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Abstract
Introduction Femorotibial synostosis (FTS) is a primary salvage surgical procedure for failed total knee 
arthroplasty complicated by periprosthetic joint infection (PJI). Despite its widespread use, clinical outcomes 
with FTS are highly variable, indicating the significant role of a combination of patient-related, infectious, 
and surgical factors in shaping treatment outcomes. Analysis of the factors that lead to failed synostosis 
outcomes is of practical interest for optimizing surgical treatment techniques and predicting outcomes.
The purpose of the study was to evaluate factors associated with an FTS adverse course and outcomes 
as an option for restoring limb weight-bearing ability in patients with PJI.
Materials and methods A retrospective study included 46 patients who underwent FTS for PJI. 
The influence of patient-related (gender, age, body mass index, comorbidities), infectious (PJI type according 
to D.T. Tsukayama, microbiological profile), and surgical factors (number of previous debridement surgeries, 
anatomical and functional features of bone defects according to AORI, fixation method) associated with poor 
outcomes was analyzed. Univariate binary logistic regression analysis was used with calculation of odds ratio 
(OR) and 95 % confidence interval (95 % CI). The prognostic significance of the model was assessed using 
discriminant analysis.
Results Adverse FTS outcomes were statistically significantly associated with rheumatoid arthritis 
(OR = 6.89; 95 % CI 3.78–12.35; p = 0.002), immunodeficiency states (OR = 2.7; 95 % CI 0.44–8.24; p = 0.02) 
and  the  predominance of gram-negative microflora (OR = 7.1; 95 % CI 1.23–35.77; p = 0.028). Large bone 
defects (AORI type III) and five or more debridement surgeries had a significant impact on functional results 
and residual limb shortening. The use of an intramedullary nail for fixation correlated with an increased 
risk of  systemic complications (OR = 6.69; 95 % CI 1.33–9.9; p = 0.035) and severe functional limitations 
(OR = 10.67; 95 % CI 1.201–15.72; p = 0.034). A direct relationship was established between the number of risk 
factors and the probability of adverse outcome (p < 0.001). The constructed prognostic model had sensitivity 
(77.8 %) and specificity (85.7 %).
Discussion The findings obtained indicate the heterogeneous nature of adverse FTS outcomes. The cumulative 
effect of individual factors, rather than their isolated presence, is important. This nature of the relationships 
explains the high variability of clinical outcomes, creating the need for an integrated risk assessment 
and the development of a surgical treatment algorithm for patients.
Conclusion Adverse FTS outcomes in PJI results from the combined impact of patient-related, infectious, 
and surgical factors. The most significant factors are the patient's comorbidity, the microbiological profile 
of the infection, the complexity of the anatomical and functional changes in the limb due to bone defects, 
and  the  chosen fixation method. A comprehensive assessment of risk factors allows for more accurate 
prediction of treatment outcomes.
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INTRODUCTION

Femorotibial synostosis (FTS), better known in the literature and in everyday clinical practice as knee 
arthrodesis (KA), is currently the surgery of choice among salvage interventions performed in poor 
outcomes of total knee arthroplasty complicated by periprosthetic infection (PJI). Stable synostosis 
between the femur and tibia provides the integrity of the lower limb and an acceptable quality 
of life for a patient. However, the outcome of such interventions is far from always predictable [1]. 
A  number of authors point out limited functional capabilities and persistent pain in 21–73 % 
of patients after achieving FTS [2, 3, 4]. Moreover, there is a risk (almost 20 %) of nonunion or delayed 
union in the FTS area [5]. Its alternative, limb amputation (LA), is associated with a 30 % mortality 
rate within two years after surgery [6], and more than half of patients after amputation are unable 
to  move independently [7]. Addressing the problem of implant-associated knee joint infection, 
foreign colleagues cite data on 11.1–21.8 % of recurrence cases [8, 9]. In domestic publications, 
the probability of recurrence of the infectious process after KA varies between 14–27 % [10, 11].

