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Abstract

Background. Minimally invasive surgical interventions are widely used in trauma and orthopedic surgery.
Both the surgical technique and the instruments applied are being improved, which contributes to better
functional results of patients’ treatment.

Aim of the study — to present a new guide tool for minimally invasive surgical correction of acquired hallux
valgus.

Guide description. A guide tool intended to be used in minimally invasive surgical interventions for hallux
valgus (HV) correction has been developed. It consists of several interconnecting components: the distal bar,
the intramedullary guide, the proximal bar, and the wire guide. These components are fixed to each other.
At the same time, the distal bar, the proximal bar, and the wire guide are connected with the possibility of
adjusting their mutual positioning. The design of the proposed device enables to guide the first guiding wire
and to place the cannulated screw in an optimal position. The presented clinical case illustrates the successful
application of the described device. The patient underwent minimally invasive distal corrective osteotomy for
hallux valgus of medium severity. According to the preoperative X-rays, the first intermetatarsal angle and
the first toe deviation angle were 13.5° and 25°, respectively. Six months after the surgery, they were 3° and
7°, respectively. The result of the corrective surgery was considered excellent.

Conclusion. Application of the proposed guide tool decreases surgery duration, reduces soft tissue damage and
minimizes radiation exposure of the surgeon and the patient.

Keywords: minimally invasive surgery, valgus deformity of the first toe, hallux valgus, correcting osteotomy,
guide tool.
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Pedepar

MasioMHBa3uBHbIe XMPYpruyeckue BMeIllaTelbCTBA MIMPOKO MPUMEHSIOTCSI B TPAaBMATOJOI MU U OPTOIEeIN.
CoBepIIeHCTBYeTCS KaK TeXHMKA OIeparuii, Tak ¥ MpUMeHsIeMble MHCTPYMEHTHI, YTO CITOCOOCTBYET YIydlle-
HUI0 GYHKIMOHAJIBbHBIX Pe3y/IbTaTOB JIeUeHUS MalieHTOB.

Llenws uccnedoeanus: MpeCcTaBUTh HOBBIN MHCTPYMEHT — HAIIPABUTED JJIS1 MAJIOMHBA3UBHOM XUPYyPrUUECKO
KOppeKIY MTPpUo6peTeHHOI BaJIbI'YCHOI AedhopMaly IePBOTO MMalblia CTOTIBI.

Onucanue uHcmpymenma. Pa3paboTaH HampaBUTeNb, IpeIHa3HAUYEHHbII IJIS1 MCIIONIb30BAHMST TIPU BbITIOJ-
HeHMUM MaJIOMHBAa3MBHBIX OIMEePaTMBHBIX BMeIIaTeabCTB 151 Koppekuyuu hallux valgus (HV). OH coctout u3s
HECKOJTbKMX COOMHSIOMMXCS MeKAY cO00Vi KOMITOHEHTOB: NUCTA/MbHAS TJIaHKA, MHTpaMeIy/UISIPHbBIN HaTpa-
BUTEJIb, TPOKCUMMAJTbHAS TJIAHKA, IA0JIOH JIJIST CIIUITBL. DTU AeTaiu GUKCUPYIOTCS IPYT ¢ Apyrom. [Tpu aTOoM mmc-
TaJbHas TUIaHKa, TPOKCUMaIbHasl IJIaHKa ¥ MAa6JIOH IS CIMIIbI COEIMHSIIOTCSI C BO3MOKHOCTBIO PETYIVMPOBKM
B3aMMHOT0 UX PacIojiokkeHs. KOHCTPYKIMs MpeIosKeHHOTO YCTPOVICTBAa MO3BOISIET IIPOBECTH TEPBYIO Ha-
MPABJISIONILYIO CITUITY JJIs1 yCTaHOBKYM KAHIOJIMPOBAHHOTO BUHTA B ONITUMAa/IbHOM T0JIOKeHM . [Ipe/icTaBIeHHbIN
KIVMHUYECKUI CTydait, MJUTIOCTPUPYeT yCIelrHoe MpyuMeHeHe OMMCaHHOTOo yCTpoiicTBa. [TalieHTKe BbIMOTHe-
Ha MaJIOMHBA3MBHAS AMCTATbHASI KOPPUTUPYIOIIAS] OCTEOTOMMSI IO TTIOBOAY BaJbI'yCHOTO OTKJIOHEHMSI TIepPBOTO
MaJiblia CpefiHeli cTeneHy TsikeCTu. [1o JaHHBIM JTOOIePaIMOHHBIX PEHTITeHOTPaMM IepBbIii MEXIUTIOCHEBBIN
YTOJI ¥ YTOJT OTKJIOHEHMSI TIePBOTO Taiblia 661K paBHbI 13,5° 11 25° COOTBETCTBEHHO, Uepe3 6 Mec. IMocJIe onepa-
1y — 3° u 7°, COOTBETCTBEHHO. Pe3ynbTaT KOPPUTUPYIOIEi oreparyy 6bUT MIPU3HAH OTJINYHBIM.
3axntouenue. IIpyMeHeHNe TIpeIOKeHHOTO HATIPaBUTeJIsI COKpalllaeT BpeMs oriepaly, yMeHbIllaeT ee TpaB-
MaTUYHOCTh ¥ MMHUMM3UPYET JIyUeBYI0 Harpy3Ky Ha XMpypra u naiyeHra.

