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ABSTRACT

Purpose. This technical note describes a minimally invasive surgical technique for early appropriate care
in patients with high-energy, multifragmentary tibial fractures by means of safe one-stage external
stabilization with angle-stabled plates. The purpose of the presented prospective case series study was, to
explore the clinical feasibility and research the biomechanical parameters and of externalized locked plating
and, to test the functional result and clinical outcomes following the novel technique for definitive surgical
treatment for complex - meta-diaphyseal multifragmentary, proximal (with simple intra-articular) and distal
(multifragmentary metaphyseal), fractures of the shin bone.

Methods: Thirty-three patients participated in the prospective feasibility study, carried out from August
2012 to September 2023. The precise inclusion criteria were: sustained high-energy tibial trauma and severe
soft tissue injury, with complex proximal and distal meta-diaphyseal tibial fractures, stabilized with
externalized locked plating. Results: Eighteen of the patients from the prospective cohort included in the
study were followed up for an average of 21.4 + 12.3 months, union rate of 94,7%. All fractures healed by
means of secondary bone union and with minor complications. We reached a significantly shorter mean
union time was 21.1 + 4.6 weeks, for patients with proximal extra- versus intra-articular meta-diaphyseal
tibial fractures, p = 0.04. According to HSS and AOFAS scores, good and excellent functional results in
knee and ankle joints’ range of motion were accomplished among 90 percents of the patients. However,
there were no registered implant de-bricolage, non-union or severe deep infection. We had two patients
with re-fracture between the fourth and sixth week after external plate removal, who underwent secondary
surgical procedure for successful bone healing. Several screws were loosened in nine patients from the
cohort, with no negative effect on the bone union process.

Conclusions. The currently reported technique for one—stage supercutaneous fracture stabilization by means
of externalized locked plating is a novel surgical procedure for a safe external fracture fixation with LISS-
DF plate. The definitive externalized fracture plating is a viable surgical solution for natural bone union
in complex — multifragmentary meta-diaphyseal tibial fractures with injured soft tissue envelope.
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INTRODUCTION

Multifragmentary

metadiaphyseal tibial

fractures represent a heterogeneous group of
injuries, often caused by high-energy trauma,
with a prevalence between 2% and 11%. These
injuries usually result in disability with high
socioeconomic costs [1-6].

Due to their great variety combined with injured
soft tissue coverage, it is difficult to apply
standard surgical procedures, which represents
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a real challenge for modern orthopaedic
surgeons [6-9].

Contemporary  operative techniques and
methods for definitive fixation include the
use of locking plates, intramedullary nails,
and/or external fixation devices [10-16]. In
polytrauma cases with unstable (complex)
meta-diaphyseal tibial fractures, especially
those with severe local soft tissue injury
the precise timing of early appropriate
surgical treatment is a matter of greater
importance. Nevertheless, there are some
issues that need to be addressed for a
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successful treatment of multifragmentary
meta-daphyseal tibial fractures, and that can
be summarized as follows: The correct timing
of intervention, the choice between staged or
single-stage approach, and selection of
appropriate  surgical instrumentation to
minimize additional surgical trauma to the
primary injured soft tissues at the fracture site.
The duration and complexity of the surgical
intervention are critical for achieving an
optimal end result. The application of a
locking plate as an external fixator for
definitive surgical treatment of open tibial
fractures is not a new operative technique [17-
19]. Recently, an excellent final clinical result
has been reported, highlighting the advantage
of the operative technique, in terms of less
additional tissue injury and sufficient axial
and torsional stability when compared with
conventional methods of fracture stabilization
[19-32]. Several studies have focused on
experimental, computational finite element
modelling systems to investigate the
biomechanical  characteristics  of  the
externalized locked plating, such as stability
and durability of the construct. The stiffness
parameters of the plate-bone interface with
different distance of the bone in comparison
with standard monolateral external fixation
devices summarise, that the durability and
flexibility of the former, significantly depends
on the amount of plate elevation. Our previous
work has shown that the use of external locked
plating for definitive fracture fixation results
in uneventful secondary fracture healing,
when applied to carefully selected cases.
Therefore, supracutaneous external fracture
stabilization with the LCP (LISS DF) plate
requires a low-profile design with locking
plate placement as close as possible to the
skin. However, with appropriate distance of
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the plate from the bone, the interfragmentary
deformity in the fracture region under early
partial weight-bearing (PWB) was within the
range indicated for secondary bone union [21,
33-37, 44]. The aims of the study were, first,
to investigate the clinical feasibility of
Definitive External Locked Plating (DELP)
based on precise computational
biomechanical parameters and, second, to
evaluate the clinical and functional outcomes
following the application of DELP for the
treatment of multifragmentary, proximal
(intra- and extra-articular) and distal (extra-
articular) high-energy meta diaphyseal tibial
fractures.

