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Abstract

Background: Management of distal humeral fractures remains to be one of the most challenging aspects in
trauma surgery. Low profile plating systems with variable angle screw fixation represent a crucial
advancement to the established angular stable locking plates with considerable attention in current research.
The aim of the prospective randomized trial was to review the preliminary results and patients’ outcome
following treatment with these newly developed implants and to rule out potential differences in fracture
treatment of two different plating systems.

Methods: Twenty patients with distal humeral fractures (AO 13-A1 — AO 13-C3) were included in the current
study since 2014. After completing the randomization plan, patients were distributed into two groups for
different variable angle locking plates (DePuy Synthes® VA-LCP vs. Medartis® Aptus Elbow). Functional elbow
scoring (ROM, MEPS, QuickDASH) served as primary outcome parameter, while radiological fracture
consolidation served as secondary outcome parameter. Follow-ups were conducted 6 weeks, 12 weeks,

6 months and 12 months after the operation.

Results: Seventeen of 20 patients (85%) concluded all follow-up examinations. Postoperative elbow extension
deficiencies showed significant differences between the two groups in all follow-up examinations with a mean of

@ 18 +/— 74 degrees in the DePuy Synthes® VA-LCP group compared to a mean of @ 6.5 +/— 7.5 degrees in the
Medartis® Aptus Elbow group (p = 0.002) 12 months postoperatively. Functional scoring showed a disparate pattern.
The Medartis® Aptus Elbow group achieved significantly better MEP scores during follow-up. However, the analysis of
the QuickDash revealed better results of the DePuy Synthes® VA-LCP group in the first half and better results of the
Medartis® Aptus Elbow group in the second half of the follow-up examination instead.

Conclusions: Considering the complexity of distal humeral fractures, the usage of anatomically preshaped low profile
variable angle locking plates for operative treatment leads to good clinical results. Even though there might be some
advances of the Medartis® Aptus Elbow plating system concerning postoperative ROM and elbow function, a
consistent difference in the overall clinical outcome between the two plating systems could not be detected.

Trial registration: https:/clinicaltrials.gov/ct2/show/NCT03272490 Retrospectively Registered 1. September 2017.
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Background

Distal humeral fractures are still very rare accounting
for only 1-2% of all fractures [1]. Concerning the
complex fracture pattern of these fractures together
with the growing age of the patients, management
remains to be one of the most challenging aspects in
modern trauma surgery [2]. Dealing with these
challenges, a large variety of different treatment op-
tions can be found in current literature, ranging from
conservative treatment [3, 4] to different operative
fixation techniques [5-8] up to total joint replace-
ments [9].

The essential goal to achieve best results for
patients suffering from distal humeral fractures is to
restore joint congruency irrespective of patient’s age.
Considering that, conservative treatment frequently
leads to a painful limited range of motion (ROM)
quite often. Over the last decades, therefore, open re-
duction and internal fixation (ORIF) is known to be
the treatment of choice [10]. Due to the importance
of the distal humerus for elbow function and stability,
new specific angular stable implant systems and in-
novative fixation techniques have been developed in
the recent past [11]. Biomechanical analysis of angle
stable locking plates already show promising results
for fracture treatment especially in the osteoporotic
bone [12]. As an advancement to the known angle
stable locking plates where screws can only be placed
in the predetermined direction, low profile plating
systems with a variable angle for screw fixation gain
considerable attention in current research. The usage
of anatomically preshaped plates with variable possi-
bilities for angular stable screw fixation already
showed promising results in dealing with various
complex fracture types like distal femur fractures [13], dis-
tal tibial fractures [14], distal radial fractures [15], clavicle
fractures [16] or radial head fractures [15, 17]. However,
little about these modern implants is known in terms of
dealing with distal humeral fractures.

