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Abstract

BACKGROUND

Hallux valgus (HV) is a common foot deformity that manifests with increasing age,
especially in women. The associated foot pain causes impaired gait and decreases
quality of life. Moderate and severe HV is a deformity that is characterized by the
involvement of lesser rays and requires complex surgical treatment. In this study, we

attempted to develop a procedure for this condition.

AIM
To analyse the treatment results of patients who underwent simultaneous surgical

correction of all parts of a static forefoot deformity.

METHODS

We conducted a prospective clinical trial between 2016 and 2021 in which 30 feet with
moderate or severe HV associated with Tailor's bunion and metatarsalgia were
surgically treated via a new method involving surgical correction of all associated
problems. This method included a modified Lapidus procedure, M2M3 tarsometatarsal
arthrodesis, intermetatarsal fusion of the M4 and M5 bases, and the use of an original
external fixation apparatus to enhance correction power. Preoperative, postoperative,
and final follow-up radiographic data and American Orthopaedic Foot and Ankle
Society (AOFAS) scores were compared, and P values < 0.05 were considered to

indicate statistical significance.

RESULTS

The study included 28 females (93.3%) and 2 males feet (6.7%), 20 (66.7%) of whom had
a moderate degree of HV and 10 (33.3%) of whom had severe deformity. M2 and M3
metatarsalgia was observed in 21 feet, and 9 feet experienced pain only at M2. The
mean follow-up duration was 11 months. All patients had good correction of the HV

angle [preoperative median, 36.5 degrees, interquartile range (IQR): 30-45;
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postoperative median, 10 degrees, IQR: 8.8-10; follow-up median, 11.5 degrees, IQR: 10-
14; P < 0.01]. At follow-up, metatarsalgia was resolved in most patients (30 vs 5). There
was a clinically negligible decrease in the corrected angles at the final follow-up, and
the overall AOFAS score was significantly better (median, 65 points, IQR: 53.8-70; vs 80
points, IQR: 75-85; P <0.01).

CONCLUSION
The developed method showed good sustainability of correction power in a small
sample of patients at the one-year follow-up. Randomized clinical trials with larger

samples, as well as long-term outcome assessments, are needed in the future.
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Core Tip: Although there are several methods of surgical correction for moderate and
severe hallux valgus, not all patients achieve the desired treatment result. One of the
reasons for this outcome is the involvement of almost all rays of the foot. To achieve a
favourable treatment result in these patients, simultaneous correction of all the elements
of the deformed forefoot is needed, considering the biomechanical association of this

pathology, namely, high mobility of the first and fifth metatarsals.

INTRODUCTION

Hallux valgus (HV) deformity is present in 23%-35.7% of the adult population. The
incidence of HV increases exponentially with age, and HV occurs most often in women.

An analysis of age subgroups showed that the disease incidence was 7.8% among
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individuals under 18 years of age, 23% among adults aged 18-65 and 35.7% among
those aged > 65 yearslll.

An increase in the degree of HV is directly associated with the development of
additional problems in the forefoot, such as metatarsalgia, Tailor’s bunion, and hammer
toe deformity. Therefore, orthopaedists should not consider severe HV as a pathology
involving only the first ray hut rather as a complex problem of the entire forefoot.
Metatarsalgia combined with HV deformity is a result of increased pressure and load
transfer to the lateral metatarsal region. Load and pressure transfer from the big toe to
the central metatarsal region has been described, indicating functional impairment of
the big toe and simultaneous worsening of loading conditions at the metatarsals/2l. An
increase in HV severity is significantly associated with increased metatarsalgia and
decreased foot functionl3l. Fifth ray deformities involving a valgus fifthé'letatarsal and a
varus fifth toe are often associated with HV. These deformities are ascribable to the
characteristics of the Lisfranc joint, allowing greater mobility of the first and fifth
metatarsals in comparison to the central metatarsalsll.

