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Abstract

Background. To date, there is a lack of studies in modern scientific literature that would highlight the factors
affecting the development of recurrent infection after surgical treatment of chronic osteomyelitis.

The aims of the study: 1) to identify significant risk factors for infection recurrence in one- and two-stage cavity
defect replacement with synthetic materials in patients with chronic osteomyelitis; 2) based on the findings,
to develop a surgical treatment algorithm for this patient population.

Methods. The study enrolled 131 patients with chronic osteomyelitis of long bones. Based on the treatment
outcome, the patients were divided into two groups: Group 1 (n = 90) — successful suppression of the infection,;
Group 2 (n = 41) - recurrent osteomyelitis after one- or during two-stage treatment. Differences between the
groups were assessed to identify the factors that affect the recurrence risk. We conducted a multifactorial analysis
using classification trees to develop a scale for Comprehensive Osteomyelitis Recurrence Risk Assessment
(CORRA).

Results. The following factors affecting the treatment outcome were assessed: localization (r = 0.205,p = 0.019);
duration of osteomyelitis (r = 0.23, p = 0.007); presence of debridement operations in the medical history
(r=0.264, p = 0.002); volume of the bone defect (r = 0.175, p = 0.045); anatomical type (r = 0.15, p = 0.086) and
physiological class (r = 0.188, p = 0.004) according to the Cierny-Mader classification; nature of the pathogen
(r=0.123,p =0.162). We determined the risk degree for osteomyelitis recurrence, as well as threshold values for
quantitative indicators and the total score on the CORRA. In patients with a score greater than 5 on the CORRA
during one-stage treatment, the risk of osteomyelitis recurrence increased 8.1 times compared to patients
with a score of 5 or fewer (OR = 8.143; CI 1.008-65.882). In two-stage treatment, patients with a score greater
than 5 on the CORRA had a 4.1 times increased risk of osteomyelitis recurrence compared to patients with
5 points or fewer (OR = 4.059, CI 0.461-35.714). Based on the CORRA scale, we developed an algorithm for
choosing a treatment strategy for these patients.

Conclusions. Significant risk factors for recurrence of infection are: localization, duration of osteomyelitis,
presence of debridement operations in the medical history, volume of the bone defect, nature of the pathogen,
anatomical type and physiological class according to the Cierny-Mader classification. The developed scale for
comprehensive osteomyelitis recurrence risk assessment based on the factors can help to predict the infection
recurrence and choose correct surgical treatment approach.
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Pedepar

AKmyansHocms. B cOBpeMeHHOJ HAay4YHO JIMTEpaType 0 CUX ITOp MaJIo ITyOaMKaluii, B KOTOPhIX OCBelle-
HbI (DAKTOPBI, BAUSIONIME HA PA3BUTHE pelUanBa MHOEKIIMN TTOCTIe XUPYPTUUECKOTO JTeueHNsI XPOHNIECKOTO
OCTEOMMENINTA.

Ilenu uccnedoeanus — orpenennTh 3HaUMMble (GAKTOPbI PUCKA Pa3BUTHUS pelAMBa MHPEKIUU TPy OTHO- U
IBYX3TAITHOM 3aMellleHUY ITOJI0CTHOTO AedeKTa CMHTeTMYeCKMMY MaTepuaaaMM Y MaMeHTOB C XPOHNYECKUM
OCTEOMMEIUTOM M Ha OCHOBAHMM TTOTYYEHHBIX JAHHBIX Pa3paboTaTh aJITOPUTM XUPYPTUUECKOTO JIeUeHMsI IIPOo-
(OWIBHBIX MTAIIEHTOB.

