
https://doi.org/10.1177/24730114221112103

Foot & Ankle Orthopaedics
2022, Vol. 7(3) 1–8

© The Author(s) 2022
DOI: 10.1177/24730114221112103

journals.sagepub.com/home/fao

Creative Commons Non Commercial CC BY-NC:  This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction  

and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages  
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Article

Introduction

Across the different specialties of orthopaedic surgery, there 
has been a consistent shift toward more minimally invasive 
(MIS) techniques. MIS techniques in foot and ankle surgery 
have now expanded to include surgical treatment of hallux 
valgus. Although older MIS bunionectomy techniques were 
fraught with complications,17 newer techniques have proven 
more reliable. Third-generation MIS bunionectomy, as 
originally described by Redfern and Vernois, involves a 
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Abstract
Background: Minimally invasive (MIS) bunion surgery has become increasingly popular. Although early reports on 
outcomes have been encouraging, no study to date has compared outcomes from the MIS chevron and Akin procedures 
to the modified Lapidus procedure. Our primary aim was to compare early radiographic outcomes of the MIS chevron and 
Akin osteotomies to those of the modified Lapidus procedure in patients with comparable deformities, and secondarily to 
compare clinical outcomes.
Methods: Patients were retrospectively reviewed for inclusion from a prospectively collected foot and ankle registry. 
Patients were eligible if they underwent either the MIS bunionectomy or modified Lapidus procedure and had preoperative 
and minimum 5-month postoperative weightbearing radiographs. Forty-one patients who underwent MIS bunionectomy 
were matched to 41 patients who underwent Lapidus bunionectomy based on radiographic parameters. Demographics, 
radiographic parameters, complications, reoperations, and PROMIS scores were compared between groups.
Results: Both groups achieved similar radiographic correction. There was no significant difference in pre- or postoperative 
PROMIS scores between groups. Procedure duration was significantly faster in the MIS group (P < .001). Bunion recurrence 
(hallux valgus angle ≥20 degrees) occurred in 1 MIS patient and 2 Lapidus patients, with all patients asymptomatic. The 
most common reason for reoperation was removal of hardware (4 patients in the MIS group, 2 patients in the Lapidus 
group).
Conclusion: This is the first study to our knowledge to compare early radiographic outcomes between MIS bunionectomy 
and the modified Lapidus procedure in patients matched for bunion severity. We found that patients with similar preoperative 
deformities experience similar radiographic correction following MIS chevron and Akin osteotomies vs modified Lapidus 
bunionectomy. Further research is needed to investigate satisfaction differences between the procedures, longer-term 
outcomes, and which deformities are best suited to each procedure.
Level of Evidence: Level III, Retrospective case control study.
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chevron and Akin osteotomy, with rigid internal fixation of 
both osteotomies.26,31 The key aspects of this technique 
include an extracapsular distal metatarsal osteotomy that is 
fixed with 2 parallel screws, with the more proximal screw 
crossing 2 cortices in the proximal fragment before entering 
the displaced head fragment.31 Although various percutane-
ous techniques for hallux valgus correction have been 
described in the past, this article will focus exclusively on 
this third-generation technique.

There have recently been more reports in the literature 
on third-generation MIS, although there are few compara-
tive studies. Various case series of patients undergoing MIS 
chevron and Akin bunionectomy have found high satisfac-
tion, good clinical outcomes, and low complication rates, 
even in patients with severe deformities.14,15,19,20 Studies 
comparing the MIS chevron and Akin bunionectomy to 
open metatarsal osteotomies have generally found less pain 
in the early postoperative period for patients undergoing 
MIS surgery and no difference in clinical or radiographic 
outcomes between groups.2,10,18,22,28

In contrast to the MIS chevron osteotomy, the modified 
Lapidus procedure theoretically enables a much more pow-
erful correction, centered at the tarsometatarsal (TMT) 
joint. In addition, pronation of the first metatarsal can be 
directly corrected at the TMT joint.7 Although traditionally 
patients have been kept nonweightbearing for 6 weeks post-
operatively, newer techniques with more rigid fixation have 
enabled early, even immediate, weightbearing.25 The proce-
dure can also be performed percutaneously, although reports 
in the literature are scarce.30