Currently, there are hundreds of surgical techniques for treating HV, but arguably,
no technique is significantly better than the othersl3l. Arﬁlrodesis of the first tarsal-
metatarsal joint is one of these techniques. Previously, the Lapidus procedure was
indicated for severe HV deformities and HV recurrence because of its ability to stabilize
and correct the deformity at the first tarsometatarsal (TMT) jointl¢-?l. Currently, the
improved technique with multiplane correction has no restrictions in treating HV
deformities, regardless of patient severity, HV angle (HVA) or the magnitude of the
intermetatarsal angle (IMA), and is the method of choice for all cases('’l. However, some
studies have confirmed that central metatarsalgia may persist, intensify, or develop
even after the most sophisticated surgery for HVI1l,

Dissatisfaction with the outcomes of surgical intervention for moderate and severe
HV that focuses solely on the first ray without addressing concurrent forefoot
pathologies served as the impetus for the development of a comprehensive treatment

approach targeting all aspects of this medical issue at the Lisfranc joint level. A
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distinctive aspect of the developed technique is the intraoperative utilization of an
external device to augment the correction of the deformity and minimize the incidence

of splayfoot.

MATERIALS AND METHODS

Patient selection

This prospective case-series study was conducted at a regional traumatology and
orthopaedics centre in Kazakhstan that serves a population of 610000 people. The
inclusion criteria for patients were as follows: Symptomatic moderate or severe HV
according to the traditional radiographic classificationl’2l (HVA = 20 degrees or
intermetatarsal angle (IMA) > 11 degrees); pain under the heads of the second or
second-third metatarsals (M2, M3); hammer toe deformity; Tailor's bunion; and no
previous surgical intervention.

The criteria for determining hypermobility of the first TMT joint as an indication for
the Lapidus procedure are still controversiall3l. We chose the Romash classification!!4]
(types I and II) because, in our opinion, it is more independent and accurate than the
other methods due to the use of X-rays in the assessment.

Patients with rheumatoid arthritis, gout, or osteoarthritis of the first
metatarsophalangeal joint were excluded. Some of the included patients had HV
deformities on both feet and underwent surgery at different times; thus, in this paper,
we refer to the number of operated feet.

Information on metatarsalgia, plantar callosities, radiographic analysis, and
complications was obtained before surgery, after surgery, and at the final follow-up.
Clinical evaluation was performed using the American Orthopaedic Foot and Ankle

Society (AOFAS) scalel®].
Operative technique

A representative case of the performance of the optimized surgical technique on a

patient with moderate HV, painless Tailor’s bunion, M2-M3 metatarsalgia, and hammer
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deformity of the second toe is shown in Figure 1. Under spinal anaesthesia, resection of
the M1 head exostosis was performed using an oscillating saw. The m. adductor
hallucis tendon was mobilized via sesamoid hammock realignment. Then, as in the
modified Lapidus arthrodesis procedure, we resected the articular surface of the M1
base and performed wedge-shaped osteotomy of the medial cuneiform bone. For all
patients, we removed the cortex of the M4 and M5 bases in the intermetatarsal space,
leaving the bone chips in situ, as was proposed for the M1-M2 bases in the original
Lapidus procedurel'®l. Next, wedge-shaped resection of the articular surfaces of the M2
and M3 bases and the medial and lateral cuneiform was performed depending on the
presence of metatarsalgia at the dorsally displaced heads.

The next step of the procedure was the elimination of the metatarsus prima varus and
metatarsus quintus valgus by installation of an external fixation device (developed in-
house), and the K-wire was passed through the heads and necks of the metatarsal bones
(Figure 2). Pronation of the first ray was manually corrected before passing through the
K-wire, as proposed by DiDomenico et all'7l. At this time, the first metatarsal head was
shifted laterally and on the plantar side. Angles M1IM2 and M1M5 were corrected
simultaneously. Finally, fixation in the corrected position was performed using four
screws and a plate with angular stability placed on the medial surface, and one screw
was used to fix M4-M5. Screws were placed through the metatarsals and cuneiform
bones.