MATERIALS AND METHODS

After a detailed explanation of the surgical
procedure, signed informed consent was
obtained from all participants. Institutional
review board approval prior to initiation of the
prospective feasibility study was obtained on
11/27 June20109.

1. Patients enrolled in the study.

Patients with high-energy Multifragmentary
meta diaphyseal tibial fractures were included
in the prospective study and were treated with
Definitive Externalized Locked Plating from
2013 to 2023. The precise inclusion criteria
were patients over 18 years of age, and those
with radiologically confirmed diagnosis of
multifragmentary extraarticular fractures of the
proximal tibia, simple intraarticular fractures of
the proximal tibia without comminution and
fragmentation, multifragmentary extraarticular
meta diaphyseal fractures of the distal tibia with
significant soft tissue injury or open tibial
fractures with suspected severe wound
contamination (Table 1) and (Figure 1A, B, C,
D).

Table 1. Fractures and soft tissue classification according to AO/OTA system.

Classification Type/Grade

Number of Patients Gender

41-C2.2
41-C2.3

41-A3.1
AQ/OTA fracture 41-A3.1

classification 42-C3i

43-A21
43-A23

7

(S I T N o T o ]

102
AQ soft tissue 102
grading system 103
104
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Pa O L =]
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Figure 1. A. AO/OTA 41C2.2 - simple intra-articular involvement of without comminution and impaction. B.
AO/OTA 41 A3.1 multi-fragmentary proximal extra-articular fracture of the tibia. C. AO/OTA 43 A2.3 distal
meta-diaphyseal fracture. D. Complex fractures with severe soft tissue injury - clinical pictures.

2. Surgical Technique

Patient setup

Patients were placed in the supine position, with
the knee semi-extended at about 30-45c,
assisted by a rolled gauze under the knee to
counteract the action of muscle forces and thus
reduce tip and anterior deformities. The
biomechanical axis of the lower limb was
restored and confirmed intraoperatively in
coronal plane by the Bowie technique using a
cautery cord. In addition, before final fixation
of the fracture, the absence of malalignment in
axial plane without any apex-anterior or apex-
posterior deformities in the sagittal plane was
checked and confirmed. For intraoperative
evaluation of rotational malalignment, the

Clemens alignment method, modified from
Eckhardt's technique was preferred [38].

Avrticular Joint Surface Reduction.

In patients with simple intra-articular fracture of
the proximal tibia, anatomic reduction of the
articular surface was achieved at the beginning by
means of ligamentotaxis and indirect reduction
approach with compressive percutaneous fixation
techniques, using one or two 6.5-mm cannulated
screws or three 3.5-mm subchondral rafting
screws, thus converting the fracture pattern from
AO/OTA 41C2. 2 to 41A3. The joint capsule of
the knee joint was preserved intact, thus avoiding
the risk of deep infection or septic arthritis with
subsequent knee stiffness, and permanent
disabling contracture.
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Definitive Externalized Locked Plating.