With the Medartis® Aptus Elbow distal Humerus
Plates 2.8 (Medartis®, Basel, Switzerland) and the
DePuy Synthes® VA-LCP distal Humerus Plates 2.7/
3.5 (DePuy Synthes’, Umkirch, Germany), two
modern plating systems have recently been intro-
duced. Both plating systems consist of an anatomic-
ally preshaped low-profile design with variable angle
for locking screw fixation and especially designed for
fracture treatment of the distal humerus. Therefore,
the aim of the present prospective randomized trial
was to review the preliminary functional outcomes
following treatment with these anatomically preshaped
low-profile plating implants in the short-term and to
rule out potential differences between both plating
systems.
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Methods

Patients

Before study initiation the approval of the local ethics
committee of (Trial Number 253/14) was obtained.
The comparative prospective randomized clinical trial
included 20 patients with fractures of the distal
humerus recruited from a level-one university trauma
centre. Patient recruitment was conducted between
03/2014 and 12/2015. Fractures of the distal humerus,
as defined by the AO classification system (AO 13-Al
— AO 13-C3), were included in this study as they
were identified by the treating surgeon being applic-
able for locking plate treatment and after written in-
formed consent of the patients was obtained. All
patients were randomized following a randomization
plan (Randlist’, DatIlnf GmbH, Tibingen, Germany)
for either being treated with the DePuy Synthes®
VA-LCP 2.7/3.5 mm (DePuy Synthes’, Umkirch,
Germany) or with the Medartis® Aptus Elbow system
2.0/3.8 mm (Medartis®, Basel, Switzerland). Both
include anatomically preshaped, polyaxial angular
stable locking plates in various sizes. Angle stable
screw positioning with the freedom of +/- 15° off-
axis screw placement gives the surgeon a large variety
in both systems.

The inclusion criteria involve all patients from the
age of 18 to 95 years who suffered from a distal hu-
meral fracture (AO 13-A1 — AO 13-C3) that had to
undergo operative treatment. The exclusion criteria
involve all under-aged patients (< 18 years), pregnant
patients and patients with a mental disorder as well
as patients under comprehensive legal support. In
addition, pathological fractures had been excluded
from the study.

Surgical technique

All patients were operated by consultant orthopaedic
and trauma surgeons, experienced in upper extremity
surgery. The mean interval between injury and operation
was 2.4 days (range 0-12 days). General anaesthesia was
used in all cases and a single dose of 1.5 mg cephalo-
sporin was given preoperatively for prophylaxis. Patients
were positioned in prone position with the injured arm
on a radiolucent, small padded arm holder. Under tour-
niquet control, the posterior approach (Bryan-Morrey)
to the distal humerus was performed in all cases.
Additional olecranon osteotomy was performed in 7
cases (3x DePuy Synthes® vs. 4x Medartis® Aptus Elbow)
presenting with AO type 13 C2 and AO type 13 C3 frac-
tures. Postoperatively, physiotherapy was initiated using
the same rehabilitation protocol for both groups. Passive
and active assisted ROM was permitted immediately
without limitations, while weight bearing was restricted
for 6 weeks.
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Follow-up evaluation

All patients were initially followed-up 6 weeks after op-
eration. Additional follow-ups were performed 3, 6 and
12 months postoperatively. The follow-up examinations
were carried out by an independent investigator not in-
volved in patient’s initial surgical treatment (MC) in the
outpatient clinic of our level-one university trauma
centre.

For the assessment of pain, the visual analogue scale
(VAS), ranging from 0 “no pain” to 10 “worst imaginable
pain” was documented. ROM and collateral ligament
stability were registered on standardized scoring sheets.
For subjective evaluation, patients rated their satisfaction
for elbow use on a scale of 1 to 6 (1-highly satisfied; 2—
satisfied; 3—moderate; 4—sufficient; 5—unsatisfied; 6-very
unsatisfied). Moreover, sensomotoric disturbances and
postoperative complications were recorded. Minor
complications had been defined as complications that
could be treated conservatively (e.g. superficial wound
infections, delayed union etc.), whereas major complica-
tions needed operative revision (e.g. secondary loss of
reduction, non-unions, severe wound infections etc.).
For functional upper extremity and elbow scoring the
shortened Disabilities of the Arm, Shoulder and Hand
Score (QuickDASH) and the Mayo Elbow Performance
Score (MEPS) were comprised. Postoperative x-rays
were evaluated with special respect to bony healing, sec-
ondary loss of reduction and heterotopic ossifications.

