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Аннотация
Представлен клинический случай лечения пациента с хроническим 
посттравматическим остеомиелитом бедренной кости. Принципиально 
важным моментом стал анализ результатов КТ-исследования в системе 
аппаратно-программного комплекса (АПК) «Автоплан» по разработанно-
му способу и построение 3D-модели нижних конечностей. В результате 
был визуализирован очаг остеомиелита. На основе 3D-модели и интра-

операционной навигации АПК «Автоплан» пациенту была выполнена 
секвестрнекрэктомия бедренной кости. Произведена оценка ближайших 
и отдаленных результатов лечения.
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Surgical treatment of patient with osteomyelitis 
of the hip using preoperative 3D modeling 

and “Autoplan” software suite
Igor V. Makarov, Sergei V. Ladonin, Darya A. Bondareva

Samara State Medical University (Samara, Russian Federation)
Abstract
The article presents a clinical case of treatment of a patient with chronic post-
traumatic osteomyelitis of the femur. A fundamentally important point was the 
analysis of the CT scan results in the Autoplan hardware and software complex 
(APC) system according to the developed method and the construction of a 
3D model of the lower extremities. As a result, the osteomyelitis focus was 
visualized. Based on the 3D model and using the intraoperative navigation 

of the “Autoplan” software suite, the patient underwent a femoral sequester-
necrectomy. The assessment of the immediate and long-term treatment results 
was carried out.
Keywords: osteomyelitis, 3D modeling, sequester-necrectomy, intraoperative 
navigation.
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 BACKGROUND

Osteomyelitis is a purulent-inflammatory disease 
affecting all bone elements and adjacent soft-tissue 

structures, leading to deformity and functional impairment 
in organs and body systems [1–5]. Among all purulent and 
septic diseases, osteomyelitis accounts for 6.8–12%, and 
in 3–5% cases, the disease is the cause of damage to the 
locomotion apparatus [6].

Chronic osteomyelitis is considered an incurable disease 
die to its severe and long-term progression, complicated 
treatment and development of complications. Despite the 
strong technological progress, implementation of new 
pathogenic approaches towards treatment of the disease 
with consideration of etiological factors, the outcomes of 
treatment leave room for improvement. The recurrence 
rate within one year is at least 30% of all post-surgery 
patients, with 42.1% to 74.3% in remote periods. The 
patients require multiple surgeries [5, 7]. The success of 
treatment largely depends on the radicality of the operation 
and adequate sanitation of the focus of the infection. Use of 
preoperative 3D-modeling and intraoperative navigation is 
highly instrumental in the efficacy of surgical treatment.

We propose a clinical study that enables evaluation 
of surgical tactics and long-term outcomes of treatment 
of the patient with osteomyelitis of the femur, in which 
preoperative 3D-modeling and software and hardware 
suite Autoplan were used.

 CASE DESCRIPTION
Patient M., aged 71, was admitted to the department 

of surgery on March 25, 2024. The patient considers his 
disease to date back to 2004, when in a traffic accident 
he had a closed displaced fracture of the medium third of 
the left femur. He underwent an intramedullary nailing. 
One month after the operation, despite the marked 
tendency for the fracture union, there appeared a fistula 
opening on the left hip. Three months after the operation, 
a follow-up X-ray examination was performed showing 
consolidation of the fracture, and the nail was removed. In 
2010, the patient underwent an operation for osteomyelitis 

of the left femur, and sequestrectomy was performed, 
following which clinical healing was reported with lack 
of infection process in the injury area. In 2024, the fistula 
reappeared. The patient himself put bandages using wet-
to-dry dressings with aqueous solutions of antiseptics 
(Mestamidin, Chloroxehidine) and salve dressings 
(Levomecol, Oflomelid), with no positive dynamics. The 
patient received outpatient consultations of the surgeon 
and was recommended planned surgical treatment.

On admission, the patient underwent a standard 
examination including total blood count, clinical urine 
analysis, blood coagulation test, biochemical blood 
test, microbiology examination of the wound fluid for 
susceptibility to antibiotics, as well as X-ray examination 
of the right femur.

The examination found that the patient had multiple 
postoperative scars on the hip, and on the anteriomedial 
and lateral surface there were two fistula openings up to 
1.0 cm in diameter with moderate purulent discharge (up 
to 5 mL per day). The revision of the fistulas with a bulb-
headed probe, the end of the probe touched the femoral 
bone. Both active and passive movement in the knee and 
hip joint were preserved. Pulsation of the main arteries 
was satisfactory; the sensitivity was preserved.