In this study, we aimed to compare short-term radio-
graphic and clinical outcomes between patients undergoing 
MIS chevron and Akin bunionectomy to patients with com-
parable deformities undergoing open modified Lapidus 
bunionectomy. We chose the Lapidus bunionectomy for the 
comparison group because it is arguably the most powerful 
means of correcting a bunion short of first metatarsophalan-
geal joint fusion. As MIS techniques become increasingly 
popular with both patients and surgeons, comparative stud-
ies between different techniques are increasingly needed. 
We hypothesized that the MIS group would achieve inferior 
radiographic correction to the Lapidus group, but that clini-
cal outcomes would be similar between groups.

Materials and Methods

Patients were retrospectively reviewed for inclusion from a 
prospectively collected, institutional review board–
approved foot and ankle registry at our institution. Patients 
were eligible if they underwent either the MIS bunionec-
tomy or modified Lapidus procedure, were 18 years or 
older, and had preoperative and minimum 5-month postop-
erative weightbearing radiographs. Exclusion criteria 
included prior forefoot surgery, additional surgeries (such 

as metatarsal shortening), and concomitant foot conditions 
(such as flatfoot deformity). All surgeries were performed 
between 2016 and 2020.

Forty-one patients who underwent MIS bunionectomy 
and 81 patients who underwent Lapidus bunionectomy met 
the inclusion criteria. Of the latter 81 patients, 41 patients 
were chosen, manually matched to the MIS bunionectomy 
patients by preoperative radiographic parameters. Primary 
preference was given to match according to hallux valgus 
angle (HVA), then intermetatarsal angle (IMA) and tibial 
sesamoid position (TSP).

Surgical Technique

All surgeons in the study were foot and ankle fellowship-
trained orthopaedic surgeons working at the same academic 
institution with similar patient populations. Each MIS pro-
cedure was performed by one of 2 surgeons, both of whom 
were recently trained in MIS techniques. All MIS proce-
dures were performed using the MIS technique as described 
by Vernois and Redfern.31 Both the chevron and Akin oste-
otomies were performed with a 2 × 20-mm cutting burr. 
The chevron osteotomy was fixed with two 4.0-mm fully 
threaded headless screws, or one 4.0-mm screw and one 
3.0-mm screw. The Akin osteotomy was fixed with a fully 
threaded headless screw. Postoperatively, a supportive 
dressing was applied and patients were allowed to weight-
bear as tolerated immediately in a postoperative shoe.

Each Lapidus bunionectomy was performed by one of 5 
surgeons. One of these surgeons also performed surgeries in 
the MIS group; the remaining 4 surgeons primarily perform 
Lapidus bunionectomies for hallux valgus. The modified 
Lapidus procedures were performed through a dorsal inci-
sion over the first TMT joint and a medial incision over the 
first metatarsophalangeal (MTP) joint, as described by 
Mani et al.21 A lateral release was performed either through 
the distal medial incision or through a separate incision in 
the first dorsal webspace. Two crossing 3.5-mm or 4.0-mm 
screws were used for fixation at the first TMT joint. An 
Akin osteotomy was performed at the surgeon’s discretion. 
Postoperatively, patients were maintained nonweightbear-
ing for a minimum of 5 weeks, after which weightbearing 
was gradually progressed. Representative radiographs of 
each technique are shown in Figure 1.

Data Collection

Age, sex, procedure duration, and Patient-Reported Outcome 
Measurement Information System (PROMIS) scores were 
collected from the registry. Questionnaires were adminis-
tered preoperatively and 1 year postoperatively. The PROMIS 
Physical Function, Pain Interference, Pain Intensity, Global 
Physical Health, Global Mental Health, and Depression 
questionnaires were used. Complications and reoperations 
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were collected from chart review. Recurrence was deter-
mined by an HVA exceeding 20 degrees.

