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Surgical treatment of patient with osteomyelitis
of the hip using preoperative 3D modeling
and “Autoplan” software suite
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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.
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Xupypru4yeckoe ne4yeHume nauueHTa c OCTEOMUENIUTOM
6eApeHHOM KOCTU C UCNOJIb30BaHUEM
npenonepaunoHHoro 3D-MmoaenupoBaHus
W annapaTHO-NPOrpaMMHOro Komnsiekca «ABTomnjiaH»

WU.B. Makapos, C.B. llagoHuH, 1.A. BoHaapeBa

Pre0Y BO «Camapckuii rocyaapcTBEHHbIM MeauUnHCKUn yHuBepcute™» MuHsgpasa Poccuu
(Camapa, Poccuiickas Pepepauus)

AHHOTaums

[IpencraBieH KIMHUYECKUH CIydai JedeHHs HalMeHTa C XPOHUIeCKUM
TIOCTTPaBMAaTUIECKUM OCTeOMHENINTOM GefjpeHHOMN KocTy. [IpuHIMNuansHo
Ba)KHBIM MOMEHTOM CTaJl aHanu3 pe3ynsratoB KT-nccienosanus B cucteMe
anmapaTHo-IporpamMmHoro komiuiekca (AIIK) «ABromrany 1o paspaboTaHHO-
My criocoby 1 octpoenue 3D-Mofienii HIDKHUX KOHeqHOCTel. B pe3ynbrare
ObIT BU3yaIM3UpOBaH o4ar ocTeoMuenuTa. Ha ocHoBe 3D-Monenu u MHTpa-

omneparonHoi HaBuranuu AIIK «ABTomian» manyueHTy ObUIa BBIIOIHEHA
CeKBeCTPHeKPAKTOMHUSI OeffpeHHOM KOCTH. [Ipon3BesieHa omleHKa OibKaImmx
Y OTZIaJIeHHBLIX Pe3yJbTaToB JIeUeHHsL.

KuroueBsble cioBa: ocreomuenut, 3D-MofenrpoBanie, CeKBeCTPHEKPIKTO-
M1, UHTPAOIIepaI[IOHHAs HABUTAIIHSL.
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m 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.

m 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.
PucyHok 1. KT HWKHUX koHe4YHocmel, ppoHmasbHas npoekuusi. Cmpesnkamu ykasaH o4az ocmeomuenuma.
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Figure 2. 3D model of the femur based on the CT scan. The osteomyelitis lesion is shown in green.
PucyHok 2. 3D-mo0enb 6edpeHHol kocmu Ha ocHoBe KT-ucciedoBaHus. 3esieHbiM U4BemoM 0603HaqYeH o4az ocmeomMuenuma.

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 osteomyelitis!.
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).

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.

PucyHok 3. CoBMeujeHue nonoxeHusi BUupmyasnbsHol Modenu
o4aza ocmeomuesniuma c e2o peasibHbiM PacnoioXXeHUeM B eOUHYHo
cucmemy KoopouHam ¢ ucnosib3oBaHueM AlK «ABmonnaH»

U yKasku co cBemoompaxarowumMu Mapkepamu.

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

Figure 4. Computed tomography of the femur with the focus
of osteomyelitis and the 3D model.

PucyHok 4. KomnstomepHas momMozpacpusi 6edpeHHol kocmu
€ o4yazoM ocmeomuenuma u 3D-moodensb.

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.
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Figure 5. Bone cavity after sanitation of the osteomyelitis focus.

PucyHok 5. KocmHasi nonocme nocie caHayuu o4yaza
ocmeomuenuma.

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

80

Figure 6. Bone cavity closure with a pedicled muscle flap.

PucyHok 6. [Tnacmuka kocmHol nonocmu Melwyed
Ha numarowell HoXKe.

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 7. Photo of the lower limb of patient M., 71 years old, 8 days
after surgery.

PucyHok 7. ®omo HwkHell koHe4Hocmu nayueHma M., 71 200a, Ha
8 cymku nocne onepamuBHO20 BMewamesbCmBa.

www.innoscience.ru
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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%.

m 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 Autoplan' 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].

m 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. »=

ADDITIONAL INFORMATION

JOIIOJIHUTEJIBHA{S NH® OPMAIIMA

Study funding. The study was the authors’ initiative without external funding.

Hcmounuk gunancupobarusn. PaboTa BHIIOIHEHA 110 HHUIMATHBE aBTOPOB 6e3
npuBJIedeHust GUHAHCUPOBAHMUS.

Conflict of interest. The authors declare that there are no obvious or potential
conflicts of interest associated with the content of this article.

Kongnuxkm unmepecoB. ABTOpHI 1eKITapUPYIOT OTCYTCTBHE SIBHBIX M OTEHIHAIb-
HBIX KOHQIIMKTOB HHTEPECOB, CBS3aHHBIX C COJieP)KaHHeM HACTOSIIIeH CTaThH.