The microbiological examination of the wound fluid 
identified Pseudomonas aeruginosa 105. Following the 
antibiotic susceptibility pattern, the patient was prescribed 
respective etiological antimicrobial therapy.

In the preoperative preparation phase, a CT scan of the 
lower extremities was performed (Fig. 1). The series of 
CT scans in the multi-plane and 3D projections periosteal 
layering was observed in the lower third of the femoral 
shaft, accompanied by focal disruption of the cortical 
layer. In the upper and medium thirds, bone expansion 
was visualized, the cortical layers were sclerotized 
and deformed; there were areas of periosteal reaction 
on the lateral surface of the femoral bone. The fistula 
tract was identified at the level of the middle third of 
the thigh, extending up to 20 mm to the lateral surface. 
Additionally, formation of the fistula tract at the level 

Figire 1. CT scan of the lower extremities, frontal projection. Arrows indicate the osteomyelitis focus.
Рисунок 1. КТ нижних конечностей, фронтальная проекция. Стрелками указан очаг остеомиелита.
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of the lower third, extending to the medial surface of the 
thigh, was noted.

Based on the CT examination, a 3D-model of the femoral 
bone was built visualizing the focus of osteomyelitis1. 
DICOM data was uploaded to Autoplan, and the 
following transformations were performed: 1) alignment 
of separate CT scan series to a unified coordinate system; 
2) segmentation (marking) of boundaries of anatomical 
structures on the images; 3) construction of three-
dimensional polygonal models based on the segmented 
boundaries of anatomical structures (Fig. 2).

In order to reconstruct the shape of anatomical objects 
between the visible scans, 2D and 3D interpolation 
algorithms were used. 3D polygonal models of the finest 
anatomical structures were constructed without smoothing, 
while surface smoothing was applied to models of larger 
anatomical structures. For each model, the color and 
transparency degree were chosen to ensure the informative 
value of the entire three-dimensional scene.

On the surgical field, prior to skin incision, anatomical 
guides were chosen (in this case, the upper and the lower, 
medial and distal edges of the kneecap, and femoral 
condyles), on which the anchor points were marked 
that were fixed on the virtual model using a special 
pointer with light-reflective markers. At the same time, 
the virtual model of the focus of osteomyelitis was 
aligned with its actual position in this patient in the 
single coordinate system. After that, it became possible 
to visualize the virtual model of the hip bone with the 
focus of osteomyelitis and the pointer on the screen in real 
time. By moving the pointer in the points of the topical 

1 Filing receipt No.2025107993 for the invention “Method of topical diagnostics and visualization of lesion of osseous tissue destruction in chronic osteomyelitis of long tubular bones”  
dated 21.02.2025.

Figure 2. 3D model of the femur based on the CT scan. The osteomyelitis lesion is shown in green.
Рисунок 2. 3D-модель бедренной кости на основе КТ-исследования. Зеленым цветом обозначен очаг остеомиелита.

Figure 3. Combining the position of a virtual model of the 
osteomyelitis focus with its real location into a single coordinate 
system using the Autoplan APCS and a pointer with reflective 
markers.
Рисунок 3. Совмещение положения виртуальной модели 
очага остеомиелита с его реальным расположением в единую 
систему координат с использованием АПК «Автоплан»  
и указки со светоотражающими маркерами.

Figure 4. Computed tomography of the femur with the focus  
of osteomyelitis and the 3D model.
Рисунок 4. Компьютерная томография бедренной кости  
с очагом остеомиелита и 3D-модель.
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position of the focus of osteomyelitis and referring its 
position with intact sections of the bone, the access to the 
focus of pathology was selected, and its actual localization 
was found during the surgery with consideration of the 
patient’s individual anatomic features (Fig. 3, 4).

After delineating the osteomyelitic focus boundaries, 
sequestrectomy of the femoral bone was performed. The 
fistula opening on the anteromedial surface of the left thigh 
was excised. Infected tissues and pathological granulations 
were removed. The wound was closed with sutures. 
Converging incisions up to 15 cm long, incorporating 
excision of the fistula opening on the lateral surface of 
the left thigh, were made to dissect the soft tissues down 
to the bone. The eroded femoral bone was exposed. The 
periosteum was elevated with a periosteal elevator. Using 
a chisel and mallet, trepanation of the femoral bone was 
performed along the entire extent of the lesion, guided by 
the 3D model. A 15 cm long cavity was created (Fig. 5). 
Curettage was performed with a Volkmann spoon until 
punctate bleeding was achieved. Antiseptic lavage with 
Mestamidin was performed, followed by plasty of the bone 
cavity using a portion of the quadriceps femoris muscle on 
a distal pedicle (Fig. 6). The wound was closed in layers.

