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Abstract. Relevance. Fibrous dysplasia is a pathological condition characterized by the substitution of normal bone with
fibrous tissue. The progression of this disorder generally stabilizes with increasing age. Clinically, it may manifest as painless
swelling and facial asymmetry. Radiographic examination reveals well-defined margins, intramedullary expansion, maintenance
of a smooth cortical contour, and ground-glass appearance. Histologically, the condition is distinguished by the presence of fibrous
tissue replacing bone, along with irregularly arranged and randomly oriented bony trabeculae. Current treatment approaches
frequently involve surgical intervention utilizing custom-fabricated polyether ether ketone (PEEK) implants or autogenous bone
grafts, such as calvarial grafts. Materials and Methods. In the Department of Maxillofacial Surgery of the Russian Children’s
Clinical Hospital (RCCH) — a branch of the Federal State Autonomous Educational Institution of Higher Education Russian
National Research Medical University named after. N.I. Pirogov of the Ministry of Health of the Russian Federation of Moscow, 65
patients, from 2016 to 2023, were treated for histologically confirmed fibrous dysplasia in the frontal bone. Among them, 2 patients
(7 years old girl, and 17 years old boy) were treated with 3D implants made from PEEK, and 2 patients (6 years old boy, and 9
years old girl) were treated with calvarial graft. Results and Discussion. The application of 3D implants has effectively enforce
the primary stability of the reconstructed area. The lesion was successfully addressed, achieving an optimal aesthetic outcome
characterized by a combination of strength, lightweight properties, and biocompatibility, without any observed complications
or failures. Notably, recurrences have been recognized in patients who underwent treatment with calvarial grafts over five years
after the operation. Conclusion. PEEK is a thermoplastic polymer characterized by its non-absorbable and nonporous properties,
which allows for intraoperative modifications and provides optimal imaging characteristics in the postoperative period. On the
other hand, it has been observed that auto-grafts may exhibit a higher risk of failure compared to custom-fabricated implants.
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Introduction

Fibrous dysplasia (FD) is primarily a benign,
hamartomatous, developmental dysplastic bone lesion
that impacts multiple skeletal bones [1]. The majority
of affected individuals are female, presenting with bone
tumors and tumor-like lesions [2]. FD is characterized by
a developmental anomaly that results in the replacement
of normal bone tissue with fibro-osseous material, which
exhibits varying degrees of osseous metaplasia [3-5].
This condition is not limited to a single bone; rather,
it may be localized to a specific anatomical region [3].
While these lesions primarily affect the maxilla, they
can also extend across sutures to involve adjacent or
contiguous bones, including the sphenoid, zygomatic,
temporal bones, frontonasal bones, and the base of the

SURGERY

skull [6, 7]. Craniofacial fibrous dysplasia can lead to
facial deformities, asymmetry, and, in severe instances,
blindness due to the involvement of the orbital bones
and subsequent compression of the contents within the
orbital canal [8-10].

In addition, the diagnosis is complicated by the
variety of radiographic manifestations due to the staging
of the disease [11]. The principal classifications of
fibrous dysplasia include monostotic, polyostotic, and
craniofacial forms [12, 13]. Polyostotic fibrous dysplasia
may be associated with McCune-Albright syndrome
and Mazabraud syndrome [14]. In the case of McCune-
Albright syndrome, multifocal FD is often accompanied
by café au-lait spots, endocrine abnormalities, and
precocious puberty. Conversely, Mazabraud syndrome
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is characterized by the association of fibrous dysplasia
with muscular myxomas [14, 15].

The radiographic findings are characteristic.
There is a diffuse enlargement of the affected region
accompanied by the destruction of bone tissue, which
presents as alternating small areas of increased density
and decreased density. This results in a “ground glass”
appearance [16].

Reconstruction of frontal bone has been explored
in the literature, and various materials are available
for rehabilitation, like auto/allografts, and alloplastic
materials, including bone cement, titanium meshes, and
patient-specific implant (PSI) [17, 18].

Materials and methods

In the Department of Maxillofacial Surgery of the
Russian Children’s Clinical Hospital of the Russian
National Research Medical University named after
N.I. Pirogov of the Ministry of Health of the Russian
Federation in Moscow, 65 children received surgical
treatment for a frontal bone dysplasia from 2016 to
2023. The beginning of treatment for all these patients
started with bi-coronal incision, following by anterior
scalp flap, then craniotomy of the frontal bone was
performed for resection of the affected area. Among
the 65 children, 52 of them were treated with 3D
implant made from PEEK implant and the remaining
13 patients had auto bone graft (calvarial graft).

From this group, 4 patients were selected for this
article; 2 patients (7 years old girl, and 17 years old boy)
which had multi-spiral computed tomography (MSCT)
followed by 3D implant (PEEK) reconstruction. Other
patients (6 years old boy, and 9 years old girl) had the
same diagnosis process but were treated differently by
using calvarial graft from cranial partial bone. A post-
operation CT scan was made for a check-up every one
year until the next eight years.