Despite such information, most publications focus primarily on the comparison of fixation 
methods  [12, 13]. It should be noted that studies devoted to the analysis of factors associated 
with  adverse outcomes remain extremely few. Most of them are based on observations of small 
clinical series and the considered patient pools [14, 15, 16]. Moreover, there are no publications on this 
issue in the domestic literature, which creates a deficit of evidence necessary for planning surgical 
tactics and predicting the treatment outcomes of patients with PJI. The analysis of the international 
literature convincingly demonstrates that even with technically successful performance of salvage 
surgical interventions, treatment outcomes can vary significantly and largely depend on a number 
of factors (gender, age, somatic, clinical and microbiological).

Identifying predictors of an adverse FTS outcome is of great clinical importance, as it allows for an early 
assessment of the likelihood of complications, the optimal surgical strategy, and the adjustment 
of  postoperative patient management. Furthermore, a systematic analysis of such factors would 
assist in the objective assessment of the severity of the patient's somatic and orthopedic status, 
which, in turn, ensures patient awareness of the potential risks of complications and expected 
treatment outcomes, and enhances compliance and the success of surgical rehabilitation.

The purpose of the study was to evaluate factors associated with an unfavorable course and outcomes 
of femorotibial synostosis as an option for restoring limb weight-bearing abilityin patients with PJI.

MATERIALS AND METHODS

A retrospective single-center study was conducted at the Traumatology and Orthopedics Department 
of the Regional Clinical Hospital for War Veterans. The treatment outcomes of 46 patients with PJI 
after failed primary knee arthroplasty (TKR) were analyzed using medical records and follow-up 
examination protocols. This study is based on a clinical sample of patients included in a previously 
published study by the authors, which compared the effectiveness of FTS methods [17]. The previous 
study described surgical technologies and postoperative management protocols for FTS, 
and provided a comparative analysis of the effectiveness of bone fusion using an intramedullary 
nail (IN) and the Ilizarov apparatus (IA). This study focuses on the analysis of unfavorable factors 
that affect treatment outcomes

Given the aim of the study, the analysis was performed within a single cohort of patients (n = 46) 
without prior division of the sample into groups. The proportion of males in the study sample was 
32.6 % (n = 15), women were 67.4 % (n = 31). The mean age was 68.0 ± 11.6 years. The body mass 
index (BMI) was 28.7 ± 3.99 kg/m². The division into positive and adverse outcomes was used only 
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at the stage of descriptive statistics for the primary characterization of patients and the distribution 
of clinical manifestations.

The following independent variables (factors) were taken into account: gender, age, BMI, concomitant 
diseases, type of periprosthetic infection according to D.T. Tsukayama [18], nature of bone defects 
according to AORI [19], number of previous operations, fixation method (IN/IA) and microbial 
spectrum of infectious agents.

The dependent variables were indicators reflecting the treatment outcomes: duration 
of  synostosis procedure (months), amount of residual limb shortening (cm), functional outcome 
(LEFS scale, %) [20], recurrence of infection and postoperative complications.

Descriptive data of independent (factors) and dependent variables are presented in the authors’ 
previously published work [17], performed on the same clinical sample of patients, and are 
not repeated in this study.

In this study, adverse outcomes were defined as a combination of clinical events:

— lack of stable bone fusion or failure of synostosis (false joint, fracture in the consolidation zone);

— severe functional limitations (LEFS score less than 30);

— residual limb shortening of 6cm or more;

— infection recurrence;

— systemic complications and deaths in the early postoperative period.

Positive outcomes were recorded in 28 of 46 patients (60.9 %), while adverse outcomes were observed 
in 18 patients (39.1 %). Among patients with an adverse outcome, 12 patients (26.1 %) experienced 
one adverse event including two clinical cases (4.3 %) of death in the early postoperative period. A 
combination of two or more adverse outcomes was recorded in six patients (13 %).

Inclusion criteria:

— FTS performance if revision arthroplasty was impossible due to PJI;

— follow-up for at least two years after surgery to objectively assess clinical outcomes, recurrence 
of infection, and complications;

— documented cases of systemic complications and deaths in the early postoperative period;

— availability of complete medical documentation to assess independent variables (age, sex, 
somatic, clinical, and microbiological characteristics) and analyze treatment outcomes.

