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Four-year outcomes following triplanar tarsometatarsal arthrodesis with
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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: Level 3 Background: Traditional hallux valgus surgery has been focused on two-dimensional repair with high reported
Key words: recurrence rates.

hallux valgus Purpose: We report the 4-year interim analysis of a prospective, 5-year, multicenter study of radiographic, clinical,
lapidus and patient-reported outcomes following triplanar first tarsometatarsal arthrodesis with early weightbearing.
early weight bearing Study Design: This is a prospective, multicenter, clinical trial involving 7 US-based centers and 13 surgeons. One-
tbrlljlr)lli?)r:laerctomy hundred and seventy-three patients were treated, of whom 139 (80.3%) achieved their 48-month visit. Clinical

and radiographic parameters were evaluated at all follow-up visits along with patient-reported outcomes [Visual
Analog Scale (VAS), Manchester-Oxford Foot Questionnaire (MOXFQ) and Patient-Reported Outcomes Measure-
ment Information System (PROMIS).

Methods: Institutional review board approval was obtained for each study site. A consecutive cohort of patients
were enrolled from November 2018 to April 2021 who received first TMT arthrodesis to correct their symptomatic
hallux valgus. Inclusion and exclusion criteria were established.

Results: Significant improvements in triplanar radiographic correction (hallux valgus angle, intermetatarsal angle,
tibial sesamoid position, sagittal-plane IMA, and osseous foot width) were maintained at all timepoints. Using
recurrence definitions of > 15° and 20° postoperative hallux valgus angle, recurrence rates were 8.4% (95%
Cl:4.27%, 14.53%) and 0.8% (95% CI1:0.02%, 4.18%) at 48 months, respectively. Mean (95% CI) time to weightbearing
in a boot walker was 7.7 (6.6, 8.8) days.

Conclusion: The 4-year interim results of this prospective, multicenter study demonstrate favorable improvement
of the triplanar hallux valgus deformity, maintenance of correction, low complication rate, and favorable patient-

reported outcomes with early return to protected weightbearing.
© 2025 The Author(s). This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Disclosures: Authors are consultants and receive research funding from Treace Medical Concepts, Inc.
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Study Summary

Interim analysis from the Lapiplasty® ALIGN3D™ multicenter, prospective clinical study of 139 patients with at least 48
months of follow-up (out of 173 total study patients).

- Early return to weight bearing in a walking boot at an average of 7.7 days, return to work within 4 weeks (27.4 days) and
to full unrestricted activity within 4 months post-surgery on average.
- Significant improvement in radiographic measures of 3-dimensional bunion correction (IMA, HVA, TSP, sagittal IMA,
osseous foot width) through 48-months post-surgery.

- Using recurrence definitions of post-op HVA > 20° and 15°, recurrence rates were 0.8% and 8.4%, respectively at 48 months.

- Significant improvement observed over pre-surgery in patient reported pain reduction on the Visual Analog Scale (VAS)
through 24 months (final timepoint for VAS measure) and quality of life measurements on the Manchester-Oxford Foot
Questionnaire (MOxFQ) and Patient-Reported Outcomes Measurement Information System (PROMIS) scores through 48

months follow-up.
Table 3

Radiographic measures and change from baseline: baseline, 6 week, 48 months, mean (95% Cl)

HVA (°) IMA (°) TSP Sagittal Plane IMA (°)
Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)
Baseline (N=139) 26.0 (24.8, 27.1) 13.3 (12.8,13.7) 5.0 (4.8, 5.1) 1.2(0.9, 1.6)
Week 6 (N=137) 8.9(8.0,9.7) 3.9 (3.6, 4.3) 1.4(1.3,1.6) 0.2 (-0.4,0.8)
. -17.2 (-18.5,-15.8) -9.3(-9.8,-8.8) -3.5(-3.7,-3.3) -1.1(-1.6,-0.5)
Change from Baseline | 45401 p<0.0001 p<0.0001 p=0.0003
Month 48 (N=134) 6.8 (5.8,7.8) 5.3(4.9,5.8) 2.8(2.5,3.0) -0.8 (-1.3,-0.3)
. -19.2 (-20.5,-17.8) 7.9 (-8.4,-7.4) 2.2 (-2.4,-2.0) -2.0 (-2.6,-1.5)
Change from Baseline | 55501 p<0.0001 0<0.0001 0<0.0001
2
8
2
) = |
. s .
Fig. 2. Improvements in VAS from baseline to 2 years pastoperatively.
Table 4

