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ABSTRACT

Objectives:The aim of this study was to compare outcomescasts between titanium elastic

nails (TENS), stainless steel elastic nails (SEBS{ Kirschner wires (K-wires) in the treatment

of pediatric diaphyseal forearm fractures withanbedullary fixation.

Design:Retrospective cohort study.

Setting:Level 1 Pediatric Trauma Center.

Patients/Participantg total of 100 patients (65 male and 35 femalejeuril8 years of age with

diaphyseal forearm fractures treated with intrantledufixation were included in the study.

Intervention:Patients received single or both bone intramedufigation with either TENS,

SENSs, or K-wires.

Main Outcome MeasuremeniSime to radiographic union, complication rate,gscal time, and

average cost per implant.

Results:100 patients were included in the study. 31 p&iarere treated with TENs, 30 with
SENSs, and 39 with K-wires. No significant differena time to radiographic union,
complication rate, or surgical time was found betwéehe three types of fixation. Average time

to union was 9.4 weeks + 5.4 weeks and complicaatemwas 12.9% for TENs, 10.0% for
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SENSs, and 12.8% for K-wires. There was a significhffierence in cost per implant, with an

average cost of $639, $172 and $24 for TENs, SBhs K-wires respectively (p<0.001).

ConclusionsThe present study demonstrates no difference leetWENs, SENs, and K-wires

in the treatment of pediatric diaphyseal forearactiures with regards to outcome, time to union,
surgical time or complication rates. Given thendigant cost difference between these
implants, we recommend surgeons consider modifieg implant selection to help mitigate

cost.

Level of EvidenceTherapeutic Level IlI.

Key words pediatric; forearm fracture; elastic stable inteslullary nailing; fracture radius and

ulna; cost

Introduction

Pediatric diaphyseal forearm fractures are commpmies accounting for 13-40% of all
fractures in children, and over 10% of all fractuseen in U.S. emergency departments every
year*2The vast majority of these injuries can be treatttl closed reduction and cast
immobilization with excellent resulfss However, when nonoperative management fails,
intramedullary fixation can provide a minimally esive means to an acceptable reduction and

fracture uniorf:”®
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Elastic stable intramedullary nailing (ESIN) of pedc forearm fractures has been described
utilizing various implant designs with excellensués. Titanium elastic nails (TENS), stainless
steel elastic nails (SENs) and standard KirschnersyK-wires) are three commonly used

intramedullary implants (Figure, Supplemental Gig€ontent, http://links.lww.com/JOT/A8

).2919TENSs and SENSs are precontoured at the tip to mefjptiate the medullary canal and
allow for balanced three-point fixation. Some authrecommend titanium implarft$?
however, K-wires have been shown to yield succéssficomes.and have been suggested as a

cost-effective alternative to prefabricated n&il¥:*°

Two studies were identified directly comparing Kreg to precontoured implants in the
treatment of pediatric forearm fracturés? Both of these studies were small in size and did n
include analysis of implant cost. Given the lacgst difference between implants, a more

comprehensive cost and outcome analysis is wadante

The purpose of this study was to determine if thegedifference in outcome between three
commonly used intramedullary implants: titaniumséilanails (TENS), stainless steel elastic
nails (SENSs) or stainless steel Kirschner wires\jkes). Furthermore, this study aimed to

elucidate whether a statistically significant cdi$terence exists between these implants.

Materials and Methods

Between January 2004 and September 2014, patiedé&s the age of 18 with diaphyseal

forearm fractures (OTA 22A & 22B) treated with stmedullary fixation at a single institution
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were retrospectively reviewed. Pathologic fracturadial neck fractures, and patients with

inadequate follow-up were excluded.