The non-inclusion criterion was incomplete medical documentation, making statistical processing 
and comparison of data impossible.

Exclusion criteria were patient’s refusal to participate in the study or loss of contact during follow‑up.

All patients provided written informed consent to participate in the study and to publish anonymous 
data. The study protocol was approved by the local ethics committee of the Regional Clinical Hospital 
for War Veterans, Yekaterinburg (protocol No. 2/2025, dated February 25, 2025).

The initial database was formed and descriptive and summary tables were compiled using 
Microsoft  Excel (version 16.75.2, USA). Quantitative variables with normal distribution were 
described as the mean and standard deviation (M ± SD), while those with non-normal distribution 
were described as the median and interquartile range (Me [Q1; Q3]). The normality of data 
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distribution was tested using the Shapiro–Wilk test. Categorical variables were described as absolute 
values and percentages (n, %). The main analysis method for assessing the influence of independent 
variables (factors) on the likelihood of adverse outcomes was univariate binary logistic regression 
analysis. The results were presented as odds ratio (OR) with a confidence interval (CI) of 95 % 
and p-value. Statistical significance was set at p < 0.05. Discriminant analysis was used to evaluate 
the predictive accuracy (AUC), sensitivity (Se), and specificity (Sp) of the model. The Jamovi software 
package (version 2.6.17, Australia), supplemented with R modules (Rj Editor), was used for data 
processing and visualization of statistically significant predictors (forest plots).

RESULTS

Synostosis failure

The incidence of synostosis failure was 
recorded in four of 46 patients (8.7 %). 
According to  univariate logistic analysis, 
the synostosis failure was significantly 
associated with older age, rheumatoid 
arthritis (RA), and extensive bone defects 
around the knee joint (Fig. 1). In patients 
aged 75 to  84 years, a trend towards 
an  increased risk of synostosis failure 
was noted (OR = 7.71; 95 % CI 0.68–
87.25; p = 0.041). The presence of RA was 
a  significant risk factor: the likelihood 

Fig. 1 Significant factors associated with the FTS failure

of  pseudoarthrosis development in such patients was almost seven times higher (OR = 6.89; 
95 % CI 3.78–12.35; p = 0.002). AORI type III defects also demonstrated a statistically significant 
association with bone fusion failure (OR = 6.9; 95 % CI 2.54–10.4; p = 0.0005). The remaining factors 
included in the analysis did not have a significant impact on the development of this outcome 
(p > 0.05).

Functional limitations (LEFS ≤ 30)

Severe functional limitations (LEFS ≤ 30) 
were observed in nine of 46 patients (19.6 %). 
A significant decrease in functional indicators 
was associated with comorbidities, a large 
number of previous debridement surgeries, 
the method of  fixation, and bone defects 
with their anatomical and functional impact 
on the patient's orthopedic status (Fig. 2).

Diabetes mellitus increased the  risk 
of  functional limitations by  8.5  times 
(OR = 8.5; 95 % CI 1.455–50.05; p = 0.018), 
and  cardiovascular diseases by  4.1  times 
(OR = 4.1; 95 % CI 2.24–64.28; p = 0.004).

History of five or more debridement surgeries was also associated with an increased likelihood of 
poor functional outcomes (OR = 5.75; 95 % CI 1.003–32.95; p = 0.05).

Fig. 2 Significant factors associated with severe 
functional limitations (LEFS ≤ 30)
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The use of an intramedullary nail as a fixation method was a significant predictor of severe 
functional limitations (OR = 10.67; 95 % CI 1.201–15.72; p = 0.034) compared with limb fixation 
with the Ilizarov apparatus.

A clear relationship was found between bone defect size and worsened functional outcomes after 
FTS. Thus, for type II defects (F2A/T2A), the probability of an adverse outcome increased by 4.4 
times (OR = 4.4; 95 % CI 0.564–9.9; p = 0.0137), for F2B/T2B — by 10.9 times (OR = 10.9; 95 % 
CI 0.963–15.4; p = 0.0001), and for type III (F3/T3) — by 16.7 times (OR = 16.7; 95 % CI 1.35–23.4; 
p = 0.0001) compared to type I defects (F1/T1).