Patient Reported Outcomes: MOxFQ, mean (95% Cl)

Visit

Domain

MOxFQ

Score
Mean (95% CI)

Change from Baseline

Mean (95% CI)

p-value

Baseline (N=139)

Social Interaction

449 (41.2,48.7)

Walking/Standing

46.2 (42.2,50.1)

Pain

55.1 (51.5, 58.6)

Social Interaction 5.1(3.2,7.1) -39.8 (-43.6,-36.0) <.0001
Walking/Standing 5.0(3.0,7.0) -41.8 (-45.8,-37.7) <.0001
Pain 10.4 (8.0, 12.8) -44.7 (-48.3,-41.0) <.0001

Study Conclusion

“We report statistically significant improvements in radiographic correction, low recurrence of deformity, and early
return to activity with low complication rates up to a 48-month postoperative review. Additionally, we report statistical
improvements in patients’ health-related quality of life up to a 48-month follow-up period.”




The Journal of Foot and Ankle Surgery xxx (xxxx) XXX

Contents lists available at ScienceDirect

=4 Foot
Ankle

The Journal of Foot and Ankle Surgery

Surgery

ELSEVIER

journal homepage: www.elsevier.com/locate/yjfas

Original Research

Instrumented correction of metatarsus adductus with hallux valgus - A
multicenter radiographic assessment
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ARTICLEINFO ABSTRACT

Keywords:
Plumbline
Sgarlato’s angle
Tarsometatarsal
Arthrodesis
Triplanar

Failure to address metatarsus adductus (MTA) with coexisting hallux valgus (HV) has resulted in mixed outcomes
and increased deformity recurrence. The purpose of this study was to investigate early radiographic and clinical
outcomes of a novel instrumented 2nd and 3rd TMT corrective arthrodesis combined with instrumented triplanar
1st TMT arthrodesis with early weightbearing. Radiographs and medical records from subjects undergoing this
surgical approach were retrospectively reviewed. Forty-three subjects (N = 43 feet) with a mean + SD age of
41.6 + 14.2 (range 15 to 62) years were treated at four institutions with a mean + SD follow-up time of 17.7 +
10.6 (range 11.5 to 51.0) months. Radiographic parameters demonstrated improvements in the mean + SD
Sgarlato’s angle (26.3 + 5.7 to 10.2 + 3.8 degrees), baseline ‘True Intermetatarsal Angle’ (23.2 + 6.6 degrees) to
measured Intermetatarsal Angle at final follow-up (3.7 + 2.4 degrees), Hallux Valgus Angle (32.3 £+ 8.4t0 7.2 =
6.6 degrees), Tibial Sesamoid Position (5.0 & 1.5 to 1.3 + 1.1) and Osseous Foot Width (97.8 + 7.0 to 86.8 + 7.5
mm). The novel baseline Plumbline measurement was 93.0 % positive in the study cohort and converted to a
negative reading following MTA correction in 90.7 % of subjects. All (N = 43) feet studied achieved stable
arthrodesis at the time of final clinical and radiographic assessment. One patient required hardware removal.
Radiographic outcomes of an instrumented triplanar correction and multi-planar locking plate fixation were
promising with correction of the MTA and HV deformities and favorable healing noted.
Level of evidence: Level 4, case series

Introduction present [5,6]. Failure to address MTA has been reported to result in a 30

% radiographic recurrence of HV [1]. A retrospective study of 15 sub-

Metatarsus adductus (MTA) is a congenital foot deformity present in
0.1 % of the population with a ~30 % incidence in individuals with
hallux valgus (HV), highlighting the commonality and interrelation [1].
Early observations suggest MTA has a purely transverse plane forefoot
malalignment, but recent opinions suggest a triplanar tarsometatarsal
(TMT) origin with hindfoot influence [2-4]. Clinical features include a
wide forefoot, concavity of the medial foot, and a fibular deviation of the
digits at the metatarsophalangeal (MTP) joints.

Isolated HV correction has inconsistent outcomes when MTA is

* Corresponding author.

jects undergoing isolated HV surgery with MTA present indicated a 40 %
patient dissatisfaction with a “striking under-correction” [4]. Mala-
lignment of the lesser metatarsals hinders surgical positioning of the first
resulting in residual deformity, HV recurrence, and increased post-
operative pain [5]. VAS and FAOS outcome scores have also been
negatively impacted in subjects having undergone isolated HV surgery
without addressing the MTA [6].