Statistics
Statistical analyses were performed using the statistical
software SigmaStat (version 3.5; Systat Software, San Jose,
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CA, USA). The scores at certain time points were com-
pared with an independent t test after a normality check
had been passed and equal variances had been detected.
Normal distributed data with unequal variances would
have been compared with Welch’s t test. Arbitrarily data
was tested with Mann-Whitney U test. The significance
level was set at p = 0.05.

Results

Epidemiological data

Seventeen of 20 patients (85%) were able to conclude all
follow up examinations (see Fig. 1). Three patients were
lost to follow-up. One patient died 6 months postopera-
tively of unrelated cause to the surgery, the other two
patients never returned for postoperative clinical and
radiological control of unknown cause. These both
patients also couldn’t be found for follow-up survey. The
remaining 17 patients presented with a mean age of
79 years (range 31-91 years) at the time of injury with no
statistically differences between groups. Most common in-
jury types were falls from less than three meters. Gender
distribution showed differences with only 1 male patient
compared to 16 female patients (see Table 1).

Clinical outcome

Clinical follow-up included documentation of swelling, red-
ness, joint effusion, delay of wound healing, crepitation and
muscular atrophy. At no timepoint during the follow-up sur-
vey any differences could be determined between the two
groups concerning these clinical parameters. Even though
pain levels of the DePuy Synthes® VA-LCP group turned out
to be higher in all of the follow-up examinations, significant

Qandomized (n=20 patientsD

treatment with DePuy
Synthes® VA-LCP system
(n=10)

lost to follow-up (n=3)
* died 6 months
postoperatively (n=1)
* never returned for
follow-up (n=2)

(Iost to follow-up (n=0)>

< analysed (n = 7) > ( analysed (n = 10) >

Fig. 1 Flow diagram of the progress through the phase of the prospective randomized trial

treatment with the
Medartis® Aptus Elbow
system (n=10)
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Table 1 A total of 17 patients, presenting with a distal humeral
fracture (AO-type 13 A-C), were recruited to this prospective
randomized trial, either being treated with DePuy Synthes®
VA-LCP or Medartis® Aptus Elbow plating systems. There were
no statistically significant differences in patients” demographics
or injury characteristics between the groups

Characteristics DePuy Synthes® Medartis® Aptus

VA-LCP Elbow
Mean age (years) 81 76
Sex (male: female) 0:7 19
AO classification
13-A 2 1
13-B 0 0
13-C 5 9

differences could only be observed in the 6 weeks and
12 months follow-ups compared to the Medartis® Aptus
Elbow group (see Table 2). Nerve injury had been detected
in one patient with a partial sensomotoric palsy of the ulnar
nerve, following ORIF of a comminuted AO type 13-C3 frac-
ture using the DePuy Synthes® VA-LCP plating system (see
Table 3). After neurolysis of the ulnar nerve the motoric
palsy fully recovered whereas sensory ulnar nerve palsy
remained.

Compared to the uninjured arm postoperative elbow
extension deficiencies showed significant differences be-
tween both groups at every follow-up examination with
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a mean value of @ 18 +/- 7.4 degrees in the DePuy
Synthes® VA-LCP group compared to a mean value of @
6.5 +/— 7.5 degrees in the Medartis® Aptus Elbow group
(p =0.002) at 12 months postoperatively (see Fig. 2). For
flexion and pronosupination no differences were seen
between groups. Likewise, there were no signs of collat-
eral ligament instability in both groups.

For subjective evaluation, patients rated their satisfac-
tion for elbow use. Overall, 14 patients rated their satis-
faction from very satisfied to sufficient (3x very satisfied,
6x satisfied, 4x moderate, 1x sufficient) and would
undergo surgery again. The remaining three patients
were not satisfied at time of last survey (2x Medartis®
Aptus Elbow, 1x DePuy Synthes®). Differences between
the two plating systems could not be detected for this
subgroup analysis.