Eleven-hole LISS DF plates were used as an
external monolateral bridging splint, with the
area of the holes (holes A to G, Figure 2)
offering an opportunity for adequate purchasing
of the locking screws in the short metaphyseal
tibial segment. Ipsilateral, inverted plates (left
LISS DF for left proximal tibia) were applied to
stabilize proximal, metadiaphyseal fractures,
whereas contralateral, noninverted plates were
used to treat distal, metadiaphyseal fractures.
Nine locking screws (No.l to No.9) of an
appropriate length and specific placement
sequence were used as shown, and (Figure 2 A,
B, C) at least a 15 mm safety distance, to the
articular surface was ensured to avoid knee joint

A B.
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penetration. For that purpose, a temporary
subchondral Kirschner (K-) guide wire was
introduced from the medial to lateral direction
under the C-arm. Then, with another K- wire,
inserted into the E-hole, the plate was
positioned parallel to the anteromedial aspect of
the tibia. Only, if necessary, additional small
stab incisions were made to aid reduction.
Manipulation of the fragments through the
primary wound in open fractures was possible
after debridement and copious irrigation of
primary wound to reduce the risk of subsequent
infection. Manual traction (ligamentotaxis) was
applied along to the long axis of the limb to for
adequate fracture alignment.

C

Figure 2. A, B. LISS DF plate -proximal segment screw distribution. C. Externalized locked plating with sample

sequence of screw insertion into the locking LISS plate.

Initially, screw No.1 was placed in one of the
holes of the cluster zone (A to G, Figure 2 C),
parallel to the articular surface and was
tightened, but not locked yet. Under C-arm
control, the screw purchase direction, was
chosen to avoid penetration into the fracture
lines. The screw length was calculated by
adding the predetermined plate elevation from
bone (15 to 30 mm) to the measured screw
depth, considering the presented thinner or
thicker skin coverage and the presence or
absence of soft tissue oedema. Then screw No.2
of the appropriate length was inserted into hole
number eight of the plate, which was tightened
but not locked either. Thus, a splinting construct
was built with a predetermined plate-bone offset

(height), with adequate alignment of the
fractured bone, and a defined initial plate
working length. A tighten, but not locked, screw
No.3 (drop screw) was then placed straight
beneath the diaphyseal edge of the fracture zone
to minimize shear forces and to determine the
effective final external plate working length,
that corresponded to the fracture boundaries. At
that stage, a mandatory fluoroscopic check was
performed to verify the alignment in the frontal
and sagittal planes. Three more screws were
inserted and locked, and all remaining screws
(No.4 to No.9), were inserted and locked either
(Figure 3).
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Figure 3. Persolphotographs of patients wi proximal (left) and distal (right) meta diaphyseal fracture fixed
by externalized locked plate using ipsilateral inverted or contralateral noninverted LISS-DF plate, respectively.

Computational biomechanical analysis of
the bone-plate-fracture interface.

To investigate the biomechanical stability of
externalized locked fixation of proximal and
distal unstable tibial fractures, bone-implant

B.

constructs with variable elevation from bone
representing different soft tissue envelope
thicknesses, were evaluated, and compared
using finite element (FE) simulations adopted
from previous work [44].

Figure 4. A. Antero-medial coronal and lateral views of virtual 3D model of bone-plate construct with an unstable
proximal tibial fracture. B. Unstable distal tibial fracture (mimicking a compound fracture by osteotomizing a 20-
mm gap and fixed with a 22-mm plate elevation, representing an externalized locked cover with a soft tissue

thickness of 20 mm).

The FE models were meshed with square
hexahedral elements, using Simple ware
software (Simple ware Ltd., Exeter, UK), and
the elastic properties of the bone elements were

correlated based on BMD baseline values using
an established relationship (Figure 4 A, B) [41].
The elastic properties of stainless steel were
determined for the screws and plate (Young's
modulus: 210 GPa; Poisson's ratio: 0.3). The
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screw-bone and screw-plate interfaces were
determined to be bonded. The boundary
conditions reproduced an axial load of 250 N or
800 N, representing partial or full weight
bearing, respectively, as described previously
[38]. Finite element analyses were performed
using Abaqus (V.2019, Simulia, Dassault
Systemes,  Velizy-Villacoublay,  France).
Fracture gap motion was measured by tracking
the displacement of two nodes on the fracture
plane in the far cortex. The fracture deformation
(strain) was calculated by dividing the amount
of interfragmentary motion by the fracture
width of 20 mm.