Mamepuan u memodst. B vicciemoBanme BKIOUeH 131 mauyeHT ¢ XpPOHMYECKMM OCTEOMMETUTOM IJIMHHBIX
KOCTelt KOHeYHOCTel. B 3aBMCMMOCTM OT pe3yJibTara jedeHus 60/bHbIe pa3zeieHbl Ha ABe IPYIIbL: Tpymmna 1
(n=90) — c ycrelmrHbIM KyIMpOBaHMeM MHOPEKIIMOHHOTO Iporiecca; rpyrmma 2 (n =41) — ¢ pa3BUTHEM pelianBa
OCTEOMMENIUTA TIOC/Ie OJHOSTAITHOTO WM B XOJle BYX3TAITHOTO jeueHust. OLeHMBAIN PA3TUYUS MEXKITY TPYII-
nmamu Jj1s1 BeISIBJIeHMs (DAaKTOPOB, BAMUSIOMNX Ha pasBuTue peuyausa. [IpoBomyim MHOTOQaKTOPHBIN aHAIN3
MeTOIOM KIacCubUKAIMOHHBIX JepeBbeB 151 GOpMUPOBAHMS IIKAIbl KOMIUIEKCHO OLIeHKM PUCKA Pa3BUTUS
ocreomuenura (KOPPO).

Pezynsmamui. BKOPPO 6bu1M BKITFOUEHBI (DaKTOPBI, BIAUSIONIME HA pe3y/IbTaT JedeHus : Jokanmsanus (r = 0,205;
p = 0,019); nmurenbHOCTb ocTeomuenuta (r = 0,23; p = 0,007); HaMUMe CAaHUPYIOUIMX OINEpalUii B aHAMHe3e
(r =0,264; p = 0,002); o6bem KocTHOrO fgedekra (r = 0,175; p = 0,045); pusmonormyeckuii Kiacc 1mo kiaccudmu-
kauum Cierny-Mader (r = 0,188; p = 0,004); anaTromuueckuii TuIr ocreomuenuta o Cierny—Mader (r = 0,15;
p=0,086); xapakTep Bo3oymurensi (r=0,123; p=0,162). YcTaHOBJIEHA CTEIIEHb PUCKA PA3BUTKS pELIMAMBA OCTEO-
MMEJINTA, a TaKKe ITOPOTOBbIe 3HAYEHMSI [JIS1 KOIMUYECTBEHHBIX TT0KasaTeneil u cymmapHoro 6amia mo KOPPO.
V manmeHTOoB ¢ okasatenem 6osee 5 6aytos o KOPPO mipy ogHOITAITHOM JIe4UeHUM PUCK Pa3BUTHUS PelluanBa
ocTeoMuennTa Bo3pactan B 8,1 pasa B CpaBHeHUM C MAllEHTaMU, MMEIOIMMU [T0Ka3aTellb 5 6a/ioB 1 MeHee
(OP 8,143; I 1,008-65,882). [Ipy mBYX3TAITHOM JIEUEHMM TALIMEHTOB C IOKasaTeleM Oojiee 5 6a/IJIOB PUCK
pa3sBUTUS pellAMBA OCTEOMMENTNTA Bo3pacTasl B 4,1 pa3a B cpaBHeHMM ¢ 60bHBIMMU C TTOKa3aTeseM 5 6aJIJIOB U
meHee o KOPPO (OP 4,059; 11 0,461-35,714). Ha ocuoBanuu KOPPO pa3pa6oTaH aJropuT™ BbI6Opa TAKTUKA
JledeHusI MPOGUIIbHBIX MALVIEHTOB.

3axniouenue. K 3HaunmMbIM akTOpaM pucKa pasBUTUS peluanBa MHMEKUUM OTHOCSITCS JIOKaIMU3aLMS, IJIM-
TEJbHOCTh OCTEOMMENNTA, HaIMuMe CAHMPYIOUMX Omepalnuii B aHamHe3e, 06beM KOCTHOTO medekTa, Xa-
pakTep BO30ymuTesns, GU3MONIOTUUECKUI KJIACC ¥ aHATOMMYECKUI TUII OCTEOMMUEeNIUTa IMOo Kiaaccuburanmm
Cierny-Mader. Pa3paboTanHast Ha OCHOBaHMM 3TUX (DaKTOPOB IIKaIa KOMILIEKCHOV OIeHKM PUCKA pPelyanBa
OCTEOMMENINTA TTO3BOJISIET CIIPOTHO3MPOBATh Pa3BUTHE pelyanBa MHOeKIUY 1 BbIOpaTh PallMOHAIBHYIO TaK-
TUKY XUPYPIrUYECKOIo TIeUueHus.

