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Abstract---A prospective comparative analysis, i.e. the results of 

treatment of 68 patients, was carried out. The focal form of chronic 
post-traumatic osteomyelitis of the distal third of the tibia was 

focused. All patients were subjected to surgical debridement of the 

osteomyelitic focus on the variant of osteonecrectomy, followed by 
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myoplastic reconstruction of the formed bone defect with chopped 

autologous muscle. In 30 patients, the traditional method of 
myoplastic reconstruction was used, and in 38 patients, the improved 

one. We added autologous Platelet-Rich Plasma (hereinafter - PRP) to 

the muscle graft before placing it into the bone defect. After filling in 
the defect, we sutured a Resorbable Collagen Membrane (hereinafter - 

RCM) to its edges in order to seal the defect and additionally fix the 

muscle graft. The dynamics of changes in the structure and the rate of 

fixation of the muscle graft to the walls of the bone cavity, the 
duration of the local inflammatory response, the duration of 

hospitalization, short-term outcomes, and long-term results of 

treatment in the comparison groups were evaluated. When using the 
improved method of myoplastic reconstruction, a significant reduction 

in the time of homogenization of the muscle graft was noticed by 

34.5% and its fixation to the walls of the bone defect by 43.1%, as well 
as a decrease in the duration of the local inflammatory reaction by 

34.2%. The average duration of inpatient treatment was reduced by 

24.7%. When assessing the immediate outcomes of treatment, the 
relative risk reduction was 23.6%, and when evaluating long-term 

results - 35.8%, respectively. The use of PRP and RCM in the complex 

of treatment measures in patients with chronic osteomyelitis is safe 

and effective. When the osteomyelitic process is localized in the areas 
of the limbs with a small volume of soft tissues, the reconstruction of 

the postoperative bone defects by using chopped autologous muscle, 

coupled with PRP and RCM, is the method of choice. 
 

Keywords---Osteomyelitis, Osteonecrectomy, Bone Defects’ 

Reconstruction, Platelet-Rich Plasma, Resorbable Collagen Membrane 
 

 

1. Introduction 
 

In the structure of general surgical pathology, a purulent-inflammatory natured 

diseases account for about 30%, of which up to 44% fall on such nosology as 

osteomyelitis. This disease, at the same time, is one of the most common and 
severe types of disorder of the musculoskeletal system (Wu et al., 2019; Maffulli et 

al., 2016; Felice et al., 2016). 

 
Treatment of osteomyelitis includes the impact on all components related to the 

pathogenesis of the disease. The basis of the complex treatment measures is 

surgical intervention, which consists of sanify and, following it, reconstructive 
stages (Wu et al., 2019). At the first stage, sequesters and necrotic elements in the 

bone and surrounding soft tissues are removed, at the second stage, the formed 

bone cavity are reconstructed (Maffulli et al., 2016; Santosh & Ogle, 2017). In the 
case of process’ localization in areas with a small volume of soft tissues (distal 

third of the tibia), free myoplasty becomes an option of choice. This method 

involves filling the bone cavity with patient’s own minced muscle tissue (Mandell 
et al., 2018; Hung et al., 2017). Such a graft is plastic, easily takes the form of a 

bone’s defect and fills it. On the other hand, the minced muscle is difficult to fix 

to the walls of the bone’s defect. Also, bleeding from the surrounding tissues or an 
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inflammatory reaction can reject the graft (Bensman et al., 2021; Kovar et al., 

2020). It is possible to prevent graft’s rejection by using modern cellular and 

tissue technologies at the reconstructive stage of surgical intervention (Hofstee et 

al., 2020). An example of cellular technology is platelet-rich autologous plasma 
(hereinafter - PRP), and of a tissue technology - a resorbable collagen membrane 

(hereinafter - RCM) (Le et al., 2019; Foster et al., 2020; Egawa et al., 2019). 

 
PRP is an autologous blood plasma with the platelet’s concentration exceeds the 

baseline level and, due to this, has a local stimulating effect on regenerative and 

reparative processes. The role of platelets in tissue regeneration is due to the 
presence of growth factors and other active molecules (chemokines, arachidonic 

acid, fibrinogen, fibrin, etc.) deposited in α-granules, electron dense bodies, 

lysosomes and released locally at the site of injury. The stimulating effect of PRP 
is manifested if the concentration of platelets in it is more than 750,000 per μl. 