Patients received single or both bone fixation witdmium elastic nails (TENSs) [Synthes, West
Chester, PA], stainless steel elastic nails (SEB)ivon, Meridian, MS], or stainless steel
Kirschner wires (K-wires) [Brassler, Ventura, CAhplant choice was based on surgeon
preference. Standard surgical technique for iné@dutiary nailing of forearm fractures was
used. For fractures of the radius, the implant iwasrted in a retrograde fashion, just proximal
to the physis on the radial or dorsal border. Adt.8.5 millimeter drill was used to create a
starting hole for insertion. Ulna fractures weesited in an antegrade fashion, with the implant
inserted transphyseal from the proximal aspedh@folecranon. TENs and SENs were inserted
using devices provided in their corresponding unsint trays along with standard instrument
sets. K-wires were inserted using devices availaib$tandard instrument trays. Stability of

reduction and fixation was confirmed intraoperdgryarior to conclusion of the procedure.

Postoperatively, patients were immobilized in ss@asplint or fiberglass cast. Short or long
arm casts were continued until good evidence dirfggavas demonstrated on radiographs.
Postoperative physical therapy was not routinetieced. Patients were followed for a minimum
of 4 months. All radiographs were analyzed by awuthors. Radiographic union was defined as

the presence of bridging callus at 3 out of 4 cedion two orthogonal films.

Data was collected on time to radiographic uniomgigal time, range of motion, complications,

and cost of the implants for each patient. Cott deas gathered from the hospital’s accounting
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records and represents the true cost of each dwdiVimplant used. Cost was adjusted to 2014
US dollar values in order to normalize the repgri this data. An analysis of variance
(ANOVA) and post-hoc statistical analyses were usadetermine whether any significant

differences existed between the groups.

Results

Initial search yielded 301 patients with a totall6D patients meeting inclusion criteria. There
were 35 girls and 65 boys, mean age was 9.15 y2#&3-18.16 years). The majority (97%) of
the injuries were low energy trauma. 69 patierdsttired both radius and ulna, 24 had isolated
radius fractures, and 7 had isolated ulna fracti#4patients had open fractures; the remaining
76 had closed fractures. 57 cases required opewctied while the remaining 43 were

performed closed (Table 1).

The study groups included 31 patients treated WHNSs, 30 patients treated with SENs, and 39
patients treated with K-wires. There was no siatily significant difference in time to
radiographic unionp=0.154 radial unionp=0.807 ulnar union) or complication rate between

the three groups.

Average time to radiographic union for all thregolamts combined was 9.4 weeks + 5.4 weeks
with TENs averaging 10.1 weeks + 4.8 weeks, SEMsv@eks + 6.0 weeks and K-wires 9.0 +
5.5 weeks (Fig. 1). The complication rate was 12(8%atients) for TENs, 10.0% (3 patients)
for SENs, and 12.8% (5 patients) for K-wires. Speciomplications are listed ihable 2. Most

complications were minor, the majority of which weefracture (5 patients). Four patients
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required an unplanned additional surgery and 2ptirequired oral antibiotics for superficial

infections.

Hospital accounting records were used to collestaittual cost of implants for each individual
patient. There was a significant difference in¢bst of each implant with an average cost of
$639 per TEN, $172 per SEN, and $24 per K-wixe0(001) (Fig. 2). Additionally, data on
operative time from incision to close was evaludieable 1). No statistically significant
difference existed between the groups. TENs haalvarage operative time of 79.26 minutes,

77.17 minutes for SENs, and 65.43 minutes for Kesuir

Discussion

The treatment of choice for the majority of ped@atiaphyseal forearm fractures remains closed
reduction and immobilizatioh® Factors such as patient age, residual angulatitetion,

fracture level, and instability may necessitatgsal intervention in order to preserve forearm
function®*’ Intramedullary fixation offers a minimally invasiimeans of maintaining
acceptable reduction until fracture union with tiglely minor risk of complicatioft.” 2