Procedures addressing MTA have been described but with inconsis-
tent results [7-10]. Second and third TMT joint realignment arthrodesis

E-mail addresses: jmcaleer@jemg.org (J.P. McAleer), daytonp@icloud.com (P. Dayton), mindi.dayton@icloud.com (M. Dayton), wdecarbo@yahoo.com
(W.T. DeCarbo), dkile@actalentservices.com (D. Kile), dhatch@facrockies.com (D.J. Hatch).
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Study Summary

« Multicenter retrospective review of 43 feet with an average follow-up of 17.7 months, who underwent the
Adductoplasty and Lapiplasty procedures and were weight-bearing in a surgical boot at an average of 11.2 days.

+ Radiographic parameters demonstrated improvements in IMA, HVA, IMA, True IMA, TSP, Sgarlato’s angle and
osseous foot width

+ All patients demonstrated stable and progressively healing arthrodesis of the TMT joints

Radiographic Results — Changes in radiographic Measurements
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HVA (degrees) IMA (degrees) True IMA TSP Sgarlatos Angle
(degrees) (degrees)
Visit

M Pre-Operative
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Case example from publication depicting reduction of osseous foot width, metatarsus adductus angle,
IMA, True IMA and HVA

Study Conclusion

“The data from this retrospective clinical study of patients undergoing instrumented 2nd and 3rd TMT corrective
arthrodesis combined with instrumented triplanar 1st TMT arthrodesis included an analysis of 43 patients treated
with a mean follow up of 17.7 months, demonstrating positive clinical results and radiographic correction of both
the midfoot (metatarsus adductus) and 3D bunion deformities.”
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Prospective multicenter study assessing radiographic and patient outcomes
following an instrumented mini-open triplanar tarsometatarsal arthrodesis
with early weightbearing
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ARTICLEINFO ABSTRACT

Level of evidence: This prospective, multicenter study assessed the radiographic, clinical, and patient-reported outcomes for hallux
Level 4 Case Series valgus (HV) correction performed with an instrumented 1st tarsometatarsal (TMT) system through a mini-open
Keywords: incision (<4cm) with a biplanar plating construct and early return to weightbearing. One hundred and five
Hallux valgus patients were treated, with 75 and 11 patients completing their 12- and 24-month visits, respectively. The
Mini-open

median (min, max) length of the primary dorsal incision was 3.5 c¢cm (3.0, 4.0). Patients underwent an early

TMalrSsometatars ol odesis weightbearing protocol with mean (95 % CI) of 7.9 (6.7, 9.1) days to weightbearing in a CAM boot. Significant
Triplanar improvements from baseline in mean radiographic measurements for Hallux Valgus Angle (HVA), Inter-

metatarsal Angle (IMA), Tibial Sesamoid Position (TSP), and osseous foot width (OFW) were maintained through
12 months. Using recurrence definitions of greater than 15° and 20° postoperative HVA, recurrence rates were
5.5 % (95 % CI: 1.5 %, 13.4 %) and 0.0 % at 12 months and 0.0 % for both thresholds at 24 months, respectively.
Significant improvements in patient-reported outcomes [Visual Analog Scale (VAS), Manchester-Oxford Foot
Questionnaire (MOxFQ) and Patient-Reported Outcomes Measurement Information System (PROMIS)] were
maintained through 12 and 24 months. A clinically meaningful assessment of the scar appearance was observed
in the POSAS scores. One (1.0 %) patient in the overall treated cohort of 105 required reoperation for removal of
hardware due to pain. The results of this prospective, multicenter study on a mini-open 1st TMT system
demonstrated improvements in radiographic correction, low recurrence, early return to activity with low
complication rates, and improvements in patient-reported outcomes.

* Corresponding authors.
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Study Summary

Interim analysis from the Lapiplasty® Mini3D™ multicenter, prospective clinical study of 105 patients with 75 and

11 patients completing their 12- and 24- month follow-up visits, respectively. This prospective, multicenter study
assessed the radiographic, clinical, and patient-reported outcomes for hallux valgus (HV) correction performed with
an instrumented 1st tarsometatarsal (TMT) system through a mini-open incision (s4cm) with a biplanar plating con-

struct and early return to weightbearing.