(Everts et al., 2020; Lang et al., 2018). 

 

The RCM is represented by heterogeneous type I collagen, devoid of antigenic 
load. On the one hand, the membrane, being a dense connective tissue structure, 

serves as a compact substance, preventing the muscle graft from leaving the bone 

defect during its transformation inside it. In addition, the RCM promotes the 
activation of the migration of osteoblasts along the collagen matrix, which leads to 

the restoration of the osteoid layer (Wessing et al., 2017; Sbricoli et al., 2020). 

This study aims at evaluating the effectiveness of the author's method of free 
myoplasty of the postoperative bone defects in patients with focal chronic 

osteomyelitis of the distal third of the tibia compared to the usual method. 

 
2. Materials and methods 

 

2.1. Patients’ selection 
 
The study is a prospective analysis of the results of treatment of 68 patients with 

focal form of chronic post-traumatic osteomyelitis of the distal third of the tibia. 

At the prehospital stage, all patients were subjected to the standard procedure of 
mandatory examinations required for surgical treatment - general clinical blood 

tests, computed tomography (hereinafter – CT) of the affected limb segment, 

fistulography. 
 

All 68 study participants were randomly divided into two comparable groups. The 

observation group consisted of 38 people, the comparison group – of 30 people. 
The patients were treated in the surgical department of the chair and clinic of 

propaedeutic surgery of Samara State Medical University in the period from 

January 2018 to December 2019. 

 
The comparison groups were comparable in age (p≥0.05): 52.29±2.11 years in the 

comparison group and 53.06±2.16 years in the observation group, as well as in 

gender (p≥0.05): the comparison group consisted of 7 (23.3%) women and 23 
(76.7%) men; the observation group of 9 (23.7%) and 29 (76.3%) women and men 

respectively. The osteomyelitis focuses in 100% of episodes was localized in the 

distal third of the tibial diaphysis, while the average volume of the affected bone 
tissue, according to the data of CT studies, was comparable in both groups - 
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19.38±1.98 cm3 in the comparison group and 20.96±2.02 cm3 in the observation 

group. All study participants noted the presence of a functioning external 
fistulous tract. The etiological basis of the disease in both groups was a previous 

trauma (shattered fracture because of pedestrian accident), while the duration of 

persistence of the osteomyelitis process in all patients exceeded 6 months and 
was, in the comparison group, 1.23±0.16 years, and in the observation group - 

1.56±0,22 years. The difference is statistically insignificant (p≥0.05). Before being 

included in the study, no surgical interventions in the focus of osteomyelitis were 

performed in the study participants. Also, the groups were completely comparable 
in any other parameters that could affect the study result. 

 

2.2. Treatment options 
 

The treatment options for osteomyelitis in both groups corresponded to generally 

accepted principles and consisted of surgical intervention and anti-infectious 
chemotherapy. The surgical method of treatment was the main one in both 

groups. The first stage of surgical intervention was carried out radical sanitation 

of the osteomyelitis focus with osteonecrectomy (figure 1). The fistula tract was 
excised after it was stained, sequestered bone, pathological granulations were 

removed, and the bone marrow canals were opened. The viability of bone tissue 

was determined by the appearance of capillary bleeding (“blood dew”) from the 

walls of the formed bone defect. Additionally, the surgical wound was treated with 
solutions of antiseptics. 

 

 
Figure 1: Bone defect after osteonecrectomy 

 

This was followed by the second or the so-called reconstructive stage of the 

operation, when we sealed the bone defect formed after osteonecrectomy. In 
patients of the comparison group (n = 30 people), this stage was carried out 

according to the standard method. A portion of the vastus lateralis muscle was 

taken from the thigh (considering the cicatricial dystrophic changes in the 
operation area) on the healthy lower limb using a separate access. Perimisium, 

fascia, soft tissues and skin at the sampling site were sutured in layers. Further, 
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the mechanical grinding of muscle tissue was carried out. The minced autologous 

muscle was tightly filled in the postoperative bone defect. 