Preoperative and minimum 5-month postoperative 
radiographs were used for radiographic measurements. The 
HVA, IMA, and TSP were measured pre- and postopera-
tively on weightbearing AP radiographs. The HVA is the 
angle between the long axis of the first metatarsal and the 
hallux proximal phalanx, and the IMA is the angle between 
the long axes of the first and second metatarsals. TSP ranges 
from I to VII, as defined by Hardy and Clapham, with 
greater numbers indicating more lateral positioning of the 
tibial sesamoid.11 A postoperative TSP of IV or lower has 
been associated with better patient-reported outcomes from 
hallux valgus surgery3; therefore, patients were assigned to 
one of 2 groups (TSP ≤IV, or TSP >IV) based on this cri-
terion for statistical analysis.

Statistical Analysis

Descriptive analysis was conducted for the MIS and Lapidus 
cohorts. Normality assumption was tested using the Shapiro 
Wilk test. Differences between groups were tested using t 
tests or Mann-Whitney U tests for continuous variables, and 
Pearson χ2 or Fisher exact test for categorical variables. 
Significance was established at P = .05. Statistical analyses 
were conducted on R version 4.2.0 (R Foundation for 
Statistical Computing, Vienna, Austria).

Results

There were no significant differences in demographics or pre-
operative parameters between groups (Table 1). HVA improved 
in both the MIS and Lapidus groups from preoperative (mean 
25.1 and 24.7 degrees, respectively) to postoperatively (mean 
6.6 and 6.8 degrees). IMA also improved in the MIS and 

Lapidus groups from preoperative (mean 13 degrees in both 
groups) to postoperatively (<6 degrees in both groups) (Table 
1). Procedure duration averaged 69 ± 19 minutes in the MIS 
group and 89 ± 28 minutes in the Lapidus group (P < .001). 
In the Lapidus group, 31 patients underwent a concomitant 
Akin osteotomy (75.6%).

Radiographic Outcomes

There was no significant difference in pre- or postoperative 
radiographic parameters between groups (Table 1). On 
average, the patients in this cohort had mild to moderate 
deformities, with 76% of patients having a preoperative 
HVA <30 degrees. Only 2 patients, one in each group, had 
an HVA greater than 40 degrees. Both groups achieved 
excellent radiographic correction, with the mean postopera-
tive HVA less than 7 degrees in both groups. In both groups, 
at least 85% of patients achieved a TSP of ≤4, indicating 
improvement in sesamoid position.

Clinical Outcomes

In the MIS group, 26 patients (63%) completed all 6 PROMIS 
subscales preoperatively and 22 (54%) completed all 6 sub-
scales postoperatively. In the Lapidus group, 37 patients (90%) 
completed all 6 PROMIS subscales preoperatively and postop-
eratively. There were no significant differences in pre- or post-
operative PROMIS scores between the groups (Table 2).

Complications and Reoperations

Complications are compared between groups in Table 3. In 
the MIS group, there was one bunion recurrence, which was 
asymptomatic. There were 3 nonunions (7.3%): 2 asymp-
tomatic nonunions of the chevron osteotomy and 1 

Table 1.  Demographics and Radiographic Parameters Are Compared Between the MIS Group and the Lapidus Bunionectomy Group.

MIS Lapidus P Value

Age, mean ± SD 52.7 ± 13.7 50.3 ± 13.1 .42
Sex, % female 85.4% 97.6% .11
Radiographic follow-up, months ± SD 8.1 ± 3.1 9.5 ± 5.5 .09
HVA, degrees, mean ± SD  
  Preoperative 25.1 ± 6.8 24.7 ± 7.6 .77
  Postoperative 6.6 ± 5.3 6.8 ± 7.5 .88
IMA, degrees, mean ± SD  
  Preoperative 13.0 ± 3.5 13.0 ± 3.0 .95
  Postoperative 5.4 ± 2.4 5.7 ± 2.4 .58
TSP ≤4, % patients  
  Preoperative 48.8 31.7 .18
  Postoperative 85.3 92.7 .48

Abbreviations: HVA, hallux valgus angle; IMA, intermetatarsal angle; MIS, minimally invasive; TSP, tibial sesamoid position.