+ Median length of primary dorsal incision was 3.5 cm

« Early return to protected weightbearing at an average 7.9 days

+ Clinically meaningful assessment of the scar appearance was observed in the POSAS scores

+ Low radiographic recurrence rates of 0.0% using HVA>20° and 5.5% using HVA>15° at 12 months

+ Significant improvements in pain (VAS) and patient-reported scores (MOxFQ and PROMIS) at 12 months

Case Example of Incision/Scar Assessment

Changes in Radiographic Measurements from Baseline to Final Follow-Up

Table 2
Radiographic measurements.
HVA (°) IMA (°) TSP Sagittal Plane (°)a Osseous Foot Width (mm) Mean (95 % CI)
Mean (95 % CI) Mean (95 % CI) Mean (95 % CI) Mean (95 % CI)
Baseline, N=105 26.6 (25.3, 27.8) 14.1 (13.5, 14.6) 5.0 (4.8,5.3) 0.3 (-0.1,0.8) 91.0 (89.1, 93.0)
Week 6, N=104 6.4 (5.2, 7.6) 3.7 (3.2, 4.3) 1.7 (1.5, 1.9) 1.8 (1.2, 2.3) [not measured]
Change from BL -20.3 (-21.7, -18.8) -10.4 (-11.0, -9.8) -3.3 (-3.6, -3.1) 1.4 (0.8, 2.0)
p—valueb <0.0001 <0.0001 <0.0001 <0.0001
Month 6, N=98 6.5 (5.1, 7.8) 4.7 (4.0, 5.3) 2.3 (2.1, 2.6) 1.3 (0.8, 1.9) 83.7 (81.7, 85.6)
Change from BL -20.2 (-21.7, -18.8) -9.5 (-10.1, -8.8) -2.7 (-3.0, -2.5) 1.0 (0.4, 1.5) -7.4 (-8.0, -6.8)
p-value” <0.0001 <0.0001 <0.0001 0.0007 <0.0001
Month 12, N=75 7.1 (5.6, 8.6) 4.8 (4.1, 5.6) 2.7 (2.4, 3.0) 1L4 (0.8, 2.0) 83.3 (81.1, 85.5)
Change from BL -19.3 (-20.9, -17.6) -9.4 (-10.1, -8.8) -2.4 (-2.7,-2.1) 0.9 (0.3, 1.6) -7.0 (-7.8, -6.2)
p-value® <0.0001 <0.0001 <0.0001 0.0075 <0.0001
Month 24, N=11 5.6 (3.3,7.8) 3.0 (1.6, 4.3) 1.9 (1.4, 2.5) 1.1 (-1.3, 3.5) 79.3 (75.6, 83.1)
Change from BL -18.6 (-23.0, -14.3) -10.0 (-11.4, -8.5) -2.8 (-3.5, -2.1) 1.4 (-0.9, 3.7) -8.6 (-12.4, -4.7)

HVA=Hallux Valgus Angle; IMA=Intermetatarsal Angle; TSP=Tibial Sesamoid Position; BL=Baseline; CI=Confidence Interval
# Dorsiflexion is positive value
b p-value is computed using a T-test for the difference between post-baseline vs. baseline values

Study Conclusion

“This prospective, multicenter study of an instrumented system for 1st TMT correction of HV deformities through a
mini-open incision demonstrated statistically significant and favorable improvements in radiographic correction,
low deformity recurrence, early return to activity with low complication rates, and improvements in patient
reported outcomes.”
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Abstract

Background: Hallux valgus is a multiplanar deformity of the first ray. Traditional correction methods prioritize the
transverse plane, a potential factor resulting in high recurrence rates. Triplanar first tarsometatarsal (TMT) arthrodesis
uses a multiplanar approach to correct hallux valgus in all 3 anatomical planes at the apex of the deformity. The purpose of
this study was to investigate early radiographic outcomes and complications of triplanar first TMT arthrodesis with early
weightbearing.

Methods: Radiographs and charts were retrospectively reviewed for 57 patients (62 feet) aged 39.7 = 18.9 years
undergoing triplanar first TMT arthrodesis at 4 institutions between 2015 and 2017. Patients were allowed early full
weightbearing in a boot walker. Postoperative radiographs were compared with preoperative radiographs for hallux
valgus angle (HVA), intermetatarsal angle (IMA), tibial sesamoid position (TSP), and lateral round sign. Any complications
were recorded.

Results: Radiographic results demonstrated significant improvements in IMA (13.6 = 2.7 degrees to 6.6 = 1.9 degrees),
HVA (24.2 = 9.3 degrees to 9.7 = 5.1 degrees), and TSP (5.0 = 1.3 to 1.9 = 0.9) from preoperative to final follow-up
(P << .001). Lateral round sign was present in 2 of 62 feet (3.2%) at final follow-up compared with 52 of 62 feet (83.9%)
preoperatively. At final follow-up, recurrence was 3.2% (2/62 feet), and the symptomatic nonunion rate was |.6% (1/62
feet). Two patients required hardware removal, and 2 patients required additional Akin osteotomy.