KnioueBsble cJI0Ba: OCTeOMMENTUT IJIMHHBIX KOCTel, hakTophl piucka peliuaAnBa, IOI0CTHOM KOCTHBI TedeKT.
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INTRODUCTION

The number of orthopedic surgical interventions
on bones and joints increases annually, with
infectious complications developing in 1-17%
of cases postoperatively [1]. The presence of
comorbidities in patients, such as diabetes,
obesity, atherosclerosis, alcoholism, and smoking,
increases the risk of infection at the surgical site
following osteosynthesis [2, 3, 4]. Approximately
half of the cases of osteomyelitis of long bones
involve the tibia, 30% involve the femur, and the
remaining 20% are accounted for by the fibula,
humerus, ulna, and radius [5, 6, 7, 8]. The treatment
of osteomyelitis is associated with a significant
number of unsatisfactory outcomes, with the rate
of disability reaching 50-90% [9, 10, 11].

The threat to life due to infection genera-
lization, disability, limb shortening, malignancy,
compromised weight-bearing capacity, and
impaired function of the affected limb in patients
with osteomyelitis highlight the significant social
and economic impact of this disease [12, 13].
Additionally, treating musculoskeletal infections
requires substantial financial resources from the
healthcare system [14, 15]. Surgical treatment
of chronic osteomyelitis results in recurrence in
20-30% of cases and leads to limb amputation in
0.13-16.75% of cases [16, 17, 18, 19].

Limb-sparing surgical treatment is based on
the following principles: radical debridement,
adequate soft-tissue wound closure, restoration
of bone tissue defects and stabilization of the
limb segment, systemic and local antibiotic
therapy, limb reconstruction, and rehabilitation.
Following radical debridement of the osteomye-
litis focus, bone defects are formed, which must
be filled to restore the bone's weight-bearing
capacity and control inflammation [20]. There
are one- and two-stage methods for bone defect
replacement. In one-stage treatment, the bone
defect is filled with biological or synthetic bone
graft material simultaneously with the radical
debridement of the osteomyelitis [21, 22]. In the
two-stage treatment method, an antimicrobial
spacer based on polymethylmethacrylate is
placed at the first stage [23]. At the second stage,
the infection having been managed, the bone
cement is replaced with a biodegradable material.

In surgical interventions involving the filling
of residual bone cavities, several issues remain
unresolved concerning the methods and materials
for bone grafting, as well as the factors influencing
treatment outcomes.

The limited number of studies and the low level
of evidence regarding the effectiveness of studied
osteomyelitis treatment methods contribute to
the lack of clear guidelines for managing these
patients. Thus, the question of choosing an optimal
method for filling bone cavities in patients with
chronic osteomyelitis remains open.

The aims of the study are to identify significant
risk factors for infection recurrence in one- and
two-stage cavity defect replacement with synthetic
materials in patients with chronic osteomyelitis
and, based on the findings, to develop a surgical
treatment algorithm for this patient population.

METHODS

The study was based on unpublished materials
from the thesis of A.V. Afanasyev*.

The retrospective study included 131
patients treated for chronic osteomyelitis in
the Department of Purulent Osteology from
2009 to 2018.

