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Article

Introduction

A bunionette or Tailor’s bunion is a deformity of the fifth 
metatarsal characterized by lateral deviation of the metatarsal 
and varus deviation of the toe leading to a bony prominence 

that can cause pain and difficulty with footwear.7,12 The prev-
alence of bunionette deformity is 14% with a higher inci-
dence in females and older patients.6,22 Bunionette deformity 
is typically classified into 3 subtypes based on the underlying 
anatomy and morphology (Figure 1).5,7
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Abstract
Background: There has been increasing interest in the use of percutaneous or minimally invasive osteotomy techniques 
for bunionette correction. The aim of this systematic review was to investigate the clinical and radiographic outcomes 
following percutaneous or minimally invasive surgery for bunionette deformity correction.
Methods: A systematic review following PRISMA guidelines was undertaken. All clinical studies published in MEDLINE, 
Embase, PubMed, and the Cochrane Library Database from inception until December 2023 reporting on the use of 
percutaneous or minimally invasive osteotomy techniques for bunionette deformity correction were included. The primary 
outcome was radiographic deformity correction. A meta-analysis of clinical and radiographic outcomes was performed to 
assess the mean difference following surgery. Risk of bias was assessed using the ROBINS-I tool.
Results: A total of 942 potential studies were identified, of which 18 were included encompassing 714 feet in 580 patients. 
There were no comparative studies identified. The majority of studies (n = 14/18) used an unfixed distal osteotomy 
technique. All studies showed a statistically significant improvement in clinical outcomes (American Orthopaedic Foot & 
Ankle Society ankle-hindfoot score and visual analog scale for pain) and radiologic outcomes (fourth-fifth intermetatarsal 
angle and fifth metatarsophalangeal angle). Complication rates ranged from 0% to 21.4%. The nonunion rate was 0% to 
5.6%. Overall risk of bias was low to moderate. The most common complication was development of a hypertrophic callus 
that tended to resorb over time without needing further surgical intervention.
Conclusion: The results of this systematic review must be considered in light of the methodologic limitations of the 
studies analyzed—including additional procedures performed at the same time as the bunionette correction, lack of 
comparative studies, and heterogeneity of the case series included. Despite these limitations, our review suggests that 
percutaneous techniques for bunionette deformity correction are generally clinically safe and associated with improvement 
in radiographic alignment and patient-reported outcome measures.
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The traditional surgical management for a bunionette 
deformity has been an open lateral approach using a range 
of osteotomy techniques including sliding, transverse, 
oblique, and scarf among others.3-5,21 A systematic review 
from 2018 found that significant deformity correction could 
be achieved with all osteotomies; however, patient satisfac-
tion was higher with distal osteotomies.21

There has been increasing interest in the use of percu-
taneous or minimally invasive techniques for forefoot 
deformity and bunionette correction.18,23,30 First described 
by de Prado and Isham, percutaneous techniques use a 
high-torque, low-speed burr to perform the osteotomy.23 
A number of case series have found positive results in 
terms of deformity correction, complication profile, 
recurrence, and clinical outcomes.3,16,23,25 There are 
potential advantages of percutaneous techniques for bun-
ionette correction including smaller wounds, fewer hard-
ware-related complications, and quicker recovery.3,20,25 
The learning curve for percutaneous bunionette correc-
tion is small compared to other percutaneous deformity 
correction procedures, so this technique can be easily 
adopted in clinical practice.20,24 There are, however, no 

randomized or comparative studies investigating open vs 
percutaneous osteotomy techniques. A recent consensus 
in percutaneous bunionette correction found that the 
majority of surgeons use no fixation for the osteotomy, 
avoiding lateral condylectomy alone as this fails to cor-
rect the deforming forces (Figure 2).23

The aim of this systematic review was to investigate the 
clinical and radiographic outcomes following percutaneous 
or minimally invasive surgery for bunionette deformity cor-
rection. We hypothesize that percutaneous techniques for 
bunionette correction will enable deformity correction with 
an acceptable complication rate.

Methods

Study Design

This study was performed according to the Preferred 
Reporting Items for Systematic Reviews (PRISMA) 
guidelines.29 Details of the protocol for this systematic 
review were prospectively registered on PROSPERO 
(CRD42024497258).

