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Abstract
Introduction Instability/collapse of the medial column has been associated with many conditions, particularly progressive 
collapsing foot deformity (PCFD), hallux valgus (HV), and midfoot arthritis (MA). Restoration of first ray length and sagit-
tal plane alignment to restore the foot tripod is essential when treating these deformities. This study aimed to assess early 
results, healing, and complication rate of a distraction dorsal opening plantarflexion wedge allograft first tarsometatarsal 
joint fusion (LapiCotton Procedure) in patients with collapse/instability of the medial column.
Methods In this prospective cohort study, we included PCFD, HV, and MA patients that underwent a LapiCotton procedure. 
Fusion site healing was defined by > 50% bone bridging in both interfaces between allograft wedge and host bone using 
weight-bearing computed tomography (WBCT) after 3 months. First ray collapse radiographic correction and minor and 
major complications (deep dehiscence, deep infection, and reoperation) were assessed.
Results A total of 22 patients (22 feet) were included (11 PCFD, 6 MA, and 5 of HV patients). Mean follow-up was 
5.9 months (range 3–12) and median allograft size was 8 mm (range 5–19 mm). Bone healing was observed in 91% of 
cases. Two minor complications (9%, both superficial dehiscence) and one major complication (4.5%, deep infection) were 
observed. Statistically significant improvement of the sagittal plane talus-first metatarsal angle was observed, with mean 
improvement of 9.4° (95% CI 6.7–12.1°; p < 0.0001).
Conclusion In this prospective cohort study of 22 patients treated with the LapiCotton procedure for medial longitudinal arch 
collapse/instability, we observed a low complication rate (9% minor, 4.5% major), high healing rate after 3 months (91%), 
one clinically stable radiographic non-union (4.5%) and one unstable non-union (4.5%) needing reoperation. Our results 
demonstrate promising initial results for LapiCotton technique in treating collapse of the medial longitudinal arch in patients 
with PCFD, MA and HV deformities. Long-term results are needed to confirm these promising results.
Level of evidence Level II, prospective cohort study.

Keywords Flatfoot · PCFD · Hallux valgus · Midfoot arthritis · Weight-bearing computed tomography · WBCT · Lapidus · 
Cotton · LapiCotton

Introduction

The crucial role of the first ray and the entire medial column 
in instituting and preserving the position of the three-dimen-
sional (3D) foot tripod is a well-accepted concept in the 

literature [1–3]. Biomechanical and structural incompetence 
of the first ray with instability and collapse of the medial 
longitudinal arch has been associated with many conditions, 
especially progressive collapsing foot deformity (PCFD) [4, 
5], hallux valgus (HV) [6, 7], and midfoot arthritis (MA) 
[8–12]. Fusion of the first tarsometatarsal joint (TMT), or 
the modified Lapidus procedure [13], is a well-accepted and 
long-lasting advocated procedure that allows correction of 
the first metatarsal malposition in the axial, coronal and 
sagittal planes, and potentially reestablishes the structural 
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stability of the medial column [14–19]. However, non-union 
rate of up to 8% [20] and relative shortening and dorsiflexion 
of the first metatarsal are inherent possible limitations and 
complications associated with the procedure [21–24], with 
an average of 4.1 mm decrease in absolute length of the first 
ray being reported in the literature [25, 26]. Combination of 
first ray shortening and dorsiflexion can lead to transfer load 
to the lesser metatarsals and residual mechanical incompe-
tence of the medial column [7, 20].

A bone block first TMT joint arthrodesis is a historically 
described procedure used as salvage to restore the first ray 
length [27, 28]. Traditionally, the concept applies to sequela 
of midfoot trauma and revision for failed Lapidus procedures 
[29], aiming to restore the length of the first ray, improve the 
mechanical lever arm of the medial column, and decrease 
the load transfer to the lesser metatarsals [27, 28]. However, 
no emphasis on sagittal plane and dorsiflexion deformity 
correction has been made with this procedure.

On the other hand, the Cotton osteotomy was described 
several years ago with the intent to plantarflex the first ray 
and rebuild the “triangle of support” of the foot [3]. Through 
the increase of the plantar inclination of the first metatarsal 
with a dorsal opening wedge of the medial cuneiform, fore-
foot varus/supination and medial arch collapse can be cor-
rected [3, 30]. Several authors demonstrated the procedure’s 
capability in improving alignment and outcomes for PCFD 
patients [31, 32]. Still, the effect of Cotton osteotomies in the 
overall stability of the first ray is still a matter of debate [33].

A surgical technique combining the mechanical advan-
tages of a Cotton osteotomy and a modified Lapidus proce-
dure, or LapiCotton, has been recently described by de Cesar 
Netto et al. to treat collapse of the medial column, by means 
of fusing the first TMT using a dorsal opening wedge dis-
traction allograft [34]. The procedure would have the poten-
tial advantages of maintaining/increasing the length of the 
first ray and plantarflexing the medial column, restoring the 
mechanical competence of the first ray in the foot tripod 
and at the same time allowing the conventional corrections 
of rotational and transverse plain malalignment. However, 
questions regarding the effectiveness and safety of the proce-
dure, non-union of the fusion site, overcorrection, and other 
complications associated with the procedure have not been 
solved yet. Therefore, the aim of this study was to report 
the early results and complication rate of the LapiCotton 
procedure in a prospective cohort of patients with collapse/
instability of the medial column of the foot. Our hypothesis 
was that a low complication rate and high healing rate of the 
osteotomy site and a significant amount of correction of the 
collapse of the medial column of the foot would be observed.

Methods

This study complied with the Health Insurance Portability 
and Accountability Act (HIPAA) and the Declaration of 
Helsinki. In addition, it obtained an Institutional Review 
Board approval before its start (#IRB 202012422).

Design

In this prospective comparative cohort study, we enrolled 
consecutive adult patients (over 18 years old) that under-
went the LapiCotton procedure for mechanical restoration 
of the medial column as part of the surgical treatment 
of PCFD, HV and MA. All patients underwent weight-
bearing computed tomography (WBCT) assessment of 
the affected foot and ankle preoperatively, 12 weeks and 
1-year postoperatively. WBCT was also performed after 
6 months if there was no complete healing of the Lapi-
Cotton fusion site at the 3-month WBCT [35, 36]. Studies 
were performed with a cone-beam computed tomography 
extremity scanner (PedCAT™, CurveBeam® LLC, War-
rington, PA, USA). Participants were directed to stand 
with the feet aiming frontward, set at shoulder width, dis-
tributing the body weight uniformly between the lower 
limbs, bearing weight in a physiological straight position 
[37]. Using dedicated software (Cubevue, CurveBeam® 
LLC, Warrington, PA, USA), multiplanar data were con-
verted into sagittal, coronal, and axial plane images.

Patients were excluded if they had the diagnosis of 
peripheral neuropathy and/or Charcot arthropathy. Patients 
that underwent the procedure but did not have at least 
3 months of clinical follow-up were not included.

Subjects

A total of 29 consecutive individuals (30 feet) that under-
went the LapiCotton procedure from August 2020 to Octo-
ber 2021 were screened and enrolled. After inclusion and 
exclusion criteria assessment, 22 patients (22 feet) were 
included in this analysis, 5 males (22.3%) and 17 females 
(77.3%), 12 left side (54.5%) and 10 right side (45.5%), 
with a mean age of 52.6 years (range, 19–75 years; SD, 
14.4), and a mean body mass index (BMI) of 32.9 kg/
m2 (95% CI, 29.2 to 36.5). A CONSORT diagram of 
enrolled, excluded and finally included patients is pre-
sented in Fig. 1. Of the 22 patients included, 11 patients 
were treated for PCFD (50%), 6 had MA (27%), and 5 had 
the diagnosis of HV (23%).
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Fig. 1  CONSORT diagram of 
enrolled, excluded, and included 
patients