Available literature would suggest that intramedrylistabilization of pediatric forearm fractures

with TENs, SENSs, or K-wires can lead to successfuitomes:®1°

Only two studies were identified that offer a comgpan between prefabricated ESINs and
standard Kirschner wires in the treatment of peidi&rearm fracture$®*In 2003, Caldeet
al. compared 36 patients treated with K-wires to @demts treated with ESINs and found 16%

and 9% complication rates respectively, but thifedence was not statistically significant. They
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concluded that although ESINs do provide theoretidaantages, they do not appear to
significantly improve outcomes. In 2007, Majeichl. compared 11 patients treated with K-wires
to 12 patients treated with Nancy nails and fouadlifference in outcomes. They

recommended that if ESINs are not available, K-svoan be used instead. Both of these studies
used Nancy nails, which are typically titanium, hetther specifically mentions the material of
the implants. Neither study mentions an evaluadioradiographs, nor did they collect data on

the cost of implants used. The goal of our invesion was to directly compare these three

implant types and provide a more comprehensiveyaisabf outcomes and cost.

Our study contains 100 patients making it the lsirgemparison of K-wires to ESINs in current
literature. We collected data on multiple outconeasures as well as actual implant costs from
the hospital’s accounting database. The above sisadfiows no statistically significant
difference in any outcome measure between TENs s3I K-wires. Furthermore, our data
demonstrates a significant difference in cost betwthese implants. One titanium elastic nail
had an average cost of $639 making this implamiifségntly more expensive than precontoured
stainless steel elastic nails or Kirschner wiresn& authors recommend titanium implants
because of their elastic properties being morelairto bone, and superior results in some
biomechanical studies:**In a 2014 review, Truntzet al. suggest that titanium implants are
used more often than stainless steel becauseptiogierties allow improved insertion and
rotation while still providing adequate stabilizati There are multiple publications discussing
apparent superiority of titanium orthopedic impkatd stainless steel with regard to
biocompatibility, modulus of elasticity, osseointaipon, corrosion resistance, and magnetic

resonance imaging compatibilit§?*22324
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In our review of the literature, we were unabldinol any biomechanical or clinical studies
demonstrating superiority of TENs in the treatnaediatric forearm fractures. There is one
biomechanical study showing superior compressivketarsional stability in femoral fracture
models treated with TENs compared to SENsyt this study has been contradicted by
subsequent clinical studiés? In 2008, Wallet al. compared femoral shaft fracture outcomes in
56 patients treated with TENs to 48 treated witiNSBnd found a higher rate of major
complications and malunions in patients treateth WENSs. It has been suggested that surgeon
bias towards the use of titanium nails may be duedreater perceived ease of insertion of these

implants?

As with any implant, there are pearls and pitfaltgth highlighting when using intramedullary
K-wires. These implants can easily be contoureolr o insertion to allow for three-point

contact if desired. The absence of the precontblioek can aid in passing the wire across small
diameter medullary canals as well as facilitateezaemoval. The authors prefer to use a drill to
make a starting hole with all intramedullary foreaixation but some surgeons find this
unnecessary and an opportunity for additional sagings by eliminating the need for a drill bit.
The start point in the distal radius can be madalig or dorsally and can impact ease of wire
passage depending on the specific fracture morglol8oth starting points risk injury to the
superficial branch of the radial nerve, althougksthare usually transient neurapraXi#§The
dorsal starting point can facilitate wire passaggetbere is growing recognition of the risk of
extensor pollicus longus rupture with this approddiere have been several techniques

described to help avoid tendon injury. While selvarachanisms of injury have been suggested,
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the exact etiology remains unknown, but is likelyltifactorial ®2° If a dorsal starting point is
desired, the authors recommend an adequate lemgsioin to visualize and protect the extensor
tendons, and bending and cutting the end of the &srto avoid tethering or abrading the
tendons. The ends of the wires can be left exposédried depending on surgeon preferefice.
In older children, standard K-wires may not be lengugh to adequately span the fracture, as
they typically have a maximum length of 22.5 cemtiens. A thorough intraoperative
examination of stability should be performed ptmicast or splint application. This will
determine whether there is adequate implant lesygginning the fracture sité&igure 3 shows

two cases where K-wires achieved adequate statiiibyout spanning the entire diaphysis. In
situations where K-wire length is insufficient, taethors recommend moving to a SEN for a

longer implant with less additional cost.