Conclusion: Early radiographic outcomes of triplanar first TMT arthrodesis with early weightbearing were promising with
low recurrence rates and maintenance of correction.

Level of Evidence: Level |V, retrospective case series.

Keywords: hallux valgus, modified Lapidus, tarsometatarsal arthrodesis, bunion, triplanar

Introduction of hallux valgus is better characterized. Recent studies uti-
lizing weightbearing CT scans have shown that patients with
hallux valgus have abnormal first metatarsal pronation,
greater 3-dimensional displacement at the first TMT joint,

Hallux valgus is a complex deformity of the first ray.
Traditional correction methods for hallux valgus prioritize
correction in the transverse plane based on anteroposterior
(AP) radiographs. In particular, traditional methods of cor-
rection primarily target improvement of the hallux valgus
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angle (HVA) and intermetatarsal angle (IMA). Both the ’Department of Radiology, West Virginia University, Morgantown, WYV,
severity of the deformity and the method of operative cor- USA
rection have been largely based on this 2-dimensional rep-  *Foot & Ankle Center of lowa, Ankeny, IA, USA

resentation, resulting in variable outcomes and some studies Department of Podiatric Medicine and Surgery, North Colorado PMS

reporting high long-term recurrence rates ranging from 5 ity Gradap Setin

A 5 o o s : 139810 Orthopedics, University of South Carolina, Palmetto Health-USC
15% to 78% with these traditional approaches. Orthopedic Center, Lexington, SC, USA

Recent evidence suggests that hallux valgus is a multipla-
nar dchmnty with 4311,%11111ﬁc§nt COHU‘]bLIITIIOI‘lS from. the froqtal i . R 1D, Diepastimnt S OrHaRasaIzs, Wisdk Vingoh
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computed tomography (CT) scans, the 3-dimensional nature Email: justin.ray | @hsc.wvu.edu
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Study Summary

« Multicenter retrospective review of 62 feet with average follow-up of 13.5 months

+ 3-plane TMT arthrodesis with Lapiplasty® System and weight-bearing in a surgical boot at average 10.9 days
- 96.8% patients maintained their 3-plane correction (IMA, HVA, TSP); 2 feet with recurrence (3.2%)

+ 1.6% patients experienced symptomatic nonunion

Radiographic Results

6 Weeks 4 Months 12 Months
Preop, Postop, Postop, Postop,
n (%) n (%) n (%) n (%) P Value
IMA 13.6+2.7 6.1+2.1 6.1+2.3 6.6+1.9 <.001
HVA 242+9.3 11.6+5.1 10.2+59 9.7+5.1 <.001
TSP 5.0+13 1.6+0.7 1.8+0.9 1.9+0.9 <.001

Abbreviations: IMA - Intermetatarsal Angle; HVA - Hallux Valgus Angle; TSP - Tibial Sesamoid Position

Recurrence Measurements

6 Weeks 4 Months 12 Months
Postop, Postop, Postop,
n (%) n (%) n (%)
HVA > 20 degrees 3/62 (4.8%) 4/62 (6.4%) 2/62 (3.2%)
Loss of correction > 50% 2/62 (3.2%) 2/62 (3.2%) 2/62 (3.2%)

(IMA, HVA, or TSP)

Abbreviations: IMA - Intermetatarsal Angle; HVA - Hallux Valgus Angle; TSP - Tibial Sesamoid Position

Case Example from Publication

Study Conclusion

“Triplanar TMT arthrodesis resulted in significant improvements in IMA, HVA, and TSP at final follow-up with low
recurrence rates. Patients tolerated early weight-bearing and early return to normal athletic shoes with
minimal complications.”
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Comparison of the Mechanical Characteristics of a Universal Small
Biplane Plating Technique Without Compression Screw and Single
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ARTICLE INFO ABSTRACT

