Review of the principles of fracture management




Four methods that provide absolute stability

LAG screw
Compression plate

Tension band

1.
2.
3.
4.

Buttress




Methods that provide relative stability




Nails

Easy!

As long as possible
As thick as possible
Locked at both ends

Difficult!



Strain theory of healing (Stephan Perren)

..........................................................

i Immobilization ! Normal Activity ' Severe .

I/ [

.

I 1\ [ /\)

S

>
L

Bone
Formation

4
Bone
Resorption
2,
é‘_,' Y
=

= |
2 £4 v
ST cadh PR e T i o v i 0 S 5 S 00 e O . 5 30 B D B8 1. 6 T e O 0D RS O e
[l @ E
AL - (
|
/ \ / {\ E :
:] ] Strain

e

| ———

\\_(‘\ L
M

I

I

\ l

A \/ o 1

I ""ALI" @ ,9_, |

c B |

3 |

A L &’ A 4 :

Strain = — :
L Bone \ Bone Fracture Nonunion

I

Homeostatsis Healing

Absolute stability: < 2(-5)% strain



Strain theory of healing (Stephan Perren)

Absolute stability: < 2(-5)% strain




Factors influencing the choice of working length:

* Fracture gap

* Type of fracture — simple/comminute

* Plate material — ss/ti — thick/thin plate

* Load — upper/lower extremity

* Type of load: axial, shear, bending

* The stiffness of the tissue in the fracture gap — which changes during the healing process

Working length
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Strain 0% Strain > 10% Strain 2-10% Strain < 2%

no callus tolerated by tolerated by tolerated by
induction cartilage woven bone lamellar bone
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BHN THEORY

Augmentative lag screws as a treatment for aseptic hypertrophic nonunion

Tissue deformation controlling fracture healing
after internal fracture fixation™

R.W. Hente ™", S.M. Perren Department of O
D. 5. Elliott, This article presents a unified clinical theary that links established facts about the Juan Manuel Concha >", Jose Luis Osma“, Emilio Fantin®, Carolina Concha,
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1. Introduction should allow to improve mechano-biology of fracture fixation based on a
study of tissue deformation. The clinical goal is to avoid or treat

If the reader belicves thar medicine can only  cncourage further debate and understanding

Flexible fixation consists of bridging the fracture gap with an implant biomechanical complications based on the following facts or a e 11 4 d : Address for cor pn]’\dEn(g Vaida Glatt, PhD, Assistant Professor, De: partment of i)!thn)}'h dic Sur\‘An
it keeps he rgmens algoed bt allows some el mos assumptions advance with level 1 evidence and prospective  amongst clinicians B e D e treduction
:”“’ "“‘I'“"’\"“*““g“’ e ) l‘“‘"“.‘ fieg b s Eroibent i ; randomised controlled tri it may be best to 782793900, USA.
eals with callus (indirect o secondary healing) ( ) o Fracture healing is understood as a dynamic process that restores the T - i ma §229.3900, LISA-
while, under compression fixation that blocks fracture movement, mechanical function of bone, limb and patient. Therefore, in indirect stop reading now. This article presents BHN theory Telephane number: +1 2104508094 Email: glattfiuthscsa edu Nonunion in long bose fractures treated with osteosynthesis is )
healing progresses by internal remodelling without callus (direct or healing, stiff and strong fragment connection through solid callus fied theory that links cstablished facts The key to this theory is the concept that the ris- relativel and i related 1o muliple factoss; nununion does occus cacy of an Augmentation
primary healing) ( ). Biological frac bridging Is crucial. Mechano-biological conditions are considered as the physiology of bone and homeos! sue that forms in and around a fracrure should distributed in accordance with Creative Commans Afttribution Licence n:m\.\ ml:l‘u”" uI\J mv\:“; Ill[\ pertrophic S “‘\wh = iginal implant.
fixation aims at minimizing surgical trauma while taking advantage of being critical in respect to inducing and enabling healing. Once with those involved in the ||L.|llll|. be considered as a hnl:\-'”‘h: functienal enriry. { o/ fcreati . icenses/by :‘I:-"“I‘:‘—(I:I':A7:““:‘:\‘mik instability are present resulti n 100 much Patients and methods

flxible fixarion to stimulate healing ( nduced, the local mechano-biological condiions modulate tissue e deeel B il )
). However, the observation that under obviously good biological differentiation where chemical interactions play an essential role. and the development of nonunion. This *bone-healing unit® produces a physiolc Multiple treatments have been proposed seeking 1o improve stabil ) o ) -
conditionsfracture healing may not proceed (  Fracture movement, that i relative displacement f fractue frag theory was generared by clinicians, cal respanse to irs biological and mechanical Introduction fty. In the case of nonumion after inira exchange  From January 2016 t August 2022, cight patients with vital
) begs the question as towhich  ments, plays an agreed role In fractu ( cians, after observing the behaviour of bone  environment which leads to the normal healing response undor b s bt e et ol sy e ot et it oot
sl o s e neo vl vail bas alsa been  been previous . seven parints with shaf. factures
degreof iy henliog s enred by i simalion . ). I, for Instance, generally accepted that under following a fracturc and its wearment, We  of bone. Developing aficr a bone is fracturcd, Across the full breadth of medic by localc ! !
( and enabling the asseous callus to large fracture movements hypertrophic non-unions occur. In . Acr o &
ey ot st K e s B e o . | o e R et e e ek il belicve thar this theory enhances our clinical  the bone-healing unit is active unil healing is there y important underlying rela the me
thinking by providing a concept to help  complere or has failed (nonunion). This tissue between hereis rate and p i pare s ot o . epploment ey A Tempms Lot Armsicn

ving fracture  the success of the healing s ately relies

understand the ways in which a fracture responds to mechanical forees and functions this more apparent than wi * Carrespanding authar at- Carrera @ N° #2N116, Popayan Colombia.