KirroueBble ¢j10Ba: MMHMMAIbHO MHBA3MBHAasI XUPYPrius, BajbrycHas gedopmailys [epBOro IMajiblia CTOIbI,
hallux valgus, ROppUTUPYIOIIAs OCTEOTOMMSI, HAIIPaBJISIOIee YCTPOICTBO.
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BACKGROUND

The problem of surgical treatment of hallux val-
gus (HV) has been a topic of interest to surgeons
for almost two centuries [1]. This can be explained
not only by the high incidence of this disease, but
also by the complexity of its etiopathogenesis
[2, 3, 4]. Surgeons' attempts to deal with various
pathogenetic factors of HV have resulted in more
than 130 variants of surgical interventions de-
scribed to date [1, 5]. The most modern methods
of treatment are minimally invasive corrective
osteotomies, which are widely used for mild and
moderate HV deformities [6, 7].

In publications dedicated to the surgical treat-
ment of HV, the authors mention three genera-
tions of minimally invasive interventions [6, 8].
The first generation includes the Reverdin-Isham
procedure, which is a wedge-shaped closed-an-
gle osteotomy at the level of the head of the first
metatarsal bone performed via mini-approaches.
The second generation is the minimally invasive
Bosch osteotomy. It consists of percutaneous
transverse distal osteotomy of the first metatar-
sal bone with fixation of bone fragments with a
Kirschner wire. These two generations of HV sur-
gical treatment methods have been criticized in
the scientific literature due to the insufficient
evidence base for their widespread clinical use
and high complication rates [8]. Nowadays, the
most popular is the third generation of surgical
procedures which is the minimally invasive distal
chevron osteotomy of the first metatarsal bone
combined with the Akin osteotomy (MICA - min-
imally invasive chevron Akin), where the bone
fragments are fixed using cannulated compres-
sion screws [7, 9].

Results of studies published in the previous
decade indicate that the functional outcomes
of minimally invasive and open corrective sur-
geries for HV are similar. [10, 11, 12]. However,
a meta-analysis of the most recent publications
on this topic says for minimally invasive inter-
ventions [6]. Advantages of minimally invasive
surgeries over open ones include gentler atti-
tude to soft tissues, shorter duration of inter-
vention, shorter rehabilitation time, and more
pronounced cosmetic effect [13]. However,
there are also some disadvantages. Minimally
invasive corrective osteotomies require man-
datory intraoperative X-ray imaging at the
surgical stages [14]. Closed technique of frag-

ment fixation using cannulated screws leads
to greater operating time of the image intensi-
fier and, consequently, increases the radiation
exposure of both the patient and the surgeon.
Duration of this surgical stage also depends on
the surgeon's experience. Incorrect final screw
positioning can lead to failure of fixation, pain
syndrome in the postoperative period, and
patient dissatisfaction with the treatment as
a whole. In order to solve these problems, we
have developed a universal guide device for in-
sertion of guide wires for cannulated compres-
sion screws. This device simplifies the stage of
fixation of osteotomized fragments of the first
metatarsal bone and minimizes the risk of in-
correct placement of screws.

Aim of the study — to present a new guide tool
for minimally invasive surgical correction of ac-
quired hallux valgus.

Guide description

The device has been invented at the St. Petersburg
I.I. Dzhanelidze Research Institute of Emergency
Medicine. This device is designed to be used in
minimally invasive surgical interventions for HV
correction. It consists of several interconnect-
ing components: the distal bar, the intramedul-
lary guide, the proximal bar, and the wire guide.
These parts are fixed to each other, whereby the
distal bar, the proximal bar and the wire guide are
connected with the possibility of adjusting their
mutual positioning (Fig. 1).