Cost-effective surgical practice is a growing asémterest, especially in the field of
orthopaedicd™*?*33With rising healthcare costs providers are oftarking for ways to
decrease the financial burden of surgery. The tesfithe present study would suggest that a
surgeon can safely replace over $1000 worth dfitita implants in one of these procedures
with one or two $20 K-wires. It could be arguedttthis cost difference is insignificant when
considering the total cost of surgery and hosgit@y but considering how common these

injuries are, implant selection could contributesignificant healthcare savings in the long-term.

Limitations of the present study are consistenhwhbse of a retrospective review. Patients
were not randomly assigned to each implant typ@gxg them to possible selection bias based

on surgeon preference. Follow up minimum of 4 theras the potential to underestimate



205 complications, however this should theoreticallyelpg@al among the three groups. The

206  complication rates were similar among the grougsa@msistent with those described in current
207  literature. Our definition of radiographic unioarcpotentially overestimate healing. This was
208 chosen because the relatively routine postoperativese of these patients can lead to decreased
209  number of visits or a greater time interval betwemsits once bridging callous is noted on

210 radiographs. Finally, our cost data was gathereh the hospital’'s accounting database and did
211 reflect variations in payment for implants basegoenegotiated contracts depending on the
212  patient’s insurance. However, these variationgvaremal for these particular implants and

213  should be distributed evenly among the three groups

214

215 In conclusion, the present study demonstratesffereince between TENs, SENs, and K-wires
216 in the treatment of pediatric diaphyseal forearactiures with regards to outcomes, time to

217  union, or complications rates. Given the signifitceost difference between these implants, we
218 recommend surgeons consider modifying their impsatection to help mitigate cost.

219

220  Fig. 1

221  Graph showing average time to union for each implant group

222

223 Fig. 2

224  Graph showing average cost per implant for each implant group
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Fig. 3
Postoperative radiographs of a A. 12 year-old female and B. a 13 year-old male treated with
single bone K-wire fixation. Adequate intraoperative stability was achieved despite

insufficient K-wire length to span the entire diaphysis.

Table 1

Comprehensive demographic data on patients in each implant group

Table 2

Comprehensive cost and outcome data on patients is each implant group

References

1. Chung KC, Spilson SV. The frequency and epidengiplof hand and forearm fractures
in the United States. J Hand Surg Am. 2001;26(B)-915.

2. Cheng JC, Ng BK; Ying SY, et al. A 10-year studythed changes in the pattern and
treatment of 6,493 fractures. J Pediatr Orthop91P%3):344-350.

3. Rodriguez-Merchan EC. Pediatric fractures of thhedom. Clin Orthop Relat Res.
2005;432:65-72.

4. Jones K, Weiner DS. The management in forearmurastof children: a plea for

conservatism. J Pediatr Orthop. 1999;19(6):811-815.



250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

5. Price CT, Scott DS, Kurzner ME, et al. Malunitedefarm fractures in children. J Pediatr
Orthop. 1990;10(6):705-712.

6. Lascombes P, Haumont T, Journeau P. Use and Alhidexible Intramedullary Nailing
in Children and Adolescents. J Pediatr Orthop. Z28827-834.

7. Patel A, Li L, Anand A. Systematic review: functadroutcomes and complications of
intramedullary nailing versus plate fixation forthdone diaphyseal forearm fractures in
children. Injury. 2014;45(8):1135-1143.

8. Garg NK, Ballal MS, Malek IA, et al. Use of elassitable intramedullary nailing for
treating unstable forearm fractures in childreffirauma. 2008;65(1):109-115.

9. Wall L, O’Donnell JC, Schoenecker PL, et al. Titamielastic nailing radius and ulna
fractures in adolescents. J Pediatr Orthop. 2018821488.