* Corresponding author at: Ricdebtrasse 5, D - §3435 Bad Rechenhall, Germany S . n nsive » biolog, (A Conchal, 5.1 O, ® Fantio),
Pastiepera Fppapoiy heals, how we influence it as surgeons and  according o Wolffs law,! Perren's strain healing. Extensive clins e biology and T ¢
how nonunions can be treated. theory™ and Frost's concept of the “mecha- experimental studies past e 2005; Chrter
h e : ; have consistently supported one goven 2
Theorics arc a core part of the advancement  nostar™ 2 Wolff's law of 1892! describes the have consistently supported ane governi neiple a
of fracture healin Acrepeed 11 Man 3

that the biology can be suitably

Available anline 2
255 3023 Ponisheg oy Bevie L

of scicnce. Althaugh thearics represcnt poten-  physiological response of normal bane 1o its
tial explanations,’ they arc not final answees  mechanical environment during growih and
but desived from experience and incomplete  remodelling. Peseen's theory of 1978 deals with
cvidence. They arc guesses — bold conjectures®  the physiological response of broken bone o
that encourage thought and experimentation  this environment and Frost described bone
in order to stimulate the gencrarion of further  hameost mechanastac® responding to
cvidence. We have called this the bone healing  variations in the mechanical environment. The
and nonusion theary (BHN) and present it o key fo understanding these conceprs is the

is

e healing response is predominately influe

www.ecmjournal org
THE BONE & JOINT JOURNAL 668 o mjournal.org

[T e GETHCEATDR
O A Sz O'TA S
A PETTT A AR LT B

ISlr,-.m;Ir,-.r d Review Article ISt.'.mc:a- d Review Article

Great debates in trauma biomechanics

Vaida Glatt. PhD®, Robert O'Taole, MDY, Samir Mehita, MD®, Utku Kandemir, MDY, Wiliarn Ricei, MD®,
Aaron Nauth, MD', Emil Schemitsch, MD?, Michael W, Hast, PhD™*

Biomechanics of fracture healing: how best to

optimize your construct in the OR

Michael Hast, PhD®, Vaida Glatt, FhD", Michael Archdeacon, MO, Eric Ledet, PhD®, Gregory Lewis, PhDS,
Jaimo Ahn, PhD, MO®, Justin Haller, MO"*

Summary:

At the 2021 anrual meating of the Crthopaadic Trauma Association, the Basic Sclenca Focus Forum hosted its fiest ever debata-styla
sympasium focused on biomachanics and fractura repair. The 3 subjects of debate were “Machanics varsus Biclogy —'Which is “Maora
Impartant’ to Considar?” “Locked Plate versus Forward Cynamization versus Beversa Dynamization — Which Way Should | Go?" and
“Sawnones verses Cadaver Modals —\What Should | Bakawa Moet?" These debates wese hald bacausa fractura healing s a highly
organizad synergistic respanse betwean biological factors and the kecal mechanical ervironment. Multiple studies have demaonstrated
that bath factors play rolas in govermning bone healbng responses, and the causal ralationships betwean the 2 remaln unclear. Tha lack
of clarity in this space has led to a spectrum of research with the common goal of helping surgeons make good decisions. Balore
rearding further, the readar shauld understand that the questions posad in the debate titkes are unanswerable and might reprasent a
false cholce. Instead, the readar should apprecate that the dabates were hakd to gain a mara thorough understanding of these topics

—

routingly assess the biomechanical emdronment of & fracture to create a fixation construct

that pravides tha appropriate amount of stabiity in efforts 1o optimize fracture healng. Emerging concepts and technalogies including
reversa dynamization, “smart plates” that measure construct strain, and FractSim software that models fracture strain represent
recent developments in optimizing construct biomechanics to accelerate bone healing and minimize construct failure.

Abstract Orthopaedic surgseor

namization, m

’in., smart plate

Keyworda: biomachanical, fractura unian, reverse
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Injury




Take home message

* Reduction — LAR — not too large gaps
e Stability

* 4 methods provide absolute stability e |
* Relative stability — OBS working length

* Blood supply

* Gentle soft tissue management

* Early mobilization



	Slide 1
	Slide 2: Four methods that provide absolute stability
	Slide 3: Methods that provide relative stability
	Slide 4: Nails
	Slide 5: Strain theory of healing (Stephan Perren)
	Slide 6: Strain theory of healing (Stephan Perren)
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Take home message

