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Article

Introduction

Progressive collapsing foot deformity (PCFD), previously 
termed adult acquired flatfoot deformity (AAFD), is a 
3-dimensional pathology that involves hindfoot valgus, 
forefoot abduction, and midfoot varus.29 PCFD encom-
passes varying degrees of dysfunction of the posterior tibial 
tendon, calcaneonavicular (spring) ligament, and deltoid 
ligament, as well as deformity of the subtalar, talonavicular, 
naviculocuneiform (NC), and/or first tarsometatarsal 
(TMT) joints.10,14,16,18 An important component of the 
pathophysiology is painful collapse along the medial longi-
tudinal arch, which can result in medial midfoot and hind-
foot pain and swelling.24,28,30

Collapse of the medial arch at the level of the NC joint 
can be a challenge to treat during PCFD reconstruction. 
Historically, NC arthrodesis was thought to be less reliable 
than arthrodesis of more proximal or distal joints in the 
medial column.17 A recent systematic review of 139 patients 
who underwent NC arthrodesis reported a nonunion rate of 
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Abstract
Background: Medial column procedures are commonly used to treat progressive collapsing foot deformity (PCFD) 
reconstruction. The aim of this research is to present the clinical results of plantar plating for medial naviculocuneiform 
(NC) arthrodesis when NC joint pathology contributes to medial arch collapse. The authors hypothesized that lag screws 
with a plantar neutralization plate would result in a satisfactory NC joint fusion rate.
Methods: A single-surgeon, retrospective case series was performed on patients with flexible PCFD who underwent NC 
arthrodesis using lag screws and a contoured neutralization plate applied plantarly across the medial NC joint as part of 
PCFD reconstruction. Thirteen patients (11 females, 2 males; mean age 53.1 [34-62] years) between 2016 and 2019 were 
identified for inclusion. Mean follow-up was 25.2 ± 12.7 months. Preoperative and postoperative anteroposterior talo–
first metatarsal angle, lateral talo–first metatarsal angle, talonavicular coverage angle, and calcaneal pitch were measured. 
Union was evaluated radiologically. AOFAS midfoot scores were recorded at final follow-up.
Results: All parameters demonstrated a significant improvement. Fusion was confirmed in 11 of 13 patients (85%) at a 
mean 5.7 ± 2.1 months. One patient required a revision of their NC fusion because of symptomatic nonunion. There were 
no cases of symptomatic plantar hardware.
Conclusion: The results of this small cohort series suggest that lag screw with plantar plate NC arthrodesis yielded 
generally improved short-term radiographic and clinical outcomes in PCFD patients with medial arch collapse through the 
NC joint.
Level of Evidence: Level IV, retrospective case series.

Keywords: PCFD, naviculocuneiform, arthrodesis, fusion rate, plantar plating

https://journals.sagepub.com/home/fao
mailto:austin.wininger@gmail.com


2 Foot & Ankle Orthopaedics

6.5%.6 The fixation method for NC arthrodesis is typically 
carried out via a combination of cannulated partially 
threaded lag screws and a locking plate that spans either the 
dorsal, medial, or medioplantar aspect of the joint.1,3,7,37 
Prior authors have promoted a medioplantar plate to stabi-
lize motion not only in the sagittal plane but also in the hori-
zontal plane against abduction.37 A cadaver biomechanical 
study comparing dorsal vs plantar plating for extended  
midfoot arthrodesis (TMT and NC combined) demonstrated 
no difference in construct stiffness and number of loads to 
failure.36

The authors propose that application of a plantar neutral-
ization plate during NC arthrodesis should function like a 
tension-band construct to resist plantar-sided gapping and 
reduce the risk of deformity recurrence. This concept has 
been used in other areas of foot and ankle surgery with suc-
cessful clinical outcomes.4,27 Additionally, plantar plating 
potentially increases the soft tissue envelope around the 
plate to reduce the risk of prominent hardware and tendon 
irritation. The purpose of this study was to determine the (1) 
fusion rate; (2) change in radiographic parameters of PCFD 
correction; and (3) change in clinician-reported outcomes 
following a lag screw with plantar plating technique for 
medial NC joint arthrodesis. Based on the current literature 
for midfoot fusion rates, the authors hypothesized that 
>90% of patients treated with plantar plating NC arthrod-
esis as part of PCFD correction will achieve NC joint union 
with significant improvement in both radiographic param-
eters and clinical outcomes.

