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Abstract

Background:

Tibial platfond fractures are usually associatethwnassive swelling of the foot and ankle, as waslWwith open
wounds. This swelling may cause significant deaedghe blood flow, so the state of the soft tssu
determinant for the surgical indication and theetg implant. This retrospective study compareauttien times
in cases of tibial plafond fractures managed willylarid external fixation as a definitive procedusgsus those
managed with a two stage strategy with final pliigtion.

Materials and Methods:

A retrospective study in a polytrauma referral hit@gpvas performed between 2005 and 2011. Patieitiisa
tibial plafond fracture, managed with a hybrid exte fixation as a definitive procedure or managt a two
stage strategy with the final plate fixation wareliided in the study. Postoperative radiographe wealuated
by two senior surgeons. Fracture healing was defasecallus bridging of one cortex, seen on bd#rdaand
anteroposterior X-ray. The clinical outcome wasleated by means of 11 points Numerical Rating Sfmale
pain and The American Orthopedic Foot and Anklei@g@nkle score, assessed at the last followlip vis
Thirteen patients had been managed with a hybtietesl fixation and 18 with a two-stage strategthwie
final plate fixation. There were 14 males and Ividkes with a mean age of 48 years (range 19-83)yé&dre
mean followup was 24 months (range 24—70 months).

Results:

The mean time from surgery to weight bearing wa$736 days for the hybrid fixation group and 57+4B85.46
days for the plate fixation group & 0.0001); and the mean time from fracture toatagjical union was 133.82
+ 37.83) and 152.8 + 72.33 days respectively (0.560).

Conclusion:

Besides the differences between groups regardababkeline characteristics of patients, the resftilisis study
suggest that in cases of tibial plafond fractuttes,management with a hybrid external fixation dgfnitive
procedure might involve a faster union than a tteme management with final plate fixation.
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INTRODUCTION

Tibial plafond fractures are comminuted fracturéthe distal tibia, which involve a traumatic axiead
mechanism that leads to destruction of the joirflase. These fractures are usually associatedmaitsive
swelling of the foot and ankle, as well as with opeunds. The swelling may cause a significantekese in the
blood flow and the state of the soft tissues isinheintal for the therapeutic indication and theetyb implantf1
The surgeon's preference and experience also @taiysportant role in the choice of treatmeént.

Treatment options are open reduction and intemgid” fixation, closed reduction and internal “lbdgical”
fixation with minimal periosteal stripping and peegation of soft tissues and external fixation vatleservation
of the soft tissues, with or without minimal ostgaihesis and the possibility of immediate weighdriogy.

There is broad consensus that status of the seftdiis the first priority because it is the bémidracture
healing and good long-term outcomes. Surgicalwetetion can be managed as a one- or multi-stageeguve,
with internal or external fracture fixatich. Thegigal approaches necessary for plating might caugeat
insult to the soft tissue, which might involve tievelopment of surgical wound infections and sldorosis that
could compromise and delay the union process amgmmise the functional outcome. The importanceef
hybrid fixation lies in the fact that the soft tigsis minimally affected, the joint movement isggeved, the
weight bearing can be allowed early thus promdtiagture union.

This retrospective study compares the union timesases of tibial plafond fractures managed witlylarid
external fixation as a definitive procedure verthase managed with a two-stage strategy with firegte
fixation. This study also compares the long termichl and radiological results of patients who laaibial
plafond fracture that were definitely treated wathybrid external fixator or with a two stage stpt with final
plate fixation.

MATERIALS AND METHODS

This study was performed in a polytrauma refercadital between 2005 and 2011. 31 patients witbial t
plafond fracture managed with a hybrid externadtion as a definitive procedure or managed with@adgtage
strategy with final plate fixation were includedthre study. The following retrospective data weathgred from
the electronic medical files: Date of birth, gendfate of tibial plafond fracture, type of tibidafond fracture
according to the AO/OTA classification, mechanishmjury, associated lesions, date of surgery, typsurgery
and adverse events related to treatment.

Simple X-ray in the anteroposterior and lateralwsiavere performed in all the cases, as well asparedive
computed tomography (CT)-scan with three-dimengdimewnstructions. Fracture type was classifie®ating
to the AO/OTA classificationHigure 1§ Open fractures were classified according toGiustilo and Anderson
classificatiort*

The type of surgery and the timing of the managémwene decided by the consultant in charge of evasg.
These decisions were mainly based on the statile @foft tissue, which is the most important faéboithe
surgical timing and the type of surgery. Surgeng warformed when the skin showed wrinkles and there no
blisters. Careful preoperative planning was perfairm all casesHigure 18.