The postoperative period had no complications. The 
wound healed by primary intention. The stitches were 
removed on day 8 after the surgery (Fig. 7). The patient 
was discharged in a satisfactory condition to be followed 
up by a surgeon in the local medical facility.

Follow-up examinations were performed in 1, 3, and 
6 months from the operation. No wound defects, fistula 
openings, pain at rest or in motion, no restrictions under 
exercise were seen.

The quality of life was analyzed using the questionnaire 
specifically developed for patients operated for chronic 
osteomyelitis. It is an enhanced international questionnaire 
to assess quality of life SF-36 (HEALTH STATUS 
SURVEY). The changes were observed in the value of 

pain intensity: before the surgery, it was 38%, after the 
surgery, 100%. This shows that the sensation of pain 
was practically relieved and did not restrict the patient’s 
activity. The value of vitality increased twofold. The 
value of ‘social functioning’ domain increased from 62.5 
to 95.5%, i.e. by 33%; therefore, the patients physical 
and emotional condition had less limitations on their 
capability and desire to communicate. The value on the 
‘mental health’ domain increased by 56%, a significant 
improvement of the patient’s mental status.

Figure 5. Bone cavity after sanitation of the osteomyelitis focus.
Рисунок 5. Костная полость после санации очага 
остеомиелита.

Figure 6. Bone cavity closure with a pedicled muscle flap.
Рисунок 6. Пластика костной полости мышцей  
на питающей ножке.

Figure 7. Photo of the lower limb of patient M., 71 years old, 8 days 
after surgery.
Рисунок 7. Фото нижней конечности пациента М., 71 года, на 
8 сутки после оперативного вмешательства. 
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The physical and mental components of health status 
were also calculated. Before the surgery, the physical 
component was 36.1%, after the surgery, 55.6%: an 
increase by 19.5%. The mental component of health status 
before the surgery was 29.3%, after the surgery, 73.1%: 
an increase by 43.8%.

 DISCUSSION
Treatment of patients with osteomyelitis of long tubular 

bones is a most complex challenge of purulent surgery. 
The problem of chronic osteomyelitis remains vital 
not only due to difficulties of its diagnostics, treatment 
and prevention, but also due to high costs of patient 
treatment, long-term incapacity to work, high incidence 
of disablement, which, according to Russian authors, is 
55–65%, and, according to foreign authors, may reach 
90% [8–10].

Sequestrectomy became the most significant of radical 
surgical interventions in the treatment of osteomyelitis [11].

Currently, clinical practice places significant emphasis 
on the application of a personalized approach, innovative 
imaging modalities, and preoperative surgical planning. 
One of perspective areas is the preoperative 3D-modeling 
based on CT examination and intraoperative navigation 

using the Autoplan1 hardware and software complex 
[12]. For the surgical treatment of osteomyelitis, this 
method provides precise visualization of the pathological 
focus, determination of its boundaries before and during 
the surgery based on individual anthropometric data 
of each patient [13, 14]. The use of the personalized 
approach allows for reduction of surgery time, maximum 
preservation of intact bone tissue, and the best aesthetic 
outcome [15].

 CONCLUSION
The use of preoperative 3D-modeling and intraoperative 

navigation with the Autoplan hardware and software 
complex in sequesterectomy allows for a radical excision 
of the focus of infection, preservation of a maximum 
amount of healthy soft and bony tissue, and achievement 
of osteomyelitis remission.

An individualized approach to the patient, accounting 
for their anatomical specificities, combined with the 
correctly chosen treatment strategy, yielded favorable 
short- and long-term outcomes while preserving quality 
of life. The 6-month postoperative follow-up of our 
patient revealed improved quality of life and no disease 
recurrence, confirming the high efficacy of the method.  

1 Patent of the Russian Federation for the invention No. 2683743. Makarov V.I., Kolsanov A.V., Zhirov V.V. et al. “Method of topical diagnostics and visualization of adenomas of the 
parathyroid in secondary and tertiary hyperparathyrosis” . URL: https://patents.google.com/patent/RU2683743C1/ru
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