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Abstract
Purpose

This study aimed to present a new minimally invasive surgery (MIS) technique and evaluate the safety
and e�cacy for correction of hallux valgus deformity at a preliminary follow-up.

Methods

48 consecutive feet that underwent a new MIS of hallux valgus with a mean 17.6 months follow-up
(range 9 to 28 months). This technique uses a new osteotomy of the �rst metatarsal with screw �xation
and percutaneous Weil osteotomy of lesser metatarsal without �xation. All patients were clinically
evaluated using the Manchester-Oxford Foot Questionnaire (MOXFQ), American Orthopedic Foot & Ankle
Society Hallux Metatarsophalangeal-Interphalangeal score (AOFAS HMI) and visual analogue scale
(VAS). Radiographic measures included hallux valgus angle (HVA), intermetatarsal angle (IMA) and the
length of the �rst metatarsal.

Results

There was signi�cant improvement in the radiographic parameters(P<0.001). The IMA decreased from
13.3° to 9.8°, the HVA improved from 35.9° to 17.9° and the mean MT length decreased by 4 mm. There
was signi�cant improvement of VAS in the postoperative 2 weeks (P < .001). There were signi�cant
improvements in the MOXFQ scores and AOFAS HMI scores, respectively. The total rate of complication
was 10.4%.

Conclusion

The preliminary radiographic and clinical outcomes of this new minimally invasive surgery show that it is
a safe procedure and had signi�cantly less pain in the �rst 2 weeks following surgery.

Introduction
Percutaneous and minimally invasive surgery (MIS) for hallux valgus is increasingly common in
orthopedics by reason of the inherent for smaller scars, lesser postoperative pain, rapid recovery, reduced
rehabilitation times, and decreased risk of infection [1,2].

Initially, percutaneous hallux valgus technique was accomplished applying Isham[3], Bosch or Reverdin-
Isham procedures[4] and modi�cations of these, which consist of arthroscopic assistant technique, the
Endolog technique, percutaneous extra-articular reverse-L Chevron (PERC) and percutaneous
Chevron/Akin osteotomies[5-8] . The method of �xation is a critical aspect for the surgical correction of
hallux valgus. First-generation percutaneous technique was reported by Isham[3] and no internal �xation
after the osteotomy. Later, the second generation of improvement was carried out, which included a distal
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transverse osteotomy of the �rst metatarsal �xed with an axial wire [8,9]. At present, in order to enhance
the stability, screw �xation was carried out [10].

To date, many studies have evaluated the results of MIS techniques and open therapeutic surgeries for
hallux valgus [8,11]. Meanwhile, systematic reviews have been reported to estimate the results of MIS
techniques for treating the hallux valgus [1,12]. Those reviews pinpointed limitations of the achievable
evidence to determine clear proposals for MIS in hallux valgus correction. There were too few studies on
individual surgical technique to determine whether one is more powerful than another one.

Because of the lack of evidence that which technique is more superior, we have implemented a new MIS
osteotomy and adopted the screw �xation method. In order to accept a new operative technique, it is
essential to see clinical outcomes. The aim of this study was to present the radiographic correction,
complications, postoperative pain levels and clinical outcomes at a preliminary follow-up.

Methods
This retrospective cohort study was approved by institutional review board. Patients were enrolled if they
had painful hallux valgus and failed conservative treatment. The exclusion criteria were patients had
peripheral vascular disease, neuromuscular disease, rheumatoid arthritis and recurrent hallux valgus.

We �rstly enrolled 56 consecutive feet underwent the MIS technique of hallux valgus. Patients with
recurrent hallux valgus (2 feet) and lost follow-up (6 feet) were excluded. Finally,48 feet (41 patients) that
underwent a percutaneous MIS of hallux valgus were enrolled. The baseline characteristics are shown in
Table 1.

Table 1
Patient Demographics.

Demographics                 

Sex, male/female                                               3/45

Age, mean ± SD, y 60.9±12.2

Body mass index,                                      

mean ± SD, kg/m2

22.5±2.96

Weightbearing anteroposterior (AP) and lateral radiographs of the foot were collected for all patients to
evaluate the severity of the deformity. The hallux valgus angle (HVA), intermetatarsal angle (IMA) and
�rst metatarsal (MT) length were assessed as the radiological parameters preoperatively and
postoperatively at last follow-up. Radiographic measurement was performed by a single observer (CJ, G).
The visual analogue scale (VAS) was collected preoperatively and on 2 weeks follow-up postoperatively.
Clinical outcomes were measured by American Orthopedic Foot & Ankle Society Hallux
Metatarsophalangeal-Interphalangeal (AOFAS HMI) score, and Manchester-Oxford Foot Questionnaire
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(MOXFQ) [13] preoperatively and postoperatively at the last follow-up. Clinical outcome was evaluated in
terms of passive range of motion (ROM) of the �rst metatarsophalangeal joint (MTPJ) and the stiffness
of the �rst MTPJ was de�ned as the ROM < 30°. All the clinical complications including wound problem,
numbness, nonunion, and revision were collected at the last follow-up.