13 patients had been managed with a hybrid extéixadion and 18 patients had been managed wittoastage
strategy with final plate fixation. There were 14les and 17 females with a mean age of 48 yearggra9—82
years). The mean followup was 24 months (range @4rdnths). The right tibia was involved in 17 patseand
the left in 14 patients. The associated lesiongracture middle third forearnm € 1), fracture distal radius (

= 2) in the Open Reduction and Internal Fixatioo@r (ORIF-group) and elbow fracture dislocatiore¢odnon
fracture) 0 = 1), distal radius fracture & 1) and proximal humeral fractune £ 1) in the Hybrid Fixation

Group (HY-FIX-group), Table 1.

In the ORIF-group, temporary stabilization was perfed at the first moment in 22.22% (4/18) patiemt$.6%
(1/18) of these patients, a transcalcaneal tragtitmBraun's frame was used, and in 16.7% (3/18e
patients, a monolateral external fixator was usethe rest of the patients of the ORIF-group,fite stage of
the management consisted of an immobilization efiély and ankle with a posterior slab. In 100%X3B6f the
patients of the HY-FIX-group, hybrid external fiiat was performed within the first 48 h after fraret.
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The surgery was performed under epidural anesthesidemoral nerve block. In patients with closedtfures
and in patients with open fractures Grade | and {,of cefazolin was administrated half an hodokeesurgery
and 2 g every 8 h during 24 h. In patients withrofsactures Grade lll, 1 g of cefazolin every 8nd 240
milligrams of gentamicin per day was administrdmd3 days starting since the patient was admiti¢te
hospital. In open fractures, an exhaustive lavage @one in all cases at time of admission. In tipagents with
open fractures in which surgery had to be delagednbre than 3 days, antibiotics were administraig@tihg the
first 3 days. Low-molecular heparin prophylaxis vgagen from the day of admission until 20 days rafte
dischargé

All patients were operated by two senior surgetu$3/(and JDC).

HY-FIX-group

All patients of the HY-FIX-group were operated vath tourniquet. In 53.84% (7/13) of patients of Hhé-FIX-
group, an intraoperative transcalcaneal tractios placed in order to achieve proper alignment addation [
Figure 1¢. The hybrid external fixators used were Orth@f()?l’exas, USA). The postoperative immediate
equinus attitude of the foot was managed by mehasling that was holded to the external fixateg[ire 14.
In none of the patients of the HY-FIX-group pinninghe first metatarsal was performed, in ordealtow a
free range of motion (ROM) of the ankleiure 23 and early weight bearing-[gure 2. Intraarticular
reduction was achieved by means of the transcadt#maetion, ligamentotaxis and Olivewire. In nafehe
patients with the HY-FIX-group minimal internal &tion of the tibia was performed. In 92.3% (12/@B)he
cases of the HY-FIX-group a fibular plate was ugédure 2§. In one of the patients of the HY-FIX-group
lateral translation of the distal fracture fragmesats observeddigure 34 so it had to be surgically corrected by
means of a second surgery that consisted of putfiedially with Olivewire [Figureb andc]. In the HY-FIX-
group, no bone grafting was used.

ORIF-group

In the ORIF-group, the timing of definitive platigdtion was established by means of daily evaluadiothe

skin. All patients in the ORIF-group were operateder tourniquet. Intraarticular reduction was aehi by
means of direct manipulation of the fragments anoipional fixation with K-wire. The polyaxial lookg plates
(A.L.P.S, Biomet, London, United Kingdom) used welré medial plates [Figuréaandb], 4 anterolateral plates
[Eigure 4¢ and 12 fibular platesHigure 44. In 27.77% (5/18) of patients of the ORIF-groagnimal internal
fixation of the tibia was performed by means o&ses. In 66.7% (12/18) of the cases of the ORIFg@u
fibular plate was used. In the ORIF-group bonetgrgfwas used in 1 case.

The postoperative radiographs were evaluated Hythetsenior surgeons (LSV and JDC). Fracture mga&las
defined as callus bridging of one cortex, seenath kateral and anteroposterior (AP) X-r:%/s. 2242 (4/18)
of the cases of the ORIF-group, fracture healirdjtbabe assessed by means of a CT-scan, becaysatthe
obstructed the visualization of the callus on theaX

The clinical outcome was evaluated by means olihpoints Numerical Rating Scale (NIRS ) for pain &hd
American Orthopedic Foot and Ankle Society (AOF&8kle score, assessed at the last followup vikie. T
Checketts-Otterburns classification was used tordespin infectiond.