The elbow scoring showed a different result pattern
for the QuickDash. In the first two clinical follow-ups
(after 6 and 12 weeks) the DePuy Synthes® VA-LCP
group showed better results than the Medartis® Aptus
Elbow group, however not statistically significant. After
6 and 12 months on the other hand statistically signifi-
cant better results were determined in the Medartis®
Aptus Elbow group (see Table 2). The Medartis® Aptus
Elbow group achieved significantly better MEP Scores in
all of the postoperative follow-up examinations with
good results 6 weeks postoperatively and excellent
results 12 weeks, 6 months and 12 months

Table 2 Functional elbow scoring was assessed using MEPs and QuickDash Scores for each plating system (DePuy Synthes® vs.
Medartis® Aptus Elbow) separately, 6 weeks, 12 weeks, 6 months and 12 months postoperatively.

Scoring System Plating System 6 weeks 12 weeks 6 months 12 months
VAS DePuy D47 +/-1. 214 +/-08 @35+/-17 @23+/-18
Synthes®
VA-LCP
Medartis® @23 +/-22 @ 0.8 +/- 09 @11 +/-15 @1 +/-09
Aptus
Elbow
p value 0.006 0.163 0.630 0.074
Quick Dash DePuy @695 +/-13.1 @195 +/-105 @ 564 +/- 156 @572 +/-16
Synthes®
VA-LCP
Medartis® @741 +/- 211 @523 +/- 48 @255 +/- 2122 @255 +/—10.1
Aptus
Elbow
p value 0.634 0.092 0.002 0.002
MEPS DePuy @53 +/-52 @80 +/-10 D74 +/-121 @757 +/—12.1
Synthes®
VA-LCP
Medartis® @ 75+/-10 D914 +/- 121 ? 906 +/- 107 © 909 +/-10.7
Aptus
Elbow
p value 0.001 0.009 0.004 0.007

Results are given as @ mean +/— standard deviation
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Table 3 Overview of the complications following fracture
treatment for each plating system (DePuy Synthes® vs.
Medartis® Aptus Elbow)

Complication DePuy Synthes® Medartis® Aptus
VA-LCP Elbow

Non-union 0 2

Secondary fracture 1 0

dislocation

Nerve injuries 1 0

Infections 0 0

Heterotopic ossifications 1 1

postoperatively compared to the DePuy Synthes® VA-
LCP group (see Table 2).

Radiological follow-up

Eleven fractures showed a fracture healing without compli-
cations at final follow-up of 12 months (4x DePuy Synthes®
vs. 7 x Medartis® Aptus Elbow) (see Figs. 3 and 4). Non-
unions were detected in two patients, both following treat-
ment of an AO type 13 C3 fracture with the Medartis®
Aptus Elbow system. One of them, a 74-year-old female
suffering from multiple comorbidities (i.e. diabetes type 2,
obesity, COPD), presented with a non-union which resulted
in secondary plate loosening. The other patient, 68-year-old
female, presented as a heavy smoker (>25 pack years) and a
history of recurrent falls of unknown cause, following
initial distal humeral plating. Both patients have been
revised using allogenic bone grafts with subsequent
osseous healing. A secondary loss of reduction was
seen in one 80-year-old female patient following treat-
ment with the DePuy Synthes®’, VA-LCP system. Due
to her age and comorbidities, elbow replacement after
plate removal was performed 5 months after index
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operation. Heterotopic ossifications were seen in two
patients, one of each treatment group (see Table 3).
One of them, a 55-years-old female (Medartis® Aptus
Elbow), had to be revised due to ROM deficiencies
based on massive heterotopic ossifications 13 months
following plate osteosynthesis. In the sequel, an open
arthrolysis and implant removal was performed after
fracture consolidation. According to medical records,
this patient was satisfied with the postoperative result
6 months after implant removal and arthrolysis.

Discussion
A recent advance in the treatment of complex distal hu-
meral fractures has been the introduction of anatomic-
ally preshaped, polyaxial angular stable locking plates
[18-20]. Besides acting as internal fixators due to their
locking fixation, screw positioning within a total range
of up to 30° can be chosen, giving the surgeon a larger
variety of screw placement [15]. The purpose of the
present study therefore was to review the short-term
results following treatment with these novel implants.
The most important finding was that usage of polyax-
ial angular stable plating systems leads to reliable results
with good functional outcome in the majority of
patients. Substantial differences between both evaluated
plating systems could neither be detected for subjective
evaluation nor for functional elbow scoring. Patients’ sat-
isfaction is directly constrained to elbow mobility. The
postoperative ROM showed significant better results
with decreased extension deficits in the Medartis® Aptus
Elbow group compared to the DePuy Synthes® group
(see Fig. 2). However, an overall extension deficit of 12.3°
(see Fig. 2) 12 months after osteosynthesis was found for
both groups which is sufficient to fulfil most of the per-
sonal daily routine activities (functional arc of elbow