Residual shortening (≥ 6 см)

This outcome was observed in six of 46 patients 
(13.0 %). Clinically significant residual limb 
shortening was associated with the number 
of previous surgeries and the severity of bone 
defects around the knee joint (Fig. 3).

Having five or more sanitizing surgeries 
increased the risk of limb shortening by more 
than 6 cm almost fivefold (OR = 4.6; 95 % CI 
0.904–8.325; p = 0.003).

Moreover, type III bone defects (F3/T3) 
significantly increased the likelihood of this 
adverse outcome by 3.65 times (OR = 3.65; 95 % 
CI 1.21–8.45; p = 0.0001).

Compared with type I (F1/T1), type II (IIA and 
IIB) and type III defects were associated with 
an  increase in limb shortening by 0.81 cm 
(p = 0.095), 1.48 cm (p = 0.063) and 3.65 cm 
(p = 0.0001), respectively (Fig. 4).Compared 
with type I (F1/T1), type II (IIA and IIB) and 
type III defects were associated with an increase 
in limb shortening by 0.81 cm (p = 0.095), 
1.48 cm (p = 0.063) and 3.65 cm (p = 0.0001), 
respectively (Fig. 4).

Infection recurrence

Recurrence of periprosthetic joint infection 
after FTS was recorded in four of 46 patients 
(8.7 %). According to univariate logistic analysis, 
infection recurrence was significantly associated 
with  the  presence of RA, immunodeficiency 
states, and the predominance of gram-negative 
microflora (Fig. 5).

In RA patients, the risk of recurrent infection 
was increased more than threefold (OR = 3.4; 
95 % CI 1.82–23.55; p = 0.012).

Fig. 3 Significant factors associated with limb 
shortening of more than 6 cm

Fig. 4 Impact of AORI defect type on limb shortening

Fig. 5 Significant factors associated with recurrence 
of infection
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Immunodeficiency conditions also demonstrated a statistically significant impact on the risk 
of infection recurrence (OR = 2.7; 95 % CI 0.44–8.24; p = 0.025). It should be noted that this subgroup 
was represented predominantly by patients with HIV infection (n = 8; 17.4 %), five of whom (10.9 %) 
had stage 4A and three (6.5 %) had stage 4B.

A significant impact of gram-negative microflora on the risk of PJI recurrence by 7.1 times (OR = 7.1; 
95 % CI 1.23–35.77; p = 0.028) was found. Gram-negative pathogens were identified in a total 
of 37.0 % (n = 17) of patients as a monoculture and in 8.7 % (n = 4) as part of microbial associations.

Systemic complications and deaths

Systemic complications were reported in three of 46 
patients (6.5 %). The  development of  systemic 
complications was statistically significantly 
associated with the  presence of  cardiovascular 
pathology and the use of an intramedullary nail 
as a fixation method (Fig. 6).

The presence of cardiovascular diseases increased 
the risk of developing systemic complications 
by 2.6 times (OR = 2.6; 95 % CI 0.305–7.52; 
p = 0.015). This category of diseases was recorded 
in  13  patients (28.3 %) with chronic heart 
failure in the sub- and  decompensated stages. 

Fig. 6 Significant factors associated with 
the development of systemic complications

The  structure of  complications included two cases of massive pulmonary embolism with a fatal 
outcome and one case of acute cerebrovascular accident. In all cases of critical events, the patients 
were in a state of subcompensation on the eve of surgery and were monitored by a cardiologist/
arrhythmologist, while all had a permanent form of atrial fibrillation recorded in their medical history.

The use of an intramedullary nail for fixation was associated with a 6.7-fold increased risk of systemic 
complications compared with the Ilizarov apparatus (OR = 6.69; 95 % CI 1.33–9.9; p = 0.035). All cases 
of systemic complications and fatal outcomes were recorded only in patients using an intramedullary 
nail. No such complications were observed among patients with the Ilizarov apparatus use.