Fig. 2  Conventional Lapicotton surgical technique in a patient with 
progressive collapsing foot deformity (PCFD). After the medial 
cuneiform post connected to the external jig is inserted into the 
medial cuneiform, the coronal plane position of the first metatarsal 
is corrected, if needed, and two K-wires are inserted in the external 
jig distal slots into the first metatarsal shaft, stabilizing the construct. 
After distraction through the jig and adequate joint preparation (A), 
the different trial sizes for the dorsal opening wedge allograft are 
inserted in the joint space (B). Sizing is checked by assessing the 
amount of correction of the first ray plantarflexion, assessed mainly 
clinically by palpating the heads of the first, fourth, and fifth meta-
tarsals (C). The objective is that the first metatarsal head should be at 
the same level or plantarly positioned in relation to the lateral column 
metatarsal heads. Then, fluoroscopically, the relative length of the 
first and second metatarsal is evaluated (D). The goal is to have the 

length of the first metatarsal equal or slightly shorter than the second 
metatarsal. The relationship between the talus and first metatarsal in 
the sagittal plane using a lateral foot fluoroscopic view is also per-
formed (E), aiming to correct the collapse of the first ray. The deter-
mined size of allograft wedge is thawed in the back table and soaked 
in the iliac crest bone marrow aspirate concentrate (F). Finally, it is 
inserted in the fusion site, while maintaining the distraction with the 
external jig (G). Transverse plane deformity can be performed manu-
ally by applying manual pressure distally over the medial aspect of 
the first metatarsal head, closing the intermetatarsal angle if needed. 
Compression is applied through the jig, a third K-wire is inserted 
through a proximal slot in the jig locking the transverse plane correc-
tion and the final position is checked under fluoroscopy (H, I). Distal 
post screws can be then inserted using appropriate targeted slots in 
the external jig, finalizing the fixation
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Conventional surgical technique for the LapiCotton 
procedure

Important surgical steps of the published conventional 
LapiCotton procedure are depicted in Fig. 2 [34]. The first 
TMT joint was then exposed with a 5–6 cm-long dorsome-
dial approach. A guide wire for insertion of the cuneiform 
post implant (Zimmer-Biomet®  InCore© system, Warsaw, 
IN) was positioned from dorsal to plantar. Once the posi-
tion of the guide wire was confirmed, the tunnel for inser-
tion of the cuneiform implant was drilled. The single-size 
implant was then attached to the external jig and manually 
inserted into the medial cuneiform tunnel. Two K-wires 
were inserted through specific slots distally in the external 
jig. While maintaining multiplanar correction, an addi-
tional K-wire was inserted proximally through the jig. The 
external jig was then utilized to distract the first tarso-
metatarsal joint. Joint preparation was performed. The size 
trials for pre-shaped allograft Lapidus wedges (Preserve 
 wedges©, Paragon28®, Denver, CO) were inserted in the 
fusion site. Clinically, the amount of correction was sub-
jectively evaluated. The flexibility of the first MTP joint 
was also assessed to ensure that overdistraction of the first 
ray did not happen, limiting the range of motion of the 
first MTP joint. Radiographically, the amount of correc-
tion was assessed by checking the relationship between the 
length of the first and second metatarsal head in anteropos-
terior fluoroscopic view, making sure that the first ray was 
not overlengthened, aiming for a first metatarsal with the 
same length or slightly shorter than the second metatarsal. 
Once the size of the wedge was decided, the appropri-
ately sized allograft wedge was soaked in the iliac crest 
bone marrow aspirate concentrate and introduced into the 
fusion site. Compression of the fusion site was then per-
formed through the external jig. Two post screws were 
then inserted distally using the targeted guide through 
the external jig. Additional procedures were performed 
as needed. When a plate or a nail was used (alternatively 
to the post), the above steps of preparation and correction 
were repeated, and only the implant was changed. Patients 
were kept non-weight bearing for 6 weeks, followed by 
progressive weight bearing in a boot.

Outcomes

Healing of the fusion site (both surfaces) was assessed by 
two blinded and independent fellowship-trained orthopedic 
foot and ankle surgeons using weight-bearing cone-beam 
CT at the 3-month follow-up. Disagreement between two 
readers was decided by a third blinded and independent 
reader, a fellowship-trained musculoskeletal radiologist. A 
percentage greater than 50% of crossing trabeculae/bone 
bridging along both proximal and distal surfaces between 

host bone and allograft was defined as a healed fusion site 
[38, 39]. Absence of bone bridging of more than 50% in any 
of the fusion site surfaces was defined as absence of healing/
delayed healing. No partial healing was considered. Non-
union was defined as absence of the same signs of healing 
at the 6-months follow-up.

Complications were assessed until the most recent fol-
low-up. Minor complications were established by superfi-
cial dehiscence, superficial infection, and neuropraxia [40]. 
Superficial dehiscence was the inability to heal the soft tis-
sue coverage until the end of the 4th week after surgery. 
Superficial infection was defined as the presence of local 
phlogistic signs or increased drainage requiring the use of 
oral antibiotics, and that was resolved without the need of a 
surgical intervention.

Major complications were defined as deep dehiscence, 
deep infection needing intravenous antibiotic or surgical 
intervention, and need for reoperation [40, 41]. The pres-
ence of persistent (more than 12 weeks) clinical complaints 
related to first ray length/plantarflexion overcorrection such 
as pain under the first metatarsal head/sesamoids, limited 
range of motion of the first MTP joint, and overload of the 
lateral column were also considered major complications. 
[42].

Measurements

Two independent and blinded observers, both fellowship-
trained orthopedic foot and ankle surgeons, measured 
the talus-first metatarsal angle (TFMA) in the sagittal 
plane of WBCT images, preoperative and postoperatively 

Fig. 3  Example of preoperative (A) and postoperative (B) measure-
ments of weight-bearing CT sagittal plane talus-first metatarsal angle 
(TFMA) in a progressive collapsing foot deformity patient is demon-
strated. The preoperative TFMA was 16.2° of collapse of the medial 
longitudinal arch (plantar vertex). It was corrected postoperatively to 
2.1° of dorsal apex (negative value), with a total correction of 18.3°



2287Archives of Orthopaedic and Trauma Surgery (2023) 143:2283–2295 

1 3

[43–47]. It was considered positive if it had a plantar ver-
tex (collapse) and negative if it had a dorsal vertex. Exam-
ple of preoperative and postoperative TFMA measure-
ments in one of the treated patients is depicted in Fig. 3.

Statistical analysis

Continuous variables were assessed for normality by 
the Shapiro–Wilk test and reported using mean, median, 
range and mode values. The 95% confidence interval was 
reported when applicable. The reliability between two 
readers for the talus-first metatarsal angle was assessed 
by the intraclass correlation coefficient (ICC), consider-
ing bias and interactions. ICC higher than 0.8 was con-
sidered excellent agreement [48]. Preoperative and post-
operative TFMA was compared by paired T test or paired 
Wilcoxon test. The JMP Pro 15 Software was used for 
statistical analysis.

Results

A summary of the demographics of all included patients, 
with diagnosis, comorbidities, allograft wedge sizes uti-
lized and TFMA measurements performed are presented in 
Table 1. Associated surgical procedures performed concomi-
tantly with LapiCotton are presented in Table 2. Patients 
had a median follow-up of 5.9 months (range 3–12 months; 
95% CI 4.5–7.2). The median allograft wedge size used was 
8 mm (range 5–19 mm; mode 8 mm). Regarding the type of 
implant utilized for LapiCotton fixation, a total of 16 medial 
cuneiform post implants were used (73%), five plate/screw 
fixations (23%) and one intramedullary nail (4%) (Fig. 4). 
Minor complications were observed in two patients (9%), 
consisting of two superficial dehiscence that resolved after 
6 weeks with no need for additional surgical procedures 
(Fig. 5). Major complications occurred in only one patient 
(4.5%), who was treated for MA and developed limited ROM 
of the first MTP joint and mild cock-up deformity of the 
first toe, as well as a deep dehiscence and deep infection of 
the dorsal wound utilized for the concomitant fusion of the 

Table 1  Summary of demographics, medial longitudinal arch col-
lapse diagnosis, comorbidities, allograft wedge sizes utilized during 
the LapiCotton procedure, pre- and postoperative weight-bearing CT 

sagittal plane talus-first metatarsal angle (TFMA) for the 22 patients 
included in the study

L left, R right, BMI body mass index, PCFD progressive collapsing foot deformity, HV hallux valgus deformity, MA midfoot arthritis, Preop pre-
operative, Postop postoperative, mm millimeters, o degrees 

Patient Side Gender BMI Age DM Smoking Rheumatoid Diagnosis Allograft 
Size (mm)

Preop TFMA (°) Postop TFMA (°)