Postoperative protocol for early controlled
PWB.

From the first to the seventh day after surgery,
patients began to walk on the toes of the
affected foot. At the third postoperative week,
in the later phases of callus maturation with
clinical evidence of fracture stability, walking
was performed with the PWB on the limb until
radiographic confirmation of callus formation.

After successful radiographic confirmation of
callus formation by the twelfth postoperative
week, full weight bearing (FWB) of the affected
limb was initiated. In the absence of patient
complaints, four weeks after FWB without
aided support and after a new set of orthogonal
radiographs, the external plate was removed
without anaesthesia in the outpatient setting.

Statistical analysis and data collection.

All patients in the present study were followed
up with orthogonal radiographs at 24 hours
postoperatively, at the third, sixth, and twelfth
weeks, and at two-month intervals thereafter.
Patients were analysed in different subgroups
based on the following categories: age less than
50 years and more than 50 years, location of
fracture (proximal or distal tibial meta
diaphysis), severity of fracture based on the
presence or absence of joint involvement
(simple or complex), and degree of soft tissue
damage (based on the AO soft tissue scoring
system: mild or severe). Four categories were
used to assess clinical outcomes: operative time,
fracture healing time, functional assessment
scores using the Hospital for Special Surgery
(HSS) (to assess the knee joint) and the
American Orthopedic Foot and Ankle Score
(AOFAS) (to assess the ankle joint), and knee
and ankle joint range of motion (ROM) at the
fourth week after surgery and at the final
follow-up one month after plate removal. At
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each consultation, the leg was checked for signs
of superficial infection and/or screw loosening.
Statistical analysis was performed with the
SPSS software package (V.27, IBM, Armonk,
NY, USA). The normality of the data
distribution was checked and proved by the
Shapiro-Wilk  test.  Mann-Whitney  and
WilcoxonSigned - Rank tests were performed
to detect significant differences between
different subgroups of patients according to the
defined categories and the significance level
was set at 0.05 for all statistical tests.

RESULTS

1. Clinical Outcomes

Thirty-three  patients participated in the
feasibility project. The prospective cohort study
included 18 patients (15 men and 3 women)
aged 53.8 +_ 15.9 years (mean +_ standard
deviation, range 22-85 years). Most patients in
the cohort (83%) underwent surgery after
stabilization of their vital signs and within the
first 24 hours of admission. Skeletal traction for
more than 24 hours was used in 3 (17%) patients
who had multiple injuries to provide temporary
fracture stability. All patients were followed for
a period of 21.4 +_ 12.3 months (range 14-60
months). The duration of surgery was 33.9 +_
7.1 min (range 20-45 min), and intraoperative
X-ray irradiation lasted 19.6 +_ 7.9 s (range 11-
43 s). In 17 cases (94%), the fractures healed
without complications; the mean healing time
was 21.1 +_ 4.6 weeks (range 12-29 weeks).
Patients with simple, extra-articular,
multifragmentary fractures had significantly
shorter healing times compared with patients
with complex intra-articular fractures (p =
0.04). No other significant differences in
clinical outcomes were found between patient
subgroups.

2. Complications

There were two patients with delayed union
followed by refracture 6 weeks after the plate
removal, one patient with a varus knee joint of
seven degrees with a leg length difference of 2.5
cm, one case with extensor knee contracture due
to septic arthritis, and nine cases with screw-
loosening of sixteen of all screws applied for
externalized locked plating in the researched
cohort. No screw or plate breakage or deep
infections, were observed (Figure 5). In 4
patients, there was mild, superficial skin
irritation around the screw entry orifices of
grade 1-2 according to the Checketts-Otterburn
classification with skin granulation up to 4 mm:
Three patients had skin granulation of 4 to 10
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mm, and one patient had bleeding skin
vegetations (hyper granulation with secretion)
(Figure 6). In one patient, plastic repair of the
primary wound was necessary. In another
patient with severe soft tissue injury and an
open fracture, fasciotomy was performed,
although there were no clinical signs of

C
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compartment syndrome. On the first day after
surgery, a significant reduction of posttraumatic
soft tissue oedema of the injured leg was
observed, and by the end of the first
postoperative week it had completely
disappeared, probably due to early active
rehabilitation.