 

In the patients of the observation group (n = 38 people), the following 
manipulations were performed during the reconstructive stage of surgery. The 

collection of muscle from the donor site and its grinding was carried out similarly 

to those in the comparison group. Before the operation, the patients were taken 
venous blood, and by the time of the bone defect sealing, PRP was prepared with a 

platelet concentration of ~1 407 640 per μl (with a standard deviation of 320 100 

cells). PRP was mixed with minced autologous muscle, which, in turn, was placed 
into the bone defect. The compact bone substance along the perimeter of the 

postoperative defect was perforated with a thin bur, leaving 0.3-0.7 cm from the 

edge and with a step of 0.8-1.0 cm. The RCM was cut in accordance with the 
dimensions of the "window" in the bone’s compact substance and fixed with 

ligatures of absorbable suture material through burr-formed holes. The ligatures 

were tied in such a way that the RCM had the form of a "flap" or "sail" (fig.2-4). 

This method of myoplastic reconstruction of postoperative bone defect was 
patented by authors (No. RU2627815C1 from 11.08.2017). 

 

 
Figure 2-4: Bone defect sealed by minced autologous muscle combined with PRP 

and covered by sewn RCM. 
 

The intervention in both groups was completed with layer-by-layer wound closure 
(fascia, skin). If necessary, local skin grafting was performed to close the 
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operation wound. In the postoperative period, all patients subjected 

immobilization of the operated limb from the tips of the toes to the popliteal fossa. 
To influence the causative agent of the disease, all patients were prescribed anti-

infectious chemotherapy drugs, considering the recommendations of the current 

treatment procedures and medical reference literature (drug formulary). 
 

2.3. Analysis stage 
 

The study by design was a prospective observational study with an assessment 
and analysis of the local patterns, short-term treatment outcomes and its long-

term results. To assess the effectiveness of the suggested method of 

reconstruction in a complex measure of treatment, we investigated the dynamics 
of two parameters in comparison by groups (Table 1). 

 

Table 1 
Local criteria of effectiveness 

 

Object Parameter Assessment method 

Muscle graft 

Dynamics of structural changes 

and fixation to the walls of the 
bone defect 

Echography 

Surrounding soft 
tissue 

Duration of local inflammatory 
response 

Thermography 

  

The assessment of the short-term outcomes of the complex treatment was carried 
out considering the nature of the postoperative wound healing. The result was 

considered favorable when the wound healed by primary or secondary intention; 

unfavorable - if suppuration developed in the postoperative bone cavity with 
rejection of the muscle graft. 

 

Patients with favorable short-term treatment outcomes were re-examined at least 
1 year after surgery, evaluating long-term results. If the patient had no clinical 

signs of the disease relapse within the established follow-up period, and the X-ray 

or CT examination did not reveal signs of recurrence of the osteomyelitis process 

around the intervention area, the result was considered satisfactory. If, during the 
indicated period, the patient had exacerbations of chronic osteomyelitis, and X-

ray or CT examination revealed focuses of necrosis and sequestration around the 

intervention area, the result was considered unsatisfactory. 
 

The next step was to compare the data obtained between the groups using 

descriptive statistics methods. Calculated relative values, average values and 
standard errors. To determine the statistical significance of differences in mean 

values when comparing samples, the Student's test was used; to compare two 

relative indicators - Fisher's exact test. Differences between values were 
considered statistically significant at p≤0.05. We also calculated such indicators 

as odds ratio (hereinafter - OR), relative risk (hereinafter - RR), with the 

calculation of the boundaries of the 95% confidence interval (hereinafter - CI) and 
relative risk reduction (hereinafter - RRR) and number needed to treat (hereinafter 

- NNT). 
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3. Results and Discussions 

 

Based on the outcomes of the study, the following results were obtained. 

Echography data showed that the muscle transplant becomes homogeneous in 
the comparison group at 10.12±1.06 days, in the observation group - at 

7.64±1.16 days after surgery (reduction of graft’s homogenization time was 

24.5%), which was manifested by the absence of anechoic fluid layers (blood, 
exudate) between echo-positive fragments of muscle tissue. The muscle 

transplant was fixed to the walls of the bone defect at 14.02±1.89 days in the 

comparison group and at 7.98±1.64 days in the observation group (reduction of 
graft’s fixing time was 43.1%), as evidenced by the disappearance of the anechoic 

layer of fluid between the transplant and the walls of the bone defect. The 

difference in both cases is statistically significant (p≤0.05). 
 