Contribution of individual authors.

Makarov I.V.: concept and design of the study, analysis and interpretation of data,
editing of the article. Ladonin S.V.: writing of the text and its editing. Bondareva D.A.:
writing of the text.

All authors gave their final approval of the manuscript for submission, and agreed
to be accountable for all aspects of the work, implying proper study and resolution of
issues related to the accuracy or integrity of any part of the work.

Yuacmue a6mopo6.

MakapoB W.B. — KOHIeNIus ¥ AWU3aiH UCCIIeIOBAHMSI, aHAJIU3 U WHTEpIIpeTalHs
JIaHHBIX, peflakTUpoBanue cTaTbu. Jlagonun C.B. — HanMcaHue TekcTa ¥ ero pefjakTy-
poBauue. Bonnapesa [I.A. — HanMcaHKe TeKCTa.

Bce aBTOpBI 01106pHIM PpUHAIBHYIO BEPCHIO CTAaTBH Tlepe]t IyOIyKaIuei, BbIpa-
3UJIH COIVIaCHe HECTH OTBETCTBEHHOCTb 3a BCe aCIeKThl paboThl, O/Ipa3yMeBalolIyio
HaJyleXxalliee U3ydeHre U pellleHHe BOIPOCOB, CBS3aHHBIX C TOYHOCTBIO WIH J06pO-
COBECTHOCTBIO JIF000# YacTh paboTHL.

Consent for publication. Written consent was obtained from the patient for the
depersonalized publication of relevant medical information and all of accompanying
images in the journal.

Hugopmupobannoe coenacue Ha nydpauKauuio. ABTOpPbI IOy YN TUCbMEHHOe
comlacye NaryeHTa Ha yOIMKaIuio B KypHae MeIMIIMHCKUX aHHBIX U pororpaduit
B 06e3nyeHHON opme.

Statement of originality. No previously published material (text, images, or data)
was used in this work.

OpuzunansHocms. IIpy co3nanuy HacTosiied paboThl aBTOPHI He MCIIONIb30BaIN
paHee ony6/IMKOBaHHBIE CBefleHus (TeKCT, WIITIOCTPaIHH, JIaHHbIE).

Data availability statement. The editorial policy regarding data sharing does not
apply to this work.

Hocmyn k danHbim. PejakiiMoHHAs TOJUTHKA B OTHOLIEHUH COBMECTHOTO UC-
IIOJTb30BAHUSA JAHHBIX K HaCTOHH_leﬁ paGOTe He MpuMeHuMa.

Generative AI. No generative artificial intelligence technologies were used to
prepare this article.

P .

TI'enep BHbtil UCKYCC nekm. I1py co3aHUK HACTOSIIEel CTaTbi
TEeXHOJIOTUU I'eHepaTUuBHOI'0 UCKYCCTBEHHOI'O MHTeJIJIeKTa He MCII0JIb30Bajlu.

Provenance and peer review. This paper was submitted unsolicited and reviewed
following the standard procedure. The peer review process involved 2 external
reviewers.

Paccmomp u peueH3upoB Hacrosmast pabora nopasa B )ypHasl B UHU-
IIMATUBHOM IOPsiJIKe U paCCMOTpeHa 110 06bIYHOM 1potiesiype. B periensuposanuy y4a-

CTBOBAJTH 2 BHEITHUX peneH3eHTa.

REFERENCES / JINTEPATYPA

1. Kotelnikov GP, Mironov SP. Traumatology: National Guidelines. M.,
2011. (In Russ.). [Korenbuukos I.I1., Muponos C.I1. Tpa6mamonoaus:
HayuoHanvbHoe pykoBodcmbo. M., 2011].

2. Calhoun JH, Manring MM, Shirtliff M. Osteomyelitis of the long bones.
Semin Plast Surg. 2009;23(2):59-72. DOI: 10.1055/s-0029-1214158

3. Conterno LO, da Silva Filho CR. Antibiotics for treating chronic
osteomyelitis in adults. Cochrane Database Syst Rev. 2009;3:CD004439.
DOI: 10.1002/14651858.CD004439.pub3

4. Hotchen AJ, McNally MA, Sendi P. The Classification of Long Bone
Osteomyelitis: A Systemic Review of the Literature. Journal of Bone and
Joint Infection. 2017;2(4):167-174. DOI: 10.7150/jbji.21050

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

www.innoscience.ru

81


http://www.innoscience.ru
https://patents.google.com/patent/RU2683743C1/ru

XN

82

PYPTNA

Tom 11 (1) 2026

5. Kolinsky DC, Liang SY. Musculoskeletal Infections in the
Emergency Department. Emergency Medicine Clinics of North America.
2018;36(4):751-766. DOI: 10.1016/j.emc.2018.06.006