45
40
35
30
25
20

o—

15

10 T

—

Extension deficiency (degrees)

6 weeks 12 weeks

follow-up

6 months

Fig. 2 lllustration of the extension deficits. Comparison of extension deficits (Mean Value and Standard Deviation) following distal humeral plating
(DePuy Synthes® vs. Medartis® Aptus Elbow) 6 weeks, 12 weeks, 6 months and 12 months postoperatively are presented in this figure. At all times
of follow-up evaluation, the extension deficits showed significant differences between the two groups (p < 0.05)

«=@==DecPuy Synthes VA-LCP

Medartis Aptus Elbow

12 months




Cronlein et al. BMC Musculoskeletal Disorders (2017) 18:547 Page 6 of 8

Wi

Fig. 3 ORIF of a distal humerus fracture (AO 13-C3) with the Medartis® Aptus Elbow System. Radiographs of a 55-year-old female patient with a
AO type 13-C3 fracture resulting from a bicycle accident: preoperative x-rays (a), postoperative results, 6 weeks (b), 12 weeks (c) and 6 months (d)
following Medartis® Aptus Elbow plating. Implant removal could be obtained after fracture consolidation (e)

motion according to BF Morrey) [10]. While both plat-
ing systems provide comparable implants in terms of
diameter, length and material, there might be advantages
in the plate design of the lateral Medartis® Aptus Elbow
plates, which are twisted from distal lateral to proximal
posterior for parallel plating in order to reduce soft tis-
sue detachment during the operation and postoperative
soft tissue irritation as well. This design feature might at
least explain parts of the slightly higher postoperative
ROM, even though not proven based on the present
data. Obvious restrictions in the postoperative ROM or
postoperative stiffness, however, defy explanation by

implant size or configuration. Rather reasonable for
postoperative stiffness in general, is the prolonged post-
operative immobilization, often used to compensate in-
adequate fixation [21]. As another reason for
postoperative stiffness, heterotopic ossifications or cap-
sule adhesions are described with rates up to 8.6% in the
current literature [22]. Two patients with extension defi-
ciencies due to heterotopic ossifications were deter-
mined in our trial (see Table 3), with only one of them
needing revision after fracture consolidation. In cases of
major extension deficiencies open arthrolysis and im-
plant removal is recommended [22], as we performed in

Fig. 4 ORIF of a distal humerus fracture (AO 13-C3) with the DePuy Synthes® VA-LCP System. Radiographs and CT Scans of a 82-year-old female
patient with a AO type 13-C3 fracture resulting from a fall. Preoperative x-rays and CT Scans (a), postoperative results, 6 weeks (b) and 12 months
(c) following DePuy Synthes® VA-LCP plating
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our case with good clinical outcome. Postoperative
Indomethacin therapy seems promising to prevent from
heterotopic ossifications following ORIF of distal hu-
meral fractures, though significant advantages are still
missing in current literature [22]. In this survey no post-
operative prophylaxis for heterotopic ossifications was
performed. However, different plate configurations are
not known to have an impact on postoperative hetero-
topic ossifications. Known risk factures are rather associ-
ated brain injury or delayed surgical treatment [22].

Knowing that bicolumnar plating is an effective and
reliable method in treating complex distal humeral
fractures [6, 23], there is little evidence of the ideal plate
positioning [24, 25]. Especially the differences of orthog-
onal plating vs. parallel plating are discussed controver-
sially in current literature. While few authors showed
higher biomechanical stability following orthogonal (90°-
90°) plating, especially in the osteoporotic bone [23, 26],
other authors refer to higher stability rates following
parallel plaiting [21, 27, 28]. Current biomechanical ex-
aminations of Kudo et al. [29], using the DePuy Synthes®
VA-LCP system showed a higher rate of secondary
displacement in the orthogonal plating orientation than
in the parallel orientation. In matters of theses contro-
versial studies we believe, according to the latest publi-
cation of Govindasamy et al. [25], that plate orientation
should be chosen according to the fracture pattern, as
both variants seem to provide enough stability to fix dis-
tal humerus fractures.