4	 Foot & Ankle Orthopaedics

symptomatic Akin osteotomy nonunion. The patient with 
the Akin osteotomy nonunion was last seen 7 months post-
operatively, at which time symptoms were improving 
despite persistent radiographic lucency (Figure 2). She 
chose to defer further surgical intervention. There were 3 
hardware complications that did not end up requiring treat-
ment (for instance, an Akin screw that lost fixation, fol-
lowed by uneventful healing). There were 2 cases of 
asymptomatic first TMT joint subluxation, neither of which 
met the 20-degree HVA criterion for bunion recurrence. An 

example is shown in Figure 3. There were 3 patients with 
persistent pain (7.3%): 1 at the medial eminence, 1 from 
first MTP joint arthritis, and 1 from persistent plantar pain 
consistent with sesamoid arthritis. There were 5 reopera-
tions (12.2%): 2 for removal of hardware, 1 removal of 
hardware and first metatarsal ostectomy, 1 screw exchange 
for a backed-out screw, and 1 secondary wound closure 16 
days postoperatively.

In the Lapidus group, there were 2 bunion recurrences, 
both asymptomatic. There were no nonunions. Nonoperative 

Table 2.  Mean Preoperative and 1-Year Postoperative PROMIS Scores Compared Between Groups.a

MIS Lapidus P Value

PROMIS follow-up, y, mean ± SD 1.1 ± 0.3 1.5 ± 0.5 .005*
Physical Function  
  Preoperative 47.3 49.6 .23
  Postoperative 53.3 53.8 .81
Pain Interference  
  Preoperative 55.6 54.9 .70
  Postoperative 48.8 47.0 .42
Pain Intensity  
  Preoperative 45.4 46.8 .43
  Postoperative 38.9 37.4 .53
Global Physical Health  
  Preoperative 50.5 51.5 .62
  Postoperative 54.3 57.6 .13
Global Mental Health  
  Preoperative 52.1 56.2 .07
  Postoperative 56.0 57.0 .64
Depression  
  Preoperative 46.4 45.2 .48
  Postoperative 46.4 45.0 .50

Abbreviations: MIS, minimally invasive; PROMIS, Patient-Reported Outcome Measurement Information System.
aScores range from 0 to 100, with 50 representative of the population mean, and higher scores indicating “more” of the attribute (eg, function, pain) 
being evaluated.
*P < .05.

Table 3.  Complications Compared Between Groups.

Complication
MIS Cases,

n (%)
Lapidus Cases,

n (%)

Nonunion 3 (7.3) 0
Bunion recurrence (HVA ≥ 20 degrees) 1 (2.4) 2 (4.9)
Painful hardware requiring removal 4 (9.8) 2 (4.9)
Asymptomatic hardware complication, no treatment required 3 (7.3) 0
Persistent pain 3 (7.3) 5 (12.2)
Wound healing complication 1 (2.4) 2 (4.9)
First TMT joint subluxation 2 (4.9) 0
Hallux malrotation requiring reoperation 0 1 (2.4)
First MTP stiffness requiring reoperation 0 1 (2.4)
Second metatarsal stress fracture 0 1 (2.4)

Abbreviations: HVA, hallux valgus angle; MIS, minimally invasive; MTP, metatarsophalangeal; TMT, tarsometatarsal



Cody et al	 5

complications included a second metatarsal stress fracture 
diagnosed 3 months postoperatively; despite uneventful 
healing, this patient had persistent pain from first MTP 
arthritis and hammertoes. There were 5 other patients with 
continued pain: 3 from first MTP stiffness/arthritis, 1 medial 
eminence, 1 adjacent TMT arthritis, and 1 metatarsalgia/
sesamoiditis. Two wound complications were treated suc-
cessfully nonoperatively. There were 3 reoperations (7.3%): 
1 removal of hardware with first MTP capsulotomy and 

manipulation for stiffness, 1 proximal phalanx osteotomy 
for derotation, and 1 removal of hardware.