Figure 1. Illustration of Coughlin classification of bunionette deformity.7
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Search Strategy

In January 2024, 2 independent reviewers conducted a 
systematic literature search using MEDLINE, Embase, 
PubMed, and the Cochrane Library Database from incep-
tion till December 2023 to identify relevant papers. The 
search strategy was as follows: Bunionette or (Tailor’s 
Bunion) or ((metatarsal osteotomy) AND (Fifth)). Any 
disagreements were resolved through discussion.

Participants

We included patients of all ages who underwent percutane-
ous or minimally invasive (defined and specified as incision 
length <1 cm) osteotomy techniques for bunionette defor-
mity correction. There was no exclusion based on pathol-
ogy or specific operation.

Study Criteria

The inclusion criteria include English-language studies in 
full text that report on outcomes related specifically to 
percutaneous or minimally invasive osteotomy techniques 
for bunionette correction and the following study designs: 
randomized controlled trials, observational cohort studies, 
and case series. Our exclusion criteria were as follows: 
case reports, biomechanical studies, in vitro studies, and 
studies failing to report postoperative clinical or patient-
reported outcomes.

Data Extraction

Results from the database searches were collated and dupli-
cates removed. Papers were screened using study title and 
abstract and inclusion/exclusion criteria to assess suitable 
articles for inclusion. Full-text articles were reviewed for 
inclusion and citations screened to identify any additional 
studies. To minimize bias, data were anonymously extracted 
by 2 authors independently using a purpose-designed pro-
forma with disagreements resolved with discussion.

Variables

Study characteristics were extracted including study design, 
numbers of patients, follow-up, country, and patient age. 
Study outcomes extracted include pain (visual analog scale 
pain score), clinical patient-reported outcomes (American 
Orthopaedic Foot & Ankle Society lesser toe metatarsopha-
langeal-interphalangeal scale), radiographic deformity cor-
rection (fourth-fifth intermetatarsal angle, fifth 
metatarsophalangeal angle, metatarsal shortening), techni-
cal procedural data, union rates, and complications.

Risk-of-Bias Assessment and Study Quality

The studies included in the analysis were assessed for bias 
within their methodology. Nonrandomized trials were 
assessed using the ROBINS-I tool (risk of bias in nonran-
domized studies of interventions).31 The studies were inde-
pendently assessed by 2 authors and any disagreements 
resolved by discussion. The ROBINS-I tool is structured 
into 7 domains. The results are then judged on their overall 
risk of bias based on the responses to each domain.

Statistical Methods

All data analysis were conducted using R and Microsoft 
Excel. Studies that presented pre- and postoperative out-
comes were included in a meta-analysis using a random 
effects model. Where data were presented in mean and 
range format, an estimate of the standard deviation to facili-
tate meta-analysis was performed following the technique 
described by Wan et al.34 Results were considered statisti-
cally significant at a P value of <.05.

Results

A total of 942 potential studies were identified from the 
electronic databases search. After removing 151 duplicates, 
a further 698 were excluded by reviewing their titles and 
abstracts. We then reviewed the remaining 93 full-text arti-
cles and excluded 77 of these for reasons shown in Figure 1. 
We identified 16 studies and searched a further 507 cita-
tions identifying a further 2 articles for inclusion (Figure 3). 
The study characteristics of included studies can be seen in 

Figure 2. Deforming forces affecting the fifth metatarsal 
contributing to bunionette deformity.
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Table 1. All studies were retrospective case series and 
included 714 feet in 580 patients. There were no compara-
tive studies identified. There were 6 main percutaneous 
osteotomy techniques described in the included studies 
(Figure 4). Most osteotomies were unfixed, with 14 of 18 
studies not using fixation. The remaining 4 studies all used 
K-wire fixation to maintain reduction.

Radiographic Deformity

Radiographic deformity correction was reported in all stud-
ies and shown in Tables 1 and 2 and Figure 5. There was 
significant improvement in both fourth-fifth intermetatarsal 
angle and fifth metatarsophalangeal angle.