All patients who underwent one- or two-stage
osteomyelitis treatment and met the following
criteria were included:

- presence of chronic osteomyelitis of
long bones of types III and IV, physiological
classes A and B (according to the Cierny-Mader
classification);

- filling of the bone cavity defect with an
antimicrobial spacer in the form of beads (in the
first stage for two-stage treatment), calcium sulfate
with tobramycin (Osteoset T), or B-tricalcium
phosphate with hydroxyapatite (ReproBone) and
an antibiotic (in one-stage treatment or in the
second stage of two-stage treatment);

- satisfactory condition of the soft tissues,
allowing for adequate closure of the surgical
wound without soft tissue grafting;

- ability to undergo prolonged (at least 6-8
weeks), including oral antibiotic therapy;

- absence of signs of chronic osteomyelitis
exacerbation: clinical (infiltration, significant
edema and hyperemia of the soft tissues, local

* Afanasyev, A.V. Differentiated approach to the choice of treatment tactics for patients with chronic osteomyelitis with cavity defects
of long tubular bones: Thesis ... Cand. Med. Sci. - St. Petersburg, 2022. - 184 p.
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hyperthermia, infectious inflammation of the
subcutaneous tissue, fasciitis, fluid accumulation
in the soft tissues) and/or systemic inflammatory
response syndrome;

- absence of untreated foci of infection in other
locations (e.g., trophic ulcers, genitourinary
infections, oral cavity infections, and others).

All patients underwent surgical debride-ment
of the infection site, performing a “fenestrated”
osteotrepanation for thorough debridement of
the osteomyelitis focus down to healthy bone
(positive “pinpoint bleeding” sign). This was
followed by extensive wound irrigation with
antiseptic solutions (3% hydrogen peroxide,

0.05% chlorhexidine, 0.1-0.2% Lavasept) and
saline solution. Subsequently, the bone defect
was filled with synthetic materials using the one-
or two-stage method.

To identify significant risk factors for
osteomyelitis recurrence, patients were divided
into two groups (Figure 1):

Group 1 (n = 90) - patients with chronic osteo-
myelitis of long bones in whom infection was
managed as a result of one- or two-stage treatment;

Group 2 (n = 41) - patients who experienced
osteomyelitis recurrence after one-stage
treatment or during two-stage treatment (after
the first or second stage).

Patients with chronic osteomyelitis of the long bones of limbs
(n=131)
v v
Group 2 (recurrence),n = 41
One-stage treatment (n = 17)
Group 1 (successful result),n = 90 Two-stage treatment (n = 24):
One-stage treatment (n = 44) > - after the first stage (n = 10)
Two-stage treatment (n = 46) - after the second stage (n = 9)
- after the first and the
second stages (n = 5)
- -

Figure 1. Study design flowchart

Infection was considered managed in the
absence of signs of inflammation for at least
one year postoperatively (e.g., elevated body
temperature, swelling, hyperemia, significant
pain syndrome, prolonged discharge from the
surgical wound (more than 10 days), leukocytosis,
and fistula formation). In the overall sample, the
mean follow-up period was 43 months.

Osteomyelitis recurrence was identified in 17
(28%) of 61 patients after one-stage treatment, in
15 (21%) of 70 patients after the first stage, and
in 14 (20%) of 70 patients after the second stage
of two-stage treatment.

An electronic database was created,
including possible risk factors for the infectious
complications:age,sex,localization ofthelesion,
pathogenesis and etiology of osteomyelitis,
leukocyte count and level of C-reactive protein
(CRP), duration of surgery and volume of blood
loss, size of the bone defect, presence and
number of previous debridement operations,
duration of osteomyelitis, and anatomical type
and physiological class according to the Cierny-
Mader classification.

Statistical analysis

Statistical analysis of the obtained results was
performed using GraphPad Prism 6.0 software. The
age of patients was presented as mean values with
95% confidence intervals (CI 95%), while other
quantitative variables were presented as medians
with 25-75% interquartile ranges [IQR 25-75%].
At the first stage, differences between groups
were assessed to identify factors significantly
influencing the risk of recurrence using the
Mann-Whitney U test for quantitative data.
Additionally, = the  relationship  between
phenomena was examined using Spearman's
rank correlation coefficient (r). Qualitative
data were presented as counts of events, and
Fisher's exact test was used to evaluate the
significance of differences between groups.
Differences were considered statistically
significant at p<0.05. At the second stage, after
the preliminary selection of significant risk
factors for recurrence, multifactorial analysis
was conducted using classification trees to
determine the importance of factors and their
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threshold values for developing a scale for
Comprehensive Osteomyelitis Recurrence Risk
Assessment (CORRA). The relative risk (RR) was
used to assess the risk of osteomyelitis recurrence
based on the total score from the CORRA.