10.Waseem M, Paton RW. Percutaneous intramedullasyiehiring of displaced
diaphyseal forearm fractures in children. A modiftechnique. Injury. 1999;30(1):21-24.

11.Lascombes P, Prevot J, Ligier JN, et al. Elastiblstintramedullary nailing in forearm
shaft fractures in children: 85 cases. J Pediatndpr 1990;10(2):167-171.

12.Mahar AT, Lee SS, Lalonde FD, et al. Biomechantcahparison of stainless steel and
titanium nails for fixation of simulated femorahfitures. J Pediatr Orthop.
2004;24(6):638-641.

13.Calder PR, Achan P, Barry M. Diaphyseal forearratfrees in children treated with
intramedullary fixation: outcome of K-wire versuasic stable intramedullary nail.
Injury. 2003;34:278-282.

14.Majed A, Baco AM. Nancy nail versus intramedullavire fixation of paediatric forearm

fractures. J Pediatr Orthop. 2007;16:129-132.



273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

15.Qidwai SA. Treatment of Diaphyseal Forearem Frastim Children by Intramedullary
Kirschner Wires. J Trauma. 2001;50:303-307.

16.Noonan KJ, Price CT. Forearm and Distal Radial teras in Children. J Am Acad
Orthop Surg. 1998;6:146-156.

17.Voto SJ, Weiner DS, Leighley B. Redisplacementraftesed reduction of forearm
fractures in children. J Pediatr Orthop. 1990;10@84.

18.Cullen MC, Roy DR, Giza EBS, et al. Complicatiorigraramedullary Fixation of
Pediatric Forearm Fractures. J of Pediatr Orth®p8118(1):14-21.

19. Truntzer J, Vopat ML, Kane PM, Christino MA, Kataric J, Vopat BG. Forearm
diaphyseal fractures in the adolescent populatreatment and management. Eur J
Orthop Surg Traumatol. 2015 Feb;25(2):201-9.

20.Arens S, Schlegel U, Printzen G, et al. Influentmaterials for fixation implants on
local infection. An experimental study of steelsues titanium DCP in rabbits. J Bone
Joint Surg Br. 1996;78(4):647-651.

21.Disegi JA. Magnetic resonance imaging of AO/ASI&irgess steel and titanium
implants. Injury. 1992;23 Suppl 2:S1-4

22.Kitsugi T, Nakamura T, Oka M, et al. Bone bondirdpavior of titanium and its alloys
when coated with titanium oxide (TiO2) and titanigiiicate (Ti5Si3). J Biomed Mater
Res. 1996;32(2):149-156.

23.Melcher GA, Hauke C, Metzdorf A, et al. Infectiofteat intramedullary nailing: an
experimental investigation on rabbits. Injury. 1Z96Suppl 3:SC23-6.

24. Skripitz R, Aspenberg P. Tensile bond between lzoktitanium: a reappraisel of

osseointegration. Acta Orthop Scand. 1998;69(3)}&1%



296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

25.Wall EJ, Jain V, Vora V, et al. Complication of dmium and Stainless Steel Elastic Nalil
Fixation of Pediatric Femoral Fractures. J BonatJ8urg Am. 2008;90:1305-13.

26.Goyal N, Aggarwal AN, Mishra P, et al. Randomizedtcolled trial comparing
stabilization of fresh close femoral shaft fractune children with titanium elastic nail
system versus stainless steel elastic nail syseta. Orthop Belg. 2014;80(1):69-75.

27.Martus JE, Preston RK, Schoenecker JG, Lovejoy&Aen NE, Mencio
GA. Complications and outcomes of diaphyseal forefracture intramedullary nailing:
a comparison of pediatric and adolescent age graupsdiatr Orthop. 2013
Sep;33(6):598-607.

28.Brooker B, Harris PC, Donnan LT, Graham HK. Ruptofréhe extensor pollicis longus
tendon following dorsal entry flexible nailing addial shaft fractures in children. J Child
Orthop. 2014 Aug;8(4):353-7.