Clinical Patient-Reported Outcome Measures

Clinical patient-reported outcome measures patient-reported 
outcome measures with pre- and postoperative scores were 
available in 11 studies. The American Orthopaedic Foot & 
Ankle Society lesser toe metatarsophalangeal-interphalan-
geal scale score was the most frequently reported, with all 
studies reporting improvement (as shown in Table 3 and 
Figure 6).

Complications

Complication data was reported in all studies. The compli-
cation rate ranged from 0% to 21.4% as seen in Table 4. The 

nonunion rate ranged from 0% to 5.6%. A number of studies 
using unfixed osteotomy techniques reported patients pre-
senting with hypertrophic callus at the site of the osteotomy. 
Further breakdown of the nonunion rate found that distal 
osteotomies were associated with a higher rate of nonunion 
and hypertrophic callus formation compared to proximal 
osteotomies.

Risk of Bias and Study Quality

All studies were assessed using the ROBINS-I critical 
appraisal tool as seen in Figure 7. The majority of the stud-
ies were assessed as low-moderate risk of bias. The most 
frequent confounder in the literature was the incorporation 
of additional forefoot procedures such as hallux valgus cor-
rection, which could bias the clinical outcomes.

Discussion

The results of this systematic review suggest that percuta-
neous techniques for bunionette deformity correction are 
clinically safe and effective with significant improvement 
in radiographic alignment and patient-reported outcome 
measures. This review highlights the variability in osteot-
omy technique and mode of fixation. The majority of stud-
ies use a distal osteotomy technique, with only 2 studies 
reporting variability in the location of the osteotomy 
depending on deformity, for example, in types 1 and 3, sur-
gical approach often performed distally, at the level of the 

Figure 3. PRISMA flow diagram of included studies.
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Figure 4. Percutaneous osteotomy techniques for correction of bunionette deformity.
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neck of the fifth metatarsal. In type 2 deformities, surgical 
access was at or just distal to the apex of the deformity.27,28

There is currently a lack of consensus regarding the opti-
mal osteotomy technique and method of fixation for  
percutaneous bunionette correction.23 The most common 
percutaneous osteotomy technique currently used is a distal 
oblique osteotomy at 45 degrees (Table 1). The K-wire fixa-
tion was most frequently used to stabilize the osteotomy in 
studies using fixation but came with the increased risk of 
skin inflammation. In a meta-analysis of other different 

osteotomies to treat symptomatic bunionette, Martijn et al21 
observed a total of 48 major complications (6%), and after 
subdividing the complications by the osteotomy site, a 
greater number of complications were observed in proximal 
and diaphyseal osteotomies than in distal osteotomies.

The radiographic deformity correction that can be 
achieved with a percutaneous technique is significant 
regardless of type of bunionette deformity or osteotomy 
technique. The improvement in fourth-fifth intermetatar-
sal angle of 6 degrees using percutaneous osteotomy 

Figure 5. Forest plot demonstrating change in fourth-fifth intermetatarsal angle (A) and fifth metatarsophalangeal angle (B) following 
percutaneous bunionette deformity correction.
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techniques was identical to that achieved using open 
techniques.21 Similarly, clinical outcomes universally 
improved following percutaneous bunionette correction. 
The improvement in clinical outcomes is similar to that 
seen with open technique.21

The most frequent complications observed were irritation 
from K-wires in fixed osteotomies14,20,33 or hypertrophic cal-
lus in unfixed osteotomies.1,9-11,25,28,32 The hypertrophic cal-
lus is likely due to the residual instability of nonfixed 
osteotomies and can be easily treated if symptomatic.28 

Table 3. Clinical Outcomes of Included Studies Reporting Percutaneous Osteotomy Techniques for Bunionette Deformity 
Correction.