The diagnose of all cases was conformed with
post-operation histological examination results that
showed multiple bone fragments with pathological
tissue of moderate cellularity with irregular shape,
areas of maturation along the periphery, and
moderate cellularity with irregular shape convoluted
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bone trabeculae of non-lamellar structure without
osteoblastic.

The choice of treatment was taken on the bases of
patient’s ages, volume of affected area and the parents’
own wish.

Results and discussion

Clinical case 1

Description of the clinical case

A 7-years-old girl presented with painless swelling
over the left side of her frontal bone region since 2019,
CT scan of the skull was performed, and she was
primary diagnostic with polyostotic form of fibrous
dysplasia. The patient had no history of trauma, or
other associated disease related to FD. Consulted in the
outpatient department of the RCCH for the first time
in 2022, where hospitalization was recommended and
the patient was admitted to the maxillofacial surgery
department.

Diagnosis

The MSCT imaging revealed affected osseous
structure diffuse ill-defined expansible ground glass
lesion appearance involving craniofacial region. Notably
there was a periosteal thickening along the anterior
surface of the left frontal and partial bone. Clinically,
a change in the configuration of the face was visualized
without pain (Figures 1, 2).

Treatment
The reconstruction of the orbital roof and frontal
bone was planned and conducted by using a customized
modeled implant based on polyetheretherketone (PEEK).
Fibrous dysplasia of parietal bone was removed and the
defect was closed using a custom made hydroxyapatite
prosthesis (Figure 3).

Observation
Following an improvement in the patient’s
condition after 2 weeks post-operative follow-up, the
child was discharged under the care of specialists at
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their place of residence. During the 3 years of follow up osteogenesis was noted between the PEEK implant and
observation, MSCT scan control did not reveal any data  the bone (Figure 4).
of progression of the disease. Additionally a successful

Fig. 2. Preoperative axial computed tomographic image exhibiting characteristic ground-glass opacification of fibrous dysplasia
involving the left frontal

Fig. 3. MSCT (3D cut) scan showing post-operative surgery in 2022, with implant fixed by mini plates and mini screws on the left
frontal bone and hydroxide appetite prosthesis in the left partial bone
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Fig. 4. Three years follow up control by MSCT on: @ — 2023; b — 2024; ¢ — 2025

Clinical case 2
Description of the clinical case

A 17-year-old male had a multi-slice computed
tomography MSCT scan due to asymmetry
observation in his forehead on the end of September
2023 which raised suspicions of a pathological
formation. Upon consultation at RCCH at the
beginning of July 2024, the patient was admitted in
to the maxillofacial surgery department for further
treatment and observation.
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Diagnosis

The MSCT imaging revealed edema, deformity
structure exhibits uneven compaction resembling
a “ground glass” appearance in the right frontal bone
(Figure 5). A diagnosis of fibrous dysplasia of the right
frontal bone was established.

Additionally, a preoperative three-dimensional
image and axial computed tomographic scan illustrate
the distinctive ground-glass opacification characteristic
of fibrous dysplasia affecting the left frontal, temporal,
and sphenoid bones.
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Fig. 5. A preoperative coronal computed tomographic image obtained on September 2023, reveals dysplastic growth of the left
temporal bone, which is associated with frontal involvement and displacement of the orbital contents

a

b 1 e c

Fig. 6. A synthesis polyethertherketone (PEEK) implant. a — 3D PEEK Customized Implants designed individually for the patient to
replace bony voids in the cranial and craniofacial skeleton; b and ¢ — intraoperative view following fixation of polyetheretherketone
(PEEK) implant with mini-plate and mini-screws

Treatment
A synthesis polyethertherketone (PEEK) implant
was fixed by mini plate and mini screw to the affect
area (Figure 6).

Observation
In the postoperative period, the patient received
antibacterial therapy with combination of infusion
pain killer and dexamethasone. The patient was
discharged home in a stable condition after 2 weeks
from operations.

SURGERY

Clinical Case 3

Description of the clinical case

A 6 years old boy has been ill since 2016,
when a forehead asymmetry was first noticed by
his parents. After one month later, a CT scan was
performed and a bone density formation was found
in the area of the zygomatic arch of the frontal
bone and in the area of the parietal bone on the
left (Figure 8). The patient was admitted to the
maxillofacial surgery department for treatment in
RCCH on 2016 after consultation.
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Fig. 7. MSCT postoperative on July 2024. (a) MSCT with three-dimensional reconstruction checkup (b) postoperative coronal
and axial computed tomographic image with 3D, showing no recurrence signs of the disease

Fig. 8. Appearance of the child upon admission at RCCH on 2016, with forehead highlighting the gross asymmetry
of the left supraorbital rim in comparison to the contralateral side. The skin above the formation is unchanged

Diagnosis Locally, a bone density formation is visualized and
MSCT of the skull shows the affected osseous palpated in these areas, originating from the bones
which is related to polyostotic craniofacial form of (Figure 9).
fibrous dysplasia in the left frontal bone and left parietal
bone (25%40 mm in size and 7 mm in thickness).