29.Lee AK, Beck JD, Mirenda WM, Klena JC. Incidencel &isk Factors for Extensor
Pollicis Longus Rupture in Elastic Stable Intraml&dy Nailing of Pediatric Forearm
Shaft Fractures. J Pediatr Orthop. 2016 Dec;3618}&L5.

30.Kelly BA, Miller P, Shore BJ, Waters PM, Bae DS.dgbsed versus buried
intramedullary implants for pediatric forearm fra@ts: a comparison of complications. J
Pediatr Orthop. 2014 Dec;34(8):749-55.

31.Althausen PL, Shannon S, Lu M, et al. Clinical &ndncial comparison of operative and
nonoperative treatment of displaced claviculartfrees. J Shoulder Elbow Surg.
2013;22(5):608-611.

32.Swart E, Makhni EC, Macaulay W, et al. Cost-effestiess analysis of fixation options

for intertrochanteric hip fractures. J Bone JointgSAm. 2014;96(91):1612-1620.



319

320

321

322

323

324

33.Hak DJ, Althausen P, Hazelwood HJ. Locked platation of osteoporotic humeral shaft
fractures: are two locking screws per segment emdugOrthop Trauma.
2010;24(4):207-211.

34. Makhni EC, Swart E, Steinhaus ME, et al. Cost-effecess of reverse total shoulder
arthroplasty versus arthroscopic rotator cuff refi symptomatic large and massive

rotator cuff tears. Arthroscopy. 2016;(16)00:11%811



Tablel

Demographic Information TEN (31) SEN (30) K-wires (39)
Average patient age (years) 10.16 + 3.22 8.75+3.37 8.64 + 3.53
Range patient age (years) 5.03-18.16 3.35-17.72 2.02-14.03
Sex (M/F) 9F,22M 12F, 18 M 14F 25M
Side (R/L) 8R,23L 12R,18L 13R,26L
Bonesinvolved
Radius only 12 3 9
Ulnaonly 0 3 4
Both 19 24 26
Bone implanted
Radius only 24 9 18
Ulnaonly 5 18 19
Both 2 3 2
Fracture pattern: Radius
Proximal third 6 5 7
Middle third 22 16 18
Distal third 3 6 10
Fracture pattern: Ulna
Proximal third 0 1 2
Middle third 16 21 18
Distal third 3 4 9
Neurovascular injuries 0 0 0
Open fractures 7 12 5
Surgical reduction
Closed 12 8 22
Average operative time (minutes) 63+21 61+ 32 58 + 26
Range operative time (minutes) 28 -105 22 -100 24 -98
Open 19 22 17
Average operative time (minutes) 91+ 26 83+31 76+ 26
Range operative time (minutes) 36 -133 22 -143 23-104




Table2

Outcomes TENs(31) SENSs (30) K-wires
(39)
Implant size: Radius (mm)
Average 2.33+0.28 2.36+0.2 2.14+0.48
Median 2.5 2.3 2.4
Mode 2.5 2.3 1.6
Range 2.0-3.0 2.3-3.0 1.6 -3.0
Implant size: Ulna (mm)
Average 2.38+0.44 229+0.08 2.20+0.56
Median 2.25 2.3 2
Mode 2 2.3 2
Range 2.0-3.0 2.0-2.5 0.9-3.0
Number of implants used 33 33 44
Average cost per implant ($) 639 + 124 172 £ 62 24 +18
Complications
Refracture 2 1 2
Hardware prominence requiring revision surge 1 1 0
Hardware removal requiring sedation 1 0 0
Wound dehiscence 0 1 0
Cast abrasion 0 0 1
Pin site infection requiring PO antibiotics 0 0 1
Stitch abscess treated with PO antibiotics 0 0 1
Total Complication rate (%) 12.9 10 12.8




Average Time to Radiographic Union

o
£
H
£ e
£
T sis Kuires
Implant Type

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Average Cost per Implant

Costin2014 Us Dollars

sens
Implant Type

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



