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Abstract

The high prevalence and functional significance of the joint determines the relevance of the treatment of osteoarthritis of the I
metatarsophalangeal joint (MTP]). Given the disabling nature of hallux rigidus, which significantly impairs mobility and quality of life, ongoing
research into its causes and treatment options remains critical.

The study aims to assess the operation's result at the III-IV degrees of arthrosis and determine its effectiveness in improving the
forefoot's functionality after arthrodesis on the I MTP].

Methods. Ninety-nine patients with arthrosis I MTP] were examined, which included 69 female and 30 male patients. All patients have
III-1V a degree of the deformation of the I-phalangeal joint and intense pain syndrome. The number of patients with the idiopathic form was 77
patients, 17 patients with concomitant rheumatoid arthritis and 1 patient with gout, 4 patients had post-traumatic deformities. An outcome
study was performed using clinical and radiological data. However, two VAS and AOFAS rating scales were used.

Results. A survey was conducted to measure pain and assess the condition of patients before and after surgery using the VAS and AOFAS
scales. The results showed that the pain rate among all 99 patients dropped from 8.7 to 0.5. Also, the AOFAS score improved from an average of
34 to 87. Most patients (77) rated the results as "excellent”, while 22 patients rated them as "good". Ratings "fair" or "poor"” were not received.

Conclusion. Arthrodesis is an effective surgery for arthritis of the I MTPJ, but it's important to weigh the benefits against the potential
complications.
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Introduction

Hallux rigidus (HR) - is limited mobility in the
I metatarsophalangeal joint (MTP]) due to deforming
arthrosis. The high prevalence and functional significance
of the joint determines the relevance of the treatment
of osteoarthritis of the I MTP] [1-3]. Hallux rigidus is the
second most common disease I MTP] after hallux valgus. It
occurs in about 1-2% of the world's population [4-6]. Since
the publication of the first work about the hallux rigidus,
a have been conducted a sufficient number of studies have
been widely and in detail studied arthrosis of the | MTP] [7-
11]. Despite this, the etiology of the disease in most cases
is idiopathic, but many variants are also assumed, starting
with excessive metatarsal length and ending with a genetic
predisposition.

Given the disabling nature of hallux rigidus,
which significantly impairs mobility and quality of life,
ongoing research into its causes and treatment options
remains critical. While arthrodesis is often considered the
"gold standard" for advanced stages, joint replacement
(endoprosthesis) of the I MTP] presents a viable alternative
for preserving joint function.

However, the long-term success of joint replacement
varies based on factors such as prosthetic design and surgical
technique. As the prevalence of osteoarthritic conditions
rises globally, further studies comparing the outcomes of
arthrodesis and joint replacement are essential to optimize
surgical protocols and improve patient outcomes.

If conservative treatment is ineffective, a surgical
method of removing the pathology is resorted to.

Materials and methods

All 99 patients were operated on at the National
Scientific Center Traumatology and Orthopedic named
after Academician N.D. Batpenov, from 2018 to 2023 was
operated on with the diagnosis «Arthrosis I MTP]», of which
30 were male and 69 female. The age ranged from 18 to 76
(average age 55.24+11.52). Stages of arthrosis I MTP] range
from III to IV. All patients were operated because of severe
pain. The preoperative diagnoses included 77 idiopathic
arthroses and four post-traumatic arthroses. In addition,
there were 17 patients with concomitant rheumatoid
arthritis and 1 patient had concomitant gout. The inclusion
criteria for the study were the presence of persistent pain
syndrome clinical and (or) radiological manifestations of
arthrosis of the I MTP]. The criteria for exclusion were:
under 18 years of age, iatrogenic arthrosis, repeated
operations after unsuccessful primary interventions, and
arthropathy in various systemic inflammatory diseases. The

Collier M. was the first who describe the
arthrodesis of the I MTP] in 1894 using an ivory pin for
internal fixation and reported satisfactory results [5]. Since
then, various surgical methods for correcting HR have
been published: cheilectomy, Keller resection arthroplasty,
arthrodesis, metatarsal osteotomy and joint replacement
[9-13].