To better understand the mechanical characteristics of biplane locked plating in small bone fixation, the
present study compared the stability under cyclic cantilever loading of a 2-plate locked biplane (BPP) construct
arthrodesis without interfragmentary compression with that of a single-plate locked construct with an additional inter-
intetnal fition fragmentary screw (SPS) using surrogate bone models simulating Lapidus arthrodesis. In static ultimate
Lapidus plantar bending, the BPP construct failed at significantly greater load than did the SPS construct
(556.2 + 37.1 N versus 241.6 & 6.3 N, p = .007). For cyclic failure testing in plantar bending at a 180-N starting
load, the BPP construct failed at a significantly greater number of cycles (158,322 + 50,609 versus
13,718 + 10,471 cycles) and failure load (242.5 + 25.0 N versus 180.0 + 0.0 N) than the SPS construct
(p = .002). For cyclic failure testing in plantar bending at a 120-N starting load, the results were not signifi-
cantly different between the BPP and SPS constructs for the number of cycles (207,646 + 45,253 versus
159,334 + 69,430) or failure load (205.0 + 22.4 N versus 185.0 + 33.5 N; p = .300). For cyclic testing with 90°
offset loading (i.e., medial to lateral bending) at a 120-N starting load, all 5 BPP constructs (tension side) and 2
of the 5 SPS constructs reached 250,000 cycles without failure. Overall, the present study found the BPP
construct to have superior or equivalent stability in multiplanar orientations of force application in both static
and fatigue testing. Thus, the concept of biplane locked plating, using 2 low profile plates and unicortical screw
insertion, shows promise in small bone fixation, because it provides consistent stability in multiplanar ori-
entations, making it universally adaptable to many clinical situations.

© 2016 by the American College of Foot and Ankle Surgeons. All rights reserved.

Level of Clinical Evidence: 5

Keywords:

multiplane
twin plate

Osteosynthesis is a vital component of orthopedics for both trauma
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and reconstruction. The mechanical characteristics of orthopedic fix-
ation influence bone healing by a complex cascade of biologic events.
The biologic response of the bone varies depending on the design of
the fixator (size, material, stiffness) and the forces placed across the
fracture or osteotomy. Knowledge of the biologic effects that external
mechanical forces induce in bone has led to new paradigms in fracture
and osteotomy fixation. We can see from the published data that the
success with many of the new techniques is still not fully understood.
With our understanding of how the biology of bone healing is influ-
enced by both fixed angle plates and traditional compression fixation,
new recommendations for implants are emerging.

Construct stability can be achieved in several ways using fixed
angle plates. Monolateral plate application along the axis of the bone
requires the plate to have sufficient stiffness to resist the multiplane
bending, traction, and rotational forces commonly experienced

1067-2516/$ - see front matter © 2016 by the American College of Foot and Ankle Surgeons. All rights reserved.
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Study Summary
+ Biomechanical testing of Biplanar™ Plating (Gen 1) versus dorsal Lapidus plate + 4.0mm interfrag screw
+ Cantilever static and cyclic bending loading simulating Lapidus arthrodesis in surrogate bone models
+ Biplanar™ Plating demonstrated greater biomechanical performance:
+ Static ultimate failure load: 556N vs 242N (130% increase)
+ Cycles to failure @180N start load: 158,322 vs 13,718 cycles (1,154% increase)

Biomechanical Test Setup

DORSAL

LAT. MED.
PLANTAR
DORSAL

LAT. MED.
PLANTAR

Static and Cyclic Biomechanical Results

. BIPLANAR™ Anatomic Plate + Compression Screw
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© @)
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Study Conclusion

“The results of the study demonstrated that a small Biplanar™ Plating construct without compression
screw has superior or equivalent mechanical stability to a single anatomic plate with interfragmentary
compression screw under both static and dynamic fatigue conditions.”
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One- and Two-Year Analysis of a Five-Year Prospective Multicenter Study Assessing Radiographic
and Patient-Reported Outcomes Following Triplanar First Tarsometatarsal Arthrodesis With Early
Weightbearing for Symptomatic Hallux Valgus

George T. Liu, DPM, FACFAS, Avneesh Chhabra, MD, MBA, Mindi J. Dayton, DPM, MHA, FACFAS, Paul

D. Dayton, DPM, MS, FACFAS, William J. Duke, DPM, FACFAS, Daniel C. Farber, MD, Daniel J. Hatch,

DPM, FACFAS, Deidre A. Kile, MS, Jennifer Koay, MD, Jody P. McAleer, DPM, FACFAS, Abdi Raissi,

MD, Katherine M. Raspovic, DPM, FACFAS, Robert D. Santrock, MD, Robert P. Taylor, DPM, FACFAS,

Michael D. VanPelt, DPM, FACFAS, Dane K. Wukich, MD.

Summary: An interim analysis of the Lapiplasty® ALIGN3D™ multicenter, prospective clinical study
involving 117 patients with at least 12 months of follow-up (and 40 with at least 24 months)
demonstrated early weight-bearing in a walking boot at an average of 7.8 days post-surgery,
significant 3D bunion correction maintained at 12- and 24-month intervals with a low recurrence
rate of 0.9%, and return to work within an average of 25.2 days and unrestricted activity within 4
months. Patients reported marked reductions in pain and significant quality of life improvements
based on VAS, MOxFQ, and PROMIS scores sustained over the follow-up periods.