« ME 3

Figure 5. Final follow-up (A, B, C) and (D, E, F) of patients Wlth fracture type AO/OTA 41C2.2 - healed proximal
tibial fracture with simple intra-articular involvement of both tibial condyles without intra-articular comminution
and impaction (radiographs A, B), an AO/OTA 41-A3.1 healed multifragmentary proximal tibial extra-articular
fracture (radiographs C, D), and healed AO/OTA 43-A2.3 distal tibial multi-fragmentary meta-diaphyseal fracture
(radiographs E, F), all were accompanied by significant soft tissue injuries and treated via Definitive Externalized

Locked Plating.

3. Functional Outcomes

In each separate subgroup, all functional
outcomes, except knee joint ROM in extension,
demonstrated a significant increase between the
fourth week after surgery and the final follow-
up (p < 0.04). HSS was significantly lower for
patients with complex versus simple fractures in
the fourth week after surgery (p = 0.04). Knee
joint ROM in flexion was significantly higher at
the fourth week after surgery for patients
suffering distal versus proximal fractures and at
the final follow-up for patients younger versus
older than 50 years (p < 0.01). The ankle joint
ROM in plantar flexion was significantly higher
in the fourth week after surgery for younger
patients versus older than 50 years (p = 0.04).
No other significant differences in functional
outcomes were found among relevant patient
subgroups.

DISCUSSION
Our prospective cohort study was focused on
the clinical and functional outcomes associated

Flgure 6 Clinical appearance after pIate removal and at the final follow-up.

with definitive external locking splinting of
multifragmentary, proximal intra-articular, and
distal extra-articular meta diaphyseal tibial
fractures. The promising clinical results in this
study were supported by the computational
results of the virtual biomechanical analysis
performed, which concluded that
interfragmentary motion during the early
postoperative period remained within the range
indicated for uneventful secondary fracture
healing. Adapted for the treatment of fractures
with special indications, the technique of
external, low-profile, locking plate fixation
provided a viable and attractive alternative to
conventional methods of external fixation and
may have had a higher rate of patient acceptance
while not compromising fixation stability [18,
25, 37, 44].

The presented technique was characterized by
relative simplicity of performance, less soft
tissue scarring with less additional soft tissue
injury, improved cosmetic appearance, and
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more convenient implant removal, thus meeting
the criteria for biologic fixation and therefore
reducing the risk of complications. [20, 23-25,
41].

Its use, especially in the setting of a single-
staged surgical intervention, can shorten the
overall duration of surgery, diminish the time
for intraoperative X-ray exposure, and reduce
both the length of hospitalization and medical
costs. The externalized locking plate acts as a
supportive monolateral, external splinting
device. Thus, it provides relative stability,
needed for the secondary healing of the fracture
by easily maintaining skin hygiene around the
screws, being less noticeable and aesthetically
acceptable to the patient [6]. Due to its low
profile, the plate can be placed very close to the
skin and then easily hidden under the patient's
clothing, thus overcoming the disadvantages of
a conventional external fixator [32, 42].
Typically, both techniques, which use either
conventional external fixators or externalized
locking plates, rely on fixed-angle stabilization,
either between the pins and the fixator sidebar
or between the screws and the plate, to span the
fracture at a fixed distance along the bone
surface without any significant additional
irritation to the periosteal blood supply [37, 43].
Furthermore, to achieve a suitable mechanical
environment for secondary bone healing, both
techniques  allow  minimally  invasive
osteosynthesis and an opportunity to modulate
the stiffness of the construct to a certain degree
[37, 45]. However, despite the presumed
similarities between the techniques, there are
some significant differences, which relate
primarily to the methods of control of the strain
at the fracture site, the degree, and the extent to
which the construct stiffness can be modulated
[37]. While conventional external fixators can
be applied in a variety of frame configurations,
allowing more appropriate stiffness control over
a wide range of pin configurations, the range
over which the stiffness of an external locking
plate construct can be modulated is much
narrower, if compared to standard external
techniques, because the number of screw holes
that can be occupied is limited [37,46].
Furthermore, unlike conventional external
fixators, it is not possible to increase the number
of rods/respectively screws to increase the
stiffness of the construct when a definitive
externalized locked plating technique is applied
[37]. Another significant difference between the
two techniques is that the externalized locked
plating requires a good reduction prior to final
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screw locking fixation, due to the limited
possibilities for additional adjustments of the
bone fragments, that can be made afterward.