Technique

Minimally invasive surgery (MIS)
The patient was performed using regional anesthesia or general anesthesia without a tourniquet in a
supine position.

A medial incision was used just proximal to the �rst metatarsal head, and the medial eminence was
excised with a 2*20mm burr and the bone debris was discharged. We always rinsed the incision and burr
with ice sterile saline to prevent the burn complication during the osteotomy. The speed of the burr was
not exceeding 3000 rpm to avoid thermal necrosis of the skin and bone.

The starting point of osteotomy was at about 5mm proximal to the �rst metatarsal head, and the
direction of osteotomy was from the distal to the proximal. From the lateral view, it was plantarization
about 45 degrees (Figure 1a, Figure2). After the osteotomy �nished, we used a scissor to release the
lateral soft tissue through the osteotomy line.

When the distal osteotomy was completely loosened, we manually reduced the osteotomy. One or two the
hollow nail guidewires were inserted through separate incisions in order to �x the osteotomy, and the
position was veri�ed �uoroscopically and adjusted accordingly (Figure 3a,3b). After the position was
satisfactory, one or two 2.5mm-diameter hollow headless nails (Wright, USA) were selected for �xation
(Figure 3c,3d).

An Akin osteotomy was performed if there was residual hallux valgus after the �rst metatarsal
osteotomy. This was undertaken through a dorsomedial approach, using a 1.5 * 20 mm burr (Figure 1b),
and one screw �xation after the akin osteotomy (Figure 3c,3d).

The osteotomy of the 2-5 metatarsals depends on the preoperative symptoms and the length of the 2-5
metatarsals after the �rst metatarsal osteotomy and �xation. The burr of these osteotomies is 1.5 *
20mm, without screw �xation (Figure 1c).

Postoperatively, the hallux was mobilized in 8-shaped bandage and the patients were allowed fully
weightbearing immediately in a hard-bottom shoe (Darco, USA) without the aid of crutches. Patients were
encouraged to elevate the foot in the �rst 2 weeks after surgery to reduce the swelling. The shoe was
removed after 6 weeks and patients were encouraged to wear a pair of sneakers.
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Statistical Analysis
Power analysis was carried out to guarantee that the study sample size was adequate. All the continuous
variables are described as means ± standard deviations. Mann-Whitney U test or Student t test was used
for continuous variables, depending on the data distribution. The Matched-pairs t test was used to
analyze any signi�cant difference between the preoperative and postoperative clinical outcomes. The
alpha level was set at less than .05. Statistical analyses were using Stata statistical software (version 15,
StataCorp, College Station, TX).

Results

Radiologic Outcomes
Compared with preoperative radiographic outcomes, there were signi�cant differences in the HVA and
IMA at the �nal follow-up (P < .05). The IMA decreased from 13.3° to 9.8°and the HVA improved from
35.9° to 17.9°. The Mean MT length decreased by 4 mm (P < .05). Table 2 summarizes the radiographic
outcomes.

Clinical Outcomes

Clinical
The mean follow-up was 17.6 months (range 9 to 28 months).25 feet required Akin osteotomy and 30
feet required Weil osteotomies of lesser metatarsal. The MIS achieved signi�cant correction of the hallux
deformity (Figure 4 and Figure 5). The walking score improved from 60.2 to 13.5 (P < .001), the pain score
from 54.5 to 15.8 (P < .001), and the social interaction score from 56.9 to 13.3 (P < .001).

The AOFAS HMI score improved signi�cantly improved from 50.6 to 85.2 postoperatively (P < .001). The
VAS score statistically signi�cant improvement in the postoperative 2 weeks (P < .001). Table 2
summarizes the clinical outcomes.
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Table 2
Summary of Clinical outcome and Radiological outcome of the MIS.

