The Lapidus Arthrodesis: Examining the Effect of the Metatarsal Base Transfixation Screw
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Through our biomechanical cadaveric study, we aim to compare load to failure values in the first metatarsocuneiform Specimen Preparation : : : : : :
arthrodesis. This poster is to presents the differences in strength between commercially available five-hole locking Ten matched-pairs of fresh frozen human cadaveric below-knee limbs were obtained and thawed. All donors were The results of maximal load testing and load to failure are listed in Tables 1 and 2. The mean load to failure of all locking There are approximately 130 different bunionectomy procedures described to date (28). The Lapidus arthrodesis has a
plates with interfragmentary compression versus a crossed screw with a third “transfixation” screw construct in a matched to sex, general medical comorbidities, and age range. Donor criteria included a history free from previous plate constructs (n=10) was 264.1 = 100.9 N and all screw constructs (n=10) was 310.9 = 109.4 N. This was not long track record of reliable and powerful corrective abilities (5). A wide variety of fixation options for using the first
controlled setting. Although this procedure has been extensively studied, no clear consensus has been achieved foot and ankle surgery or systemic musculoskeletal disease. Sample size was determined based on previous studies statistically significant (p=0.328). This is illustrated in Chart 1. The mean load to failure of the titanium plates (n=5) was metatarsocuneiform joint have been previously investigated, with crossing screw constructs being the most evaluated
regarding optimal fixation for this thought-provoking procedure. We hypothesize that interfragmentary cross-screw using similar methodology to evaluate different fixation techniques for the same surgical procedure (21, 23). A 304.6 + 107.2 N and the matching screw constructs (n=5) was 308.8 + 123.2 N. This was not statistically significant (5,6,8,16,18,19). Over the last two decades locking plate technology has saturated the foot and ankle surgical theatre
fixation with an additional third screw from the first to second metatarsal base for first metatarsocuneiform joint standard dorso-medial incision was performed over the first tarso-metatarsal joint. The skin, subcutaneous tissue, (p=0.918). The mean load to failure of the stainless steel plates (n=5) was 223.6 + 85.5 N and the matching screw as a theoretically more reliable form of fixation for a variety of reconstructive techniques. Ironically, this technology
arthrodesis will display non-inferiority to the hybrid locking plate construct with regards to load to failure deep fascia, and periosteum were elevated, and the joint capsule was exposed. All ligamentous structures about the constructs (n=5) was 312.9 + 108.4 N. This was not statistically significant (p=0.341). The mean load to failure of the persists amongst those surgeons who perform the Lapidus bunionectomy despite mixed reported outcomes from the
' first tarso-metatarsal joint were resected. This ensured that maintenance of joint apposition would be solely reliant on stainless steel plates (n=5) was 223.6 + 85.5 N and the titanium plate constructs (n=5) was 304.6 + 107.2 N. This was not various fixation options. In fact, most in vitro studies have demonstrated crossed screw constructs to be superior or
fixation applied. The joint structures were preserved to eliminate any potential differences in joint resection, statistically significant (p=0.223). non-inferior, in regard to stiffness, as compared to locking plate constructs (18, 19, 25). To our knowledge, the only
° theoretically affecting the coefficient of friction between the adjacent bones. two published reports that suggest superior stiffness of chkmg plate constructs compared to crossed screws were
I n t ro d u ct I O n authored by Scranton et al. (21) and Klos et al. (20). Neither of these reports, however, evaluated the effect of the
Implantation Table 1: Biomechanical Data from Cadaveric Specimens (Matched Pairs (paired t-test transfixation screw. Additionally, plantarly placed locking plates have been shown to be significantly stiffer than
- - dorsomedially placed locking plates, suggesting that plate placement may have an effect on construct stiffness (22).
All plate and screw implantation were performed by a : !