The externalized locked fixation has the
following disadvantage: it can be difficult to
position the plate and adjust the direction of
each individual screw, both because of the
locking mechanism and because of the precise
intra articular fracture site reduction,that must
be achieved and maintained [20]. Variable-
angle locking technologies offer more freedom
in regard, allow to some extent even an
individual screw orientation.

However, the surgical technique associated
with single-stage externalized locked fixation
was adapted in the present study to: (1) achieve
appropriate indirect fracture reduction, (2)
temporarily optimal positioning and alignment
of the plate in the coronal and sagittal planes,
along with the predetermined plate elevation
and the specified initial fixation range, (3) initial
sequential insertion and tightening of all screws
in the plate holes without locking, (4)
fluoroscopic inspection to verify alignment in
the coronal and sagittal planes, and (5) locking
of the inserted screws in a predetermined
sequence. The operative time in the present
study, was similar for unstable proximal and
distal meta diaphyseal simple and complex
fractures were comparable to previous reports
[23, 24]. The fracture healing time in the present
work, was significantly different for patients
with intra-articular and extra-articular fractures.
It was within the reported healing time range in
previous studies [6, 21, 24]. The presented HSS
and AOFAS scores assessed in the fourth week
after surgery and at the last follow-up were
consistent with previous studies [21]. In all
patients in the current cohort, plate to bone
elevation was equal to or less than 30 mm to
maintain a stable fracture fixation in accordance
with previous studies [33, 47]. In a prospective
series of 25 patients with segmental tibial
fractures treated by a two-stage procedure
including supercutaneous locked splinting, the
reported rates of excellent and good functional
outcomes were 84% and 16%, respectively [22].
In a review of a clinical study on a total of 254
patients treated with externalized locked
plating, only 2 cases of nonunion were reported
with an average bone inion rate of 99.2% (range
95.7 - 100%), and a low rate of implant
complications, with only 1 broken plate, 5 cases
with 6 loose screws, and 3 cases with 4 broken
screws [6].
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In the present study, the rate of bone union was
94.7%, with no screw or plate breakage and 9
cases with 16 loosened screws. The results of
the virtual biomechanical analysis confirmed
previous findings, that partial weight bearing is
possible in fractured meta-diaphyseal tibia fixed
by external locked plating with plate elevation
up to 30 mm when patients' activities are
carefully considered and strictly controlled in
the early postoperative phase [33, 35, 44].
Limitations of the present study include the
degree of generalization of the results, given the
small cohort size of patients treated at a single
medical center by a single surgeon, the risk of
errors, and the lack of a control group. In fact,
an important strength of the study was the
inclusion of patients with both proximal (intra-
articular and extra-articular) and distal (extra-
articular) metadiaphyseal tibial fractures.
Another important advantage is the high patient
acceptance of the definitive externalized locked
plating technique. In addition, all surgical
procedures and follow-up patient’s evaluations
were performed by a single surgeon at a single
centre with the same technique contributes to
the validity of the result. More randomized,
multicentric, prospective clinical trials are
needed to confirm the above-mentioned good
clinical results and excellent functional
outcomes.

CONCLUSIONS

Definitive externalized locked plating applied
to carefully selected patients, who meet the
strict inclusion criteria, provides adequate
biologic fixation, and yields promising clinical
outcomes. Externalized locked fracture fixation
represents an attractive minimally invasive,
one-staged biologically safe surgical technique,
when compared to conventional methods of
external fixation. The success of the presented
technique is assured when surgeons precisely
follow to the inclusion criteria, surgical
algorithm, sequence of screw purchasing and
the early postoperative rehabilitation protocol.
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