Assessing the cumulative impact of risk factors

The distribution of FTS outcomes based on the total number of factors reliably demonstrates the likelihood 
of adverse outcomes as the number of predictors increases (Table 1). In patients with no more than one 
risk factor, an adverse outcome was observed in only one case out of 10 (10 %). In the presence of two 
or three risk factors, the incidence of adverse events almost doubled (22.2 %, n = 4/18). The highest 
incidence of adverse treatment outcomes was observed in patients with four or more predictors (72.2 %, 
n = 13/18). The obtained results indicate a significant impact of the total aggravating background on the 
treatment prognosis and confirm the role of a comprehensive risk factor assessment in FTS planning.

Table 1
Distribution of patients by the number of risk factors and FTS outcome

Number 
of risk factors

Number of patients
Positive outcome (n = 28) Adverse outcome (n = 18)
n  % n  %

0–1 9 90 1 10
2–3 14 77.8 4 22.2
4 and more 5 27.8 13 72.2
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Discriminant analysis revealed a statistically significant direct relationship between the number 
of identified risk factors and the likelihood of an adverse outcome of BBS (p < 0.001). The resulting model 
demonstrated high predictive accuracy (AUC = 0.919): sensitivity was 77.8 %, specificity was 85.7 %.

DISCUSSION

FTS for periprosthetic joint infection (PJI) is a salvage procedure aimed at stopping the infection 
and  restoring limb weight-bearing at the expense of knee joint function. Despite the  formal 
uniformity of the ultimate goal of surgical intervention, the clinical outcomes of this procedure are 
characterized by significant variability, reflecting the complex interaction of anatomical, somatic, 
infectious, and surgical factors. In this context, FTS for PJI should not be considered an  isolated 
surgical intervention, but rather a multifactorial clinical and surgical process, the outcome of which 
is shaped at various stages of treatment. The results obtained in this study confirm that an adverse 
outcome is not determined solely by the index surgery but is due to the combined impact 
of  independent variables at all stages of the clinical and surgical process.

For a more holistic interpretation of the data obtained, we believe it is appropriate to consider 
predictors within the following clinically significant groups: patient-related, infectious, and surgical. 
This approach will allow us to move away from a formal analysis of individual variables, as isolated 
parameters are not completely independent but rather interact with one another. Thus, the number 
of  previous debridement procedures determines bone defect extension and, consequently, 
the severity of the resulting orthopedic pathology in the patient, which in turn influences the choice 
of surgical and rehabilitation technology.

In the present study, the patient-associated group of factors included gender, age, BMI, 
and comorbidities reflecting the general somatic and immune status of the patient. Most publications 
consider male gender, smoking, and morbid obesity (BMI > 40 kg/m²) as socio-demographic factors 
of adverse outcomes, while age does not have a significant effect on them [21, 22, 23]. In our study, 
a tendency was found in the older age category of patients (from 75 to 84 years) to synostosis failure 
(OR = 7.71; 95 % CI 0.68–87.25; p = 0.041), which is explained by a decrease in the biological potential 
of bone tissue reparation. We attribute the lack of influence of BMI on outcomes to the fact that BMI 
values in the study cohort were in the borderline index value (28.7 ± 3.99) kg/m². Examining the 
impact of underlying medical conditions on functional outcomes, we found that diabetes mellitus 
and cardiovascular disease significantly reduced these indicators (according to LEFS, %), and were 
reflected in the rehabilitation period and quality of life of patients.

Cardiovascular diseases significantly influenced the development of systemic complications 
and  fatal outcomes (OR = 2.6; 95 % CI 0.305–7.52; p = 0.015). With a multidisciplinary approach, 
the  presence of  even subcompensated types of chronic heart failure initially determines 
the functional limitations of patients due to reduced functional reserves before surgery and limits 
the possibilities of early activation and postoperative adaptation. The presented data are consistent 
with the results of Podmore et al., who showed a negative impact of diabetes mellitus (OR 1.14; 95 % 
CI 0.96–1.35) and cardiovascular diseases (OR 1.24; 95 % CI 1.01–1.52) on functional outcomes 
after  arthroplasty. The authors also point to a threefold increase in the risk of early mortality 
in patients with cardiovascular diseases (OR 2.96; 95 % CI 1.95–4.48) [24].