Statistical analysis

In this study, no formal sample size was calculafé sample was confirmed by all of the patieffithe study
period who fulfilled the inclusion criteria. Stdteal analysis was carried out according to the mlete sample
analysis.

Continuous variables are presented as mean ardhsthteviation (SD), mean and range or median and
interquartil range (IQR). Categorical variables aresented as percentages and frequencies. Thienskap
between variables was analyzed with contingendgsdaior the categorical ones, and the inferencestiaied

with thex2 test or Fisher's exact test depending on whaespanded. The inference in continuous variables was
calculated with th&lann-Whitney test, and their results are presented with their cpording SD. The level of
significance was set at 5% € 0.05). Data were analyzed by use of the SPSSRSS Inc., Chicago, IL, USA).

RESULTS
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In the HY-FIX-group, the mean time elapsed fromeexal fixation to removal of the device was 146:873.51
days. In one of the patients, the external fixht to be removed 3 weeks after fixation becausataerance
of the pins, so the rest of the treatment was nechagth a cast.

Early weight bearing was allowed in 84.6% (11/1f3the cases in the HY-FIX-group and in none of¢hees in
the ORIF-group. The mean time elapsed from surgeweight bearing in both groups is showable 2

Radiographic followup

92.3% (12/13) of cases in the HY-FIX-group unitethaut the need of any extra surgical revisiorthien ORIF-
group, there were no alignment defects or limb lertifferences in the telemetry x-rays. In the H¥dgroup,
the final alignment was satisfactory (<5° of angjolain any axis of the tibia) in 9 cases. One aasited in a
10° varus position of the distal fibula, reason valmyosteotomy of the distal fibula had to be penfedt 5 months
after the fracture. In 1 case, an osteotomy ofithda had to be performed to correct valgus malarof the
fibula. In 2 cases, the final union was achievetthwitibial antecurvatum of 9° and 10° respectiJEigure 54
and in 1 case the final union showed a valgus defgrof the ankle of 11°.

Clinical followup evaluations

At the last followup visit, the mean NRS for paias\3.1 + 2.53 in the HY-FIX-group and 2.64 + 1.8%he
ORIF-group P = 0.836) and all the patients of both groups vedale to walk without the need of crutches. The
mean value of the AOFAS scale at the final followugs 84.4 (¥22.47) in the ORIF-group and 77.33 832n
the HY-FIX-group P = 0.646).

The ROM of the ankle was: Mean plantar flexion 3%.3° in the ORIF-group and 33 £ 2.8° in the HY-FIX
group P = 1.000); mean dorsiflexion 10 + 3.3° in the ORJfeup and 11 + 2.9° in the HY-FIX group €
1.000).

Complications

Infections were divided into superficial infectiofssiperficial to the fascia), Pin-site infectiomglasurgical
incision infection) and deep infections (deep @ fifiscia, like osteomyelitis). One case in the HX-§roup
developed a deep infection 3 months after fractuhéch had to be treated by means of removing xtereal
fixator, surgical debridement and antibioti€sjure 5i. Totally, 3 cases in the HY-FIX-group had a late
infection of pin tracts and were managed with aotibs. Skin necrosis was observed in 3 caseseoORIF-
group and in 1 case the fibular plate had to beoveh.

DiscuUssION

The main finding of our study shows that in cadeb@l plafond fractures, the management withybarkd
external fixation as a definitive procedure mightalve a faster union than a two stage managemigémfinal
plate fixation. Even though the differences betwientwo groups were not statistically significaist-a-vis the
elapsed time from fixation to radiological uniomgethe fact that there were important differencstsvben
groups regarding the type of fractures, we beltbag the early weight bearing of patients of theHX-group
and the lesser aggression to the soft tissuesviestalith this treatment method, could suppose erdehant
factor in the biomechanics of the union process.

