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Abstract

This study presents a clinical analysis of 60 cases of post-traumatic cranial vault defects treated at
the Department of Neurosurgery of Samarkand State Medical University between 2020 and 2025.
The effectiveness of three reconstruction methods was compared: autologous cranioplasty using a
fan-shaped titanium device, alloplastic repair using titanium mesh, and 3D computer-modeled
cranioplasty using patient-specific PEEK implants. Autologous repair showed the fewest
complications and best cosmetic outcomes, while PEEK implants ensured precise anatomical
reconstruction and high safety. The study emphasizes the importance of individualized treatment
strategies and technical resources in selecting the optimal reconstruction method.

Keywords: post-traumatic skull defect, cranioplasty, titanium mesh, fan-shaped device, 3D
implant, PEEK.

AHHOTANUA

B nannol paboTte nmpeacTaBieH KIMHAYECKUA aHamn3 60 ciydaeB MOCTTPAaBMATHUECKHUX J1e(DEKTOB
CBOJa dYepema, MPOJICYEHHBIX B  Helpoxupypruueckom otaeneHun  CaMapKaHICKOTO
rocyJapcTBeHHOTO MenuuuHckoro yHuBepcuteTa ¢ 2020 mo 2025 roa. CpaBHeHa 3pGEKTUBHOCTh

TpEX BUJOB KPAaHUOIIACTHKHU: AyTOIIACTHKA C HMCIOJIb30BAaHHUEM BEEpOOOPa3HOrO0 THUTAHOBOTO
yCTPOMCTBa, AJJIOMJIACTHKA TUTAHOBBIMU CETKaMU M KpPAHUOIUIACTHKA WHIAUBUAYyalbHbIMU 3D-
umiuiantamu  u3 PEEK. VYcranoBieHo, 4ro ayTromiacTMka JIEMOHCTPUPYET HaWMEHbIIIEe
KOJIMYECTBO OCIIOKHEHHUH W JIyUIIHi KocMeTudeckuil 3(dexT, B To BpeMs Kak nmpumeHenue 3D-
MMIIJIAHTOB 00€CIeYMBAET BHICOKYIO TOYHOCTh M 0€30MaCHOCTh MPU BOCCTAHOBICHUHM YEPEIHBIX
nedextoB. Pabora mnomau€pkuBaeT Ba)XXHOCTb WHIMBUIYATbHOTO TOAXOJAa M TEXHUYECKOM
OCHAIIEHHOCTH MPHU BEIOOPE METO/1a TUIACTUKU.

KiioueBble cji0Ba: MoCTTpaBMaTHYeCKUil AeeKT ueperna, KpaHUOIJIACTHKA, TUTAHOBAs CETKa,
BeepoobpazHoe ycTpoicTBo, 3D-ummnant, PEEK.

Annotatsiya
Ushbu maqolada 2020-2025 yillar oraligida Samarqand davlat tibbiyot universitetining
neyroxirurgiya bo‘limida davolangan bosh suyak shohidagi 60 ta travmadan keyingi suyak nugqsoni
holati klinik tahlil gilingan. Kranoplastikaning uch xil usuli samaradorligi solishtirildi: bemorning
0‘z suyak to‘qimasidan foydalangan holda titanli yelpig‘ichsimon qurilma bilan autoplastika, titan
to‘r bilan alloplastika va PEEK moddasi asosida tayyorlangan 3D individual implantlar bilan
kranioplastika. Natijalar shuni ko‘rsatdiki, autoplastika eng kam asoratlar va yaxshi kosmetik
natijalarni berdi, 3D-implantlar esa nugsonni anatomik aniglik bilan tiklashda yuqori samaradorlik




va xavfsizlikni ta’minladi. Maqolada plastika usulini tanlashda individual yondashuv va texnik
imkoniyatlarning ahamiyati alohida ta’kidlangan.

Kalit so‘zlar: travmadan keyingi suyak nugsoni, kranioplastika, titan to‘r, yelpig‘ichsimon
qurilma, 3D implant, PEEK.

Introduction. Craniocerebral trauma (CCT) is one of the most pressing problems of modern
medicine, accounting for 35-40% of all injuries in peacetime. In combined injuries, the proportion
of CCT reaches 70-72%. Clinical and neurological symptoms in CCT in general and in post-
traumatic cranial defects in particular are very diverse. Such patients experience general cerebral,
focal, vegetative-somatic symptoms, and some patients develop epileptic seizures [3,4,6]. The
problem of closing post-traumatic defects and restoring the integrity of the cranial vault has worried
doctors since ancient times, and active work continues to develop various methods of plastic surgery
of cranial defects and search for optimal methods of graft fixation [1,2,5]. This issue has been the
subject of close attention of all neurosurgeons since the establishment of neurosurgery as a separate
medical discipline.

