a consensus. Nevertheless, numer-
ous protocols have been proposed in an attempt to help pre-
vent the occurrence of pin-site infections and improve the
ability to safely convert to definitive surgery [16, 20].

It is unclear whether there are distinct differences
between the German and other international standards.

Fig. 3 Region-specific habits
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It is certainly evident that the use of external fixators is
variable within Europe, and even within Germany.
Historically, some centers in Germany have performed
extensive use of external fixation, even in cases amena-
ble to an intramedullary nail [43]. In general, reamed-
locked nailing is foreseen for long-bone fractures with-
out the use of external fixation. Only in cases with
severe soft tissue injuries, or polytrauma in uncertain
condition, an initial external fixator is recommended
[31]. There are distinct standards for the conversion of
an ex fix into a reamed-locked nail. The protocol entails
redraping and reprepping in order to minimize the risk
of infection [16]. In western societies, trauma systems
often are advantageous as they provide dedicated trauma
operating rooms, thus allowing for rapid and easy use
of external fixation [40]. In others, this may not so
easily be obtainable [29].

A major strength of our study was the response rate of 316
surgeons in the DBU that were willing to participate. On the
chairman level, we also had the benefit of a broad demograph-
ic distribution with regard to trauma centre level among re-
sponders. This allowed us to better understand the preferences
and standard operating procedures of the whole spectrum of
trauma hospitals, not just confined to level I centres.

One limitation of the study was that the most common
demographic among responding surgeons was senior-level
physicians at level I trauma centres. This likely can be attrib-
uted to the increased interest in research in these institutions,
but this is speculative. This does, however, allow us to better
understand standard operating procedures preferred by attend-
ings and chairmen at level I facilities, but potentially under-
represents a major group of surgeons also performing external
fixation in the community as well as physicians in training,
such as residents and fellows.

Given the limitations mentioned above, we feel that the
following conclusions are justified:

1. There seems to be a weak consensus on core issues and
prevention methods for complications involving external
fixation. This especially includes pin-tract infection
prophylaxis.

2. Written-down protocols and standard operating proce-
dures are the exception.

3. It is unclear whether the lack of standardization of appli-
cation and management has an impact on patient
outcomes.

Further studies are needed to evaluate the association be-
tween the application and management habits with the clinical
outcomes of patients. If outcomes were to diverge, efforts
should be undertaken to standardize external fixator use, and
cooperation between lower and higher tier trauma centres
should be encouraged.

Conclusion

Although the use of external fixation is widespread and
established among trauma surgeons in Germany, there are
substantial differences in application technique and manage-
ment. A wider consensus and cooperation between trauma
centres of varying levels might be necessary to achieve stan-
dardization to optimize care and better prevent complications
in the future. This might further entail that principles of exter-
nal fixation may be worth undergoing further assessment to
allow for better standardization.
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