The immunological status of the patient largely determines control of the infectious process. 
Thus, the systematic review by Dimitriou et al. found an association of HIV infection with a more 
than two‑-fold risk of developing PJI (OR 2.28; 95 % CI 2.14–2.43) [25]. Ferraro et al. noted 
a  three‑fold increase in the risk of revision surgery within 2–10 years (OR 2.74; 95 % CI 1.51–
4.99; p < 0.001)  [26]. According to our data, the probability of PJI recurrence in HIV-infected 
patients was 2.7 times higher (OR = 2.7; 95 % CI 0.44–8.24; p = 0.025). The CD4 cell level reflects 
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the severity of  immunodeficiency and plays a key role in the addition of a secondary infection 
or reinfection [27]. The optimal level of maintaining immunological compensation in such patients 
is considered to be 500–1500 cells/mm³ [28].

There are no direct data on the impact of RA on the FTS outcomes in the literature we reviewed. 
In our study, the presence of RA was associated with a significant increase in the risk of synostosis 
failure (OR = 6.89; 95 % CI 3.78–12.35; p = 0.002) and recurrent infection (OR = 3.4; 95 % CI 1.82–
23.55; p = 0.012). According to Lenguerrand et al., RA increases the risk of developing PJI, which 
is the reason for revision, by 2.5 times (OR 2.52; 95 % CI 1.51–3.93) [29]. Systematic reviews 
of prognostic factors in osteoarticular infection also indicate the key role of comorbid conditions 
in the development of recurrent infection and treatment failure [30].

In recent years, there has been an increasing interest among researchers in the integrated assessment 
of  a  patient's somatic status using comorbidity scales, indices, and calculators that consider 
the cumulative effect of comorbidities on the risk of adverse outcomes. Universal scales exist, such 
as  the  well-known Charlson 10-Year Survival Index [31], as well as more specialized tools, such 
as the reinfection risk calculator proposed by Klemt et al. [32]. The development and implementation 
of  an  integrated risk index for adverse outcomes for FTS appears to be a promising application 
for developing a treatment algorithm. A comprehensive analysis of the factors that have impact 
on the outcome creates the preconditions for the development of such a tool.

We included the type of periprosthetic joint infection (according to D.T. Tsukayama) 
and  the  microbiological profile of the pathogen in the infectious group of factors. Traditionally, 
the analysis of periprosthetic joint infection pays considerable attention to the clinical classification 
of the process according to Tsukayama, which mainly reflects the temporal and pathogenetic features 
of the infection onset. In clinical practice, it is assumed that chronic late and acute hematogenous forms 
are associated with poorer treatment outcomes. Despite the predominance of these forms of infection 
(71.7 % of the cases) in the present study, the type of infection did not demonstrate a reliable effect 
on the outcomes of PJI. The data obtained suggest that the decisive role may be played not so much 
by the clinical scenario of infection manifestation, but by the biological and cultural characteristics 
of the pathogen. As shown in the work of Lee et al. on the analyzed cases of PJI recurrence after repeated 
arthroplasty, it is the microbiological profile that has the greatest prognostic significance [33].

A detailed study of the microbial spectrum and an assessment of its impact on the outcomes 
of  orthopedic surgeries are being conducted by Russian colleagues [34]. The authors consider 
highly resistant gram-negative pathogens as independent factors in the development of infection 
recurrence and include them in the overall risk scales that determine the appropriateness of rejecting 
revision arthroplasty in favor of arthrodesis. In the present study, the presence of gram(-) pathogens 
increased the risk of infection recurrence by almost seven times (OR = 7.1; 95 % CI 1.23–35.77; 
p = 0.028). Moreover, gram-negative microflora was detected in 37.0 % of patients as a monoculture 
and in 8.7 % as part of microbial associations. Comparable data are provided by Jhan et al. who 
found a more than fivefold increase in the risk of PJI recurrence when gram-negative pathogens 
were detected (OR = 5.68; 95 % CI 1.18–27.4; p = 0.0303) [35]. The identified role of gram-negative 
microbiological flora in the implementation of infection recurrence emphasizes the importance 
of targeted antibacterial therapy, which acquires not only prognostic but also practical significance 
and determines the effectiveness of control over the infectious process at all FTS stages.