. . . . . . . b pd_ ified f g Kl pDJE Th y Comparison Groups Plates Screws P value This corresponds with traditional AO methodology, however plantar plating options are typically very difficult, and
The first metatarsocuneiform joint arthrodesis is a versatile and powerful procedure utilized to correct first ray _oar_ certitied Toot and ankle surgeon_( _ ). ree Al Pl Al 264.1 + 100.9 N 310.9 + 100 4 N 0.328 hence less likelv to be used in clinical practice. In 1998 Rav et al. reorted obiective findings reaarding the effect of
hypermobility and hallux abducto valgus. Since originally described by Albrecht in 1911 and popularized by Lapidus in fixation con_structs o evaluated \_N|th|n each Sates S o | o | | the position of t¥1e transfixation screw gn the stliffness and si/abilitl oil:o the firstjmetatarsocungifor?n 'oin? (26). Their
1934, advances in joint preparation and fixation technigues have aided in decreased nonunion rates from 12% reported match_ed—palr, One Specimen was assigned to a SCrew- CTEWs resuplts showed clear superiority of three-Serew Constructs Versus t>\//vo SCrEeW CONSETUCES J '
in older literature (1-5). Following the improvement in union rates in the last decade, much of the focus has shifted to only fixation construct, while the contralateral limb was Titanium Plate vs. 304.6 + 107.2 N 308.8 +123.2 N 0.918 P y '
early mobilization and weight-bearing to improve patient satisfaction, expedite return to work times, and decrease scar assigned to a medial locking plate with interfragmentary Matching Screw . L L
: : : . : ) . The fi 10 limb Clinical outcomes have also demonstrated non-inferior results for crossed-screw constructs. Saxena et al. initially
tissue formation and postoperative stiffness (6-17). Locking plate constructs have been at the center of this revolution screw construct. The first construct (10 limbs) - 293 6 + 20+ : . ) .
. o . . : : : Stainless Steel Plates 3.6+855N 3129 £108.4 N 0.341 reported a level 11 study comparing outcomes of patients treated with crossed-screw versus locking plate constructs
given the stability afforded by them. To assess the impact of locking plate constructs, there have been numerous consisted of two crossing 4.0 mm partially-threaded, Vs V6] Seame . . o .
- RPN : o inless-steel lated ith dditional 4.0 : g (8). There were no differences in outcomes or complications between the groups, however the locked plating group
publications comparing fixation methods (18-25). The strongest load to failure fixation construct was reported by stainless-steel, cannulated screws, with an adaditional 4. : . ) : : )
. : : . : : : : iallv-threaded. stainl | lated did begin weightbearing two weeks earlier than the crossed-screw group. In 2009, Sorensen et al., reported on their
Cottom et al. in his biomechanical cadaveric study utilizing a standard low-profile locking plate with an intraplate mm partially-threaded, stainless steel, cannulated screw : : : ; : .

: : : . ) ) fixating the fi d d b results with locked plating and early weight-bearing (14). This level 11l study suggested that locking-plate constructs
compression screw and a plantar interfragmentary screw (15). However, there remains conflicting evidence in other transtixating the Tirst and second metatarsal bases . , . , o ided a suitable f £ fisation 1o all | ht-bearing. Since then. other imvestidators h e
biomechanical studies comparing standard crossing interfragmentary screws and locking plate constructs (19, 20, 23, (Figure 1). The second construct (5 limbs) consisted of Table 2: Biomechanical Data from Cadaveric Specimens (Unmatched Plate Fixation) IO_rO\_/Il ed a surtable orrr|1 0 |_xc';1] |cl>3n 0 allow ﬁar y wecllg -bearing. Since then, other investiga olrshave rit:epor_? .
25, 26). one 4.0 mm partially-threaded, stainless-steel, Figure 1. Standard dissection with Ttanium Plates Stainless Steel Plates - similar OlrJ]tcomes in early vlvelg t-bearing wit zross?. screw constructfs (9,h 10, 16)d Dgspl.te a plethora of available

cannulated interfragmentary screw combined with a G TR e reports, there remains no clear consensus regarding fixation construct for the Lapidus bunionectomy.