Methods

Study Population and Design

A retrospective case series was performed on 13 consecutive 
patients treated by the senior author between January 2016 
and December 2019. Inclusion criteria consisted of patients 
with flexible PCFD with varying degrees of hindfoot valgus 
deformity, midfoot/forefoot abduction deformity, and fore-
foot varus deformity/medial column instability. Patients were 
diagnosed by clinical and radiologic parameters and were 
required to have persistent hindfoot and midfoot symptoms 
despite 6 months of conservative management with oral anti-
inflammatory medication, shoe wear adjustments, and activ-
ity modification. Included patients had medial arch collapse 
through the NC joint and were operatively treated with NC 
arthrodesis using lag screws and a contoured neutralization 
plate applied plantarly across the medial NC joint. Further 
inclusion criteria were a minimum of 6 months clinical fol-
low-up and complete preoperative and postoperative antero-
posterior (AP) and lateral weightbearing foot radiographs. 
Exclusion criteria consisted of patients undergoing NC 
arthrodesis for a diagnosis other than PCFD, PCFD with sig-
nificant peritalar subluxation and/or ankle instability, rigid 
PCFD, Charcot arthropathy, peripheral vascular disease, 

patients undergoing revision NC arthrodesis, uncontrolled 
diabetes mellitus type 1 or 2, and known active infection. All 
aspects of this study received institutional review board 
(IRB) approval.

Surgical Technique

Operative technique for medial NC plantar plating arthrod-
esis entailed an incision medially from the navicular tuber-
osity to the mid aspect of the medial cuneiform. The NC 
joint was prepared by using a lamina spreader and the artic-
ular cartilage was removed using a combination of osteo-
tomes and curettes (Figure 1). Each articular surface was 
drilled with a fluted 2-mm drill bit to fenestrate all the sur-
faces and were then fish scaled with a 3-mm osteotome. If 
needed, autograft cancellous bone was percutaneously har-
vested from the calcaneus using an 8-mm core reamer 
(Acumed LLC) and packed into the prepared joint. No other 
biologic augmentation was used. With the joint manually 
held in compression, 1 or 2 (depending on patient anatomy 
and bone quality) partially threaded 3.0-mm cannulated 
titanium lag screws (Arthrex or In2Bones) were placed 
from medial to lateral across the joint. Next, depending on 
patient anatomy, either a 4-hole or 5-hole 3.0-mm titanium 
plate (Arthrex or In2Bones) was contoured and applied in 
compression mode to the plantar aspect of the NC joint. To 
achieve a plantigrade foot, additional procedures to correct 
peritalar subluxation, hindfoot valgus, or forefoot abduction 
were concomitantly performed.

Figure 1. Intraoperative photograph demonstrating exposure 
and preparation of the naviculocuneiform joint of a left foot with 
proximal and plantar aspects of the foot labeled. The navicular 
(1), medial cuneiform (2), abductor hallucis muscle belly (3), and 
insertion of tibialis anterior tendon (4) are all visible.
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Postoperative Course

Standard postoperative protocols were used for all patients, 
which included 6 weeks of nonweightbearing immobiliza-
tion. At the 6-week postoperative visit, weightbearing AP 
and lateral foot radiographs were obtained and patients 
were transitioned into a walking cast. Subsequent visits 
with weightbearing radiographs were performed every 6-8 
weeks until joint fusion was confirmed radiographically 
(presence of visible bone formation across the joint on 
orthogonal views) and clinically (lack of pain along the 
medial arch, preserved medial longitudinal arch structure, 
and lack of motion through the NC joint). Computed tomog-
raphy (CT) scans were obtained postoperatively only when 
the status of NC joint fusion in question (4 patients) or revi-
sion surgery was planned for pathology not associated with 
the NC joint (1 patient). A CT scan demonstrating greater 
than 50% bony bridging across the NC joint was considered 
a union.9 All patients received vitamin D3 supplementation 
at a dose of 50 000 international units weekly for 12 weeks 
postoperatively. All operative procedures and follow-up 
examinations were performed by the senior author in per-
son, up until the patient successfully healed and was granted 
full release or required a reoperation. Telemedicine follow-
up was performed after 6 months on patients who had suc-
cessfully fused and been granted full release.