Besides the previously discussed plate positioning,
screw orientation is known to influence fracture stability,
with conventional angle stable locking systems providing
higher stability especially against rotational failure than
variable locking systems [30]. Highest stability in variable
angle locking systems can be achieved inserting the
screws perpendicular to the plate [30]. So, a higher
variability in fragment fixation using variable plating
systems, seems to be at the expense of stability.
However, statistically significant differences in postoper-
ative stability due to the used two different implant
systems, with only one patient showing a secondary loss
of reduction following treatment with the DePuy
Synthes® VA-LCP and orthogonal plating position could
not be detected in our study.

The complication rates in our study (see Table 3) are
consistent with the rates described in the current litera-
ture, accounting up to 35% [19]. These high rates can be
explained due to numerous reasons, such as the com-
plexity of distal humerus fractures, the low amount of
cancellous bone in the distal fragments and the tendency
of the elbow joint to develop joint stiffness [10, 19, 31].

This study has several limitations, including the small
number of only 17 examined patients at last follow-up
survey and the disparity of both groups (7 patients
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DePuy Synthes® VA-LCP vs. 10 patients Medartis® Aptus
Elbow). Due to the small number of patients, a differen-
tiation between the treated fracture types and the used
plate positioning (parallel plating vs. perpendicular plat-
ing) was not reasonable with respect to functional out-
comes. Also, the influence of implant removal was not
analysed. However, the presented follow-up rate of 85%,
the wide assessment of functional parameters and the
prospective randomized character certainly present the
strengths of the present survey. To the best of our
knowledge, moreover, this is the first randomized con-
trolled trial to compare two modern polyaxial plating
systems in distal humeral fracture treatment.

Conclusion

The usage of anatomically preshaped low profile locking
plates in fracture treatment of distal humeral fractures
leads to good clinical results. Even though there might
be a trend of some advances of the Medartis® Aptus
Elbow plating system concerning postoperative ROM
and elbow scoring, a crucial difference in the overall
clinical outcome between the two plating systems could
not be detected in the short-term follow-up. Further
trials with higher sample sizes are needed to prove the
advantages of these novel implant systems in the treat-
ment of these challenging fractures.

To sum up, successful management of distal humerus
fractures is essentially constrained to a correct fracture
reduction, a sufficient reconstruction of the articular
surface and a high primary stability for early functional
rehabilitation.

Abbreviations

MEPS: Mayo elbow performance score; ORIF: Open reduction internal
fixation; QuickDASH: Disabilities of the arm, shoulder and hand score;
ROM: Range of motion; VAS: Visual analogue scale

Acknowledgments
We thank Fritz Seidl, M.A. Interpreting and Translating, for professional
language editing.

Funding
No funding was obtained for this study.

Availability of data and materials

To request the raw data, the first author of the manuscript can contacted:
Moritz Crénlein, Department of Trauma Surgery, Klinikum rechts der Isar,
Technical University of Munich, Ismaninger Strasse 22, 81,675 Munich,
Germany, Tel.: 0049-89-4140-2126, E-Mail: moritz.croenlein@mri.tum.de

Authors’ contributions

MC, ML and SS were substantially involved in conception and design of the
study. MC and DP carried out patients evaluation and drafted the
manuscript. KFB and MB assisted in the literature research and performed
the statistical analysis. PB, SS and CK participated in the design of the study,
helped to draft the manuscript and noted critical revisions of the manuscript
for important intellectual content. All authors read and approved the final
manuscript.



Cronlein et al. BMC Musculoskeletal Disorders (2017) 18:547

Ethics approval and consent to participate

The study was approved by the local ethics committee (Ethics Committee of
the medical faculty, Klinikum rechts der Isar, Technical University of Munich,
Germany; study number: 253/14). Written informed consent to participate
was obtained from all participants.