After disassembling the external fixation device, Akin osteotomy of the proximal
phalanx of the first toe was performed, and a final X-ray was obtained (Figure 3).
Intradermal sutures were used to close the wounds, and elastic tape and stockings were
applied to improve lymphatic drainage and prevent venous thrombosis. In the early
postoperative period, the patient was advised to ambulate with Barouk shoes. Passive
motions in the toes and ankle joint were initiated on the second day after the operation.
The patient had to wear elastic tape and Barouk shoes for 6-7 wk after surgery. Partial
weight bearing was recommended as tolerated. The usual time to restore full weight-

bearing was 10-12 wk.
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Statistical analysis

All the statistical tests were performed and reviewed by a biomedical statistician using
SPSS software (version 27.0; IBM Corp., Armonk, New York, United States). Owing to
the small sample size, X-ray data before and after surgery and during the final follow-
up were tested using the paired Wilcoxon criterion and independent samples t test at
the 95% significance level. For all the data, P < 0.05 was considered to indicate statistical
significance. Descriptive statistics for categorical variables are expressed as numbers (1)
and percentages (%). Numerical variables are expressed as medians, standard

deviations, minimum-maximum values, and interquartile ranges.

RESULTS

Thirty feet that underwent reconstruction for HV deformity between 2016 and 2021
were consecutively enrolled. HVA was prioritized over IMA for the inclusion of
patients. According to the HVA, 20 (66.7%) feet had moderate HV (HVA 20-40 degrees),
and 10 (33.3%) had a severe deformity (HVA = 40 degrees). All feet, except for two, had
an IMA > 10 degrees. In the two exceptions, the IMA was 10 degrees, but the HVAs
were 25 and 28 degrees. All feet had an increased M4-M5 IMA and Tailor’s bunion; all
but four (13.3%) of the cases were painless. M2 and M3 metatarsalgia was observed in
21 feet, and 9 feet experienced pain only under M2. The mean age of the patients was
52.8 years (range, 19-72). The left foot was operated on in 14 patients (46.7%), and the
right foot was operated on in 16 patients (53.3%). There were 21 (70%) feet classified as
Romash Type I and 9 feet classified as Type II (30%).

All feet underwent surgery and had a rehabilitation period, as described previously.
The mean follow-up period was 11 months (range, 9-12 months). The results of the
application of the developed treatment method are presented in the boxplots in Figure
4. After surgery, the HVA was restored to normal values in all patients. In addition, the
loss of correction at follow-up (Z = -4.32; P < 0.001) did not lead to clinically significant

deformation or a transition from one degree of severity to another. The proposed
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surgical method significantly improved the postoperative parameters of MIM2
(decreased at follow-up Z = -3.95; P < 0.001). Notably, there was a significant decrease
in the M1M5 angle (decreased at follow-up Z =-4.21; P < 0.001); one of the goals of the
operation was to correct splayfoot, which is an important type of deformation leading
to foot dysfunction.

With respect to the measured angles, there was an improvement in the position of the
medial sesamoid bone of the first metatarsophalangeal joint relative to the axis of the
first metatarsal bone in all patients after the operation. Anteroposterior X-rays were
graded using the Hardy and Clapham scalel!8! (Figure 5). No changes were observed
between the postoperative position and final follow-up.

Accordingly, correction of the radiological parameters of the foot improved its
function, resulting in an increase in the AOFAS score. The average improvement in the
long term was 15 points, partly due to the correction of metéarsalgia by targeting the
small rays of the foot. For plantar callosities, the grading was as follows: (1) Grade 0: No
callosity; (2) Grade 1: Painless callosity underneath one joint; (3) Grade 2: Painful
callosity underneath one joint; and (4) Grade 3: Painful callosity underneath two or
more joints(!?l. In the preoperative period, Grade 2-3 callosity was observed in 86.7% of
patients, and in the long-term postoperative period, only five patients (16.7%) had
painful callosity under the head of one metacarpal bone (Table 1).