Demographic data, perioperative data, American 
Orthopaedic Foot & Ankle Society (AOFAS) midfoot scores, 
complications and reoperations were recorded from elec-
tronic medical records. Preoperative AOFAS midfoot scores 
were calculated at the initial clinic visit and then again at the 
patients’ most recent follow-up visit. In the case of most 
recent follow-up occurring prior to 6 months postoperatively, 
a telemedicine visit was performed to obtain updated AOFAS 
midfoot scores and inquire about any complications or reop-
erations that were managed by an outside surgeon.

Radiographic Measurements

Preoperative and 6-week postoperative AP and lateral 
talo–first metatarsal (Meary) angle, talonavicular cover-
age angle, and calcaneal pitch (Figure 2) were measured 
independently by 3 of the authors (AEW, DMK, JSA) and 
their means calculated. Intraclass correlation coefficients 
were calculated for radiographic parameter readings 
(excellent reliability, >0.9; good reliability, 0.75-0.9; fair 
reliability, 0.5-0.75; poor reliability, <0.5).23 These radio-
graphic angles were chosen based on prior literature dem-
onstrating their utility in assessing PCFD deformity.11,33 
The authors considered a decrease in the talonavicular 
coverage angle, an increase in the talo–first metatarsal 
angle, and an increase in the calcaneal pitch to be indica-
tive of improvement in the alignment of the PCFD 
deformity.5,20

Statistical Analysis

Descriptive statistics were calculated for demographic and 
perioperative data and reported as mean ± standard devia-
tion. Categorical data were collected and reported as fre-
quencies with percentages. A 1-tailed paired Student t test 
was used to analyze changes in radiographic parameters 
and AOFAS scores before and after surgery. Significance 
was set at α =0.05.

Results

Demographic Data

Thirteen consecutive patients with a diagnosis of flexible 
PCFD consisting of NC instability or arthritis with medial 
arch collapse who met inclusion criteria were available 
for review (Table 1). There were 11 females and 2 males 

Figure 2. Preoperative weightbearing (A) AP foot radiograph demonstrating the AP talo–first metatarsal angle (left foot) and 
talonavicular angle (right foot) and (B) lateral right foot radiograph demonstrating Meary angle and the calcaneal pitch. AP, 
anteroposterior.
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with an average age of 53.1 ± 8.6 years at the time of 
surgery. Mean BMI was 30.6 ± 6.7. Mean follow-up was 
25.2 ± 12.7 months after surgery. Overall, there was a 
mean of 3.8 ± 1.1 concomitant procedures performed per 
surgery in addition to NC arthrodesis. Telemedicine fol-
low-up visits were necessary for 8 patients who had been 
granted full release after achieving radiographic and clin-
ical union at their 6-month postoperative appointment or 
shortly thereafter.

Clinical Results

Radiographic parameters, which included AP talo–first 
metatarsal angle (20.4 ± 9.5 degrees to 4.4 ± 8.2 degrees), 
lateral talo–first metatarsal angle (–21.9 ± 7.8 degrees to 
–5.0 ± 2.5 degrees), talonavicular coverage angle (32.2 ± 
13.6 degrees to 6.6 ± 7.4 degrees), and calcaneal pitch (13.6 
± 4.2 degrees to 19.9 ± 4.1 degrees), all demonstrated sig-
nificant improvements when comparing the final preopera-
tive visit to the first postoperative visit (P < .001). The 
intraclass correlation coefficients were excellent for 6 of the 
radiographic parameter readings and good for 2 (Table 2).

Table 1. Patient Demographics.

Patient Age, y Sex BMI DM Laterality Prior Ipsilateral Flatfoot Surgery? Follow-up, mo Telemedicine Used?

 1 62 F 31.0 N R None 29.3 Y
 2 39 F 21.8 N R None 18.2 N
 3 60 F 29.1 N L None 16.0 N
 4 55 F 38.7 N R PTT repair 44.9 Y
 5 58 M 24.1 N L None 42.1 Y
 6 60 F 27.1 N R None 37.2 Y
 7 55 F 40.0 Y, Type 2 L None 37.9 Y
 8 46 F 30.9 N L None 13.1 N
 9 34 F 43.1 N R None 33.0 Y
10 49 F 25.4 N R None 11.7 N
11 56 F 35.0 Y, Type 2 R None 17.4 Y
12 59 F 24.0 Y, Type 2 L None 19.7 N
13 57 M 27.2 N R None 6.0 Y

Abbreviations: DM, diabetes mellitus; F, female; L, left; M, male; N, no; PTT, posterior tibialis tendon; R, right; Y, yes.