Patient 1 L M 26.44 70 NO NO NO PCFD 5 20.6 5.9
Patient 2 R F 39.45 37 NO NO YES PCFD 8 23.9 12.65
Patient 3 R F 45.42 40 NO NO YES PCFD 8 8.35 7.6
Patient 4 L F 31.28 45 NO NO NO PCFD 10 13.05 5.1
Patient 5 L F 31.62 33 NO NO NO PCFD 10 20.85 13.95
Patient 6 L F 28.29 72 YES NO NO PCFD 8 17.4 9.35
Patient 7 R F 40.88 19 NO NO NO PCFD 8 3.9 4.1
Patient 8 R F 30.71 33 NO NO NO PCFD 10 16.9 − 0.15
Patient 9 L M 36.41 56 NO NO NO PCFD 10 13.8 5.05
Patient 10 L F 32.07 47 YES NO NO PCFD 5 7.5 3.6
Patient 11 R F 32 51 NO NO NO PCFD 8 12.75 5.6
Patient 12 L F 24.98 39 NO NO NO HV 5 10.9 6.45
Patient 13 R M 26.99 58 NO NO NO HV 5 5.05 1
Patient 14 L F 31.37 59 NO NO NO HV 5 11.45 4.35
Patient 15 L F 29.58 61 NO NO NO HV 8 14.75 7.25
Patient 16 L F 27.77 65 NO NO NO HV 10 6.85 − 5.55
Patient 17 L F 23.03 75 NO NO NO MA 8 32.85 13.45
Patient 18 R F 17.99 58 NO NO NO MA 5 21.65 3.9
Patient 19 R F 56.07 61 NO NO NO MA 19 19.85 − 1.25
Patient 20 R F 40.9 54 NO NO NO MA 10 14.6 3.8
Patient 21 L M 37.16 60 NO NO NO MA 12 14.9 6.95
Patient 22 R M 32.74 65 NO NO YES MA 8 23.7 15.4
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second and third TMT joints. This required intravenous anti-
biotics, surgical irrigation and debridement and hardware 
removal. No other patients reported or were found to have 
symptoms such as sesamoid pain, limited ROM of the first 
MTP joint, or lateral column pain.

Considering healing of the fusion site at the 3-months 
follow-up time point, 20 patients (91%) had complete heal-
ing of both surfaces of the fusion site. Two patients, how-
ever (9%), did not demonstrate adequate expected healing 
(> 50% bone bridging in both surfaces of the fusion site) 
(Fig. 6). One of the cases was a PCFD patient that received 
a LapiCotton for a medial arch collapse in the context of a 
total ankle replacement. Clinically, the patient was doing 
fine with no pain at the first TMT joint, and no signs of 
additional progressive collapse or loss of correction. The 
WBCT was repeated in this patient at the 6-months follow-
up. At that point, a radiographic non-union of the fusion 
site was confirmed, but clinically the patient was still 
asymptomatic and back to all his previous activities. The 
second case with no signs of full healing of the LapiCotton 

fusion site was the same MA patient who developed the 
deep dehiscence and infection and needed additional 
intervention with irrigation and debridement, absorbable 
antibiotic bead placement and hardware removal of the 
second and third tarsometatarsal fusion hardware. WBCT 
was repeated at the 6-month follow-up, confirming the 
presence of radiographic and clinical non-union with loss 
of correction of the longitudinal arch. This patient is cur-
rently under assessment by our soft tissue coverage team 
for treatment of the dehiscence and will need a revision 
procedure once the soft tissue coverage problem is solved.

The inter-observer reliability for measurements of sagit-
tal plane TFMA was excellent, with an ICC of 0.86. The 
average improvement in the collapse of the medial lon-
gitudinal arch of the foot, measured by the sagittal plane 
TFMA was 9.4° (95% CI 6.7–12.1°; p < 0.0001), with a 
mean preoperative angle of 15.3° (95% CI 13.3–17.2°) 
and a mean postoperative angulation of 5.8°  (95% CI 
3.9–7.8°) (Fig. 7).

Table 2  Summary of the concomitant surgical procedures performed at the time of the LapiCotton for the 22 included patients in the study

PCFD progressive collapsing foot deformity, HV hallux valgus deformity, MA midfoot arthritis, TAR  total ankle replacement, MDCO medial 
displacement calcaneal osteotomy, LCL lateral column lengthening, PTT posterior tibial tendon, PB peroneus brevis, PL peroneus longus, FDL 
flexor digitorum longus, TMT tarsometatarsal joint, NC naviculocuneiform joint, TN talonavicular joint, 1 first, 2 second, 3 third, STA synthetic 
tape augmentation

Patient Diagnosis Associated procedures

Patient 1 PCFD MDCO + LCL + PTT reattachment + Strayer
Patient 2 PCFD MDCO + LCL + spring ligament retensioning + PTT reattachment + PB to PL + Strayer
Patient 3 PCFD MDCO + PTT reattachment + Strayer
Patient 4 PCFD MDCO + spring ligament retensioning with STA + deltoid ligament retensioning with 

STA + PTT reattachment + Strayer
Patient 5 PCFD MDCO + spring ligament retensioning with STA + deltoid ligament retensioning with 

STA + FDL transfer + Strayer
Patient 6 PCFD MDCO + FDL transfer + Strayer
Patient 7 PCFD MDCO
Patient 8 PCFD MDCO + FDL reconstruction + Strayer
Patient 9 PCFD MDCO + PB to PL
Patient 10 PCFD Total ankle replacement (lateral approach) + Brostrom + MDCO
Patient 11 PCFD Total ankle replacement (lateral approach) + Brostrom
Patient 12 HV No
Patient 13 HV Akin + modified McBride
Patient 14 HV Akin + modified McBride
Patient 15 HV Akin + modified McBride
Patient 16 HV Akin + modified McBride
Patient 17 MA 23 TMT fusion (plate) + Akin + modified McBride
Patient 18 MA 1 NC fusion (plate) + 23 TMT fusion (posts)
Patient 19 MA 123 NC fusions + 23 TMT fusions (plates)
Patient 20 MA 23 TMT fusions (posts)
Patient 21 MA TN fusion + 123 NC fusions + 23 TMT fusions (plates)
Patient 22 MA 23 TMT fusion (posts) + Akin + modified McBride
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Discussion

In this study, we report the early results and complica-
tion rates of a prospective cohort of patients with medial 
longitudinal foot arch collapse secondary to either PCFD, 
HV or MA treated with the LapiCotton procedure. To 
the authors’ knowledge, this is the first time a series of 
patients treated with a distraction plantarflexion arthrode-
sis of the first TMT joint as a primary surgical procedure 
for collapse of the medial column of the foot is reported 
in the literature. Because of the considerable incidence of 
non-unions reported in the literature for the conventional 
modified Lapidus technique of up to 8% [20], there was 
an obvious concern in utilizing an allograft wedge in the 
first TMT fusion site, and expecting healing of two inter-
faces between host and allograft bone, rather than a single 
host bone fusion interface. There was also some concern 
regarding the occurrence of other possible complications 
related to the lengthening and repositioning of the first ray 
in the sagittal plane. In the first 22 patients treated with 
the technique, we found a relatively low rate of early com-
plications, 9% for minor complications (superficial dehis-
cence), 4.5% for major complications (deep dehiscence/

infection) and only 9% absence of full healing of the 
fusion site (both fusion surfaces) after 3 months.