In the process of restorative treatment, complete elimination or compensation of damage is
considered optimal. In the presence of a trepanation defect in patients who have suffered a severe
traumatic brain injury, pathogenetic therapy should be started with its plastic closure [4,8,9].

The optimal characteristics of any fixation system include: biological inertness of the material,
reliability of fixation, no displacement between the transplant and the marginal structures of the
skull, ease of use, moderate cost of the structure, as well as the absence of artifacts during
neuroimaging, neurophysiological and other research methods. However, to date, none of the known
methods of graft fixation fully meets all these requirements [7,10,11].

The presence of a cranial vault defect, especially an extensive one, leads to the development of
organic and functional disorders of the brain, as well as to hemodynamic and cerebrospinal fluid
dynamics disorders. At the same time, the risk of injury to unprotected parts of the brain by external
influences increases significantly [1,3,4,9].

The aim of the study is to investigate the significance of clinical and neurological symptoms and
evaluate the effectiveness of using various methods of plastic surgery for post-traumatic cranial
vault defects.

Material and methods. This work is based on the analysis of the results of surgical treatment of 60
patients with post-traumatic cranial vault bone defects (PTCDBS) of various localizations who were
inpatients at the multidisciplinary clinic of the Samarkand State Medical University, in the
neurosurgery department, in the period from 2020 to 2025.

Among the analyzed patients, men predominated - 45 people (75.0%), there were 15 women
(25.0%). All patients had a history of traumatic brain injury (TBI).

The distribution of patients by cranial defect location was as follows: in the frontal-parietal region
— 48.5% of patients, in the frontal-temporal region — 42.9%, in the temporo-parietal region —
56.4%, in the frontal-parietal-temporal zone — 8.6% of patients (Diagram No. 1).

By the size of cranial defects, patients were divided into 3 groups: small defects (up to 30 cm?) —
24 patients (40%), medium defects (30—-60 cm?) — 32 patients (53.3%), large defects (>60 cm?)
— 4 patients (6.7%) (Table 1).

Diagram 1
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Table 1
Small (<30 cm? 24 40
Medium (30-60 cm?) 32 53,3
Large (>60 cm?) 4 6,7
Total 60 100

Of the 60 patients with PDKSCH, 22 (36.7%) underwent autoplasty of cranial vault bone defects
using a fan-shaped titanium device, in 28 (46.7%) patients, alloplasty was performed using a
titanium mesh, in 10 (16.7%) patients, alloplasty was performed using a computer modeling 3D
printing PEEK (polyether-ether-ketone) implant (Diagram No. 2).

All patients underwent a comprehensive examination, including clinical, neurological, radiological
with the use of modern research methods (EEG, multispiral computed tomography with 3D
reconstruction of the skull and magnetic resonance imaging).

Diagram 2
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PacnpepenexHne cnocoboB NAacTUKK NOCTTPaBMaTUMECKNX AedeKTOoB CBOAA Yepena

Annonnacrtuxa (3D-nevyate PEEK-vMnnawT)

C npuMmeHeHneMm aeepoobpazHoro ycTponcTea
TuTaHOBON CETKOW

Distribution of patients by methods of cranial defect plastic surgery.

Results and discussion. In 25% of patients, cranioplasty was performed within 1 year after the
injury and resection trepanation of the skull, and in the remaining 75% of patients, cranial defect
plastic surgery was performed after 1 year. The neurological picture of the trepanned skull syndrome
(TSS) included cephalgia (98.4%), weather instability (88.4%), decreased ability to work (47%),
memory loss (72%), intellectual impairment (38%), bulging of the underlying brain tissue into the
trepanation window (72%), mental changes associated with cosmetic issues and constant fear of
brain injury (88%), epileptic seizures (36.8%). Focal symptoms were observed in the form of
hemiparesis, central facial nerve paresis, amaurosis, hyposmia, anosmia and myopia. Hemiparesis
was observed in 17.5%, central facial nerve paresis on the right in 15.4%, on the left in 12.4%,
amaurosis in 5%, hyposmia in 5.6%, anosmia in 8.6% and amblyopia in 12.4%.

In post-trepanation skull defects, especially in defects after surgery for depressed cranial vault
fractures and intracranial hematomas, various methods of plastic surgery are widely used:
autoplasty, xenoplasty, alloplasty, etc. The best method, of course, is autoplasty of skull defects.
Professor Mamadaliev A.M. et al. methods of primary and secondary autoplasty of cranial vault
defects using a fan-shaped titanium device have been developed and put into practice (patents for
inventions have been obtained).