Consent for publication
Written informed consent for publication was obtained from all participants.

Competing interests

Marc Beirer, MD, is a member of the Editorial Board of BMC Musculoskeletal
Disorders.

The authors declare that there are no financial or personal conflicts of
interests that could have influenced this work.

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

Author details

'Department of Trauma Surgery, Klinikum rechts der lsar, Technical University
of Munich, Ismaninger Strasse 22, 81675 Munich, Germany. 2Department of
Orthopaedic Sports Medicine, Klinikum rechts der Isar, Technical University of
Munich, Ismaninger Strasse 22, 81675 Munich, Germany. 3Departmen‘[ of
Trauma Surgery, Chirurgisches Klinikum Minchen Std, Am Isarkanal 30,
81379 Munich, Germany.

Received: 3 September 2017 Accepted: 13 December 2017
Published online: 28 December 2017

References
1. Bonnaire F, Bula P. Distale Humerusfrakturen. Trauma Berufskr. 2010;12(S2):
96-103.

2. Charissoux JL, Vergnenegre G, Pelissier M, Fabre T, Mansat P. Sofcot:
epidemiology of distal humerus fractures in the elderly. Orthop Traumatol
Surg Res. 2013;99(7):765-9.

3. Pidhorz L, Alligand-Perrin P, De Keating E, Fabre T, Mansat P. Societe
francaise de chirurgie orthopedique et t: distal humerus fracture in the
elderly: does conservative treatment still have a role? Orthop Traumatol
Surg Res. 2013;99(8):903-7.

4. Ring D, Waters P. Operative fixation of Monteggia fractures in children. J
Bone Joint Surg Br. 1996;78(5):734-9.

5. Zogbi DR, Terrivel AM, Mouraria GG, Mongon ML, Kikuta FK, Filho AZ.
Fracture of distal humerus: MIPO technique with visualization of the radial
nerve. Acta Ortop Bras. 2014;22(6):300-3.

6. Jung SW, Kang SH, Jeong M, Lim HS. Triangular fixation technique for
Bicolumn restoration in treatment of distal Humerus Intercondylar fracture.
Clin Orthop Surg. 2016;8(1):9-18.

7. Munde SL, Bhatti MJ, Siwach RC, Gulia A, Kundu ZS, Bansal S, Middha S,
Kamra HT. Double tension band Osteosynthesis in inter-Condylar humeral
fractures. J Clin Diagn Res. 2015;9(12):RC08-11.

8. Park JS, Kim YT, Choi SJ. Crisscross-type screw fixation for transcondylar
fractures of distal humerus in elderly patients. Arch Orthop Trauma Surg.
2015135(1):1-7.

9. Pooley J, Salvador Carreno J. Total elbow joint replacement for fractures
in the elderly-functional and radiological outcomes. Injury. 2015;
46(Suppl 5):S37-42.

10.  Schmidt-Horlohe K, Siebenlist S, Stockle U, Hoffmann R. Distal humeri
fractures. Z Orthop Unfall. 2011;149(1):95-108. quiz 109-110

11. Amir S, Jannis S, Daniel R. Distal humerus fractures: a review of current
therapy concepts. Curr Rev Musculoskelet Med. 2016;,9(2):199-206.

12. Korner J, Diederichs G, Arzdorf M, Lill H, Josten C, Schneider E, Linke B. A
biomechanical evaluation of methods of distal humerus fracture fixation
using locking compression plates versus conventional reconstruction plates.
J Orthop Trauma. 2004;18(5):286-93.

13.  El-Zayat BF, Efe T, Ruchholtz S, Khatib S, Timmesfeld N, Kriiger A, Zettl R.
Mono- versus polyaxial locking plates in distal femur fractures — a
biomechanical comparison of the non-contact-bridging- (NCB) and the
PERILOC-plate. BMC Musculoskelet Disord. 2014;15(369):369-76.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 8 of 8

Yenna ZC, Bhadra AK, Ojike NI, Burden RL, Voor MJ, Roberts CS.
Polyaxial screws in locked plating of Tibial Pilon fractures. Orthopedics.
2015;38(8):e663-7.