RESULTS

The distribution of patients by age, gender,
localization, duration, and pathogenesis of
osteomyelitis was comparable between the
groups (Table 1). However, in Group 2, there was
a significantly higher proportion of patients
with a history of debridement operations and
a higher median volume of the bone defect
compared to Group 1.

No significant differences in the etiology of
osteomyelitis were found between the groups,
with staphylococci being the predominant
pathogens (Table 2).

We did not find a correlation between the
recurrence of infection in these patients and their
age(r=-0.0054;p=0.95),sex(r=-0.0197;p=0.823),
pathogenesis of osteomyelitis (r = -0.0627;
p = 0.477), leukocyte count (r = 0.0485;
p = 0.582),and CRP level (r =0.0741;p = 0.423)
prior to surgery, which led to the exclusion of
these variables from further analysis.

For the development of the CORRA, factors
that had a direct statistically significant

recurrence  were included: localization
(r= 0.205; p=0.019); duration of osteomyelitis
(r = 0.23; p = 0.007); presence of debridement
operations in the medical history (r = 0.264;
p =0.002); volume of the bone defect (r=0.175;
p = 0.045); and physiological class according
to the Cierny-Mader classification (r = 0.188,;
p = 0.004). The study established that a larger
proportion of osteomyelitis recurrences occurred
in patients with type IV anatomical classification
(according to Cierny-Mader) — 50% (8 out of 16)
— as well as in those with Gram-negative and
MRSA pathogens — in 42.9% (12 out of 28) of
cases. Based on the above, the anatomical type
of osteomyelitis according to the Cierny-Mader
classification (r = 0.15; p = 0.086) and the nature
of the pathogen (r = 0.123; p = 0.162) were also
included in the CORRA.

Based on the obtained data, multifactorial
statistical analysis allowed for the determination
of the risk degree for osteomyelitis recurrence,
as well as threshold values for quantitative
indicators and the total score on the CORRA
(Table 3).

It was established that a total score from
0 to 5 on the CORRA categorizes a patient as low
risk for osteomyelitis recurrence, while a score
exceeding 5 indicates a high risk of recurrence,
as confirmed by the treatment outcomes of

relationship with the development of the patients included in the study (Table 4).
Table 1
Characteristics of patients in the study groups
Parameter Group 1 (n=90) Group 2 (n=41) p
Age, y.0., Me [IQR 25-75%] 43 [31-55] 41 [33-50] 0.90
Male, n (%) 54 (60) 24 (59) 100
Female, n (%) 36 (40) 17 (41) )
Localization, n (%): thigh 21 (23.3) 16 (39) 0.09
upper arm 12 (13.3) 1(2) 0.06
lower leg 57 (63.3) 24 (59) 0.07
Pathogenesis of posttraumatic 26 (29) 14 (34) 0.50
osteomyelitis, n (%): hematogenous 21 (23) 6 (15) 0.35
postoperative 43 (48) 21 (51) 0.85
Debridement operations, n (%): 69 (77) 38 (93) 0.03
Anatomical type:
3,1 (%) 82 (91) 33 (80) 0.09
4,n (%) 8(9) 8 (20) .
Physiological class, n (%): A 9 (10) - -
B 81 (90) 41 (100) 0.06
Osteomyelitis duration, years, Me [IQR 25-75%] 2[1-5] 4[1-14] 0.06
Volume of bone defect, ml, Me [IQR 25-75%] 10[7-8] 15 [8-30] 0.04
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Table 2
Etiology of infection in the study groups, n (%)
Etiology of infection Group 1 (n =90) Group 2 (n=41) p
S. aureus, S. epidermidis and other 74 (82) 29 (71) 0.17
coagulase-negative staphylococci
MRS*-related 9 (10) 8 (19) 0.16
Gram(-)-related ** 7 (8) 4 (10) 0.74
Total 90 (100) 41 (100)
* — MRS — methicillin-resistant strains.
** — including fam. Enterobacteriaceae, Pseudomonas aeruginosa.
Table 3
Scoring of the Comprehensive Osteomyelitis Recurrence Risk Assessment scale (CORRA*)
Score
Factor
0 1 2
Proportion of patients with osteomyelitis recurrence
Localization Upper arm Lower leg Thigh
7.7% (1 out of 13) 29.6% (24 out of 81) 43.2% (16 out of 37)
Osteomyelitis duration <5 years >5 years -
24.7% (23 out of 93) 47.4% (18 out of 38)
Number of debridement operations 0 1 >1
8.7% (2 out of 23) 28% (14 out of 50) 43.1% (25 out of 58)
Volume of bone defect, cm? <5 5-19 >20
10% (2 out of 20) 28.6% (20 out of 70) 46.3% (19 out of 41)
Anatomical type 3 4
28.7% (33 out of 50% (8 out of 16) -
115)
Physiological class A B _
0% (0 out of 9) 33.6% (41 out of 122)
Pathogen Gram(+), Gram(-)
except MRSA and 36.4% (4 out of 11)
MRSE, MRSA/MRSE -
28.2% (29 out of 47.1% (8 out of 17)
103)