The distal and proximal bars are the main
parts of the device to which the intramedullary
guide and the wire guide are attached, respec-
tively. All parts of the device are assembled using
thread locks.

In the intramedullary guide, the part inserted
into the medullary canal of the first metatar-
sal bone with a 2 mm wide slit for the wire guide
should be highlighted. A guiding hole is located
in the wire guide. The axis of the hole intersects
the axis of the intramedullary guide and lies in
the same plane as its slit. The position of the wire
guide is adjusted along two mutually perpendicu-
lar axes due to the mobility of the wire guide and
the distal bar. Adjustment accuracy is achieved by
the scales on the proximal bar. The scale on the
short arm of the proximal bar has a scale division
value of 1 mm, on the long arm — 5 mm. The an-
gle of inclination of the axis of the guiding hole of
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the wire guide is 102° with 18-20° of deviation of
the distal osteotomized part of the first metacar-
pal bone from the axis of the proximal part of the
bone. The angular values as well as the division
values of the scales were calculated empirically
using computer modeling method. Due to such
design of the guide, the guide wire exits the lat-
eral cortical layer of the first metatarsal bone 10
mm proximal to the osteotomy site. This distance
is optimal for further fixation. One of the purposes

Surgical technique

The patient is placed on the operating table in a
supine position. The surgical field is treated with
antiseptic solutions and delimited with sterile
drape from the tips of toes of the operated foot
to the upper third of the lower leg. Using a scal-
pel, the surgeon makes a 3-4 mm skin incision
along the inner surface of the forefoot in the pro-
jection of the distal 1/4 of the diaphysis of the
first metatarsal bone right up to the bone. The
level of the osteotomy is located at a distance of
approximately 2.0-2.5 cm from the radiological
projection of the articular gap of the first meta-
tarsophalangeal joint. Transverse osteotomy of
the diaphysis of the first metatarsal bone is per-
formed with a 2.2-2.9 mm burr. The head of the
first metatarsal bone is displaced laterally. The
intramedullary guide of the developed device is
inserted into the medullary canal of the proximal
fragment of the first metatarsal bone through the
incision made earlier for osteotomy. The base of
the guide is placed against the head of the first
metatarsal bone, displacing it laterally and hold-
ing it in this position. The degree of outward
displacement of the head is determined by the

of the developed device is the ability to keep this
point unchanged with different anthropometric
data of patients.

The guide is positioned in the medullary ca-
nal of the first metatarsal bone so that a wire in-
serted through the wire guide passes through the
medial and lateral cortical layers of the first met-
atarsal bone. A cannulated screw for fixation of
fragments of the first metatarsal bone is inserted
using the installed wire as a guide.

Fig. 1. Guide view (oblique view):

a — distal bar; b — fixator;

¢ — intramedullary guide; d — proximal bar;

e — wire guide; f — wire;

g — adjusting screws fixing proximal and distal bars;
h — adjusting scales

design of the guide and is not adjusted addition-
ally. Depending on the individual features of the
foot, the surgeon adjusts the position of the wire
guide.

After setting up the device, a guide wire is in-
serted with a medical drill percutaneously and
transosseously through the hole in the wire guide.
The wire passes through the proximal fragment
of the first metatarsal bone and then enters the
metatarsal head. Position of the wire is assessed
using intraoperative X-rays. The drill is detached
from the wire. The guide tool is removed from the
surgical wound.

To reduce soft tissue damage, 2 mm incisions
are made to the sides of the points where the
wires enter the skin. Cannulated 2.7 mm drill bit
forms a channel for the cannulated screw along
the guide wire. Using a cannulated screwdriver,
a 3.5 mm cannulated screw is inserted to fix the
fragments of the first metatarsal bone. The wire
is removed. The second wire is inserted using the
free-hand method parallel to the already insert-
ed screw. Then, after the cannulated drill bit has
formed a channel along the wire, the second can-
nulated screw is inserted.

68 2023;29(3)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

The surgeon controls the stability of fixation
of fragments of the first metatarsal bone clini-
cally and radiologically. Next, a burr is used to
resect excess bone tissue of the medial part of
the proximal and, if necessary, distal fragments
of the first metatarsal bone. Surgical wounds are
washed with antiseptic solutions and sutured af-
ter control of hemostasis.