Study

AOFAS Score VAS Pain

Other OutcomesPreoperative Postoperative Preoperative Postoperative

Al Ramlawi et al1 (2024) n.s. n.s. 7.6 (4-10) 0.6 (0-3) FFI total 52.7 (48-66) to 
17.8 (13-20)

del Vecchio et al10 (2019) n.s. n.s. 8.3 (6-10) 1.1 (0-3) Return to sport 8.3 wk 
(7-11)

Del Vecchio et al11 (2022) 54.3 ± 13.0 93.4 ± 8.0 7.9 ± 0.9 0.7 ± 0.9 MOXFQ Index 
68.0 ± 4.5 to 9.0 ± 1.2, 
FAAM 65.6 ± 17.9 
to 78.6 ± 7.1, FAAM 
Sports 59.3 ± 20.4 to 
71.3 ± 5.9

Ferreira et al13 (2020) 58.8 ± 12.2 93.7 ± 9.9 7.7 ± 1.3 1.0 ± 1.8  
Giannini et al14 (2008) 62.8 ± 15.1 94 ± 6.8 n.s. n.s.  
Kurashige15 (2021) n.s. n.s. 3.6 ± 2.5 1.0 ± 0.8 JSSF lesser scale 

significantly improved, 
from 66.7 ± 16.8 
(30-88) preoperatively 
to 97.8 ± 5.3 (87-
100) postoperatively 
(P = .028).

Laffenêtre et al16 (2015) 58 ± 5 (52-75) 97 ± 5 (80-100) 8 ± 1 (6-9) 0.3 ± 0.6 (0-1)  
Legenstein et al17 (2007) 59.1 (23-88) 95.2 (73-100) n.s. n.s.  
de Vete Lima et al9 (2020) 51.4 ± 10.1 94.0 ± 2.7 7.5 ± 1.8 1.1 ± 1.2  
Lui19 (2014) 61.8 100.0 n.s. n.s.  
Magnan et al20 (2011) 51.9 ± 10.2 98.4 ± 2.6 n.s. n.s.  
Michels et al25 (2013) 54.4 ± 10.2 96.5 ± 4.9 n.s. n.s.  
Molenaers et al26 (2017) 51.0 ± 16.9 91.6 ± 11.3 5.1 ± 2.2 0.7 ± 1.4  
Morawe and Schmieschek27 (2018) 74 92 n.s. n.s.  
Nunes et al28 (2022) 49.6 ± 10.6 92.4 ± 4.1 7.8 ± 1.6 1.3 ± 1.3  
Teoh and Hariharan32 (2018) n.s. n.s. 8 (6-10) 1 (0-3) MOXFQ Index 71 (59-

81) to 10 (0-30)
Benavente Valdivia et al2 (2022) 65.8 ± 12.6 95 ± 6.1 6.6 ± 1.6 0.2 ± 0.6  
Waizy et al33 (2012) Score 80-100 

(16 feet)
12: type 1
4: type 3

Score 60-80 (14 
feet)

2: type 1
5: type 2
7 type 3

Score <60: 1 
foot (56): type 3

n.s. n.s.  

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society lesser toe metatarsophalangeal-interphalangeal scale; FAAM, Foot and Ankle 
Ability Measure; FFI, Foot Function Index; JSSF, Japanese Society for Surgery of the Foot; MOXFQ, Manchester-Oxford Foot Questionnaire; n.s., not 
specified; VAS, visual analog scale.
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Interestingly, 3 studies16,25,32 reported that this callus resolved 
without surgical intervention over time, which is a phenom-
enon observed by the authors of this study as shown in 
Figure 8.

Readers should be cautious when interpreting these 
results because in some studies, bunionette correction was 
performed alongside other forefoot deformity procedures 
(which may bias the results) and, furthermore, the 
American Orthopaedic Foot & Ankle Society lesser toe 

metatarsophalangeal-interphalangeal score is not a vali-
dated measure. Future studies should use validated patient-
reported outcome measures such as the Manchester-Oxford 
Foot Questionnaire in isolated bunionette deformity, ide-
ally with a comparative group.8

The traditional open approach to bunionette correc-
tion has been shown in multiple studies to be clinically 
effective at improving deformity and patient-reported 
outcome measures.21,35 There are, however, a number of 

Figure 6. Forest plot demonstrating change in (A) American Orthopaedic Foot & Ankle Society lesser toe metatarsophalangeal-
interphalangeal scale (AOFAS) and (B) visual analog scale (VAS) pain scores following percutaneous bunionette deformity correction.
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complications associated with the open approach, includ-
ing wound and hardware-related issues, in particular 
prominent metalwork.21,35 There is a possibility that 
using a percutaneous approach with an unfixed osteot-
omy may reduce the risk of these particular complica-
tions whereas a smaller incision may facilitate faster 
return to activity. Unfortunately, there are no compara-
tive or randomized studies of open vs percutaneous bun-
ionette correction to confirm or refute this and, instead, 
we rely on aggregate meta-analyses.