One patient with an M1 that was shortened by 6 mm and showed partial loss of
reduction had recurrent metatarsalgia; however, HVA correction was better after
surgery than before surgery (43 vs 22 degrees). No indications for further surgery were
found. Another patient developed a stitch abscess that caused redness and oedema for 3
wk, and short-term oral antibiotics were prescribed after the symptoms resolved
completely. Two patients developed ligature fistulas. Recurrence of mild HV was

observed in 2 feet.

DISCUSSION
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The effectiveness of the Lapidus procedure for the treatment of HV, especially during
multiplane correction, has been repeatedly reported[102]. The correction power of
metatarsal osteotomy increases when performed from distal to proximal. As shown in a
meta-analysis/?!], the mean angular correction of the IMA for all included feet subjected
to the Lapidus technique was 9.82 degrees (confidence interval: 8.82-10.82). In our
study, the median delta IMA correction was 6 degrees. In the treatment of transfer
metatarsalgia the same consideration is given to the osteotomy level of the lesser
metatarsals. Proximal osteotomies are more powerful than distal osteotomies because
smaller corrections at the metatarsal base result in larger corrections at the weight-
bearing metatarsal head, secondary to the longer lever arm. In our series, performing
the concomitant procedure on lesser rays resulted in resolution of metatarsalgia in all
but five patients (83.3%), and notional improvement in the AOFAS score was achieved.
Favourable HV correction with osteotomy of the lesser metatarsals has also been
reported[22-25],

The absence of a negative effect of arthrodesis of the medial and middle columns of
the Lisfranc joint has been reported in publications devoted to the treatment of
dislocation of this joint2¢l. Currently, minimally invasiE surgery is the preferred
surgical treatment. However, Lu et all?’l suggested in their meta-analysis that the use of
minimally invasive surgery for the correction of HV deformity was the better choice for
patients with symptomatic HV than traditional open methods, but the efficacy of
minimally invasive surgery in moderate-to-severe HV (HVA < 30°) was poor, and open
surgery resulted in better outcomes in this cohort/282°].

One of the disadvantages of our technique was the need to use an intraoperative
corrective device, which slightly increased the overall duration of the procedure.
Another disadvantage was the complexity of the surgical treatment, as the invasiveness
of the procedure led to an increase in the inpatient length of stay for individual patients
(mean +SD: 5.8 + 243 d; 12 d in two patients).

This study has several limitations. Our study presents the preliminary results on the

use of a new method of treatment for a small number of patients and therefore has the
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limitations intrinsic to such research. We did not perform any biomechanical
examinations, such as pedobarography, to prove a decrease in pressure below the lesser

metatarsals.

CONCLUSION

The developed method of complex treatment for forefoot deformity includes a modified
Lapidus procedure, M2-M3 TMT arthrodesis, intermetatarsal fusion of M4-M5 bases,
and fixation with the original external apparatus, allowing for the resolution of

problems caused by splayfoot.

ARTICLE HIGHLIGHTS

Research background

Until now, the treatment of hallux valgus (HV) is considered by many clinicians as an
isolated problem of the forefoot, while the deformation of the first toe brings with
metatarsalgia, Tailor's bunion, and hammer toe deformity. An important step is the
comprehensive elimination of all the existing problems to achieve satisfactory clinical

results.

Research motivation

In our study, all existing pathologies in the Lisfranc joint were eliminated

simultaneously.

Research objectives
The main objective was to decrease the key angles [HV angle (HVA) and
intermetatarsal angles (IMA)] and plantar callosities using a modified Lapidus

procedure.

Research methods
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We did a Clinical Trials Study involving 30 patients in the setting of a regional

traumatology and orthopaedics centre in Kazakhstan.

Research results

The modified Lapidus procedure with intraoperative utilization of the developed
external device led to a decrease in HVA, IMA, and M1M5 with correction of splayfoot
and pain reduction. There was also improvement in the position of the medial sesamoid

bone in each operated foot.

Research conclusions
The method used was promising and demonstrated the absence of significant

drawbacks in a small sample size.
Research perspectives

Further randomized controlled trials are required to assess effectiveness in large

samples.
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