The surgical group of factors includes the number of previous debridement surgeries, characteristics 
of bone loss after primary arthroplasty (according to AORI) and the method of fixation. Two-stage 
revision arthroplasty is considered the "gold standard" for treating patients with periprosthetic 
infection after primary arthroplasty [36]. The absence of clinical and laboratory remission 
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of the infectious process is an indication for an intermediate debridement surgery and reinstallation 
of  the  cement spacer. Son et al. showed that performing more than two infection-associated 
revisions increases the likelihood of changing the surgical tactics to arthrodesis as one of the salvage 
operations by 1.36 times (95 % CI 1.13–1.64; p < 0.001) [37].

In this regard, multiple revision and debridement surgeries are interpreted as a marker of the severity 
and refractoriness of the infectious process. Attempts at such surgical infection control have another 
strategic significance. Performing one debridement surgery is associated with a 27 % (OR 0.73; 95 % 
CI 0.7–0.75; p < 0.001), and two or more with a 34 % (OR 0.66; 95 % CI 0.61–0.7; p < 0.001) reduction 
in mortality [37]. Multiple intermediate stages of infection control have orthopedic consequences 
and cannot be indefinite, since each sequester necrectomy is accompanied by  the  removal 
of  infected non-viable tissue, and accordingly leads to an even greater bone loss in the femur or 
tibia. The size of the bone defect subsequently results in the magnitude of residual limb shortening 
and  the  functional outcomes of patient treatment in the FTS outcome. The study of our cohort 
of patients confirms these findings. Thus, five or more debridement surgeries were associated with 
a fivefold increase in clinically significant residual limb shortening (OR 4.6; 95 % CI 0.904–8.325; 
p = 0.003) and  adverse functional outcomes (OR 5.75; 95 % CI 1.003–32.95; p = 0.05). Moreover, 
the severity of bone defects according to AORI had a comparable, and in some cases, more pronounced, 
effect on these outcomes. It is the severity of bone defects, mediated by the number of debridement 
surgeries that is the key link in adverse FTS outcomes.

Moreover, the present study noted another associative impact of large-size defects (AORI type III) 
on the seven-fold increase in the risk of bone fusion failure (OR 6.9; 95 % CI 2.54–10.4; p = 0.0005). 
Similar observational results were presented by Parcel et al., who considered the presence 
of extensive bone defects as a factor significantly reducing the likelihood of successful ankylosis 
formation after knee arthrodesis (p < 0.05) [38]. However, Yeung et al. did not find that AORI type III 
bone defects had an impact on delayed fusion or ankylosis failure (p > 0.05) [5].

Intramedullary implants for arthrodesis of the knee joint after arthroplasty failure have been used 
by foreign colleagues since the late 1980s [39]. The apparent potential of the method influenced 
the early results obtained by the authors, both used alone [40, 41] and in comparison with other fixation 
methods [16]. Functional results and patient satisfaction after surgery using the intramedullary 
osteosynthesis method significantly exceeded the effectiveness of the Ilizarov apparatus (p > 0.05). 
An analysis of more recent literature sources allows us to conclude that there are no significant 
differences in daily functioning and quality of life in the patients treated with the methods [42]. 
We came to a similar conclusion in our previous studies [17]. However, including the categorical 
variable of defects according to AORI in the analysis of functional results, we revealed an advantage 
of using the Ilizarov apparatus for type III bone defects (p = 0.018). This allowed us to delve into this 
factor in more detail and conclude that an intramedullary nail is a predictor of functional limitations 
in FTS procedure (OR = 10.67; 95 % CI 1.201–15.72; p = 0.034). We have not encountered similar 
results and conclusions in the available literature.