Discussion

There are relatively few literature reports on outcomes of 
third-generation MIS chevron and Akin osteotomies. There 
are even fewer comparative studies, most of which compare 
the MIS chevron technique to the open scarf osteotomy. In 
our study comparing the MIS chevron technique to the 
modified Lapidus procedure, we found that both groups 
achieved the same degree of radiographic correction. This 
finding was unexpected, as we had hypothesized that the 
Lapidus group would achieve better radiographic outcomes. 
It demonstrates the corrective power of this distal metatar-
sal osteotomy, as even the open scarf osteotomy has been 
found to achieve inferior radiographic outcomes to the 
modified Lapidus procedure.27,29

Other authors have reported comparable correction with 
the open distal metatarsal osteotomy and the modified 
Lapidus procedure, with correction maintained at a follow-
up of 8-11 years.9 However, we did not know if the MIS 
chevron technique would produce similar results. Most out-
come reports on the third-generation MIS chevron tech-
nique have been small case series. Most report high 
satisfaction (greater than 90%) and low complication 
rates.14,16,20,22 The most common reason for reoperation has 
been for removal of hardware.19 Rates of nonunion are vari-
ably reported, but range from 0% to 2.8%.16,19,28 There is a 
learning curve effect, with one study identifying better out-
comes after the first 50 patients for one surgeon.16

The largest study available in the literature reported on 292 
feet treated with MIS chevron and Akin osteotomies with 
minimum 2 years’ follow-up. The authors found significant 
improvement in clinical outcomes scores and good radio-
graphic correction. More than 25% of the patients in this study 
had severe deformities (HVA >40 degrees), a much higher 
percentage than in the present study. Rates of symptomatic 
bunion recurrence (0.9%) and symptomatic delayed union 
(1.5%) were relatively low. Asymptomatic recurrence and 
asymptomatic delayed union were not reported. In this study, 
69 patients or 138 feet (41%) had both feet treated on the same 
day, which argues for the feasibility of bilateral surgery with 
this technique.19 Importantly, the surgeon who performed all 
surgeries in this cohort had already performed more than 100 
MIS bunionectomies prior to the start of the study, and thus a 
learning curve effect was not present.

There have only been a few studies comparing the MIS 
chevron technique to open techniques. Studies comparing 
MIS chevron osteotomies to open metatarsal osteotomies 
have generally found no difference in clinical or radio-
graphic outcomes, although pain appears to be lower in the 
early postoperative period among patients undergoing the 
MIS technique.2,10,18,28

Figure 1.  Preoperative weightbearing radiographs are shown 
for (A, C) 2 patients with similar intermetatarsal angles. Six-
month postoperative radiographs are shown for each patient, 
illustrating (B) the minimally invasive technique and (D) the 
modified Lapidus technique.
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In the present study, the 12.2% rate of reoperation, 
mostly for hardware complications, is comparable to other 
reports in the literature for this technique. Like other reports 
in the literature, we found good clinical outcomes and low 
recurrence rates. We did report higher rates of delayed 
union compared to the studies listed above. Our relatively 
high 7.3% rate of nonunion reported in the MIS group may 

be related to the relative inexperience of the 2 surgeons in 
this study in MIS techniques. Thermal necrosis from the 
burr may be a contributing factor. However, both surgeons 
currently use copious bulb irrigation while using the burr to 
help prevent this complication, as we have found that the 
irrigation provided by the burr attachment with some sys-
tems is insufficient. It is also possible that nonunion rates 
are underreported in the literature, as some studies only 
reported on symptomatic nonunions, and computed tomog-
raphy is seldom used to confirm union. One other group has 
also identified a higher rate of delayed union following per-
cutaneous Akin osteotomies.12