The method of surgical treatment is determined by
the degree of joint osteoarthritis, with arthrodesis of the
metatarsophalangeal joint considered the "gold standard"
for treating stage III-IV osteoarthritis. In this study, the
Coughlin and Shurnas classification was used to guide
surgical decision-making. According to this classification,
cheilectomy is recommended for stages I-1II osteoarthritis,
while arthrodesis is indicated for stages III-IV. The primary
disagreement concerns stage III: if more than 50% of
degenerative cartilage damage is detected, arthrodesis is
preferred; otherwise, cheilectomy is performed [12-15].

This article evaluates the outcomes of surgical
treatment in which arthrodesis was the primary method
and analyzes the relationship between different fixation
techniques. In this study, joint fixation was performed with
double Herbert compression screws and dorsal plates.

The study aims to assess the operation's result
at the III-IV degrees of arthrosis and determine its
effectiveness in improving the forefoot's functionality after
arthrodesis on the I MTP].

degree of deformation was assessed by X-ray before and
after the surgery by determining the main reference lines
and angles followed by the construction of the skiagram.

Two scales were used to assess performance and
outcomes: The Visual Analog Scale (VAS) and The American
Orthopedic Foot and Ankle Society (AOFAS).

The VASwasused to assess the patient’s health before
and after surgery. Each patient was asked to subjectively
rate the pain on a scale of 100, where 0 indicates no pain,
and 100 represents the presence of severe pain.

The AOFAS has a maximum rating of 100 [16]. Of
these, 40 points are awarded for pain assessment, 45 points
for functionality, and 15 points for equalization. In this
study, the AOFAS scale remained unchanged, even though
the maximum score for arthrodesis I MTP] was 90, as
movement in the metatarsal joint was only 10.

Figure 1 - A) X-ray image before arthrodesis. B) Arthrodesis | MTP] with Herbert screws

Operating techniques. The mean time for surgery
was 40 minutes. The operation consists of a mini-access

intervention under the harness, in which a medial cut was
made in the I MTP] projection. The second step was the
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isolation of the metatarsal head and the base of the proximal
phalanx, followed by removal/resection of the articular
surfaces and cheilectomy with bone modeling using a
saw. Fixation of the joint is performed with a plate or two
intercrossing Herbert compression screws.

When the plate is fixed, the joint bed is formed and
further due to the reposition of bone fractures at an angle
of 15 degrees, osteosynthesis is carried out. The same
procedure is there when fixing with Herbert screws.

Early activation of patients was performed on the
1st day after surgery with the help of additional means
of external support (walkers, crutches, baruki) without
supporting the load on the forefoot. After the first day, the
radiological images and range of motion were assessed by
routine examination, and the postoperative sutures were
evaluated (consistency, presence of infection). Preliminary

Results

This study included an analysis results 99 patients
of the long-term results (from 1 to 6 years) of surgical
treatment of arthrosis I MTP]. There were made 99
operations, of which 94 (94.9%) operations were successful,
and 5 (5.1%) patients with a complication (Table 1). Two
scales were used to evaluate the results of surgical treatment.

Two scales VAS and AOFAS surveys were conducted
with the 99 patients before and after surgery.

The results on the AOFAS scale were distributed as
follows: the numbers of “excellent” results were 77% (77
patients), good results - 22% (22 patients), “satisfactory”
and “unsatisfactory” results were not obtained. The mean
pain level improved from 34 points preoperatively to 87
points. When evaluating the AOFAS indicator depending
on the "Fixation method" indicator, it was possible to
identify statistically significant differences (p<0.05). The
median score on the AOFAS scale before surgery was

and long-term results were evaluated using clinical and
radiological methods 2 months after discharge.

