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Designing a novel fixation device for pediatric orthopedic tibia fractures

Team Members: Taylor Jaraczewski, Lucas Schimmelpfenning, Cody Bindl, Stephen Kernien, Kyle Jamar
Department of Biomedical Engineering
Advisor: Tracy Puccinelli, Ph.D.
Client: Dr. Matthew A. Halanski, M.D.

Abstract Design Requirements

In order to stabilize severe adult tibial fractures, titanium Timed testing showed decreased insertion time compared to

rods are inserted through the proximal face of the tibia into *Must span tibial break elastic nail system
the intramedullary canal. This method does not work for  ,\1/st have enough stability to align bone ' . Average Insertion Time
pediatric patients as the rod would damage the growth plate _ _ _ _
distal to the epiphysis. Therefore, current pediatric *Must be implantable at distal or proximal location ’giz _ o
procedures insert two elastic nails through drilled openings in Must have a diameter of less than 1 cm ‘;10 _ :E;f:lcslj:::
the lateral and medial sides of the bone directly distal to the : : E

, ] ] L ) *Must be biocompatible 5 -
metaphysis. However, this mechanism is difficult to install

rae s e alW?yS o pml.)er .ahgn.ment. e, hree DeS| n MatrIX 4-point bending test showed less lateral stability than elastic
create a novel device to fixate pediatric tibial fractures, three g -point bending test showe

different designs were considered and a device that expands

4-Point Bending

laterally through compression was deemed the best design to Criteria Balloon Expanding |Compressive s A. Insertion point
. qa
replace the current flexible pediatric nails for stabilization. Stent Foam Expansion E 4 = B. Intramedullary contact
e . &) i
Fixation (30) 20 1S 23 = 3 C. Pin secured end cap
Bac kg round ) A * Tibial Stent

Client Preference 10 10 15 22 A A, e e o ¢ ¥ Elastic Nails

Tibial Fractures as) g ! s st . aamas e
ot 0 I. | | | | |

* 5% of all fractures in children Kase of : S 10 10 2 0 2 4 6 8 10 12

Implantation (15) =) - Avolied (N
 Caused by falling, trauma, sports, abuse, or overuse Feasibility (15) 10 5 15 orce Applied (N) M ar ket ab I I Ity
* Load bearing bone necessitates correct alignment

Safety (15) 15 5 15 e
Growth Plat Bohe Erowth Plate  Tibia is the most frequently fractured long bone

row ate | /Tibia. Cost (10) ’ 4 Point Bending :
e Growth plates lmportant for grOWth /EplthSIS 0 5 10 Set Up °Lal’ge aﬂd continuous market
. 1T ¥ . - - -
* Located between epiphysis i Total (100 0 50 90 *New device installation substantially faster than current
and metaphysis on distal and D : : :
iy ‘ R Grouth -OR time billed at $62/min

proximal ends of the bone

)
hysi ] . . - -
* Damage to the growth plate can e - I - -Moment loading test showed less lateral stability than New device decreases cost through decreased OR time
lead to stunting of tibial growth F INa DeS I g il elastic nails but more than control -Potential use in any fractured long bone (e.g. clavicle)

ey i ! i End Loading (moment) _
Flexibility allows for intramedullary insertion 14 ° *Further market expansion
= A
- - - - 12
Lateral expansion achieved through buckling due to vertical = i
- <P
compression S = 3
i S Future Work
Adult Intramedullary Stent . . . . . > 6 ® ¢ Tibial Stent UCUTE or
Compression of wires attained by pulling on fixed, central 2 4 o M Elastic Nails
*Titanium rod cable S 2 F—" 2 = * Tape Only .
&S A & 2 2 = m = | *Increase lateral stiffness
: : Components 0
*Insertion through proximal 0 100 200 300 400 MTS :
face of tibia A. End cap testing
*Spans entirety of break Central hole for cable fixation *Animal testing
‘Does not work for pediatric *Outer holes for wire fixation *Apply for patent
patients due to growth plate *Distal loop for pin fixation Moment .
. Loadine Set U Special Thanks To:
*Leg is externally hard casted B. Mid Cap 5S¢t LD . o
Dr. Matthew Halanski Prof.Hiedi Ploeg
*Stainless cable is able to freely slide Prof. Tracy Puccinelli Prof. Thomas Yen
through center hole Prof. Darryl Thelen Prof. Michael Plesha
Pediatric Intramedullary Stent Contains loop for ease of removal *Axial loading showed more axial stability than elastic nails Dr. Erik Maryniw Marc Egeland
*2 Flexible nails C. Flexible stainless steel wire Axial FailureLoad .
. Pre-bent ends o direct 80 Maximum References:
.Insertlon On lateral and medlal dre-. e(lil d?n St. 0 irfelc . 70 Measurable 1. Mashru, R. P,, Herman, M. J., & Pizzutillo, ‘P. D. (2005). Tibial shaft fractur?s in children and
Si d es Of tibia esire irectiona exion Load ialf[it(;lj/s;iilsﬁlzioe:loc;dgljcxiiiz:’rirzal)g /og/ ?:;hgggf:’éf Surgeons,13(5), 345-352. Retrieved from
~ 60
.3 points Of contact D. Final SiX Wire prOtOtype % 50 ) | | éii;;—?@gg; Plate fixation of paediatric fractures of the distal tibia and fibula. Acta Orthop Belg. 2012
% 4 0 - ];J‘::‘):::]cslj:[ﬂs 3. http://www.eorthopod.com/content/blounts-disease-in-children-and-adolescents
’LimitEd Optimizatiﬂn % 4. Wheeless, Clifford, MD. 2012. Tibial Fractures: Techniques of IM Nailing. Wheeless’ Textbook o
. Orthopaedics. http://www.wheelessonline.com/ortho/tibial fractures technique of im nailin
dependent on break location %30 R | , o
< 5. Odéhouri-Koudou, T; Gouli, J; Yao Kreh, J; Tembély, S; Ouattara, O; et al. Elastic stable intramedullary
. 20 nailing in paediatric traumatology at Yopougon Teaching Hospital.
.Leg lS eXtel'llally hard CaSted 6. African Journal of Paediatric Surgery : AJPS 8.2 (May 2011): 155-8.
10 Synthes. 1998. The Titanium Elastic Nail System: Technique Guide. Adapted from
<http://www.rcsed.ac.uk/fellows/lvanrensburg/classification/surgtech/ao/manuals/Synthes%20TENS%20nails.pd
£> on September 30, 2012.

=)