Previous studies have reported satisfactory urdtesrwhen using the external fixation strategy @sfiitive
method of treatment in cases of tibial plafondtinaes? Hybrid external fixation systems in caseshidl
plafond fractures allow early mobilization and witpearing. The use of circular frames is considi¢veallow
better indirect reduction, progressive correctibdeformities and offer improved resuldll  The dyimation
effect of the fracture that is obtained with théig fixation is considered to promote healing anébn.
Systems too rigid and surgical approaches too agiyeemight predispose to the development of namuni

Open reduction and internal fixation with platiregrains the gold standard for the treatment ofltfdafond
fracturest? There has been an increasing trend tbthiaruse of contoured polyaxial locking platesabse the
good match between the plate and the distal pdhtedfibia reduces the prominence and soft tissuertalS It
has been shown that they maximize periarticulanfrent fixation, provide a better pullout strengtidl @ngular
stability around small distal fragmer%. Despite tieoretical advantages of this type of fixatergrce
information regarding the clinical results of traaint has been published. On the other side, ibbes certainly
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proved that minimally invasive techniques reducemeébcomplications thus favoring the healing proc—léss

It has been shown that closed fractures heal signifly faster than open fractures; and that frestumanaged
with minimally invasive techniques also heal faskem fractures managed with open conventional
approacheé.3 In our study, open fractures were presalent in the group that was managed with anmafiy
invasive technique (HY-FIX-group). Even though titogadiological union was shorter in the HY-FIXagp
when compared to the ORIF-group, these results mskatify the idea that minimally invasive techreg that
are less aggressive with the soft tissues preskevieone healing potential.

Previous studies have reported a low rate of repipers when managing tibial plafond fractures witHybrid
external fixation as a definitive method of treatts€ It has been observed a lesser loss of alignuaiémt
hybrid external fixators that with monolateral fizesl/ Randomized prospective studies that compaFrié
and external fixation concluded that external fixatwas associated with significantly fewer comgtions when
treating high-energy tibial plafond injurié@.l—9

Lower rates of infections have been reported whdmith thin wire external fixation methods were u$edthe
management of articular fracturds. It has beenralgorted that the soft tissue affection of ORIRhnds
could predispose to high rate of infections assttie vascularity might be compromised by the suaigic
approaci’iz.—l As far as our knowledge, there is scangarative data regarding the rate of infectionsaises of
tibial plafond fractures managed with an Hybrideeral fixation or with a two-stage management \iithl
plate fixation. Although the differences in ourdjare not statistically significant, the propontiof deep
infections was lower in the HY-FIX-group when cormgrhto the ORIF-group. We believe that less aggress
surgical approach performed in cases of the HY-§i&up had an influence on these results.

Previous studies have reported that osteosyntbegie fibula is crucial in order to guarantee agar reduction
and alignment of the ankle joint in cases of tilplafond fracture$? Al fibular fractures (92.3%)the HY-
FIX-group of our study were managed with intermedtion associated to the hybrid external fixatadrihe tibia.
In all these cases, internal fixation of the fibwlas performed first followed by the external firatof the tibia,
because initial fixation of the distal fibula regte the length of the limb and facilitates indirelcised reduction
and percutaneous pinning of the tibial plafondtires

Management of tibial plafond fractures is techdjcdemanding and it should be only relegated taiice
trauma units with experience in the treatment of kind of complex injuries. Open anatomical rechrciand
plate fixation is technically a highly demandinggedure; but closed anatomic reduction, pinningtion and
stabilization with a circle frame, is a procedurattshould be only relegated to surgeons famibarizith this
kind of specific procedures.

The main limitations of this study are: Its retresfive design, the heterogeinicity of the patholagy the
treatments strategies, the fact that the populatias not stratified in sub-groups, and the fact tia patients of
the HY-FIX-group were mainly operated by one surgand the cases of the ORIF-group were mainly epéra
by another surgeon.

Besides the differences between groups regardmbabkeline characteristics of patients, the restilisis study
suggest that in cases of tibial platfond fractutles,management with an hybrid external fixatiom aefinitive
procedure might involve a faster union than a ttege management with final plate fixation.
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Figure 1

(a) Simple X-ray, computed tomography (CT)-scan sagittal reconstruction asch@Three-dimensional reconstruction showing
tibial plafond fracture AO/OTA 43-C2. (b) Drawing of the preoperative planninthéoproper reduction and pin placement. (c)
Intraoperative transcalcaneal traction useful to achieve proper redddiidmmediate postoperative fixation, in which a sling is
placed to hold the foot in order to avoid the equinus position of the foot thus saving rakpetaiag
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Table 1