*To determine the total CORRA score, it is necessary to add up all the scores obtained.

Table 4

Frequency of osteomyelitis recurrence in patients using p-tricalcium phosphate
with hydroxyapatite depending on the sum of CORRA scores

One-stage treatment (n = 26)

Two-stage treatment (n = 40)

Outcome
0-5 points >5 points 0-5 points >5 points
No recurrence 18 (94.7%) 4 (57.1%) 22 (95.7%) 14 (82.4%)
Recurrence 1(5.3%) 3 (42.9%) 1(4.3%) 3(17.6%)
Total 19 (100%) 7 (100%) 23 (100%) 17 (100%)
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Additionally, a statistically significant moderate
positive correlation was found between the
total CORRA score and the development of
osteomyelitis recurrence (r = 0.35; p = 0.00389).

To exclude the influence of the bone grafting
material on the treatment outcome, the CORRA
was tested in patients using only B-tricalcium
phosphate with hydroxyapatite impregnated
with antibiotic during one- and two-stage
filling of the bone defect. The average
CORRA score for these patients undergoing
one-stage treatment was 4 [IQR 4-5],
which did not significantly differ from
the corresponding value in the two-stage
treatment group, which was 5 [IQR 4-7]
(p = 0.11). However, the recurrence rate in
patients with a score greater than 5 was
statistically significantly higher than in patients
with 0-5 points on the CORRA (p = 0.016). Thus,
a total score greater than 5 on the CORRA
increases the risk of recurrence after one-
and two-stage treatment of osteomyelitis by
5.25 times (OR = 5.25; CI 1.149-23.997).

It was also found that in patients with a score
greater than 5 on the CORRA during one-stage
treatment, the risk of osteomyelitis recurrence
increased 8.1 times compared to patients with a
score of 5 or fewer (OR = 8.143; CI 1.008-65.882).
The recurrence rate during one-stage treatment
was 42.9% for patients with a total score greater
than 5 and 5.3% for those with 5 points or fewer
on the CORRA (p = 0.019). In two-stage treatment,
patients with a score greater than 5 on the CORRA
had a 4.1 times increased risk of osteomyelitis
recurrence compared to patients with 5 points or
fewer (OR =4.059, C10.461-35.714). The recurrence
rates during two-stage treatment were 17.6% and
4.3% among patients with a total score greater than
5 and 5 points or fewer on the CORRA, respectively
(p=0.019) (p=0.166).

Thus, for patients with a score of <5 on the
CORRA, a one-stage procedure may be the
operation of choice. For those with a total score
greater than 5 on the CORRA, it is advisable to
opt for a two-stage treatment method due to the
lower risk of osteomyelitis recurrence.