Comparison of Radiographic Measurements Before and After Tripane Tarsometatarsal

Arthrodesis for Hallux Valgus

Dayton P, Carvalho S, Egdorf R, Dayton M. J Foot Ankle Surg. 2020, 59:291-297.

Summary: A comparison of preoperative and final postoperative first ray measurements in 109 feet
after triplane tarsometatarsal arthrodesis at a mean follow-up time of 17.4 months. Preoperative
and final postoperative first ray variables including intermetatarsal angle (IMA), hallux valgus
angle (HVA), tibial sesamoid position (TSP), distal metatarsal articular angle (DMAA), Seiberg
index, metatarsal rotation angle (MRA), sesamoid subluxation, osseous union, and hardware
failure were evaluated.

Analysis of Shortening and Elevation of the First Ray With Instrumented Triplane First

Tarsometatarsal Arthrodesis

Hatch D, Dayton P, DeCarbo W, McAleer J, Ray J, Santrock R, Smith B. Foot & Ankle Orthopaedics
2020, 5(4): 1-8.

Summary: A prospective, multicenter study of 35 patients analyzing shortening and elevation of the
first ray after instrumented triplane tarsometatarsal (TMT) fusion with the Lapiplastye Procedure.
At an average follow-up of 6-months, the results demonstrated a mean first ray shortening on
sagittal and AP radiographs of 2.4 and 3.1mm, respectively. There was no increase in metatarsal
elevation and no patients reported lesser metatarsal pain post-operatively.

Triplane Hallux Abducto Valgus Classification

Hatch DJ, Santrock RD, Smith B, Dayton P, Weil L Jr. J Foot Ankle Surg. 2018, 57:972-981.

Summary: Rather than the 2D hallux valgus classification systems traditionally referenced, this
manuscript presents a novel 3-plane (3D) classification system for the evaluation and procedure
selection for hallux valgus treatment.
Class 1 - No metatarsal rotation; Class 2A - Metatarsal rotation without sesamoid subluxation;
Class 2B - Metatarsal rotation with sesamoid subluxation; Class 3 - Metatarsus adductus bunion;
Class 4 - Degenerative (DJD) bunion.



Progression of Healing on Serial Radiographs Following First Ray Arthrodesis in the Foot Using

a Biplanar Plating Technique Without Compression

Dayton P, Santrock R, Kauwe M, Gansen G, Harper S, Cifaldi A, Egdorf R, Eisenschink JJ. J Foot
Ankle Surg. 2019 May;58(3):427-433.

Summary: Multicenter, retrospective study of bone healing with accelerated weightbearing
protocol in patients undergoing TMT or MTP fusions with Lapiplasty® biplanar plating. 195
patients were included with mean follow up of 9.5 months. Patients were allowed to begin
weightbearing on the operative foot approximately at post-op day 5. 97.4% of patients
demonstrated successful bony fusion and 98.9% maintained a stable joint position over the
course of the study.

Comparison of Tibial Sesamoid Position on Anteroposterior and Axial Radiographs Before and
After Triplane Tarsal Metatarsal Joint Arthrodesis

Dayton P, Feilmeier M. J Foot Ankle Surg. 2017, 56:1041-1046.

Summary: Clinical study of 21 feet at 5.2 month average follow-up demonstrating the ability of the
Lapiplastye Procedure to successfully correct the three-dimensional (3D) deformity (including
metatarsal frontal-plane rotation) in 95.2% of cases, and also restore the intermetatarsal angle
to 5.5° hallux valgus angle to 7.3°, and tibial sesamoid position to 1.8.

Effect on Foot Width With Triplanar Tarsometatarsal Arthrodesis for Hallux Valgus

Vaida J, Ray J, Shackleford T, Decarbo W, Hatch D, Dayton P, McAleer J, Smith B, Santrock R. Foot
& Ankle Orthopaedics 2020, 5(3): 1-5.

Summary: Multicenter, retrospective study of 144 patients (148 feet) who underwent the
Lapiplastye Procedure. All patients demonstrated a decrease in bony and soft tissue width after
surgery. Bony width decreased by 10.4 mm (10.8%) postoperatively, whereas soft tissue width
decreased 7.3mm (6.8%) postoperatively after triplanar first TMT arthrodesis.