Statistical analysis. The data analysis was
performed using the SPSS program, version 21.0 (IBM
Corp., Armonk, NY). The Wilcoxon method was used
to compare the results of the fixation method between
groups. The proportions were compared using a CHI-
squared test. Quantitative indicators were evaluated for
compliance with the normal distribution using the Shapiro-
Wilk criterion. Qualitative features were described in
frequencies (percentages), arithmetic averages (M), and
standard deviations (SD) were used for indicators with
a normal distribution, and medians (Me) and lower and
upper quartiles (Q1-Q3) were used for indicators with
an abnormal distribution, and p<0.05 was considered
statistically significant.

33 (interquartile range from 26 to 40), after surgery, it
decreased to 1 (interquartile range from 1 to 1), which is
statistically significant (p<0.05).

The mean VAS scale pain level improved from 8.7 to
0.5 points. Based on the obtained data, when evaluating the
VAS indicator depending on the "Fixation method" indicator,
we found statistically significant differences (p<0.05). In our
study, the median of the pain syndrome before surgery was 7
points (interquartile range from 6 to 9 points), after surgery,
the median of the pain syndrome decreased to 1 point
(from 0 to 0 points) according to VAS, which is statistically
significant (Table 2).

Statistically significant differences x2=0.08, p<0.05
were found in the analysis of the conjugacy between
complications and the material of use using the CHI-squared
test.

Table 1 - Description of the indicators of the values

Idiopathic (1)

Variables Descriptive characteristic
Age 55,24+11,52

Gender

Male (0) 30 (30,3%)
Female (1) 69 (69,7%)

VAS 1 7(6-9)

AOFAS 1 33 (26-40)
Etiology:

77 (77,8%)

Herberts screw

Rheum. arthritis, gout (2) 18 (8,2%)
Posttraumatic(3) 4 (4,0%)
Complications:
No (0) 94 (94,9%)
Yes (1) 5 (5,1%)
The fixation method :
Plates 42 (42,4%)

57 (57,6%)

*Qualitative features were described in frequencies (percentages), arithmetic averages (M), and standard deviations (SD) were used
for indicators with a normal distribution, and medians (Me) and lower and upper quartiles (Q1-Q3) were used for indicators with an abnormal

distribution

In our study were used two fixation methods:
a plate (42.4%) and two Herbert compression screws
(57.6%). During the period from 2018 to 2023, there were
5 patients with complications with a "failed arthrodesis"”
diagnosis, who repeatedly complained of increased pain. In
all 5 cases were used the plate. Three of the five complications
were associated with idiopathic arthrosis of the  MTPJ, while
the other two cases had a related diagnosis. The first case
is associated with post-traumatic arthrosis, and the second

case is associated with rheumatoid arthritis. The next tactic
was to remove the plate and choose a suitable method to
eliminate complications. In the first case, arthrodesis of
the I MTP] was performed using bone autoplasty, and in
other cases were made decortication and tunneling, as well
as removal of fibrous tissue and fixation with two Herbert
compression screws.
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Table 2 - Comparative analysis of the results of VAS and AOFAS

No Scale Before, n= After,n = P Mean
1 AOFAS 33(26-40) 1(1-1) <0,05
2 VAS 7(6-9) 0 <0,05

Discussion

The  results of this study confirm the high
effectiveness of arthrodesis in the treatment of I MTP]
osteoarthritis. According to the AOFAS scale used in this
study, the mean score increased from 34 to 87, and the
median decreased from 33 to 1 after surgery, indicating
significant improvement in patients' functional status.
Similar results were demonstrated in the study by Ho et
al. where significant improvement in functional outcomes
after I MTP] arthrodesis was also observed [17]. According
to the VAS scale, the mean pain level decreased from 8.7
to 0.5 points, and the median pain score decreased from
7 to 1 point, indicating successful relief of pain syndrome
following the surgical intervention.

Conclusions

In conclusion, arthrodesis has proven to be an
effective surgical method for the treatment of osteoarthritis
of the I MTPJ, as demonstrated by the high success rate
94 out of 99 surgeries (94.9%) in the conducted study.
This procedure effectively eliminates pain and restores
foot functionality, significantly improving the quality of
life for patients. However, it is crucial to carefully consider
individual patient characteristics and potential post-
surgical complications before proceeding with arthrodesis.