The use of structural distraction bone graft in the first 
TMT joint is not an original idea [27, 28]. It has been 
described to reestablish relative shortening of the first ray 
in sequela of traumatic Lisfranc joint injuries and as revi-
sion salvage procedures for first TMT non-unions [29]. 
Komenda et al. reported its use in a total of 11 patients of 
a cohort of 32 subjects with post-traumatic foot deformi-
ties [28]. Although detailed results of the 11 patients that 
underwent the distraction first TMT arthrodesis were not 
provided, the authors found a 3% rate of non-unions and 
21% of complication rate when considering the entire cohort 
[28]. A good correction of the radiographic alignment of the 
medial column was also achieved by measuring the talus-
first metatarsal angle in lateral conventional radiographic 
views, with measurements improving on average from 16° of 
dorsiflexion preoperatively to 6° of dorsiflexion postopera-
tively [28]. Sangeorzan et al. reported the use of a structural 
iliac autograft in a nondetermined subset of a total of 16 
patients undergoing salvage revision first TMT arthrodesis 
for patients with Lisfranc joint fractures or fracture disloca-
tions that failed initial surgical treatment [27]. They found an 
overall 18% non-union rate, absence of major complications, 

Fig. 4  Examples of preoperative and postoperative weight-bearing 
CT (WBCT) images for the three different types of implants utilized 
for fixation of the LapiCotton procedure (A–D medial cuneiform 
post; E–H plate and screws; I–L intramedullary device). First column 
on the left (A, E and I) shows a thick sagittal cut of the preopera-
tive deformity. Second (B, F and J) and third columns (C, G, and K) 

demonstrate, respectively, sagittal and axial 3-month postoperative 
WBCT imaging of the first tarsometatarsal fusion site, with full inte-
gration of the allograft and complete bone healing with all three dif-
ferent implants. Last column on the right (D, H and L) shows a thick 
sagittal WBCT image of the postoperative construct
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Fig. 5  Clinical images of the two patients that presented with minor 
complications with superficial wound dehiscence. One patient treated 
for midfoot arthritis had a delayed wound healing at 3 weeks (A and 
B) and 6  weeks (C and D) which was resolved with simple wound 
care and dressings. The patient was completely healed by the 6th 
postoperative week (E). The second patient underwent LapiCotton 

procedure for progressive collapsing foot deformity in the setting of 
a total ankle replacement and had a superficial dehiscence by the 3rd 
postoperative week (F and G) that was resolved with conventional 
wound care and dressings. Patient demonstrated complete healing in 
the 6-week postoperative visit (H and I)

Fig. 6  Images displaying the two patients with absence of bone heal-
ing at the 3 months weight-bearing CT (WBCT) imaging. Images 
A–D exhibit a patient with midfoot arthritis that underwent the Lapi-
Cotton as part of the surgical treatment. WBCT sagittal plane image 
at 12 weeks showing incomplete integration with no complete healing 
of the fusion interfaces between allograft wedge and hot bone (A). 
The same patient developed a deep dehiscence and infection during 
further follow-up (B) that required reoperation with irrigation and 
debridement, hardware removal and antibiotic beads placement. The 
6-month postoperative WBCT sagittal images depict a non-union of 
the fusion site, particularly at the distal interface, with partial reab-

sorption of the allograft wedge and hardware breakage. Images E to 
H show WBCT images of a patient with progressive collapsing foot 
deformity treated with a LapiCotton after a total ankle replacement. 
Sagittal (E) and axial (F) plane WBCT images at 3-months follow-
up demonstrate absence of adequate bone bridging in the first TMT 
fusion site with partial reabsorption of the allograft wedge. At 6 
months, thick (G) and single slice (H) sagittal WBCT images con-
firm the non-union of the fusion site. However, the patient is asymp-
tomatic and does not demonstrate progressive collapse of the medial 
longitudinal arch
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and 69% good to excellent functional results [27]. In con-
trast, our cohort presented with two patients (9%) that did 
not demonstrate complete healing after 3 months of surgery. 
The main difference is that our assessment was performed 
with WBCT imaging rather than conventional radiographs, 
increasing the sensitivity for the diagnosis of delayed heal-
ing/non-union [49–51]. The rate of radiographic non-unions 
in these other reported cohorts could potentially be higher 
if computed tomography (CT) imaging was used for assess-
ment. However, a true comparison is difficult since the 
diagnosis, indications and fixation options are considerably 
different. Recently, Barg et al. in a systematic review for hal-
lux valgus surgical treatment reported an overall non-union 
rate for primary first TMT arthrodesis of 3.8% in a pool of 
261 patients from five different studies, with a 95% CI from 
1.1 to 7.8% [20]. Compared to this reported data, our 9% 
incomplete healing after 3 months and 4.5% (single patient) 
with a true non-union needing surgical intervention could 
be interpreted as expected and comparable to the available 
data of traditional modified Lapidus procedures.

The healing rate of allograft bone wedges/bone block in 
foot and ankle surgery has also been a matter of debate over 
the last decade. The use of femoral head allograft to treat 
large bone defects in areas such as the ankle and hindfoot 
joints has been linked to demonstrate around only 50% of 
bone healing rate [52, 53]. A recent literature review from 
Lareau et al. found an 86% probability of fusion when using 
structural allografts in foot and ankle when compared to 
a 94% probability when using structural autografts [54]. 
Hollawel et al. argued for an increased risk of allograft bone 
block non-union in diabetics and smokers, although no sta-
tistical difference was found [55]. When assessing healing 

of allograft wedges in the setting of lateral column length-
ening procedures for PCFD, Foster et al. found a 15% non-
union rate (compared to a 7% rate in a group treated with 
an opening wedge plate) and Grier et al. observed only 6% 
non-union rate when using allograft wedged and platelet-
rich plasma [56, 57]. Burke et al. described a 5% non-union 
rate on a series of 38 patellar interposition allografts for first 
metatarsophalangeal distraction arthrodesis [58]. Our non-
union rates are comparable to the reports of using allograft 
wedges for lengthening osteotomies and distraction arthro-
desis of small joints such as the first TMT.

Complications of the modified Lapidus first TMT joint 
arthrodesis are not rare and might reach up to 16% of cases 
[21, 41]. HV deformity recurrence has been reported from 2 
to 13% of the cases, a variable not reported in PCFD and MA 
studies [40, 41, 59]. Barg et al. in a systematic review for 
HV surgical treatment reported a 6.6% (95% CI 3.9–9.9%) 
reoperation rate and 11.4% infection rate (95% CI 0.3–35%) 
with the use of the modified Lapidus. Our complication rate 
was comparable to that previously reported in the literature. 
We had 9% rate of minor complications with superficial 
dehiscence and only 4.5% of major complications with one 
patient presenting with deep dehiscence, deep infection and 
non-union after 6 months, needing reoperation. Interestingly, 
no complaints about new metatarsalgia or sesamoid pain 
were noted, a concern when changing the relative length and 
position of the metatarsals.

The importance of the first ray in restoring the mechanical 
function of foot tripod has been highlighted in the literature 
[3, 10, 16, 30, 60–62]. An unstable medial column has been 
linked to the pathogenesis of PCFD, HV, and MA [8, 9, 
63]. The substantial structural importance of the first ray 
and its long lever arm during gait for the midfoot, hindfoot, 
and, mainly, the ankle joints may play a key feature in the 
development and progression of these diseases [64–67]. The 
challenges of preserving first ray length and avoiding first 
ray dorsiflexion when performing a conventional modified 
Lapidus first TMT joint fusion are considerable. The results 
of shortening and absence of plantarflexion might hinder 
the mechanical advantage that the first ray could play in 
correcting medial longitudinal arch collapse in patients with 
PCFD, HV and MA, which could be linked to recurrence 
and progression of the deformities [10, 32]. An expected loss 
in first metatarsal length of up to 4.1 mm has been described 
in clinical studies and up to 8.1 mm shortening has been 
reported in cadaveric studies [25, 26, 68]. Until recently, 
shortening and relatively dorsiflexed position of the first ray 
in the setting of first TMT joint arthrodesis had not been 
associated with poorer clinical outcomes [25, 69]. However, 
recently Nishikawa et al. reported a significant postoperative 
relative shortening of the first ray of 2.3 mm on average, and 
demonstrated that the clinical functional outcomes, meas-
ured by the Lower Extremity Functional Scale, significantly 

Fig. 7  Graphical plot for the comparison of preoperative and postop-
erative 3-month sagittal plane weight-bearing CT (WBCT) talus-first 
metatarsal angle (TFMA) in 22 patients treated with the LapiCotton 
procedure. The mean values are depicted by the horizontal line within 
each diamond, the 95% confidence interval is indicated by the top and 
bottom of each diamond, and the mean value for all measurements 
combined is shown by the long horizontal line
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decreased as the relative shortening of the first metatarsal 
increased (p < 0.05) [70]. Nishikawa et al. also later reported 
the presence of relative postoperative dorsiflexion of the 
first metatarsal following conventional modified Lapidus 
procedure (average 2.5° of dorsiflexion) in 78% of a total 
of 36 HV patients. They also found a significant correla-
tion between first metatarsal shortening and poorer func-
tional outcomes (SF-12 and Lower Extremity Functional 
Scale) [24]. Our understanding is that the results of these 
reported studies highlight the importance of improving or 
at least preserving the length and sagittal plane position of 
the first metatarsal in patients with collapse of the medial 
longitudinal arch, advocating in favor of the LapiCotton 
procedure. Busch et al. was also able to demonstrate a sig-
nificant correlation between increased first ray dorsiflexion 
(lateral talus-first metatarsal angle) and the occurrence of 
postoperative transfer metatarsalgia [23]. In our study, we 
found a significant improvement in the TFMA of around 9.4 
degrees consistent with improvement in the sagittal plane 
position of the first ray. Our understanding is that this sub-
stantial correction of the sagittal plane position of the first 
ray in plantarflexion by means of the LapiCotton procedure 
can help to reestablish the foot tripod, potentially positively 
influencing improved outcomes in the long term for patients 
with collapse of the medial longitudinal arch of the foot. 
Future continued assessment of the patients that underwent 
the procedure will be necessary to support this possibility. 
The advent of three-dimensional measurements, distance 
and coverage maps may help in evaluating proper correc-
tion obtained by the LapiCotton in further studies [71–75].