6. Rimashevskiy DV, Akhtyamov IF, Fedulichev PN. Interdisciplinary
approach to diagnostics and treatment osteomyelitis. Practical medicine.
2021;19(1):54-61. [PumarueBckuii [1.B., Axtamo U.®., Penymuaes [1.H.
MeXxIMCIMIIIMHAPHBIH MOXOM K IMarHOCTUKE U JIEYeHHIO OCTEOMHUEIIHTA.
IIpakmuueckas meduyura. 2021;19(1):54-61]. URL: https://pmarchive.
ru/mezhdisciplinarnyj-podxod-k-diagnostike-i-lecheniyu-osteomielita/
7. Mikulich EV. Current principles of treatmentof chronic osteomyelitis.
Journal of New Medical Technologies. 2012;19(2):180-184. [Mukysmira
E.B. CoBpemMeHHBbIE IPUHIUIIE JIEYeHHs] XPOHHYECKOTO OCTEOMUENIUTA.
BecmHuk HoBbix meduyuHckux mexvonoeauii. 2012;19(2):180-184]. URL:
https://cyberleninka.ru/article/n/sovremennye-printsipy-lecheniya-
hronicheskogo-osteomielita

8. Mironov SP, Tsiskarashvili AV, Gorbatiuk DS. Chronic post-
traumatic osteomyelitis as a problem of contemporary traumatology and
orthopedics (literature review). Genij Ortopedii. 2019;25(4):610-621.
[Muponos C.II., luckapamsuimu A.B., Topb6ariok [1.C. XpoHuyeckuii
MIOCTTPAaBMaTUYeCKUH OCTEOMHUENHUT KakK IpobiemMa cOBpeMeHHOU
TPaBMaToJIOTHX U optomneiuu (0630p nuteparypsl). I'eHuil opmoneduu.
2019;25(4):610-621]. DOI: 10.18019/1028-4427-2019-25-4-610-621

9. Campana V, Milano G, Pagano E, et al. Bone substitutes in orthopaedic
surgery: from basic science to clinical practice. J Mater Sci Mater Med.
2014;25(10):2445-2461. DOI: 10.1007/s10856-014-5240-2

10. Humm G, Noor S, Bridgeman P, et al. Adjuvant treatment of chronic
osteomyelitis of the tibia following exogenous trauma using OSTEOSET-T:
areview of 21 patients in a regional trauma 177 centre. Strategies Trauma
Limb Reconstr. 2014;9(3):157-161. DOI: 10.1007/s11751-014-0206-y

11. Chaklin VD. Fundamentals of operative orthopedics and traumatology.
M., 1964. (In Russ.). [Yaxmms B.JI. OchoBbt onepamu6Hoti opmoneduu u
mpa6mamonozuu. M., 1964].

12. Ivashkov VYu, Denisenko AS, Kolsanov AV, et al. Maxillary
reconstruction using the “Autoplan” software suite. Plastic Surgery
and Aesthetic Medicine. 2024;(4-2):58-65. [MBamkoB B.1O.,
Henucenko A.C., Koncanos A.B., u nip. Ycrpanenue nedekToB HUKHeH
YeJIFOCTH C NPUMeHeHWeM MPOrpaMMHOTO KOMIUIEKCA «ABTOIUIAHY.
ITnacmuueckas xupypaus u acmemuyeckas meduyuma. 2024;(4-2):58-65.
DOI: 10.17116/plast.hirurgia202404258

13. Zhao J, Wang Z, Long C, et al. Using 3-D printing-assisted shaping
titanium cages and Masquelet techniques to reconstruct calcaneal
osteomyelitis complicated by extensive 301 soft tissue and uncontrolled
defects. Injury. 2023;54(10):110977. DOI: 10.1016/j.injury.2023.110977

14.Ren W, Gao L, Li S, et al. Virtual Planning and 3-D printing modeling
for mandibular reconstruction with fibula free flap. Med Oral Patol Oral
Cir Bucal. 2018;23(3):e359-e366. DOI: 10.4317/medoral.22295

15. Makarov 1V, Karpova DO. Optimization of the tactics of surgical
treatment of patients with hyperparathyroidism and chronic kidney
disease. Tavricheskiy medico-biologicheskiy vestnik. 2024;27(3):33-38.
[Makapos U.B., Kapnosa /].0. OnTumMu3anys TaKTUKA XUPYPrU4eCcKoro
JledeHHs MAIMeHTOB C THIIeplapaTUPeo30M U XPOHHUYeCKOH O0e3HbI0
nouek. Tabpuueckuii meduko-6uonoauueckuii ecmuuk. 2024;27(3):33-38].
URL: https://ma.cfuv.ru/wp-content/uploads/2024/11/%D0%A2%D0%9
C%D0%91%D0%92-%E2%84%963-2024.pdf

www.innoscience.ru

Hayka u UHHOBauUuK B MeauLuHe



http://www.innoscience.ru