In a recent systematic review, Martijn et al21 found that 
most complications occurred in the proximal (22%) and 
diaphyseal (21%) osteotomy groups, followed by the distal 
group (11%). They also showed that bone complications 
(eg, delayed union, nonunion, avascular osteonecrosis, and 
fracture) occurred most frequently after proximal osteoto-
mies (9%). This study found that lower rates of complica-
tions compared with open procedures showed a higher 

complication rate, ranging from 6% to 27.2%.21 These are 
related to stress fractures, dorsal angulation of the fifth toe, 
wound disorders, and osteosynthesis intolerance, among 
others.

Strengths and Limitations

This systematic review explored the use of percutaneous 
or minimally invasive osteotomy techniques for bunio-
nette deformity correction. We have followed a systematic 
approach to identify all relevant studies and used validated 
tools for the risk of bias assessment. Our search strategy 
and inclusion criteria were broad to ensure that we cap-
tured all relevant studies. However, there are limitations to 
this systematic review owing to the methodologic limita-
tions of the studies included—most notably the additional 
procedures performed at the same time as the bunionette 
correction. As there were no comparative studies included, 

Table 4. Complication Profile of Included Studies Reporting Percutaneous Osteotomy Techniques for Bunionette Deformity 
Correction.

Study Complication Rate, % Reoperation Rate, % Complication Details

Al Ramlawi et al1 (2024) 1.5 0.8 1 patient with lateral bone 
prominence treated with 
exostectomy

del Vecchio et al10 (2019) 5.2 5.2 2 patients had residual bony 
lateral lump and needed revision 
percutaneous exostectomy

Del Vecchio et al11 (2022) 6.75 1.4 1 patient with lateral prominent bone
Ferreira et al13 (2020) 8.3 0.0 1 superficial infection and 2 nonunion
Giannini et al14 (2008) 6 0.0 1 patient with inflammation around 

K-wire and 2 patients with fourth 
metatarsalgia

Kurashige15 (2021) 0 0.0  
Laffenêtre et al16 (2015) 2.0 0.0 1 case of complex regional pain 

syndrome
Legenstein et al17 (2007) 6.5 0.0 1 patient with fourth metatarsalgia,  

4 patients with infection
de Vete Lima et al9 (2020) 21.4 0.0 3 patients had hypertrophic callus 

formation, which remodeled
Lui19 (2014) 6.7 0.0 1 patient with wound dehiscence
Magnan et al20 (2011) 6.7 0.0 2 patients with skin inflammation 

around K-wire
Michels et al25 (2013) 10.0 0.0 2 patients with hypertrophic callus
Molenaers et al26 (2017) 0.0 0.0  
Morawe and Schmieschek27 (2018) 0.0 0.0  
Nunes et al28 (2022) 16 0.0 3 patients with hypertrophic callus
Teoh and Hariharan32 (2018) 9.6 4.8 Two patients with prominent dorsal 

lump at osteotomy site  
(1 underwent revision surgery)

Benavente Valdivia et al2 (2022) 0.0 0.0  
Waizy et al33 (2012) 3.2 0.0 Skin inflammation around K-wire 

prompting early removal
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it is not possible to comment on the superiority or equiva-
lence of open vs percutaneous techniques. Other important 
limitations include the retrospective nature of the included 
studies as well as the methodologic issues associated with 
small case series. Finally there was substantial variability 
between the studies, which makes interpretation of the 
results challenging.

Conclusion

Based on this systematic review of a heterogenous collec-
tion of retrospective case series we found that it appears that 
percutaneous techniques for bunionette deformity correc-
tion clinically safe and associated with improvement in 
radiographic alignment and patient-reported outcome 

Figure 7. ROBINS-I risk of bias assessment for included studies.
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measures. There is a clear need for comparative robust 
methodologic studies investigating open and percutaneous 
osteotomy techniques for bunionette correction.
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