The results of thermography in the groups indicated that the local temperature in 

the distal third of the operated limb in patients in the groups returned to the 

initial (preoperative) values for different periods of time. So, in patients of the 
comparison group, this occurred, on average, by 7.54±1.08 days, and in patients 

of the observation group - by 4.96±1.16 days (reduction of local temperature 

normalization period was 43.2%). The difference, inpatient vs. observation groups, 
is statistically significant (p≤0.05). 

 

When analyzing the effectiveness of complex treatment schemes in patients with 
chronic focal post-traumatic osteomyelitis, the following results were obtained. 

Favorable short-term outcomes of complex treatment in the comparison group 

were observed in 23 patients (76.7%), in the observation group - in 36 patients 
(94.7%), unfavorable - in 7 (23.3%) and 2 (5.3%) patients of patients, respectively. 

The difference is statistically significant (p≤0.05) in both cases. 

 

Considering the treatment outcomes, the RRR was 23.6%, the NNT indicator was 
found to be equal to 6 patients. The OR parameter was 5.48 (>1). Patients in the 

observation group were more likely to develop a favorable short-term treatment 

outcome. The revealed dependence was statistically significant (p≤0.05), since the 
95% CI did not include 1 (the value of its lower limit was 1.09, the upper one was 

28.76). The RR, Relative Risk, was 1.23, that indicates a higher likelihood of 

developing favorable short-term treatment outcomes in patients of the observation 
group. This relationship, however, was not statistically significant (p≥0.05), since 

the 95% CI included 1 (the value of its lower limit was 1.00, the upper one was 

1.53). 
 

The average duration of inpatient treatment of chronic osteomyelitis in the 

comparison group was 21.56±1.86 days, in the observation group - 16.24±1.38 

days (reduction of treatment duration was 24.7%). The difference between the 
groups for this indicator is statistically significant (p≤0.05). 

 

Long-term results of complex treatment were studied in patients with favorable 
short-term treatment outcomes, that is in 59 people: 23 from the comparison 

group and 36 from the observation group. Satisfactory long-term results of 

treatment (remission) were obtained in 16 (69.6%) of 23 patients in the 
comparison group and in 34 (92.8%) of 36 patients in the observation group. 
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Unsatisfactory long-term results (relapses) were observed in 7 (30.4%) of 23 

patients in the comparison group and in 2 (7.2%) of 36 patients in the observation 
group with satisfactory short-term treatment outcomes. The difference is 

statistically significant in both cases (p≤0.05). 

 
Evaluation of long-term results of treatment showed RRR in 35.8%. The NNT 

indicator was equal to 4 patients. The OR parameter was 7.43 (>1). The chance of 

developing a satisfactory long-term result was higher in the patients of the 

observation group. The observed dependence was statistically significant (p≤0.05), 
since the 95% CI did not include 1 (the value of its lower limit was 1.39, the upper 

one was 39.91). The RR was 1.36, which indicates a higher probability of 

developing satisfactory long-term results in patients of the observation group. 
This relationship was also statistically significant (p≤0.05), since the 95% CI did 

not include 1 (the value of its lower limit was 1.02, the upper one was 1.80). 

 
4. Conclusion 

 

Thus, the use of the author's method of free myoplasty in a complex of treatment 
measures in patients with chronic post-traumatic osteomyelitis of the distal third 

of the tibia significantly accelerates the processes of homogenization of the muscle 

transplant and its fixation to the walls of the bone cavity and reduces the 

duration of the local inflammatory reaction and the length of hospital stay. The 
results of complex treatment of chronic osteomyelitis in general, both in the case 

of short-term outcomes and long-term results, also turned out to be significantly 

better in the observation group. The results of the study allow us to recommend 
the inclusion of the author's method of free muscle plastics in the complex of 

treatment measures in patients with chronic post-traumatic osteomyelitis of the 

distal third of the tibia. 
 

The use of PRP and RCM in the complex of treatment measures in patients with 

chronic osteomyelitis is safe and effective. When the osteomyelitic process is 
localized in the areas of the limbs with a small volume of soft tissues, the 

reconstruction of the postoperative bone defects by using chopped autologous 

muscle, coupled with PRP and RCM, is the method of choice. 
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