This study has several limitations. First and foremost, 
even though this was a prospective cohort study, there was 
no control group or comparison with other surgical proce-
dures such as a conventional modified Lapidus dirst TMT 
joint arthrodesis, and the follow-up is short. However, since 
we report on the results of a relatively novel technique that 
includes the addition of a dorsal opening wedge allograft 
in the first TMT fusion site, we judged it was important to 
report early radiographic results, complication, and heal-
ing rates. Also, no clinical patient-reported outcomes were 
assessed in this study. It is our intention to assess and report 
these outcomes in longer-term follow-up studies. Another 
important limitation was that we assessed the use of the 
LapiCotton procedure for patients with different causes for 
medial column collapse (PCFD, HV and MA). An assess-
ment for each one of the diagnoses in isolation will be 
important in the future, since usually, the complexity of 
some cases, particularly severe MA and PCFD cases, can 
negatively influence the incidence of complications and non-
union rate. The fact that multiple associated procedures were 
performed in combination with the LapiCotton in most of 
our patients also increases the difficulty in the understanding 
and interpretation of radiographic and complication/healing 

rates. However, the reality is that very frequently more than 
one procedure is necessary to treat those patients. The fact 
that all procedures were performed by a single surgeon vali-
dates the homogeneity of the surgical technique and perio-
perative protocol, however, hinders the generalization and 
reproducibility of the results. Finally, no sample calculation 
or power analysis was executed; however, the sample size 
was large enough to demonstrate significant and pronounced 
improvements in the collapse of the longitudinal arch of the 
foot, measured by the TFMA.

Conclusion

In this prospective cohort study of 22 patients treated with 
the LapiCotton procedure as part of the surgical technique 
for treatment of pathologies that involve a collapse of the 
medial column of the foot, we observed a significant amount 
of postoperative correction of the longitudinal arch collapse 
deformity, with an average correction of the sagittal plane 
talus-first metatarsal angle of approximately 10 degrees, and 
a high healing rate (91%) of the fusion site after 3 months. 
One clinically stable radiographic non-union (4.5%) and 
one unstable non-union (4.5%) needing surgical interven-
tion were noted. We also observed a relatively low rate of 
complications, with two minor complications (9%) and one 
major complication (4.5%) with deep infection needing sur-
gical treatment in the same patient with the unstable non-
union. Our results demonstrate promising initial results for 
LapiCotton technique in treating collapse of the medial lon-
gitudinal arch in patients with PCFD, MA and HV deformi-
ties. However, long-term studies are needed.

Author contributions CdCN: had full access to all the data in the 
study and takes responsibility for the integrity and accuracy of the 
data analysis; literature revision, study design, writing, supervising, 
paper submissions and data collecting. AE: literature revision, writing. 
JW: literature revision, writing. RMKC: reading, revision writing. KD: 
literature revision, writing. KAMdC: literature revision, writing. TET: 
literature revision, writing. ML: co-supervisor, writing, data collecting 
and paper submission. NSBM: literature revision, writing, study design 
and submissions. Each author contributed to refinement of the study 
protocol and approved the final manuscript.

Funding The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

Data sharing According to the ICMJE data sharing police, core records 
will be shared through Mendeley Data and are available upon request.

Declarations 

Conflict of interest Nacime Salomao Barbachan Mansur: Brazilian 
Foot and Ankle Society: board or committee member. American Or-
thopaedic Foot and Ankle Society: board or committee member. Cesar 



2293Archives of Orthopaedic and Trauma Surgery (2023) 143:2283–2295 

1 3

De Cesar Netto: American Orthopaedic Foot and Ankle Society: board 
or committee member. CurveBeam: Paid consultant; Stock or stock 
Options. Foot and Ankle International: editorial or governing board. 
Nextremity: paid consultant. Ossio: paid consultant. Paragon 28: IP 
royalties; paid consultant. Weight-bearing CT International Study 
Group: board or committee member. Zimmer: paid consultant. The 
other authors have nothing to disclosure. The cited companies did not 
finance the study or participate in any phase of its conduction. Implants 
used in this study were from several companies, as the surgeries were 
performed at a public hospital. All authors have completed the ICMJE 
uniform disclosure form at www. icmje. org/ coi_ discl osure and declare 
no support from any organization for the submitted work; Other au-
thors have no financial relationships with any organizations that might 
have an interest in the submitted work in the previous 10 years and no 
other relationships or activities that could appear to have influenced 
the submitted work.

Ethics and means of dissemination University Ethics Committee 
approved this research under the number 202012422 in accordance 
with the Declaration of Helsinki.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Lintz F et al (2017) 3d Biometrics for hindfoot alignment using 
weightbearing Ct. Foot Ankle Int 38:684–689. https:// doi. org/ 
10. 1177/ 10711 00717 690806

 2. Roling BA, Christensen JC, Johnson CH (2002) Biomechanics 
of the first ray. Part IV: the effect of selected medial column 
arthrodesis. A three-dimensional kinematic analysis in a cadaver 
model. J Foot Ankle Surg 41:278–285

 3. Cotton FJ (1936) Foot statics and surgery. N Engl J Med 
214:353–362

 4. Myerson MS et al (2020) Classification and nomenclature: pro-
gressive collapsing foot deformity. Foot Ankle Int 41:1271–
1276. https:// doi. org/ 10. 1177/ 10711 00720 950722

 5. De Cesar-Netto C, Deland JT, Ellis SJ (2020) Guest Editorial: 
Expert consensus on adult-acquired flatfoot deformity. Foot 
Ankle Int 41:1269–1271. https:// doi. org/ 10. 1177/ 10711 00720 
950715

 6. Shibuya N, Roukis TS, Jupiter DC (2017) Mobility of the first 
ray in patients with or without hallux valgus deformity: system-
atic review and meta-analysis. J Foot Ankle Surg 56:1070–1075. 
https:// doi. org/ 10. 1053/J. Jfas. 2017. 05. 021

 7. Dietze A, Bahlke U, Martin H, Mittlmeier T (2013) First ray insta-
bility in hallux valgus deformity: a radiokinematic and pedobaro-
graphic analysis. Foot Ankle Int 34:124–130. https:// doi. org/ 10. 
1177/ 10711 00712 460217

 8. Mansur NSB, De Souza-Nery CA (2020) Hypermobility in hallux 
valgus. Foot Ankle Clin 25:1–17. https:// doi. org/ 10. 1016/J. Fcl. 
2019. 10. 004

 9. Steadman J et al (2021) Comparative assessment of midfoot oste-
oarthritis diagnostic sensitivity using weightbearing computed 
tomography vs weightbearing plain radiography. Eur J Radiol 
134:109419. https:// doi. org/ 10. 1016/J. Ejrad. 2020. 109419

 10. Gross CE, Jackson JB 3rd (2021) The importance of the medial 
column in progressive collapsing foot deformity: osteotomies 
and stabilization. Foot Ankle Clin 26:507–521. https:// doi. org/ 
10. 1016/J. Fcl. 2021. 06. 001

 11. Gribbin CK, Ellis SJ, Nguyen J, Williamson E, Cody EA (2017) 
Relationship of radiographic and clinical parameters with hallux 
valgus and second ray pathology. Foot Ankle Int 38:14–19. https:// 
doi. org/ 10. 1177/ 10711 00716 666562

 12. Mahmoud K et al (2021) The role of weightbearing computed 
tomography scan in hallux valgus. Foot Ankle Int 42:287–293. 
https:// doi. org/ 10. 1177/ 10711 00720 962398