The study also highlighted a notable difference in
outcomes based on the fixation method used. Two fixation
methods were used in the study: plates (42.4%) and two
Herbert compression screws (57.6%). All complications
were associated with the use of plates, which suggests
a potential correlation between the choice of fixation
method and the likelihood of complications. This finding
underscores the importance of selecting the appropriate
fixation technique to minimize risks.
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Hallux rigidus emaeyaeri I Ta6aH cyiieri-6akaiIbIK, 6ybIHBIHBIH apTPOAe3i
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Tyiingeme

Tapanaywl scuiniei meH @yHKYUOHANObIK MAHbI30bLIbLIFLL | mabaH cyliezi-6akatiwblk 6ybiHbl (TCEB) ocmeoapmpumin emdeyoiy
e3eKkmisiziH aHbikmatiosbl. Haykacmoiy K03FabICblH wWekmey apKblabl eMip candcelH aiimapasikmail Hawapaamamui hallux rigidus-moiy
MyzedeKmiK cunamulH eckepe 0mblpbin, OHbIH cebenmepi MeH emdey adicmepiH y30ikci3 3epmmey MaHbI30bl 601biN Kaaa 6epeoi.

3epmmeydiy makcamul: Apmpo3sduiy 111-1V dapesicecindeei emdey Hamuosicecin 6araaay scave | TCBE apmpodesiHeH kelliH mabaHHbIH
a10bIHFbl 66.112iHIH PYHKYUOHA/I0bI MYPFbICLIHAH JHcaKcapy muimoinieiH aHbikmay.

ddicmepi. bya rolnvimu makaaada I TCEE  apmpo3el 6ap 99 naykac 3epmmendi, oHblH iwinde 69 aliea scane 30 ep adam 6040bL.
Bapavik naykacmapoa 1I-1V dapesicedezi memamapcogananauansovl GyblH apmpo3sbl JHaHE KAPKbIHObI AyblPCbIHY CUHOPOMbL 6010bL.
Houonamusibik HbicaHbl 6ap Haykacmapdsly caMel - 77 adam, coHdali-ax eKiHwiaikmi peemamoudmol apmpumi 6ap 17 Haykac icaHe
nodazpacwt 6ap 1 Haykacmul Kypadsl, aa 4 Haykac jcapakamman ketiiHei scardaiida 6040bl. Homuoicenepdi 3epmmey KAUHUKAAbBIK HCIHE
penmeeHozpadusiavik depekmepoi Koa10aHy apKblabl dicypeizinii. Convimen kamap, BAILL sicane AOFAS pelimunemik eki wkaaacs! K010aHbLA0bL

Hamuoceci. BAL xcaHe AOFAS wkasnaaapblH Ko10aHa omblpbln, omara deliiHei yicaHe odaH KelliHei ayblpcbiHy deHeelliH esuwey
JHcaHe Haykacmapdbly xcardaliblH 6aranay ywiH cayaaHama sxcypeisindi. Homuoenep 6apavik 99 Haykacmarsl ayblpcbiHy deHeelil opmawa
ecenneH 8,7-den 0,5 6aaara dellin memeHdezeHiH kepcemmi. Condati-ak, AOFAS wkaaacwl 6otibiHwa 6aan 34-men 87-2e deliiH xHcakcapdbi.
Kamoicywwlnapouty kenwiniei (77 adam) Homudicenepdi "kepemem” den 6aranadvi, an 22 Haykac HomudiceHi "dcakcul” den 6aranadsl.
"KaHarammaHapaelK" HcaHe "KaHarammaHapablKcol3" 6aranayaap aHblKmMasaraH Hox..

KopbimuiHdsl. Apmpodes - 6ipinwi TCBB emdeydiy muimoi adici, 6ipak o0HblH apmblKWbLAbIKMAPbIMEH 6Ip2e ACKblHY bIKMUMAA0bIFbIH
KapacmulpFaH HeH.