Variables   Mean SD P value

Follow-up(months)   17.6 6.4  

Radiological outcomes        

HVA (°) Preoperative 35.9 10.1 <0.001

  Postoperative 17.9 9.3  

IMA (°) Preoperative 13.3 3.3 <0.001

  Postoperative 9.8 3.8  

MT length(cm) Preoperative 5.0 0.2 <0.001

  Postoperative 4.6 0.2  

Clinical outcomes        

MOXFQ scores        

Walking Preoperative 60.2 9.1 <0.001

  Postoperative 13.5 7.8  

Pain Preoperative 54.5 10.5 <0.001

  Postoperative 15.8 13.3  

Social Interaction Preoperative 56.9 10.7 <0.001

  Postoperative 13.3 10.9  

AOFAS score Preoperative 50.6 12.4 <0.001

  Postoperative 85.2 13.8  

VAS Preoperative 7.63 1.1 <0.001

  Postoperative 2 weeks 2 0.9  

Complications
There were 1 burn wound problems,1 screw irritation,1 revision,1 patient with paresthesia and 1 stiffness
of the �rst MTPJ.There was no avascular necrosis, nonunion, hallux varus, metatarsalgia or recurrence.
The total rate of complication was 10.4%.

Discussion
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This new MIS technique is a third-generation technique of percutaneous hallux valgus correction in which
it uses the stable internal �xation. There are a few reports on the third-generation percutaneous hallux
valgus surgery technique. Jowett [14] reported a prospective study of 78 patients with a mean follow-up
of 25 months. The AOFAS score and the radiographic parameters (HVA and IMA) had improved
signi�cantly. Lee et al [11] reported a prospective randomized study of 25 percutaneous Chevron/akin
(PECA) versus 25 open technique cases with 6 months of follow-up. They reported that both groups
demonstrated comparable good to excellent clinical and radiologic results at last follow-up. However, the
PECA group had signi�cantly lesser pain in the �rst 6 weeks after surgery. Brogan et al [8] reported a
retrospective cohort study of 81 cases (49 MIS and 32 open distal chevron osteotomies) with a minimum
24 months of follow-up, and reported that both groups demonstrated comparable clinical and radiologic
results of mild-moderate hallux valgus. Lucas y Hernandez [7] in their series of 53 cases of hallux valgus
correction using the percutaneous extra-articular reverse-L Chevron (PERC) technique with a mean follow-
up of 60 months revealed a main improvement of good �rst MTPJ range of motion underwent this
technique. Vernois and Redfern[15] reported a case series of 341 patients with a minimum 12 months of
follow-up, and reported HVA and IMA had improved signi�cantly and the excellent or good satisfaction
rates were 95%.Holme[16] reported a case series of 40 patients with a 12 months of follow-up, and
reported the MOXFQ score and the AOFAS score had improved signi�cantly.

The current study found similar clinical and radiologic outcomes compared to previous studies. However,
our technique has some discrepancies from previous reported literatures. First, we use an oblique
metatarsal osteotomy, which is different from transverse metatarsal osteotomy and Chevron osteotomy.
We can both rotate the distal osteotomy block and correct distal metatarsal articular angle (DMAA)
simultaneously after osteotomy. DMAA has not been measured in our cases, because there is a poor
interobserver reliability [17]and is not frequently used in research due to this reason [1].

Second, we use one or two 2.5 mm-diameter headless hollow screws to �x the osteotomy in order to
provide the stability and allow fully weight-bearing immediately after surgery in a hard-bottom shoe
without the aid of crutches. An eminent complication of the Bosch technique is decreased range of
motion or stiffness of the �rst MTPJ by reason of the fact which a K-wire is �xed in the toe for four weeks
at least, and there is no exercise of the joint [1]. However, many studies have no report of the
postoperative range of motion of the �rst MTPJ.The �rst MTPJ can be exercised due to immediate
weight-bearing in our technique and only one case had the MTPJ stiffness.

Third, there are some considerations about the experience the osteotomy is created with a 2 mm-diameter
burr that can generate relative shortening of the �rst ray, and lead to transfer metatarsalgia[18].Our
results show the mean MT length decreased by 4 mm, and the potential increased need for lesser
metatarsal shorting due to �rst metatarsal shorting. We perform the osteotomy of the lesser metatarsals
depending on the preoperative symptoms and the length of the lesser metatarsals after the �rst
metatarsal osteotomy. Our theory is that the position of 2–5 metatarsals after the osteotomy using
1.5 mm-diameter burr without �xation can be adjusted automatically after the weight-bearing. The need
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for additional surgery can add to risk to the patient, however, there were no cases of transfer
metatarsalgia or nonunion of the osteotomy of lesser metatarsals.