 13. Sangeorzan BJ, Hansen ST Jr (1989) Modified lapidus proce-
dure for hallux valgus. Foot Ankle 9:262–266. https:// doi. org/ 
10. 1177/ 10711 00789 00900 602

 14 Petje G, Steinböck G, Landsiedl F (1996) Arthrodesis for trau-
matic flat foot. Tarsometatarsal and medial longitudinal arch 
fusion by inlay grafting, 11 feet followed for 15 years. Acta 
Orthop Scand 67:359–363. https:// doi. org/ 10. 3109/ 17453 67960 
90023 31

 15 Greisberg J, Assal M, Hansen ST Jr, Sangeorzan BJ (2005) 
Isolated medial column stabilization improves alignment in 
adult-acquired flatfoot. Clin Orthop Relat Res. https:// doi. org/ 
10. 1097/ 01. Blo. 00001 57658. 17056. 46

 16. Lapidus PW (1946) Spastic flat-foot. J Bone Jt Surg Am 
28:126–136

 17. Saffo G, Wooster MF, Stevens M, Desnoyers R, Catanzariti AR 
(1989) First metatarsocuneiform joint arthrodesis: a five-year 
retrospective analysis. J Foot Surg 28:459–465

 18. Conti MS et al (2020) Effect of the modified lapidus procedure 
on pronation of the first ray in hallux valgus. Foot Ankle Int 
41:125–132. https:// doi. org/ 10. 1177/ 10711 00719 883325

 19. Thompson IM, Bohay DR, Anderson JG (2005) Fusion rate of 
first tarsometatarsal arthrodesis in the modified lapidus proce-
dure and flatfoot reconstruction. Foot Ankle Int 26:698–703. 
https:// doi. org/ 10. 1177/ 10711 00705 02600 906

 20. Barg A et al (2018) Unfavorable outcomes following surgical 
treatment of hallux valgus deformity: a systematic literature 
review. J Bone Jt Surg Am 100:1563–1573. https:// doi. org/ 10. 
2106/ Jbjs. 17. 00975

 21. Li S, Myerson MS (2020) Evolution of thinking of the lapidus 
procedure and fixation. Foot Ankle Clin 25:109–126. https:// 
doi. org/ 10. 1016/J. Fcl. 2019. 11. 001

 22. Toth K, Huszanyik I, Kellermann P, Boda K, Rode L (2007) The 
effect of first ray shortening in the development of metatarsalgia 
in the second through fourth rays after metatarsal osteotomy. 
Foot Ankle Int 28:61–63. https:// doi. org/ 10. 3113/ Fai. 2007. 0011

 23 Busch A et al (2020) First ray alignment in lapidus arthrode-
sis—effect on plantar pressure distribution and the occurrence 
of metatarsalgia. Foot (Edinb) 45:101686. https:// doi. org/ 10. 
1016/J. Foot. 2020. 101686

 24. Nishikawa DRC et al (2021) Correlation of first metatarsal sag-
ittal alignment with clinical and functional outcomes following 
the lapidus procedure. Foot And Ankle Surg. https:// doi. org/ 10. 
1016/J. Fas. 2021. 08. 009

 25. Greeff W, Strydom A, Saragas NP, Ferrao PNF (2020) Radio-
graphic assessment of relative first metatarsal length following 
modified lapidus procedure. Foot Ankle Int 41:972–977. https:// 
doi. org/ 10. 1177/ 10711 00720 924016

http://www.icmje.org/coi_disclosure
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1177/1071100717690806
https://doi.org/10.1177/1071100717690806
https://doi.org/10.1177/1071100720950722
https://doi.org/10.1177/1071100720950715
https://doi.org/10.1177/1071100720950715
https://doi.org/10.1053/J.Jfas.2017.05.021
https://doi.org/10.1177/1071100712460217
https://doi.org/10.1177/1071100712460217
https://doi.org/10.1016/J.Fcl.2019.10.004
https://doi.org/10.1016/J.Fcl.2019.10.004
https://doi.org/10.1016/J.Ejrad.2020.109419
https://doi.org/10.1016/J.Fcl.2021.06.001
https://doi.org/10.1016/J.Fcl.2021.06.001
https://doi.org/10.1177/1071100716666562
https://doi.org/10.1177/1071100716666562
https://doi.org/10.1177/1071100720962398
https://doi.org/10.1177/107110078900900602
https://doi.org/10.1177/107110078900900602
https://doi.org/10.3109/17453679609002331
https://doi.org/10.3109/17453679609002331
https://doi.org/10.1097/01.Blo.0000157658.17056.46
https://doi.org/10.1097/01.Blo.0000157658.17056.46
https://doi.org/10.1177/1071100719883325
https://doi.org/10.1177/107110070502600906
https://doi.org/10.2106/Jbjs.17.00975
https://doi.org/10.2106/Jbjs.17.00975
https://doi.org/10.1016/J.Fcl.2019.11.001
https://doi.org/10.1016/J.Fcl.2019.11.001
https://doi.org/10.3113/Fai.2007.0011
https://doi.org/10.1016/J.Foot.2020.101686
https://doi.org/10.1016/J.Foot.2020.101686
https://doi.org/10.1016/J.Fas.2021.08.009
https://doi.org/10.1016/J.Fas.2021.08.009
https://doi.org/10.1177/1071100720924016
https://doi.org/10.1177/1071100720924016


2294 Archives of Orthopaedic and Trauma Surgery (2023) 143:2283–2295

1 3

 26. Foran IM et al (2020) Radiographic impact of lapidus, proximal 
lateral closing wedge osteotomy, and suture button procedures 
on first ray length and dorsiflexion for hallux valgus. Foot Ankle 
Int 41:964–971. https:// doi. org/ 10. 1177/ 10711 00720 925438

 27. Sangeorzan BJ, Verth RG, Hansen ST (1990) Salvage of lis-
franc’s tarsometatarsal joint by arthrodesis. Foot Ankle 10:193–
200. https:// doi. org/ 10. 1177/ 10711 00790 01000 401

 28. Komenda GA, Myerson MS, Biddinger KR (1996) Results 
of arthrodesis of the tarsometatarsal joints after traumatic 
injury*†. JBJS 78:1665–1676

 29. Mittlmeier T, Haar P, Beck M (2010) Reconstruction after malu-
nited lisfranc injuries. Eur J Trauma Emerg Surg 36:217–226. 
https:// doi. org/ 10. 1007/ S00068- 010- 1068-8

 30. Hirose CB, Johnson JE (2004) Plantarflexion opening wedge 
medial cuneiform osteotomy for correction of fixed forefoot 
varus associated with flatfoot deformity. Foot Ankle Int 25:568–
574. https:// doi. org/ 10. 1177/ 10711 00704 02500 810

 31. Conti MS, Garfinkel JH, Kunas GC, Deland JT, Ellis SJ (2019) 
Postoperative medial cuneiform position correlation with patient-
reported outcomes following cotton osteotomy for reconstruction 
of the stage ii adult-acquired flatfoot deformity. Foot Ankle Int 
40:491–498. https:// doi. org/ 10. 1177/ 10711 00718 822839

 32. Johnson JE et al (2020) Consensus on indications for medial 
cuneiform opening wedge (cotton) osteotomy in the treatment of 
progressive collapsing foot deformity. Foot Ankle Int 41:1289–
1291. https:// doi. org/ 10. 1177/ 10711 00720 950739

 33. Mccormick JJ, Johnson JE (2012) Medial column procedures in 
the correction of adult acquired flatfoot deformity. Foot Ankle 
Clin 17:283–298. https:// doi. org/ 10. 1016/J. Fcl. 2012. 03. 003

 34. De Cesar-Netto C et al (2020) Lapicotton technique in the treat-
ment of progressive collapsing foot deformity. J Foot Ankle 
14:301–308

 35. Barg A et al (2018) Weightbearing computed tomography of the 
foot and ankle: emerging technology topical review. Foot Ankle 
Int 39:376–386. https:// doi. org/ 10. 1177/ 10711 00717 740330

 36. Lintz F et al (2018) Weight-bearing cone beam CT scans in the 
foot and ankle. EFORT Open Rev 3:278–286. https:// doi. org/ 10. 
1302/ 2058- 5241.3. 170066

 37 Lintz F, Beaudet P, Richardi G, Brilhault J (2020) Weight-bear-
ing Ct in foot and ankle pathology. Orthop Traumatol Surg Res. 
https:// doi. org/ 10. 1016/J. Otsr. 2020. 102772