Tytiin ce3dep: Hallux rigidus, | ma6aH cyliezi-6akatiublK 6YbIHbIHbIH APMPOOE3L.

Aptpoges I nniocHedasiaHroBoro cycrasa B iedyeHny Hallux rigidus
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Pe3ome

Bvicokass pacnpocmpaHeHHocmbs U (PYHKYUOHANLHAS —~ 3HAYUMOCMb — Cycmasa O06YC/A08/USANM AKMYAAbHOCMb JeYeHUs
ocmeoapmposa | naiocHepananzoeozo cycmasa (I1PC). Yuumvieas uHeanrudusupyrowuill  xapakmep hallux rigidus, cywecmeeHHO
yxydwarowuill N00BUNICHOCMb U KAYecmeo XHCU3HU, Npodoaxcarwjuecsi uccaedoeaHuss e20 NPuvuH U 6apUAHMOS JedyeHUus ocmarnmcs
KpUmu4ecku 8ajcHbIMU.

Lleab uccnedosaHus: oyenka pesyabmama snevenus: npu I1I-1IV cmenensix apmposa u onpedesenue e2o apdekmusHocmu 6 naaxe
yayvuweHust pyHKYyuoHarbHocmu nepedHezo omdesia cmonbl nocae apmpodesa Ha I [TIPC.

Memodbl. B daHHoll HayyHoli cmambe 6blau uccaedosawsl 99 nayueHmos ¢ apmpo3om I [IPC, us Hux 69 nayueHmMos HeHcko20 noaa
u 30 nayuenmos mydxicckozo noaa. Y ecex nayuenmos I11-1V cmenens apmposa I nawocHedananzo8020 cycmasa u UHMeHCUBHbLI 60.1e801
CUHOPOM.
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Koauuecmeo nayuenmos ¢ uduonamuueckoti popmoll cocmasuso - 77 nayueHmos, mak xce 17 nayueHmos ¢ conymcmayrouum
peemamoudHbiM apmpumom u 1 nayueum c nodazpoli, 4 nayuenma umeau nocmmpagmamuyeckuii xapakmep degpopmayuti. H3yueHue
pe3ynbmamos 6bl10 8bINOJAHEHO C UCNOIb308AHUEM KJAUHUYECKUX U PeHM2eHO0102u4ecKux daHHbIX. Bmecme ¢ mem, 6bLaU UCn0/16308aHbI
pelimuHzosble dge wkaavl BAI u AOFAS.

Pesynemamel. IIposeden onpoc 04151 usmepeHusl yposHs 601U U OYeHKU COCMOSHUS NayueHmos do u nocsae onepayuu, Ucnoab3ys
wkasy BALLl u AOFAS. Pesynbmamul noka3aau, ¥mo ypogeHsb 60u CHU3Ucst cpedu ecex 99 nayuenmos @ cpedrem c 8.7 do 0.5 6aana. Takarce,
oyeHka no wikasne AOFAS yayuwuaacs ¢ 34 do 87 6an108. BoavwuHcmaeo nayueHmos (77 ye/08eK) oyeHuUAU pe3yabmamul KaK «0OMAUu4HbIe,
8 Mo 8peMs Kak 22 nayueHmos oyeHuU UX Kak «xopowue». Hukakue oyeHku «ydoe/s1emeopumensHo» U «Heyd081emeopumesbHoy, He 6bLau
no/ay4eHsl.

Buigodul. Apmpodes sigasiemcst s hekmusHblM MemModoM eveHus: apmpo3a nepeozo NAKCHeda1aH208020 Cycmasd, 00HAKO 8AICHO
838ecumb e20 npeuMywecmea Npomue NOMeHYUAAbHbIX 0C/A0NHCHEHUTL.

Kaiouesvle cnosa: Hallux rigidus, apmpodes I narocHedanranzosoz2o cycmasa.
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