A probable reason for such an impact on the functional parameters of patients with an intramedullary 
nail is the impossibility of creating a biomechanically correct position of the operated limb. 
The technical characteristics of a long nail for arthrodesis of the knee joint do not provide for its 
valgus deviation of about 5° in the frontal plane at the level of the knee joint, but have only an 
antecurvatum bending. Of interest is the idea of Solomin et al. to turn the technical disadvantage 
of this design into an advantage by rotating the nail inward by 45° [43]. In practice, the use of this 
technique revealed a range of problems for our team of authors associated with locking, conflict 
of the distal end of the nail with the posterior cortical wall of the tibia and the risk of its splitting 
during further advancement of the nail, and malpositioning of the foot in internal rotation when 
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the  nail is jammed in the tibial canal. Given the above, achieving an optimal mechanical axis, 
and therefore the correct axial load distribution, becomes a difficult task. Existing biomechanical 
studies of gait confirm the negative impact of an ankylosed knee joint on the "survival" of adjacent 
joints [44]. The resulting, even minor, varus deformity of the limb at the level of the knee joint leads 
to distortion of the biomechanical axis of the lower limb, pathological overload of the ankle and hip 
joints, progression of deforming arthrosis, chronic pain syndrome, and limitation in the quality 
of life and daily activities of patients. It is important to consider the magnitude of the true bone 
defect, which directly affects the residual shortening of the limb. In turn, the difference in leg length 
affects both the patient's functioning and their mental state. The Ilizarov method is more "flexible" 
for eliminating or leveling this difference and biomechanically aligning the limb axis [45].

In the world literature, the most widespread and structural complications after arthrodesis of the knee 
joint were analyzed by Carr et al. based on the national database of the United States [46]. The authors 
indicate a rate of systemic complications of 25.9 % (n = 683/2634) and in‑hospital mortality of 2.1 % 
(n = 55/2634). It is worth noting the fact that colleagues do not consider the influence of the fixation 
method on the obtained results. Our study showed a sevenfold effect of an intramedullary nail 
for fixation on the development of systemic complications and in-hospital mortality (OR = 6.69; 
95 % CI 1.33–9.9; p = 0.035). Mention of critical events associated with the use of a long nail for knee 
arthrodesis is found in the work of Brown et al. on a small sample of patients. The authors present 
data on a two-year mortality rate of 33 % of cases (n = 6/18), including one case (5.5 %) of death 
in the early postoperative period [2].

The pathogenesis of systemic complications is associated with the formation of numerous free fatty 
acids during reaming of the medullary canal of the femur and tibia and their entry into the bloodstream 
during insertion of the intramedullary implant due to a sharp increase in intramedullary pressure. 
The contents of the medullary canal have a direct cytotoxic effect on the vascular endothelium, 
leading to a systemic inflammatory response. The additional release of thromboplastic factors 
leads to a prothrombotic state, clinically manifested as pulmonary embolism, respiratory failure, 
and multiple organ failure [47].

Discriminant analysis showed that the occurrence of an adverse FTS outcome is statistically 
significantly (p < 0.001) dependent on the patient's risk factors, particularly their cumulative factors. 
Among patients in the study cohort, those with four or more risk factors had adverse outcomes 
in    72.2 % of cases, compared to 22.2 % of those with two or three risk factors. Among patients 
with one risk factor, an adverse outcome was observed in 10 % of cases.

Limitations of the study

The small sample size limits the statistical power of the study and increases the risk of wide 
confidence intervals for a number of factors. Univariate regression analysis was used in the study, 
which does not exclude the potential influence of hidden confounding variables. To minimize bias 
in future results, multivariate regression analysis for potential confounders is necessary.

CONCLUSION

The study demonstrated a statistically significant direct association between adverse outcomes 
of femorotibial synostosis in the conditions of periprosthetic infection with the patient's comorbid 
background, gram-negative microbiological profile of the infection, large bone defects, five or more 
previous debridement surgeries, and the chosen fixation method. As the number of risk factors 
identified in a patient grows, the likelihood of an adverse outcome significantly increased.
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