In this study, we also identify the complication of sub-
luxation at the first TMT joint following MIS bunionec-
tomy. Other authors have identified a relationship between 
pes planus deformity and hallux valgus recurrence in 
patients treated with metatarsal osteotomies.13,29 Therefore, 
it is our preference to treat most hallux valgus deformities 
presenting with concomitant pes planus (especially with 
medial column instability) with the modified Lapidus pro-
cedure in order to decrease the risk of deformity recurrence. 
The complication of postoperative TMT subluxation has 
not yet been specifically described elsewhere, but we 
believe that it is a complication that surgeons performing 
these procedures should be aware of. Other authors have 
described the aim of the technique being to “lock” the first 
TMT joint in a maximally translated position, which should 
theoretically decrease the risk of recurrence.23 However, 
continued translation at the joint nonetheless remains a 
mechanism of recurrence.

Figure 2.  (A) Preoperative, (B) 6-week postoperative, and (C) 7-month postoperative radiographs are shown for a patient with 
nonunion of the Akin osteotomy site following minimally invasive bunionectomy.

Figure 3.  An example of first tarsometatarsal (TMT) joint 
subluxation following minimally invasive bunionectomy is shown. 
(A) Two-week postoperative radiographs show a congruent 
first TMT joint. (B) One-year postoperative radiographs show 
subluxation at the first TMT joint (arrow) with recurrence of 
hallux valgus.
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Theoretical advantages of the Lapidus bunionectomy 
over MIS chevron bunionectomy include the ability to 
directly correct metatarsal pronation. In another study on 
patients treated with the modified Lapidus procedure, hal-
lux valgus recurrence rates were lower among those patients 
whose pronation was corrected compared to those whose 
pronation was not.4 Our 0% nonunion rate in the Lapidus 
group is lower than that reported in the literature. A meta-
analysis of studies on the modified Lapidus procedure 
including multiple types of fixation found a nonunion rate 
of 4%.32 Using crossed-screw technique, the nonunion rate 
has been reported to average 5%.8

Strengths of this study include matching of patients 
based on severity of deformity, inclusion of multiple sur-
geons supporting generalizability of results, and standard-
ized techniques between surgeons. No prior studies have 
compared radiographic outcomes between patients treated 
with MIS chevron and Akin osteotomies and patients treated 
with the modified Lapidus procedure. Weaknesses include 
relatively short follow-up times in both groups, relatively 
low rates of PROMIS completion in the MIS group, the lack 
of a power analysis, inconsistent use of the Akin osteotomy 
in the Lapidus group, and the possibility of a learning curve 
effect in the MIS group. In addition, the majority of defor-
mities in our study were mild or moderate in severity. It is 
possible that differences might be found when comparing 
patients with more severe deformities, which may be better 
corrected with the modified Lapidus procedure.

Addressing the relatively short radiographic follow-up, a 
radiographic follow-up of less than 6 months is well sup-
ported in the literature. This relatively short follow-up time 
is supported by a study evaluating bunion recurrences: most 
recurrent bunions were identified by 3 months postopera-
tively, and all were identified by 6 months postoperatively. 
Radiographic parameters (HVA and IMA) stabilized for 
patients without recurrences by 6 months.24 Other studies 
on hallux valgus have shown no difference between radio-
graphic parameters at 3 months vs later time points up to 2 
years.1 Multiple previous studies assessing outcomes from 
the modified Lapidus procedure have used a 5-month mini-
mum radiographic follow-up.5-7 Finally, the primary aim of 
our radiographic assessments was to assess the corrective 
ability of each procedure, not necessarily the risk for recur-
rence or other longer-term complications. For this reason, 
the minimum 5-month radiographic follow-up was felt to 
be appropriate.

With this study, we have demonstrated that the MIS chev-
ron and Akin technique can achieve the same degree of radio-
graphic correction as the modified Lapidus procedure for 
mild to moderate deformities at short-term follow-up. An 
area of concern identified with the MIS technique includes 
the potential for postoperative TMT joint subluxation leading 
to deformity recurrence. Future studies will be needed to 
determine differences in satisfaction between patients 

undergoing each procedure, as well as which patient factors 
might guide selection of one procedure over another.
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