Clinical case

A case of a 48-year-old female patient with ac-
quired deformity of the left forefoot is present-
ed. At the time of preoperative examination,
she complained of pain in the area of deformity.
Complaints persisted for a year before the treat-
ment. Load X-rays of the foot were performed
(Fig. 2). To assess the degree of deformity correc-
tion, the first intermetatarsal angle and the first
toe deviation angle were measured and resulted
13.5° and 25°, respectively.

Fig. 2. Foot before surgery:
a — general view;
b — stress X-ray in AP view

The diagnosis was made: combined flat foot;
acquired deformity of the left forefoot; moderate
hallux valgus deformity of the left foot.

Conservative methods of treatment (shoe
fitting and individual orthotic insoles) were
ineffective. It was decided to perform surgical
treatment. The patient underwent minimally
invasive surgical correction of HV deformity of
the left foot with the use of the designed guide
device according to the technique described
above (Fig. 3).

In the X-rays performed on the first day after
the surgery, the first intermetatarsal angle was
3°, the valgus deviation angle of the first toe was
4°. The postoperative period was uneventful.

Control examinations with X-rays at 4 and 8
weeks revealed no complications. Signs of bone
callus formation were noted in the X-rays per-
formed at 8 weeks.

According to the load X-rays performed 6 months
after the surgery, the bone callus is fully formed. The
first intermetatarsal angle was 3°, and the valgus
deviation angle of the first toe was 7° (Fig. 4).
The patient returned to her usual way of life.

Fig. 3. Intramedullary guide inserted into the
medullary canal of the first metatarsal bone

Fig. 4. Six months after surgery:

a — general view of the foot;

b — stress X-ray in AP view: completed bone callus
formation
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DISCUSSION

Minimally invasive surgery is one of the most ad-
vanced areas of traumatology and orthopedics.
Many authors have discussed the issues of mini-
mizing traumatic effects of surgeries for acquired
forefoot deformities [7, 8, 9]. Minimally invasive
corrective osteotomies are technically more com-
plicated compared to open ones, but they have a
number of advantages. Due to this reason, ortho-
pedic surgeons all over the world have been us-
ing various variants of these minimally traumatic
surgical interventions in their clinical practice
for more than 30 years [1].

Minimally invasive corrective interventions of
the third generation imply fixation of fragments
of the first metatarsal bone with screws [7, 9].
Basing on our own experience of surgical treat-
ment of patients with HV, we believe that such
fixation allows us to start active rehabilitation
from the first day after the surgery. However, in
the future we are planning to perform compara-
tive studies to evaluate the effect of the rehabili-
tation protocol we use on the functional results
and patient satisfaction with treatment.

L. Ji et al. concluded in their meta-analysis
performed in 2022 that minimally invasive inter-
ventions in the treatment of HV were more effec-
tive than open interventions. This is evidenced by
better clinical and radiologic (degree of correc-
tion of the first intermetatarsal angle and valgus
deviation angle of the first toe) results of mini-
mally invasive surgeries. The authors also note
that the duration of minimally invasive interven-
tions is statistically significantly shorter than
that of open surgeries, while the cosmetic effect
is more pronounced, the postoperative rehabili-
tation time is shorter, and the patient's satisfac-
tion with the treatment is higher. It is worth add-
ing that the meta-analysis included publications
from 2021. [6]. These findings confirm the fact of
successful continuous development of minimally
invasive techniques for the treatment of HV.

In addition to improving surgical techniques,
surgeons and researchers have focused on devel-
oping instruments that simplify minimally in-
vasive corrective interventions and reduce their
duration. Mostly, wires, screws, or cannulated
screws are used to fix the fragments of the first
metatarsal bone after osteotomy [7]. Given the
minimally invasive technique of surgical inter-
vention, their insertion without auxiliary guide
devices is technically challenging.

Among the proposed instruments there are
devices that minimize the possibility of a sur-
geon's error when performing minimally invasive
corrective osteotomies for HV [15, 16, 17]. The
use of our guide also enables to reduce the prob-
ability of incorrect positioning of fixation screws
by simplifying the insertion of guide wires. As a
consequence, this reduces surgery duration. In
addition, the use of the guide decreases traumat-
ic effects of intervention by reducing the number
of attempts for correct insertion of guide wires.
This minimizes radiation exposure of the patient
and the surgeon, as the operating time of image
intensifier is also reduced.

CONCLUSION

Application of the proposed guide tool for mini-
mally invasive surgical interventions for HV de-
formity enables precise positioning of the guide
wire for the cannulated screw and makes it pos-
sible to achieve reliable fixation of the fragments
of the first metatarsal bone in the position of
correction.
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