Safeness and complications were important concern, because the procedures were performed without
explicit view for the structures. For the reason of high rate of major complications, a previous prospective
study evaluating percutaneous hallux valgus surgery was abandoned after 3 months during early follow-
up[19].The wound problems coming from burning of the skin with the high speed of burr after minimal
invasive hallux valgus surgery varied from 0–13% in beginners during the learning curve[20]. In our early
cases, we found one case with skin burning, and then we rinsed the incision and burr with ice sterile
saline and low-speed burr to reduce the risk of thermal damage. Consequently, no burn complication was
recorded after these measures. The rates of the complications were diverse widely even within the same
technique. The Bosch technique was reported to have 0% complication rates [21] or 22% [22] or27.2%
[23]. The Reverdin- Isham technique was reported to vary from a 5% [24] to a 73% [25] rate of
complications. The Endolog technique was reported to have a range from 0 to 10% complication rates
and in the distal soft tissue release group from 0 to 4% of cases [12]. During the third-generation technical
literatures, the rate of complication was also varied from a 24% [11] or 15.5% [7] or 14% [14] or 10% [16] or
2%[15]. It is possible that a low complication rate might not have included the complications such as
stiffness or prominent screws in papers. Our total rate of complication was 10.4%.

There are several limitations to this study. First, a relatively small number of participants in a limited time
period are enrolled and the follow-up period is relatively short. It is important to recognize the long-term
clinical outcomes of a new operative technique, and it is apparently true that the absolute bene�ts of MIS
are in the early postoperative period and long-term data collection, including recurrence and patient
satisfaction, will be evaluated in the future studies. Second, this is a not a randomized control study, it
would be excellent to compare the new technique method with several other well-known techniques for
more reliable data.

Conclusion
We conclude that this new third-generation MIS technique is a safe procedure for correcting symptomatic
hallux valgus, however longer-term studies with comparison groups should be implemented to further
verify MIS for the treatment of hallux valgus.

Abbreviations
AOFAS HMI: American Orthopedic Foot & Ankle Society Hallux Metatarsophalangeal-Interphalangeal
score;AP :anteroposterior DMAA: distal metatarsal articular angle ;HVA :hallux valgus angle;IMA:
intermetatarsal angle; MIS:minimally invasive surgery;MOXFQ:Manchester-Oxford Foot Questionnaire;
MT: metatarsal; MTPJ: metatarsophalangeal joint; PECA: percutaneous Chevron/akin ;PERC:
percutaneous extra-articular reverse-L Chevron;ROM:range of motion; VAS  visual analogue scale.
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Figures

Figure 1
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(a): The starting point of osteotomy and the direction of osteotomy was from the distal to the proximal ;
(b): An Akin osteotomy was undertaken through a dorsomedial approach using a 1.5 * 20 mm burr;(c):
The burr of these osteotomies is 1.5 * 20mm without screw �xation;(d): One or two the hollow nail
guidewires were inserted through separate incisions in order to �x the osteotomy.

Figure 2

Schematic drawings of the MIS osteotomy. (a): lateral view; From the lateral view, it was plantarization
about 45 degrees;(b) A-P view: the distal osteotomy was completely and reduced the osteotomy
manually.
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Figure 3

(a): Clinical photo showing the correction maneuver of the deformity (force applied as demonstrated with
arrow). (b): Applying hollow nail guidewires for �xation of the fragment. Radiography showing placement
of the screw percutaneously after osteotomy. (c): A-P view;(d): lateral view.
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Figure 4

Clinical and radiographic view of a 60-year-old female with a left hallux valgus. Preoperative clinical
photo: preoperative(a) and postoperative 24 months follow-up (b); radiographic X-ray: preoperative (c)
and postoperative 24 months follow-up (d).
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Figure 5

Clinical and radiographic view of a 67-year-old female with a left hallux valgus. Preoperative clinical
photo(a) and radiographic X-ray(b). The minimal clinical incision (c) and radiographic X-ray showing the
osteotomy of 2-4 metatarsals percutaneously without �xation (d) during the operation. Postoperative
clinical photo(e) and radiographic X-ray (f) at 16 months follow-up.



Page 17/17

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

�rstmetatarsalosteotomy.MP4

https://assets.researchsquare.com/files/rs-54804/v1/firstmetatarsalosteotomy.MP4