In the first and second groups, the surgical intervention began with excision of the skin scar with
release of the edges of the bone defect.

The fixing fan-shaped device consists of several identical titanium plates, hinged together. The ends
of the plates are rounded and at one end of each plate there is a hole for mutual fixation. A stainless
steel rivet used in medicine is used as a plate fixator. As an option, the hinge connection can also be
carried out using stainless steel wire or thick silk. The plates have different sizes. Their length can
be up to 150, width - up to 20 mm and thickness up to 2 mm. The size and number of plates depend
on the size of the bone defect of the cranial vault. In the working state, the device has the shape of
a "Fan". The free ends of the plates were installed in the "grooves" made between the outer and
inner plates of the skull bone along the edge of the defect. The number of grooves depended on the
number of plates. The hinged end of the device was placed on the opposite side of the bone defect
on the made recess on the outer plates of the bone. Bone fragments removed during trepanation
were evenly and tightly placed over the fan-shaped device. These fragments were prophylactically
treated with an antiseptic solution. The postoperative wound was sutured tightly.
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Dranst ONEPALHK AYTOIIACTHKN AC(EKTOB CBOAA YEPEna C NPUMEHE-
HHEM BecpoOpa3HOro THTAHOBOIO YCTPOHCTBA.

The best results were noted in autoplasty of bone defects of the cranial vault. No purulent
complications were noted in these groups of patients. However, 1 of 22 patients experienced
various complications after the operation, such as transplant rejection.
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Fig. 2: Intraoperative photos 1,2. Installation of a FAN-shaped titanium plate
Of the 28 patients who underwent secondary allocranioplasty, 4 (14.3%) patients experienced
various complications in the form of transplant rejection, suppuration of the postoperative wound
and osteomyelitis of the edges of the bone defect, which ultimately required removal of the
transplants.
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Fig. 3: MSCT examination of a patient with a bone defect in the frontotemporo-parietal region of
the cranial vault on the right

Fig. 4: Intraoperative photos (condition after installation of titanium mesh); and MSCT (after
surgery) of patient B. Condition after alloplasty with titanium implant in the right frontal-parietal-
temporal region.

Installed PEEK (polyether-ether-ketone) implants using 3D computer modeling technology
completely restore the integrity and shape of the skull.

Of the 10 patients who underwent secondary allocranioplasty with a PEEK (polyether-ether-ketone)
implant, various complications such as transplant rejection, suppuration of the postoperative wound
and osteomyelitis of the edges of the bone defect were not noted, which ultimately required removal
of the transplants.
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Fig. 5: MSCT examination of a patient with a bone defect in the frontal-parietal-temporal region
of the cranial vault on the right., Intraoperative photos (skeletonization of the bone defect and
installation of an implant).
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Before operation After operation with 3D
implant

Fig. 6. 3D MSCT of patient M.A. Condition before and after surgery; Postoperative defect of the
cranial vault on the right. Using 3D implants for plastic surgery of the bone defect of the cranial
vault on the right.

In all cases, a satisfactory cosmetic effect was achieved. At the time of discharge, the patients had
no complaints - there was no pain in the area of the transplant, the scar was soft, painless, the skin

color was unchanged, there was no swelling, and the symmetry of the skull was preserved.

A follow-up examination did not reveal any deviations in the neurological status of patients in both
groups. In 58 (96.7%) patients, the pain syndrome regressed. In all cases, a good cosmetic result
was achieved. Upon palpation, the transplants did not differ from the surrounding bones of the
patients, symmetry was preserved in all cases. Repeated craniography in patients of the first group
did not reveal changes in the bone structure at the site of fixation and adjoining of the plates to the
bones of the skull. Conclusions

The conducted studies have shown that the use of implants made of titanium mesh optimizes the
task of eliminating complex skull defects, reduces the trauma and duration of surgery, and provides
a predictable good functional and cosmetic result.

The use of computer 3D modeling allows for the closure of skull bone defects of any size and
configuration, and in the postoperative period, the best cosmetic and functional results are achieved,
since the designed 3D implant is maximally identical to the contours of the bone defect. The implant



is manufactured before the operation, thus significantly reducing the duration of the surgical
intervention, reducing the risk of infectious complications.

The use of the autocranioplasty method using a fan-shaped fixing device in patients in the acute
period of TBI and in the late period of traumatic disease with existing defects of the vault bones has
shown its high efficiency. The advantage of this type of plastic surgery over others is that the
patient's own bone tissue is used as a plastic material. The simplicity of the metal device, its fixation
in the area of the bone defect, the ease of subsequent removal and the possibility of performing
autocranioplasty in any neurosurgical hospital - all these positive qualities also showed the
advantages of this method over other types of plastic surgery.
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