Table 2. Radiographic Outcomes.

Angle Measurement

Preoperative Postoperative

P ValueAverage ± SD ICC (95% CI) Average ± SD ICC (95% CI)

AP talo–first metatarsal angle, degrees 20.4 ± 9.5 0.96 (0.89, 0.99) 4.4 ± 8.2 0.89 (0.73, 0.96) <.001
AP talonavicular coverage angle, degrees 32.2 ± 13.6 0.98 (0.95, 0.99) 6.6 ± 7.4 0.97 (0.92, 0.99) <.001
Lateral talo–first metatarsal (Meary) 

angle, degrees
–21.9 ± 7.8 0.92 (0.79, 0.97) –5.0 ± 2.5 0.80 (0.48, 0.93) <.001

Calcaneal inclination angle (calcaneal 
pitch), degrees

13.6 ± 4.2 0.95 (0.88, 0.98) 19.9 ± 4.1 0.94 (0.85, 0.98) <.001

Abbreviations: AP, anteroposterior; CI, confidence interval; ICC, intraclass correlation coefficient.

Out of 13 cases, there were 11 confirmed unions (85%) 
at a mean time of 5.7 ± 2.1 months. Fusion was confirmed 
in 9 patients by radiographs alone. In 2 patients with broken 
hardware and inconclusive radiographs, fusion was con-
firmed by CT scan. AOFAS midfoot scores demonstrated 
significant improvement from preoperative evaluation to 
most recent follow-up (53.3 ± 11.4 to 84.7 ± 9.1, P < 
.001). Regarding the 2 nonunion cases, one patient with 
broken hardware was symptomatic and CT confirmed non-
union, for which the patient went on to require revision NC 
arthrodesis at 16 months. Another patient with nonunion 
and broken hardware has been followed for 18 months but 
is asymptomatic and has not required a reoperation. There 
were no wound complications. There were no complaints of 
prominent plantar hardware (Table 3).

Discussion

This short-term retrospective case series suggests that a lag 
screw and plantar plating technique for medial NC arthrod-
esis is an effective method to radiographically and function-
ally correct medial arch collapse through the NC joint during 
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PCFD reconstruction. Although the union rate of 11 of 13 
cases (85%) fell short of the authors’ hypothesis, the signifi-
cantly increased AOFAS midfoot scores support that this 
procedure can provide reliable functional outcomes in care-
fully selected patients with PCFD and NC joint pathology 
contributing to medial arch collapse. Symptomatic hardware 
was not reported in this cohort, but there were 2 instances of 
asymptomatic broken hardware. The results of the current 
series demonstrate significant radiographic improvement in 
talonavicular coverage angles, lateral and AP talo–first 
metatarsal angles, and calcaneal pitch (Figure 3).

Options for medial column procedures during PCFD 
reconstruction include an opening-wedge medial cunei-
form (Cotton) osteotomy, first TMT arthrodesis, NC 
arthrodesis, or combined TMT and NC arthrodesis (Miller 
procedure).8,19,21,22,26,34,35 NC arthrodesis can be consid-
ered when degeneration or instability at the NC joint con-
tributes to medial arch collapse.3,7,25,37 Moreover, when 
restoring the native arch of the medial column, PCFD 
reconstruction with NC arthrodesis preserves hindfoot 
motion to protect surrounding joints from increased 
load.5,31 NC arthrodesis sacrifices 50% of the first-ray 
sagittal plane range of motion, but preserves hindfoot 
motion.32 In contrast, talonavicular arthrodesis results in 
>90% loss of subtalar motion.2

Several advantages to plantar plating for NC arthrodesis 
exist. Plates located along the plantar surface of the joint can 
potentially reduce the risk for recurrence of deformity by way 

of functioning as a tension-band construct, that is, to resist 
plantar-sided gapping and promote compression dorsally. 
Additionally, the plantar location of the hardware places it 
safely away from both the tibialis anterior tendon insertion 
and course of the extensor hallucis longus tendon, eliminating 
cause for irritation, while taking advantage of a thicker soft 
tissue envelope. The biomechanical advantage of NC arthrod-
esis rests in the motion spared at the other essential hindfoot 
(subtalar, talonavicular) and midfoot (TMT) joints.14,15

Similar to the present study, union rate following plantar 
implant positioning for midfoot arthrodesis that included 
the NC joint has recently been shown to be 83% in a series 
of 23 patients.12 This is in contrast to a technique using lag 
screw with medial plating of the NC joint, which typically 
results in fusion rates higher than 90%.1,3,13 A technique 
using medioplantar plating for the NC joint combined with 
subtalar arthrodesis yielded a 94% fusion rate at 1 year in 34 
feet of 31 patients.37 In these cases, the added stability at the 
subtalar joint likely compensates for a deficient PTT to bet-
ter resist deforming forces than NC fusion alone. Moreover, 
this medioplantar plating technique included fixation from 
the navicular tuberosity to the intermediate cuneiform, 
which may further enhance stability.