 38. Coughlin MJ, Grimes JS, Traughber PD, Jones CP (2006) Com-
parison of radiographs and CT scans in the prospective evaluation 
of the fusion of hindfoot arthrodesis. Foot Ankle Int 27:780–787. 
https:// doi. org/ 10. 1177/ 10711 00706 02701 004

 39. Glazebrook M et al (2013) Establishing the relationship between 
clinical outcome and extent of osseous bridging between com-
puted tomography assessment in isolated hindfoot and ankle 
fusions. Foot Ankle Int 34:1612–1618. https:// doi. org/ 10. 1177/ 
10711 00713 504746

 40. Willegger M et  al (2015) Correction power and complica-
tions of first tarsometatarsal joint arthrodesis for hallux valgus 
deformity. Int Orthop 39:467–476. https:// doi. org/ 10. 1007/ 
S00264- 014- 2601-X

 41 Thomas T, Faroug R, Khan S, Morgan S, Ballester JS (2020) 
Comparison of Scarf–Akin osteotomy with lapidus-Akin fusion in 
cases of hallux valgus with a disrupted Meary’s line: a case series 
study. Foot (Edinb). https:// doi. org/ 10. 1016/J. Foot. 2020. 101747

 42. Willegger M et al (2016) Biomechanical stability of tape aug-
mentation for anterior talofibular ligament (ATFL) repair com-
pared to the native ATFL. Knee Surg Sports Traumatol Arthrosc 
24:1015–1021. https:// doi. org/ 10. 1007/ S00167- 016- 4048-7

 43. Coughlin MJ, Kaz A (2009) Correlation of harris mats, physical 
exam, pictures, and radiographic measurements in adult flatfoot 
deformity. Foot Ankle Int 30:604–612. https:// doi. org/ 10. 3113/ 
Fai. 2009. 0604

 44. De Cesar Netto C et al (2017) Flexible adult acquired flatfoot 
deformity: comparison between weight-bearing and non-weight-
bearing measurements using cone-beam computed tomography. 
J Bone Jt Surg Am 99:E98. https:// doi. org/ 10. 2106/ Jbjs. 16. 01366

 45. Lalevée M et al (2021) Prevalence and pattern of lateral impinge-
ments in the progressive collapsing foot deformity. Arch Orthop 
Trauma Surg. https:// doi. org/ 10. 1007/ S00402- 021- 04015-7

 46. Lee HY et al (2021) Does metatarsus primus elevatus really 
exist in hallux rigidus? A weightbearing CT case-control 
study. Arch Orthop Trauma Surg. https:// doi. org/ 10. 1007/ 
S00402- 021- 04168-5

 47. De Cesar Netto C, Schmidt EL, Lalevee M, Mansur NSB 
(2021) Flexor tenodesis procedure in the treatment of lesser toe 
deformities. Arch Orthop Trauma Surg. https:// doi. org/ 10. 1007/ 
S00402- 021- 03942-9

 48. Landis JR, Koch GG (1977) The Measurement of observer agree-
ment for categorical data. Biometrics 33:159–174

 49. Brandenburg LS et al (2021) Measuring standing hindfoot align-
ment: reliability of different approaches in conventional X-ray 
and cone-beam CT. Arch Orthop Trauma Surg. https:// doi. org/ 
10. 1007/ S00402- 021- 03904-1

 50. Faict S et al (2021) Correction of ankle varus deformity using 
patient-specific dome-shaped osteotomy guides designed on 
weight-bearing CT: a pilot study. Arch Orthop Trauma Surg. 
https:// doi. org/ 10. 1007/ S00402- 021- 04164-9

 51. Sripanich Y et al (2021) Reliability of measurements assessing the 
lisfranc joint using weightbearing computed tomography imaging. 
Arch Orthop Trauma Surg 141:775–781. https:// doi. org/ 10. 1007/ 
S00402- 020- 03477-5

 52. Jeng CL, Campbell JT, Tang EY, Cerrato RA, Myerson MS (2013) 
Tibiotalocalcaneal arthrodesis with bulk femoral head allograft 
for salvage of large defects in the ankle. Foot Ankle Int 34:1256–
1266. https:// doi. org/ 10. 1177/ 10711 00713 488765

 53. Bussewitz B et al (2014) Retrograde intramedullary nail with fem-
oral head allograft for large deficit tibiotalocalcaneal arthrodesis. 
Foot Ankle Int 35:706–711. https:// doi. org/ 10. 1177/ 10711 00714 
531231

 54. Lareau CR, Deren ME, Fantry A, Donahue RM, Digiovanni CW 
(2015) Does autogenous bone graft work? A logistic regression 
analysis of data from 159 papers in the foot and ankle literature. 
Foot Ankle Surg 21:150–159. https:// doi. org/ 10. 1016/J. Fas. 2015. 
03. 008

 55. Hollawell S, Kane B, Heisey C, Greenberg P (2019) The role of 
allograft bone in foot and ankle arthrodesis and high-risk frac-
ture management. Foot Ankle Spec 12:418–425. https:// doi. org/ 
10. 1177/ 19386 40018 815227

 56. Foster JR, Mcalister JE, Peterson KS, Hyer CF (2017) Union 
rates and complications of lateral column lengthening using the 
interposition plating technique: a radiographic and medical record 
review. J Foot Ankle Surg 56:247–251. https:// doi. org/ 10. 1053/J. 
Jfas. 2016. 11. 014

 57. Grier KM, Walling AK (2010) The use of tricortical autograft 
versus allograft in lateral column lengthening for adult acquired 
flatfoot deformity: an analysis of union rates and complications. 
Foot Ankle Int 31:760–769. https:// doi. org/ 10. 3113/ Fai. 2010. 
0760

 58. Burke JE, Shi GG, Wilke BK, Whalen JL (2021) Allograft inter-
position bone graft for first metatarsal phalangeal arthrodesis: 
salvage after bone loss and shortening of the first ray. Foot Ankle 
Int 42:969–975. https:// doi. org/ 10. 1177/ 10711 00721 10010 31

 59. Ellington JK, Myerson MS, Coetzee JC, Stone RM (2011) The use 
of the lapidus procedure for recurrent hallux valgus. Foot Ankle 
Int 32:674–680. https:// doi. org/ 10. 3113/ Fai. 2011. 0674

 60. Habbu R, Holthusen SM, Anderson JG, Bohay DR (2011) 
Operative correction of arch collapse with forefoot deformity: a 

https://doi.org/10.1177/1071100720925438
https://doi.org/10.1177/107110079001000401
https://doi.org/10.1007/S00068-010-1068-8
https://doi.org/10.1177/107110070402500810
https://doi.org/10.1177/1071100718822839
https://doi.org/10.1177/1071100720950739
https://doi.org/10.1016/J.Fcl.2012.03.003
https://doi.org/10.1177/1071100717740330
https://doi.org/10.1302/2058-5241.3.170066
https://doi.org/10.1302/2058-5241.3.170066
https://doi.org/10.1016/J.Otsr.2020.102772
https://doi.org/10.1177/107110070602701004
https://doi.org/10.1177/1071100713504746
https://doi.org/10.1177/1071100713504746
https://doi.org/10.1007/S00264-014-2601-X
https://doi.org/10.1007/S00264-014-2601-X
https://doi.org/10.1016/J.Foot.2020.101747
https://doi.org/10.1007/S00167-016-4048-7
https://doi.org/10.3113/Fai.2009.0604
https://doi.org/10.3113/Fai.2009.0604
https://doi.org/10.2106/Jbjs.16.01366
https://doi.org/10.1007/S00402-021-04015-7
https://doi.org/10.1007/S00402-021-04168-5
https://doi.org/10.1007/S00402-021-04168-5
https://doi.org/10.1007/S00402-021-03942-9
https://doi.org/10.1007/S00402-021-03942-9
https://doi.org/10.1007/S00402-021-03904-1
https://doi.org/10.1007/S00402-021-03904-1
https://doi.org/10.1007/S00402-021-04164-9
https://doi.org/10.1007/S00402-020-03477-5
https://doi.org/10.1007/S00402-020-03477-5
https://doi.org/10.1177/1071100713488765
https://doi.org/10.1177/1071100714531231
https://doi.org/10.1177/1071100714531231
https://doi.org/10.1016/J.Fas.2015.03.008
https://doi.org/10.1016/J.Fas.2015.03.008
https://doi.org/10.1177/1938640018815227
https://doi.org/10.1177/1938640018815227
https://doi.org/10.1053/J.Jfas.2016.11.014
https://doi.org/10.1053/J.Jfas.2016.11.014
https://doi.org/10.3113/Fai.2010.0760
https://doi.org/10.3113/Fai.2010.0760
https://doi.org/10.1177/10711007211001031
https://doi.org/10.3113/Fai.2011.0674