The Principal Investigator (DJE) routinely utilizes crossing 4.0 mm cannulated interfragmentary screws along with a medially placed stainless steel locking plate with five 304.6 + 107.2 N 223.6 + 85.5 N 0.223 Our investigation is the first to renort direct comparative results for obiective stiffness of medial locking plate with
stabilization screw from first to second metatarsal base similar to the technique described by Blitz et al. and King et al. 2.7 mm locking screws. The third construct (5 limbs) i terfra me%tar comoression cor|?1 ared 1o a crozse doscrews with an aJd Sitional transfixation screw con%t?uct our
(10, 16). This method has shown to be effective in terms of cost and ability to begin weight-bearing as early as 12 days consisted of one A-"O mm partially-threaded, sta.lnless-. results gu esteﬁ a thrl?ae-screw conFs)truct Is not inferior in regard to stiffness as compared to commerciall av.ailable
post-operatively without compromise in fixation or increased nonunion rates (16). The addition of a third screw from steel, cannulated interfragmentary screw combined with A iy g 9¢ 1S comp nerciatly aval’
: : : : : : diallv olaced titanium locki | ith five 3.0 locking plate constructs. Additionally, plate composition (stainless steel vs. titanium) had no statistically significant
the first to second metatarsal or first metatarsal to medial cuneiform was investigated by Ray et al., however no a medially place tltan_lum ocking plate with Tive 3. . . effect on lockina-plate construct stiffness. The peak load to failure for our all-screw construct was 310.9 + 1094 N
significant difference in terms of load to failure was seen with the additional screw and there was no comparison to mm locking screws (Figure 2). Interfragmentary screws Average Maximum Load to Failure 9P | P S
locking plate constructs. It should be noted that the load to failure values with a third screw were in fact higher, and were kept consistent between plating groups to 450 In conclusion. our findinas suagest no difference in maximum strenath between commerciallv available five-hole
may have approached statistical significance with a larger sample size or utilization of our operative technique (26). Our eliminate variable between cannulated screw design; 400 . » Our TIndings sugg . >reng lally ava o
: . : : : : : ) : - di ination b lati . locking plates with interfragmentary compression and crossed interfragmentary screws with additional transfixation
biomechanical cadaveric research, aimed to compare load to failure values in the first metatarsocuneiform arthrodesis ensuring a |re9t examlnathq _etween P atlng groups. screw constructs for the Lanidus arthrodesis. Thouah not statistically sianificant. the three-screw construct showed a
for (1) interfragmentary crossed screw fixation with an additional third (transfixation) screw from the first to second Hardware was implanted utilizing the respective 0 “enter abilitv {0 resist Ianli)ar AnDiNg at the fusiongsi e Althouch I?)/ck?n lates mav brovide a role in cases with
- . . . - . 9 : : = .
metatarsal base and (2) the strongest hybrid locking plate fixation technique reported to date. This study was funded manufacturer’s published technique. Each screw was = J 4 pantar gabping - JOUgh foceing p Y provice
OCPM F dati placed to ensure bicortical purchase, and locking screws % 900 bony defects, or other situations were screw purchase is unsuitable, their routine use is unjustified.
through a grant from the oundaftion. ! B
Jnag were placed in axial “fixed-angle” positions. o
100
= = - - = . . . 20
850 MinkSeonee _ _ Figure 2. Standard dissection with a :
F|gure 5 EXtensometer meaSUI‘Ing p|aﬂtal’ f|Ve_hO|e IOCk'ﬂg pla‘te (t|tan|um |n th|S plate fixation screw fixation Refe re n Ces
displacement. | Sbiacen) photo) with interfragmentary
Note the gapping as a result of the axially STH U 2665 & g compression screw construct Chart 1. Bar graph illustration comparing | Figure 6.
applied load. The four-point bending flxtu.re IS : locking plate constructs vs. all screw This photo demonstrates the only R
. £ Y H . rec . e ratnology an reatment ot Hallux Valgus. RUSS Vrac : , .
necessary tO ISOIate forces_a_cross the fIrSt POttlng ConStrUCtS. NOte that the three screw CataStrophIC fallure Of our Sample' 2. Lap!dus PW. Operative Cogr}rlection of the Metgtarsus \_/arug Primus ?n Hallux V_algus. Surg. Gynecol. Obste_t 58:183-191, 1934 o
tarsometatarsal joint. After fixation, each specimen was meticulously construct did demonstrate a higher load to e ot s e e Lo o 157 ol VA, Bl Ho i D i s 17404421105
dissected from the remaining oot The firstand failure, however this was not statistically |~ Mode of Failure S S o oy R o T o e Rt e B ot o e 15582
second metatarsal, as well as the medlal, intermediate Signiﬁcant All 10 p|ate fixations and 9 out of 10 screw fixation 7. Treadwell JR. Rail External Fixation for Stabilization of Closing Base Wedge Osteotomies and Lapidus Procedures: A Retrospective Analysis of Sixteen Cases. J Foot Ankle Surg 44:429-436.