Clinical details of the patients

Patients Total (n=31) HY-FIX- group (n=13) ORIF-group (n=18) P
Male/female n(%)n (%) 14 {(45%)/17 (55%) T (54%)/6 (46%) 7 (39%)/11 (61%) 0.4809
Age (years old) Mean (range) 48 (19-82) 43.3(19-82) 526 (28-81) 0.1643
AQIOTA
43 A1 n (%) 9 (29%) 1(7.7%) 8 (44 4%) 00448
43 A2 n (%) " o -
43 A3 n (%) 2 (6.5%) 1 (7.7%) 1{6%) 1.0000
43 B1 n (%) 3(9.7%) = 3(16.7%) 0.2452
43 B2 n (%) 1(3.2%) 1 (7.7%) & 04194
43B3 n (%) < % =
43C1 n (%) 1(32%) 1 (7.7%) - 04194
43C2 n (%) 6(19.4%) 3(23%) 3(17%) 06758
43C3 n (%) 9 (29%) 6 (46.1%) 3(17%) 0.1143
Closed n (%) 19 (61.3%) 4 (31%) 15 (83.3%) 0.0075
(Gustilo and Anderson open
Grade 1 n (%) 7 (23%) 5 (38.4%) 2 (1%) 0.0994
Grade 2 n (%) 1(3.2%) 1 (7.7%) & 04194
Grade 3A n (%) 4 (13%) 3(23%) 1 {6%) 0.2836
Grade 3B n (%) 5 = = -
Grade 3C n (%) - - = -
Mechanism of injury
Motor bike accidents n (%) 15 (48 .4%) T (54%) 8 (44.4%) 0.7224
Sports accidents n (%) 4 (13%) 1(77% 3(17%) 06207
Fall from height n (%) 7 (23%) 4 (31%) 3(17%) 04130
Others n (%) 5(16.1%) 1(7.7%) 4 (22.2%) 0.3679

AD/OTA=Arbeitsgemeinschaft fir osteosynthesefragen/onthopaedic rauma association, HY-FIX=Hybrid fixation. ORIF=0pen reduction and intemal fixation
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Figure 2

(a) Clinical photograph showing ankle range of motion 10 days after hybrid extertiadfiXh) Clinical photograph showing
that early weight bearing is allowed in order to promote union (c) Clinical aralagitial aspect of a tibial plafond fracture
AO/OTA 43-C1 30 days after fixation
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Figure 3

(a) Postoperative X-ray of ankle joint with leg bones showing lateral trenmstetthe distal fragment (b) The lateral translation
was corrected by means of a Olive-wire in same patient (c) X-ray anteoposiew of ankle joint and clinical photograph (d)
showing fracture union and fixator has been removed; patient weight bearing (ats fatiowup)
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Figure 4

(a) Peroperative photograph showing anteromedial approach to the distal tibfa pegform open reduction and internal
fixation with a medial plate (b) Postoperative X-ray leg bones with anklegbowing the reduction achieved. (c and d) X-rays
of leg bones with ankle showing A.L.P.S. Anterolateral plates, without fibidée () and with fibular plate (d)

12 de 1. 17/05/2019, 11:=



Comparison of outcome of tibial plafond fracturesmaged by hybrid ...

Table 2

Comparative results between groups

https://www.ncbi.nlm.nih.govigarticles/PMC4800953/?report=pril

HY-FIX-group ORIF-group P

(n=13) (n=18)
Time from fracture to
definitive fixation (days)
Median (IQR) 6 (4-8) 13 (7-16) 0.052
Mean (SD) 513(3.82) 11.61 (8.47)
Time from surgery to
weight bearning (days)
Median (IQR) 2{(1-12) 57 (48-65) <0.0001
Mean (SD) 7 (6.36) 57.43 (15.56)
Time to radiclogical
union (days)
Median (IQR) 150 (107-180) 144 (110-193) 0.560
Mean (SD) 133.82 (37.83) 152.8(72.33)
Superficial infections
n (%) 6 (46.15%) 3(16.7% 0.114
Deep infections
n (%) 1(7.7%) 3(16.7%) 0.620
# of surgical interventions®
n total (n per patient) 31 (2.38) 22(1.22) <0.0001
Satisfactory final
alignment of the leg*
n (%) 9 (69.23%) 18 (100%) 0.028

“Inciuding the surgical procedure for removal of the external fixator. “less than 5° of
angulation in any of the tibial axis. HY-FIX=Hybnd fixation, ORIF=0pen reduclion and
internal fixation, IQR=Interquartl range, SD=Standard deviation
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Figure 5

(a) Last followup X-ray of leg bones with ankle joint lateral view of & adshe hybrid fixation group (HY-FIX-group) in which
union was achieved with 10° of antecurvatum. (b) Clinical photograph showing a deeprinééet case of the HY-FIX-group
that conditioned removal of the external fixator
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