In the current study, clinical and radiographic union at 
the NC joint was achieved in 11 of 13 (85%) patients at a 
mean of 5.7 months. Given the 2 cases of union with broken 
hardware in addition to the 2 cases of nonunion with broken 
hardware, the authors hypothesize that a plantar plating 

Table 3. Clinical Outcomes and Complications.

Patient

Preoperative 
AOFAS Midfoot 

Score

Postoperative 
AOFAS Midfoot 

Score
Time to NC 

Fusion, (months) CT Scan
Broken 

Hardware Complications/Reoperations

 1 53 90 6.4 Y N Symptomatic lateral column 
hardware that required a 
reoperation at 16 mo

 2 64 82 – Y Y Nonunion with broken screws, 
but asymptomatic, and has not 
required a reoperation

 3 56 88 9.7 Y Y Broken screws, asymptomatic
 4 49 88 4.9 N N None
 5 58 88 3.2 N N None
 6 45 88 3.1 N N None
 7 64 80 6.5 N N None
 8 73 69 6.2 Y N Broken screws, asymptomatic
 9 32 98 3.3 N N None
10 36 88 8.0 N N None
11 48 90 6.4 N N None
12 60 64 – Y Y Revision at 13 mo for NC 

nonunion with hardware failure
13 55 88 5.2 N N None
Mean ± SD 53.3 ± 11.4 84.7 ± 9.1 5.7 ± 2.1  

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society; CT, computed tomography; N, no; NC, naviculocuneiform; NR, not recorded; 
Y, yes.
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technique may not provide robust enough neutralization 
required for midfoot stabilization. An alternative explana-
tion is that incomplete surface preparation along the lateral 
NC joint leads to limited apposition and increased motion, 
which places stress on the screw/plate construct and pre-
vents lateral fusion. Although this study demonstrates a 
substantial increase in outcome scores and radiographic 
parameters, a union rate that falls short of the existing litera-
ture for NC arthrodesis has prompted the authors to adopt 
an alternative approach moving forward (lag screws with a 
medial plate). The authors suggest that a larger plantar plate 
thickness (>3.0 mm) with greater bending rigidity is one 
possible solution implemented in future work. A stouter 
plate would likely be well tolerated given this study had no 
cases of symptomatic hardware.

Limitations of the present study include being a single-
author retrospective case series with short-term follow-up. 
Analysis of a single surgeon’s technique may not extrapolate 
well to other surgeons with differing levels of experience and 
resources. The number of patients included in the current 
study was small, and a larger randomized controlled trial of 
this technique would provide better insight in comparison to 
alternative techniques of NC arthrodesis, including compari-
son of techniques that include fixation of the intermediate 
cuneiform. Furthermore, no power analysis was performed 
nor was there a nonoperative control group included for com-
parative analysis. All included patients denied a history of 
tobacco/nicotine use; however, this was not objectively con-
firmed with further laboratory testing prior to inclusion in the 
study. Using plain radiographs to monitor for arthrodesis 
could be seen as a limitation because it is less accurate than a 
CT scan.9 Lastly, telemedicine follow-up was used for some 
patients after radiographic union had been confirmed, which 
carries limitations regarding accuracy of the physical exami-
nation component of the AOFAS midfoot score. Moreover, 

the AOFAS surveys are clinician-based and not validated 
patient-reported outcome measures.

Conclusion

In this small series, we found that lag screw with plantar 
plating for NC arthrodesis resulted in a 15% nonunion rate. 
Nonetheless, at short-term follow-up, the technique proved 
capable of correcting medial arch collapse through the NC 
joint when used in conjunction with adjunct soft tissue and 
bony procedures for a flexible deformity. Addressing medial 
arch collapse with plantar plate NC arthrodesis resulted in 
significant improvement of both radiographic parameters of 
PCFD correction and clinician-reported outcome measures.
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