Based on the results obtained from the
conducted research and practical experience in

treating patients, we formulated an algorithm
for choosing a treatment strategy (Figure 2). The
total score on the CORRA is calculated based on
the patient's medical history and the results of
clinical and laboratory examinations.

With a total score of 0 to 5, one-stage
surgical treatment using a biocomposite
osteo-replacement material is feasible. The
choice of antibiotic depends on the results of
microbiological testing; in the absence of such
data, it is recommended to use broad-spectrum
agents, such as fosfomycin or a combination of
vancomycin with a drug active against Gram-
negative pathogens.

For scores greater than 5 on the CORRA,
two-stage treatment is preferred, using an
antimicrobial spacer in the first stage and a
biocomposite osteo-replacement material in the
second stage.

In the event of an infection recurrence,
it is necessary to assess the nature of the
pathogen, the condition of the soft tissues,
and the possible type of bone defect following
the debridement. If a polymicrobial resistant
pathogen is identified, preventing adequate
local and systemic antibiotic therapy, the next
step is to perform the muscle grafting of the
bone defect. In cases of segmental or joint
defects, reconstructive plastic operations are
indicated to restore the bone defect or perform
arthrodesis, often using external fixators (the
Ilizarov technique) [24] or, less frequently,
internal fixators (locking intramedullary
osteosynthesis with antimicrobial cement
coating, Masquelet technique) [25]. For soft
tissue defects, soft tissue plastic surgery with a
non-free or free flap is recommended [26, 27].
If a cavity bone defect in chronic osteomyelitis
is associated with a soft tissue defect, the
CORRA score is used to decide between one- or
two-stage reconstruction in combination with
skin-fascia or muscle grafting, or if possible,
treatment may be performed using only a muscle
flap. If the affected limb lacks the potential for
functional recovery through reconstructive
plastic surgeries, amputation should be
considered as possible surgical treatment for
the patient.
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Patients with chronic osteomyelitis with the cavity bone defect of long bones
without soft tissue defect

Y

-
CORRA: \
Localization

Osteomyelitis duration
Number of operations

Volume of bone defect
Anatomical type
Physiological class
Pathogen

Sum of points 0-5
(Low recurrence risk)

Sum of points >5
(high recurrence risk)

A

\

( One-stage treatment (BC*)

) ( Two-stage treatment (PMMA** + BC*) )

A
( Recurrence )

\ 4 \
( Success ) (Recurrence) ( Success )

A (
v N

Polyresistant pathogen, soft tissue defect, segmental or articular bone defect

‘( Other methods of surgical treatment )

'K (soft-tissue grafting, TCDO***, arthrodesis, Masquelet technique, amputation and others)

BC* — biocomposite material; PMMA** — polymethylmethacrylate; TCDO*** — transosseous compression-distraction osteosynthesis

Figure 2. Treatment algorithm for patients with chronic osteomyelitis of long bones

DISCUSSION

In our study, we did not find any correlation
between the recurrence of osteomyelitis and
age, gender, the pathogenesis of osteomyelitis,
or laboratory indicators of inflammation (leuko-
cytes and CRP), which aligns with findings from
the scientific literature. The lack of influence
of laboratory data (ESR, leukocyte count, CRP),
gender, and age of the patient on the recurrence
of infection when studying risk factors for the
development of recurrent chronic osteomyelitis
has also been noted in the works of A. Yalikun
et al. in their analysis of the treatment of 149
patients [28] and K.N. Subramanyam et al., who
analyzed the treatment outcomes of 147 patients
with this condition [29].

Back in 1985, E.R. Wald identified that the
primary risk factor for the development of chronic
bone infections is the lack of thorough sanitation
or delayed treatment of acute osteomyelitis [30].
In our study, we formulated CORRA based on

the risk factors for the recurrence of chronic
osteomyelitis established during the first stage
of statistical analysis, including localization,
duration of osteomyelitis, number of debri-
dement operations in the medical history,
volume of bone defect, type of pathogen,
physiological class, and anatomical type
according to the Cierny-Mader classification.