Mehling |, Scheifl R, Mehler D, Klitscher D, Hely H, Rommens PM. Are there
any differences in various polyaxial locking systems? A mechanical study of
different locking screws in multidirectional angular stable distal radius
plates. Biomed Tech (Berl). 2013;58(2):187-94.

van Olden GDJ. VA-LCP anterior clavicle plate: the anatomically
precontoured fixation system with angular stability for clavicle shaft.
Musculoskelet Surg. 2014;98(3):217-23.

Cronlein M, Zyskowski M, Beirer M, Imhoff FB, Pforringer D, Sandmann GH,
Kirchhoff C, Biberthaler P, Siebenlist S. Using an anatomically preshaped
low-profile locking plate system leads to reliable results in comminuted
radial head fractures. Arch Orthop Trauma Surg. 2017;137(6):789-95.
Hanschen M, Aschenbrenner IM, Fehske K, Kirchhoff S, Keil L, Holzapfel BM,
Winkler S, Fuechtmeier B, Neugebauer R, Luehrs S, et al. Mono- versus
polyaxial locking plates in distal femur fractures: a prospective randomized
multicentre clinical trial. Int Orthop. 2014;38(4):857-63.

Greiner S, Haas NP, Bail HJ. Outcome after open reduction and angular
stable internal fixation for supra-intercondylar fractures of the distal
humerus: preliminary results with the LCP distal humerus system. Arch
Orthop Trauma Surg. 2008;128(7):723-9.

Chen H, Li D, Zhang J, Xiong X. Comparison of treatments in patients with
distal humerus intercondylar fracture: a systematic review and meta-analysis.
Ann Med. 2017;49(7):1-13.

O'Driscoll SW. Optimizing stability in distal humeral fracture fixation. J
Shoulder Elb Surg. 2005;14(1 Suppl 5):1865-94S.

Begue T. Articular fractures of the distal humerus. Orthop Traumatol Surg
Res. 2014;100(1 Suppl):S55-63.

Leigey DF, Farrell DJ, Siska PA, Tarkin IS. Bicolumnar 90-90 plating of low-
energy distal humeral fractures in the elderly patient. Geriatr Orthop Surg
Rehabil. 2014;5(3):122-6.

Abzug JM, Dantuluri PK. Use of orthogonal or parallel plating techniques to
treat distal humerus fractures. Hand Clin. 2010;26(3):411-21. vii
Govindasamy R, Shekhawat V, Banshiwal RC, Verma RK. Clinico-radiological
outcome analysis of parallel plating with perpendicular plating in distal
humeral intra-articular fractures: prospective randomised study. J Clin Diagn
Res. 2017;11(2)RC13-6.

Gerich TG. Intra-articular fractures of the distal humerus : aspects of fracture
treatment in geriatric patients. Orthopade. 2014;43(4):347-52.

Stoffel K, Cunneen S, Morgan R, Nicholls R, Stachowiak G. Comparative
stability of perpendicular versus parallel double-locking plating systems
in osteoporotic comminuted distal humerus fractures. J Orthop Res.
2008;26(6):778-84.

Arnander M, Reeves A, MacLeod IA, Pinto T, Khaleel A. A biomechanical
comparison of plate configuration in distal humerus fractures. J Orthop
Trauma. 2008;22(5):332-6.

Kudo T, Hara A, Iwase H, Ichihara S, Nagao M, Maruyama Y, Kaneko K.
Biomechanical properties of orthogonal plate configuration versus parallel
plate configuration using the same locking plate system for intra-articular
distal humeral fractures under radial or ulnar column axial load. Injury. 2016;
47(10):2071-6.

Tidwell JE, Roush EP, Ondeck CL, Kunselman AR, Reid JS, Lewis GS.
The biomechanical cost of variable angle locking screws. Injury. 2016;
47(8):1624-30.

Fan D, Wang W, Hildebrand KA, Fan CY. Open arthrolysis for elbow stiffness
increases carrying angle but has no impact on functional recovery. BMC
Musculoskelet Disord. 2016;17(1):388.



	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Patients
	Surgical technique
	Follow-up evaluation
	Statistics

	Results
	Epidemiological data
	Clinical outcome
	Radiological follow-up

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