2295Archives of Orthopaedic and Trauma Surgery (2023) 143:2283–2295 

1 3

retrospective analysis of outcomes. Foot Ankle Int 32:764–773. 
https:// doi. org/ 10. 3113/ Fai. 2011. 0764

 61. De Cesar Netto C et al (2020) Multiplanar semiautomatic assess-
ment of foot and ankle offset in adult acquired flatfoot deformity. 
Foot Ankle Int 41:839–848. https:// doi. org/ 10. 1177/ 10711 00720 
920274

 62. Day J et al (2020) Three-dimensional biometric weightbearing 
CT evaluation of the operative treatment of adult-acquired flatfoot 
deformity. Foot Ankle Int 41:930–936. https:// doi. org/ 10. 1177/ 
10711 00720 925423

 63. Cowie S, Parsons S, Scammell B, Mckenzie J (2012) Hypermobil-
ity of the first ray in patients with planovalgus feet and tarsometa-
tarsal osteoarthritis. Foot Ankle Surg 18:237–240. https:// doi. org/ 
10. 1016/J. Fas. 2012. 01. 004

 64. Richter M, Lintz F, Zech S, Meissner SA (2018) Combination of 
pedcat weightbearing CT with pedography assessment of the rela-
tionship between anatomy-based foot center and force/pressure-
based center of gravity. Foot Ankle Int 39:361–368. https:// doi. 
org/ 10. 1177/ 10711 00717 744206

 65. Schmid T, Krause F (2014) The modified lapidus fusion. Foot 
Ankle Clin 19:223–233. https:// doi. org/ 10. 1016/J. Fcl. 2014. 02. 005

 66. Viale F, Belli A, Lacour JR, Freychat P (1997) Foot orienta-
tion and lower limb kinematics during running. Foot Ankle Int 
18:157–162. https:// doi. org/ 10. 1177/ 10711 00797 01800 308

 67 Netto CDC et al (2020) The influence of calcaneal and first ray 
osteotomies in the contact pressures of the ankle joint. Foot Ankle 
Orthop. https:// doi. org/ 10. 1177/ 24730 11420 s00037

 68. Dahlgren N et al (2020) First tarsometatarsal fusion using saw 
preparation vs standard preparation of the joint: a cadaver study. 
Foot Ankle Surg 26:703–707. https:// doi. org/ 10. 1016/J. Fas. 2019. 
08. 016

 69. Boffeli TJ, Hyllengren SB (2019) Can we abandon saw wedge 
resection in lapidus fusion? A comparative study of joint 

preparation techniques regarding correction of deformity, union 
rate, and preservation of first ray length. J Foot Ankle Surg 
58:1118–1124. https:// doi. org/ 10. 1053/J. Jfas. 2019. 02. 001

 70. Nishikawa DRC et  al (2021) Is first metatarsal shortening 
correlated with clinical and functional outcomes following 
the lapidus procedure? Int Orthop. https:// doi. org/ 10. 1007/ 
S00264- 021- 05199-8

 71. Bernasconi A et al (2019) AAFD: conventional radiographs are 
not enough! I need the third dimension. Techn Foot Ankle Surg 
18:109–115. https:// doi. org/ 10. 1097/ Btf. 00000 00000 000234

 72 Dibbern KN et al (2021) Three-dimensional distance and cover-
age maps in the assessment of peritalar subluxation in progressive 
collapsing foot deformity. Foot Ankle Int. https:// doi. org/ 10. 1177/ 
10711 00720 983227

 73. Burssens A et al (2018) Reliability and correlation analysis of 
computed methods to convert conventional 2D radiological hind-
foot measurements to a 3D setting using weightbearing CT. Int 
J Comput Assist Radiol Surg 13:1999–2008. https:// doi. org/ 10. 
1007/ S11548- 018- 1727-5

 74. Burssens A et al (2019) The hind- and midfoot alignment com-
puted after a medializing calcaneal osteotomy using a 3D weight-
bearing CT. Int J Comput Assist Radiol Surg 14:1439–1447. 
https:// doi. org/ 10. 1007/ S11548- 019- 01949-7

 75 Krähenbühl N et al (2021) Assessment of progressive collapsing 
foot deformity using semiautomated 3D measurements derived 
from weightbearing Ct scans. Foot Ankle Int. https:// doi. org/ 10. 
1177/ 10711 00721 10497 54

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Cesar de Cesar Netto1  · Amanda Ehret1  · Jennifer Walt1  · Rogerio Marcio Kajimura Chinelati2  · 
Kevin Dibbern1  · Kepler Alencar Mendes de Carvalho1  · Tutku Erim Tazegul1  · Matthieu Lalevee1,3  · 
Nacime Salomão Barbachan Mansur1,4 

 Amanda Ehret 
 amanda-proczak@uiowa.edu

 Jennifer Walt 
 jennifer-walt@uiowa.edu

 Rogerio Marcio Kajimura Chinelati 
 rogerio-chinelati@uiowa.edu

 Kevin Dibbern 
 kevin-dibbern@uiowa.edu

 Kepler Alencar Mendes de Carvalho 
 kepler-carvalho@uiowa.edu

 Tutku Erim Tazegul 
 tutku-tazegul@uiowa.edu

 Matthieu Lalevee 
 matthieu-lalevee@uiowa.edu

 Nacime Salomão Barbachan Mansur 
 nacime@nacime.com.br

1 Department of Orthopedics and Rehabilitation, Carver 
College of Medicine, University of Iowa (UIOWA), 200 
Hawkins Drive, Iowa City, IA 52242, USA

2 Department of Radiology, Carver College of Medicine, 
University of Iowa (UIOWA), Iowa City, USA

3 Department of Orthopedic Surgery, Rouen University 
Hospital, Rouen, France

4 Department of Orthopedics and Traumatology, Escola 
Paulista de Medicina, UNIFESP, São Paulo, Brazil

https://doi.org/10.3113/Fai.2011.0764
https://doi.org/10.1177/1071100720920274
https://doi.org/10.1177/1071100720920274
https://doi.org/10.1177/1071100720925423
https://doi.org/10.1177/1071100720925423
https://doi.org/10.1016/J.Fas.2012.01.004
https://doi.org/10.1016/J.Fas.2012.01.004
https://doi.org/10.1177/1071100717744206
https://doi.org/10.1177/1071100717744206
https://doi.org/10.1016/J.Fcl.2014.02.005
https://doi.org/10.1177/107110079701800308
https://doi.org/10.1177/2473011420s00037
https://doi.org/10.1016/J.Fas.2019.08.016
https://doi.org/10.1016/J.Fas.2019.08.016
https://doi.org/10.1053/J.Jfas.2019.02.001
https://doi.org/10.1007/S00264-021-05199-8
https://doi.org/10.1007/S00264-021-05199-8
https://doi.org/10.1097/Btf.0000000000000234
https://doi.org/10.1177/1071100720983227
https://doi.org/10.1177/1071100720983227
https://doi.org/10.1007/S11548-018-1727-5
https://doi.org/10.1007/S11548-018-1727-5
https://doi.org/10.1007/S11548-019-01949-7
https://doi.org/10.1177/10711007211049754
https://doi.org/10.1177/10711007211049754
http://orcid.org/0000-0001-6037-0685
http://orcid.org/0000-0001-6180-4780
http://orcid.org/0000-0001-8563-7825
http://orcid.org/0000-0002-6510-7349
http://orcid.org/0000-0001-5404-2132
http://orcid.org/0000-0003-1082-6490
http://orcid.org/0000-0002-3802-3422
http://orcid.org/0000-0001-5058-8867
http://orcid.org/0000-0003-1067-727X

	Early results and complication rate of the LapiCotton procedure in the treatment of medial longitudinal arch collapse: a prospective cohort study
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Methods
	Design
	Subjects
	Conventional surgical technique for the LapiCotton procedure
	Outcomes
	Measurements
	Statistical analysis

	Results
	Discussion
	Conclusion
	References