The significance of the pathogen, the number
of previous debridement operations,
comorbidities, and bone defect in the deve-
lopment of recurrent infection has been noted in
the works of other authors [28, 31, 32, 33, 34].

H. Wu et al. noted in their analysis of the
treatment outcomes of 341 patients with chronic
osteomyelitis that segmental bone defects,
gram-negative infections, and smoking are
risk factors for recurrence [31]. A. Yalikun et al.
determined that in the treatment of patients
with chronic posttraumatic osteomyelitis of
the tibia using the Ilizarov method, the main
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risk factors for recurrent infection are the
pathogen Pseudomonas aeruginosa, soft tissue
defects with bone exposure, and the number
of previous operations (more than three) [28],
which corresponds with the results of our study.
These authors also classified the presence of
a soft tissue defect as a risk factor for infection
recurrence. However, patients with this condition
were not included in our study.

In the treatment of 424 patients with
chronic osteomyelitis of the long bones of the
extremities using the Masquelet technique,
X. Wang et al. found that the recurrence rate
of infection in posttraumatic osteomyelitis
was significantly higher than in hematogenous
osteomyelitis [32]. However, our study did not
reveal a significant impact of this factor on
treatment outcomes.

X. Wang et al. also identified the number
of repeated operations exceeding three,
localization of the process in the tibia, and the
presence of Pseudomonas aeruginosa as risk
factors for the recurrence of osteomyelitis.
A notable difference from our results is that
the involvement of the femur carries a higher
risk of recurrence compared to the involvement
of the tibia. This may be related to the fact
that X. Wang et al. included patients with soft
tissue defects in a single general group, while
chronic osteomyelitis of the lower leg is more
frequently associated with soft tissue defects
than other localizations. Additionally, X. Wang
et al. evaluated treatment outcomes in patients
with segmental bone defects, which may have
influenced the discrepancies with our findings.

N.S. Shah et al. reported a 51% recurrence
rate of infection in a two-stage treatment of 257
patients with posttraumatic osteomyelitis. They
identified diabetes mellitus, intravenous drug
use, and open fractures of the tibia as risk factors
for unsatisfactory treatment outcomes [33].
According to the Cierny-Mader classification,
diabetes mellitus and intravenous drug use
correspond to physiological class B, which is
also a risk factor in our study.
P.M. Preobrazhensky et al. established that
chronic  iron-deficiency  anemia, kidney
disease, obesity, and cardiovascular pathology
significantly influence the development of
recurrent periprosthetic infections [34]. This
aligns with the results of our study, as these

conditions fall under physiological class B
according to the Cierny-Mader classification.
A multifactorial analysis using classification
trees enabled P.M. Preobrazhensky et al. to
develop a comorbidity score to determine the risk
of recurrent periprosthetic infection, while in
our study, this analysis assisted in creating
CORRA for chronic osteomyelitis of long bones.

Limitations of the study

The limitation of our study is its retrospective
nature and the inclusion of a small number of
observations, which was determined by strict
inclusion criteria, as well as the use of two
different biocomposite materials for filling cavity
defects. This necessitates further validation of
the proposed method for scoring using CORRA
and the formulated algorithm for the choice
of treatment tactics within the framework of a
prospective study.

CONCLUSIONS

Significant risk factors for the recurrence of
infection in patients with chronic osteomyelitis
have been identified (localization, duration
of osteomyelitis, presence of debridement
operation sin the medical history, volume
of the bone defect, nature of the pathogen,
physiological class, and anatomical type of
osteomyelitis according to the Cierny-Mader
classification), which facilitated the creation
of a scale for Comprehensive Osteomyelitis
Recurrence Risk Assessment (CORRA). The
application of CORRA may assist in predicting
the potential development of infection recurrence
in relevant patients and in selecting a rational
surgical treatment strategy in each specific case
according to the formulated algorithm, which
requires further research.
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