Hallux Valgus Deformity and Treatment. A Three-Dimensional Approach: Modified Technique

for Lapidus Procedure

Santrock RD, Smith B. Foot Ankle Clin. 2018, 23:281-295.

Summary: Manuscript reviews the 3-plane hallux valgus classification system, the novel surgical
steps of the Lapiplastye Procedure, the Lapiplastye Biplanar Plating biomechanical results,
and presents clinical outcome data from a 49-patient multicenter study demonstrating 96%
maintenance of 3-plane correction and 0% non-union rate at 4 months following an immediate
weight-bearing protocol with the Lapiplastye Procedure.
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Biomechanical Characteristics of Biplane Multiplanar Tension-Side Fixation for Lapidus Fusion

Dayton P, Hatch DJ, Santrock RD, Smith B. J Foot Ankle Surg. 2018, 57:766-770.

Summary: Biomechanical study comparing the Lapiplastye Plantar Pythone tension-side
fixation construct to Lapiplastye Biplanar Plating, demonstrating a 17% improvement in
maximum load to failure and a 103% increase in the cycles to failure (simulating post-operative
weight-bearing).

What Do Patients Report Regarding Their Real-World Function Following Concurrent

Arthrodesis of the First Tarsometatarsal and First Metatarsophalangeal Joints

Dayton P, Dayton M, Hatch DJ, DeCarbo WT, McAleer J. J Foot Ankle Surg. 2024 Mar-

Apr;63(2):187-193

Summary: 29 patients receiving double first-ray (combined first MTP and first TMT) arthrodesis
for primary or revision correction of hallux valgus were surveyed using custom questionnaire.
Primary outcomes showed excellent functional results, while radiographs and clinical exams
demonstrated a high rate of fusion at both joints with robust and consistent deformity correction.
The functional survey confirmed a consistent return to activities of daily living with minimal
restrictions on quality of life.

The Plumbline: A Novel Radiographic Tool for Assessment of Metatarsus Adductus with

Hallux Valgus.

McAleer JP, DeCarbo WT, Santrock RD. Foot & Ankle Orthopaedics. 2023;8(4)

Summary: Retrospective, diagnostic study reviewing AP radiographs of 45 patients. The
purpose being to develop an accurate but simplistic method describing MTA and illustrating its
significance relative to HV correction, as there is high incidence of HV recurrence when MTA is
unrecognized and unaddressed. The Plumbline (PL) method is a visual radiographic reference
that determines whether enough space is available to align the 1st Met. to the longitudinal foot
axis without first realigning the 2nd and 3rd Mets., or if the lesser Mets. will compete for 1st ray
correction by crossing the PL.

Evidence-Based Bunion Surgery: A Critical Examination of Current and Emerging Concepts

and Techniques

Dayton, Paul D. (Ed.). Springer International Publishing [Textbook]. 2018.

Summary: This textbook provides a critical examination of the traditions and techniques commonly
taught for bunion surgery and contrasts them with new, evidence-based anatomic and surgical
concepts (including the Lapiplasty® Procedure).
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+ Easley, M.A., Santrock RD. Lapiplasty: Three-Dimensional First Tarsometatarsal Arthrodesis for Hallux Valgus. Operative
techniques in foot and ankle surgery 3rd Edition. Copyright © 2022 Wolters Kluwer.

+ Smith WB, Santrock RD, Hatch DJ, Dayton P. Multiplanar Alignment System to Guide Triplanar Correction of Hallux Valgus
Deformity. Techniques in Foot & Ankle Surgery. 2017, 16:175-82.

The Evidence-Based Triplanar Solution
Backed by 26 Peer-Reviewed Lapiplasty: Publications

Lapiplastye offers:

97 and 99% successful maintenance of 3D correction
(as demonstrated in 13 &17 months follow-up, respectively)’?

<2 weeks to return to weight-bearing in a boot"*

10.4mm average reduction in osseous foot width?

2.4 and 3.1mm average shortening of first ray* (in lateral and AP radiographs, respectively)

2-3% non-union rate (13.5 & 9.5 month follow-up)'-®

3% hardware removal rate (in a 13 month study)®

0.9% and 3.2% recurrence rate (as demonstrated in studies at 17 & 13 months follow-up, respectively)'

30% increase in cycles to failure with Biplanar" Plating®
(compared to dorsomedial Lapidus plate + compression screw)

>80% reduction in pain levels per VAS and MOxFQ scoring systems
(interim analysis from ALIGN3D™ study of 40 patients at 24 months)’
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