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A R T I C L E I N F O A B S T R A C T

Background: Traditional hallux valgus surgery has been focused on two-dimensional repair with high reported
recurrence rates.

Purpose: We report the 4-year interim analysis of a prospective, 5-year, multicenter study of radiographic, clinical,
and patient-reported outcomes following triplanar first tarsometatarsal arthrodesis with early weightbearing.

Study Design: This is a prospective, multicenter, clinical trial involving 7 US-based centers and 13 surgeons. One-
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%
CI:4.27%, 14.53%) and 0.8% (95% CI: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/)
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HVA (°)
Mean (95% CI)

IMA (°)
Mean (95% CI)

TSP
Mean (95% CI)

Sagittal Plane IMA (°)
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)

Change from Baseline -17.2 (-18.5, -15.8)
p<0.0001

-9.3 (-9.8, -8.8)
p<0.0001

-3.5 (-3.7, -3.3)
p<0.0001

-1.1 (-1.6, -0.5)
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)

Change from Baseline -19.2 (-20.5, -17.8)
p<0.0001

-7.9 (-8.4, -7.4)
p<0.0001

-2.2 (-2.4, -2.0)
p<0.0001

-2.0 (-2.6, -1.5)
p<0.0001

Visit Domain
MOxFQ

Score
Mean (95% CI)

Change from Baseline
Mean (95% CI) p-value

Baseline (N=139) Social Interaction 44.9 (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

Table 3
Radiographic measures and change from baseline: baseline, 6 week, 48 months, mean (95% CI)

Table 4
Patient Reported Outcomes: MOxFQ, mean (95% CI)

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.”

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.
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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

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.”

Radiographic Results – Changes in radiographic Measurements

Case example from publication depicting reduction of osseous foot width, metatarsus adductus angle,  
IMA, True IMA and HVA
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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 (≤4cm) 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 

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.”

Case Example of Incision/Scar Assessment

Changes in Radiographic Measurements from Baseline to Final Follow-Up
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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

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.”

		  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	 24.2 + 9.3	 11.6 + 5.1	 10.2 + 5.9	 9.7 + 5.1	 <.001
TSP	 5.0 + 1.3	 1.6 + 0.7	 1.8 + 0.9	 1.9 + 0.9	 <.001

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

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

Static and Cyclic Biomechanical Results

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 Lapiplasty® 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.
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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 

Lapiplasty® 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 

Lapiplasty® 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 Lapiplasty® Procedure, the Lapiplasty® 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 Lapiplasty® 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 Lapiplasty® Plantar Python® tension-side  

fixation construct to Lapiplasty® 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).

What Do Patients Report Regarding Their Real-World Function Following
Concurrent Arthrodesis of the First Tarsometatarsal and First
Metatarsophalangeal Joints

Paul Dayton, DPM, MS, FACFAS1, Mindi Dayton, DPM, MHA, FACFAS1,
Daniel J. Hatch, DPM, FACFAS2, William T. DeCarbo, DPM, FACFAS3,
Jody P. McAleer, DPM, FACFAS4

1 Foot & Ankle Center of Iowa, Ankeny, IA
2 Foot and Ankle Center of the Rockies Greeley, CO
3 Greater Pittsburgh Foot and Ankle Center, Pittsburgh, PA
4Department of Podiatry, Jefferson City Medical Group, Jefferson City, MO

A R T I C L E I N F O A B S T R A C T

First metatarsal phalangeal joint and the first Tarsometatarsal arthrodesis have both been used for deformity cor-
rection and treatment of pain and arthritis. Concomitant arthrodesis of the first metatarsophalangeal and first tar-
sometatarsal joints (Double First Ray Arthrodesis) has rarely been described. We surveyed 29 patients who
underwent double first-ray arthrodesis for primary or revision correction of hallux valgus. A custom questionnaire
was used to assess their activities of daily living and sports activity at a mean follow-up of 19.6 months (median
18.4 months). Secondary endpoints were return to activity, deformity correction, and arthrodesis healing rate. The
primary outcomes showed an excellent return to activities of daily living with 96.6% of patients capable of walking
as much as they liked after surgery at a normal pace. About 96.6% reported they felt that their surgery was success-
ful, they had no pain, and the loss of motion at the joint fusion sites did not affect their ability to perform daily
activities. Protected walking in a fracture boot was initiated at a mean (SD) of 9.8 (9.9) days. Return to an athletic
shoe occurred at a mean (SD) of 44.2 (11.7) days. Full unrestricted activity was at a mean (SD) of 105.2 (19.3) days
with 65% of the patient group reporting that their recovery was easier than expected. There was 1 nonunion and
no other complications. This data set supports the hypothesis that patients undergoing double first-ray arthrodesis
can return to activities of daily living and sports with and low complication rate.

© 2023 by the American College of Foot and Ankle Surgeons. All rights reserved.

Level of Clinical Evidence: 4

Keywords:
arthrodesis
biplanar plating
bunion
hallux valgus
rotation
triplanar

Hallux valgus (HV) with degenerative joint disease (DJD) is a com-
mon indication for first MTP joint (MTP) arthrodesis. While techniques
and fixation constructs for this procedure vary, the surgical goals are to
provide pain relief, correct deformity, and improve gait function. Many
studies report consistent pain relief, high satisfaction, and robust return
to activity after MTP fusion (1-8). Return to normal activities of daily
living (ADLs) have been reported, including going up and down stairs,

squatting, picking up objects, as well as sporting and recreational activi-
ties (1,6-9) and subjective improvement in the shoes worn by patients
(6,7,10,11) Many surgeons consider fusion superior to replacement
arthroplasty because comparative studies suggest there is decreased
stability of the first ray, decreased first ray weight transfer, less favor-
able function, and questionable longevity when replacement is com-
pared to MTP joint arthrodesis (11,12).

Accurate alignment of the first ray joint is a priority for patients to
return to full activity. There are multiple studies that show consistent
deformity correction of hallux valgus following MTP arthrodesis includ-
ing reduction of the intermetatarsal angle (IMA), hallux valgus angle
(HVA), and frontal plane position of the first metatarsal without the use
of ancillary procedures (6,13-16). However, there are cases in which
full correction of the three-dimensional positions of the first ray cannot
be restored with MTP arthrodesis alone. These cases involve a stiff or
non-mobile proximal first ray, a severe first intermetatarsal angle, mal-
union from previous procedures, and tarsometatarsal (TMT) joint
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The Evidence-Based Triplanar Solution
Backed by 26 Peer-Reviewed Lapiplasty® Publications

97 and 99% successful maintenance of 3D correction  
(as demonstrated in 13 &17 months follow-up, respectively)1,2

<2 weeks to return to weight-bearing in a boot1,5

10.4mm average reduction in osseous foot width3

2.4 and 3.1mm average shortening of first ray4 (in lateral and AP radiographs, respectively)

2-3% non-union rate (13.5 & 9.5 month follow-up)1,5 

3% hardware removal rate (in a 13 month study)5

0.9% and 3.2% recurrence rate (as demonstrated in studies at 17 & 13 months follow-up, respectively)1,2

30% increase in cycles to failure with Biplanar™ Plating6 
(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)7

      Lapiplasty® offers:
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