: . . . _ ) 2005.
Cune.lform, and navicular were preserved for t_eStmg' Samples failed because of plantar gapping = 3 mm. 8. Saxena A, Nguyen A, Nelson E. Lapidus Bunionectomy: Early Evaluation of Crossed Lag Screw versus Locking Plate with Plantar Lag Screw. J Foot Ankle Surg 48: 170-179, 2009.
el sttt il One screw fixation specimen failed as a result of the 20 B, oo T i . B b D15toetes LA Eaty e Seant i i oo b A& ol et 60 Ces.J Foot Al ur 6557362, 201
Surroundmg the first tarsometatarsal Ilgament- The bone fracturing near the junction of the three-screw 11. Nwokolo 10, Nguyen TC, McDermott DP. Effect of Early Weightbearing after Modified Lapidus Arthrodesis: A Retrospective Study. Podiatry Institute 4: 15-21, 2013.
] id-di ] 12. Lamm BM, Wynes J. Immediate Weightbearing after Lapidus Arthrodesis with External Fixation. J Foot Ankle Surg 53: 577-583, 2014.
Figure 3. Specimens potted in 1.5 inch PVC SeC?”d ray was then_ resected at[ the mid-diaphyseal construct (Figure 6). 13. Wang JC, Riley BM. A New Fixation Technique for the Lapidus Buni .J Am Pod Med Assoc. 95: 405-409, 2005.
. J . p P . . region to allow potting of the first metatarsal head. ( J ) 14. So?gr?son M: I?I);er CF, Be?IIZt (;)stggsuﬁ(s: or:‘Iqu;(:)iglE; ,:rtharrc)):jeussis al::(]jl?_rl)ecclzgg] E’/Iatinén Wi(t)h Ea?ly V\jz(i)ghtbearing. Foot Ankle Spec 2: 227-233, 2009.
g potting
plpe Wlth auto flllel'. TOp construct is the flVE-hOle S . b dd d . t 1.5 . h | d . | 15. Cottom JM, Vora AM. Fixation of Lapidus Arthrodesis with a Plantar Interfragmentary Screw and Medial Locking Plate: A Report of 88 Cases. J Foot Ankle Surg 52: 465-469, 2013.
stainless steel p|ating. Bottom construct is the PS/eélmenS Wlere embedae h Into a 1. i m(;_”Cy Indrica e ® e 16. Kir:lg CM, Riche)I/J,kPateI S, ICollman DR.hModified Lap(ijc:]us Arthrode?]isk:Nith Crossed Screw I;ixationl: Early We%ightbearing in 136 Pa;[ients.J Fc;]ot dAnklt:cSurg 34: 69—I75, 201?.
) ] . 1l |Z|ng as much automotive ftiller as 17. Willegger M, Holinka J, Ristl R, Wanivenhaus AH, Windhagger R, SchuhCorrection Power and Complications of First Tarsometatarsal Joint Arthrodesis for Hallux Valgus Deformity. Int
five-hole titanium alloy. The three-screw PIpe U : : L t t Orthop 39: 467-476, 2015.
i i it dy th fashi pOSSIble without interference of the first I m I a I O n S 18;. Co(?hen DA, Parks BG, Schon LC. Screw Fixation Compared to H-Locking Plate Fixation for First Metatarsocuneiform Arthrodesis: A Biomechanical Study. Foot Ankle Int 26: 984-989, 2005.
constructs were pO edin € same fasnion. tarsometatarsal joint (Figure 3) 19. Gruber F, Sinkov VS, Bae SY, Parks BG, Schon LC. Crossed Screws Versus Dorsomedial Locking Plate with Compression Screw for First Metatarsocuneiform Arthrodesis: A Cadaver Study.
' Foot Ankle Int 29: 927-930, 2008.
2(c)).OKIons K_e, gueorguiev B, Muckley T, Frober R, Hofmann GO, Schwieger K, Windolf M. Stability of Medial Locking Plate and Compression Screw Versus Two Crossed Screws for Lapidus
Biomechanical Testing We do recognize some weaknesses to our StUdy report. Thereisa relatiVEIy Iarge standard deviation among each fixation '2Alrj[hsr§riflstlc?r.1l:’cI)Ec?té)rggielrg,?)é;rlri?r:algé’:ri?]i)desis of the First Metatarsocuneiform Joint: A Comparative Study of Fixation Methods. Foot Ankle Int 30: 341-345, 2009.
Mechanical testing Was Conducted USing a Computer-controlled Servohydraulic Ioad frame under the guidance Of a COIlStI'LlC'[’S maximum load. ThlS could be due to differences in bOIlG density. Some pI’CViOUSly pubhshed WOI’kS Suggested ii.{)i(k;k}fé ﬁ]ltn;%nslgg??ggg ?(,)ﬂoffmeier KL, Gras F, Frober R, Hofmann GO, Muckley T. Plantar Versus Dorsomedial Locked Plating for Lapidus Arthrodesis: A Biomechanical Comparison.
biomechanical engineer (JK). Each potted specimen was loaded into a custom made four-point bending fixture (Figure the use of DEXA scanning of each cadaveric specimen to ensure similar bone stock. Instead of DEXA scanning we 23. Cottom JM, Righy RB. Biomechanical Comparison of a Locking Plate with Intraplate Compression Screw Versus Locking Plate with Plantar Interfragmentary Screw for Lapidus Arthrodesis: A
Figure 4. Testing consisted of potted specimens L 4), like that previously described by Gruber et al. (19). The four-point bend method ensures a consistent load between |nst|tute_d a strict selection criterion for cadaverlc limbs. S_ubtle bone mlne_ral_densny differences cogld be possible due to s ooy ot AnKle Surg 52
= Custolm made four-point bending fixture. The é contact points. Specimens were secured in the fixture such that the plantar aspect of the construct was facing pre_e-xp”at!or-] ambu|atory demands, and -exp|a|n for the W|de standard dev|a-t|on. A |arger Samp|e size WOU|d also he|p 25?5r?qgtc?];ii’;iﬂ;;;i?r;rgé?t/:mg Il,nysa;slgbgfigggn D, Augat P. Intraosseuos Fixation Compared to Plantar Plate Fixation for First Metatarsocuneiform Arthrodesis: A Cadaveric
fixture was bolted to the servohydraulic load frame : downward. An extensometer was mounted plantarly across the fusion site to measure and record deformation (Figure alleviate this issue. We also chose to limit our study to maximum load to failure. Some authors have previously suggested B T
and loaded at a rate of 5mm/min. : 5). Specimens were loaded at a displacement rate of 5Smm/min until failure. Failure was defined as the load that that cyclical loading would be a more clinically relevant form of evaluation, and that maximum load to failure methods 26. Ray RG, Ching RP, Chrisnsen JC, Hansen ST Jr.Biomechanical Analysis of the Firs Metatarsocuneiform Arthrodesi. 3 oot Ankle Surg 37: 376.385, 1996,
Note the plantar placement of the extensometer, 3 resulted in 3 mm of plantar gapping/deformation, as measured by the extensometer, or catastrophic failure of the only evaluate possible “catastrophic moments” in the post-operative setting. Finally, our study only evaluated the effect of % l\élenke CR[I\)A’ E/Ic(élamry l\ch c%masta CF{A. éapiﬁuivAéthgdesés wSithA a 3ir;?le Lalg Screw and a L,fc"i”g H-Plate. J Foc;t An/lilekfu;g 50: g(gigg 1222112'016
; . ! ! . . . . . Sorensen, M.D., Cooper, T.M., Dayton, P., Smith, W.B., Brigido, S.A, Hallux valgus: are we rea etting it correct? Foot Ankle Spec. :159-162,
which measured plantar dISplacement at the it v fixation. 3 mm represented a value detrimental to osseous healing. For statistical analysis of plate VS SCrew fixation, a force vectors within the Saglttal plane' Some authors SUQQESt that torsional forces play a key role in the development of the 29. Dayton, P., Kauwe, Mp., Feilmeier, I¥A Is our current paradigr?w for evaluation and r?\anagement of tr)llegbunign deformity fIawed?Adigcussion of procedure philosophy relative to anatomy. J
arthrodesis site. paired t-test was used; for plate vs plate fixation, a student’s t-test was used; significance was defined as p<0.05. bunion deformity (29). Future studies should evaluate torsional forces about the first metatarsocuneiform joint. Foot Ankle Surg. 54: 102-111, 2015.