Fig. 9. Preoperative axial CT image exhibiting characteristic homogeneously dense appearance of fibrous dysplasia involving
the left frontal bone
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Treatment
A split auto-graft taken from the left parietal bone
was remodeled to fit in the left frontal bone defect then
fixed by mini-plate and mini-screw following by placing
and fixing the internal cortical graft in the defect of the
left parietal region (Figure 10).

Observation
In the postoperative period, the patient received
antibacterial, infusion and symptomatic therapy.
Healing by primary intention with the bone

configuration looking normal. The patient was
discharge home after 2 weeks from the operation day.
He was monitored each year in RCCH by a follow up
MSCT of skull. Recurrent episodes of this condition
was revealed in 2022. MSCT showed evidence of
bone regeneration and recurrence, with “hazy ground
glass” appearance again in the same treated area in the
left frontal bone region. (Figure 11). In 2025, a MSCT
has been done again, and we noticed fast progression
of FD in the same affected area (Figures 12, 13).

b

Fig. 10. A split auto-graft. a — MSCT with three-dimensional reconstruction check-up, one day after the operation;
b — Postoperative axial CT image

Fig. 11. MSCT scan showing recurrence of FD on the left frontal bone in 2022

SURGERY
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Fig. 12. MSCT revealed of fibrous dysplasia on the left frontal bone in 2025

Fig. 13. Axial and sagittal computed tomographic image exhibiting characteristic ground-glass opacification
of fibrous dysplasia involving the left frontal bones in 2025

Clinical Case 4

Description of the clinical case

A 9 year old girl presented volume formation
and growth in the right frontal bone in the winter
of 2021. Due to no complain by this formation, the
patient did not received any treatment back then. The
patient was admitted to the RCCH for the first time
for examination and treatment 2022, where a MSCT
was done, due to notable facial asymmetry.
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Diagnosis
MSCT of the skull shows monostatic fibrous
dysplasia in the right frontal bone (5x5 cm). A focus
of fibrous dysplasia with damage to the frontal bone
and orbital roof was revealed. Additionally, edema
and deformity in the right frontal bone was observed
(Figure 14).
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a

Fig. 14. The edema and deformity in the right frontal bone.
a — 3D computed tomography image shows increased dimensions of the right frontal bone;
b — axial computed tomography image with expansion of right frontal bone

Fig. 15. Post-operation MSCT with three-dimensional reconstruction check-up

Treatment

A split graft from the cranial vault was planned.
A 5%5 cm fragment was taken from the adjacent area of
the unchanged frontal bone, which was subsequently split
into 2 fragments with the return of the inner cortical plate
to the donor area, and the outer cortical layer was cut into
3 fragments and re-modeled. The graft fragments were
fixed to each other and to the skull bones (Figure 15).

Observation
In the postoperative period, the girl was under
observation in the intensive care unit for 24 hours.
The postoperative period is satisfactory and a course
of antibiotic, infusion, and symptomatic therapy was
administered.

SURGERY

The patient had some complications and changes in
the right frontal region, with the presence of an epidural
hematoma and air spreading to the area of the supra- and
lateral walls of the right orbit after few days from the
operation. In the soft tissues of the right orbit there are
postoperative consolidations and edema. The lymph
nodes of the neck, parotid and submandibular regions
are enlarged, with a cyst of the temporomandibular
joint. After treating and stabilizing the condition with
analgesics and antibiotics, the patient was discharged 2
weeks later, after completing course of treatment under
intensive observation in the department.

The recommended treatment modalities for
craniofacial dysplasia can be categorized into three distinct
groups: observation, pharmacological intervention, and
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surgical intervention. Surgical treatment remains the
preferred approach for this condition, as it aims to rectify
or prevent deformities and functional impairments [19].
Furthermore, multi-slice computed tomography (MSCT)
is instrumental in the diagnosis and treatment planning
for fibrous dysplasia (FD) [20, 21]. The optimal surgical
intervention for FD in the craniofacial region involves
the utilization of customized polyetheretherketone
(PEEK) implants or calvarial autografts [22]. Numerous
studies have highlighted the advantages of employing
PEEK, particularly in our clinical case studies, which
indicate that the regions of the frontal bone treated
with prefabricated PEEK implants — designed using
preoperative CT scans — exhibited no signs of recurrence
and maintained stable operative areas with favorable
osteogenic conditions. PEEK has gained prominence in
the medical field as an implant material, particularly in
surgeries addressing fibrous dysplasia, due to its excellent
thermal stability and biocompatibility, which promote
osteointegration alongside its antibacterial and mechanical
properties [23].

Conversely, some researchers advocate for the
use of calvarial auto-grafts as a treatment option,
citing benefits such as reduced issues related to
bone availability, diminished donor site morbidity,
and favorable tissue compatibility, which allows
for a precise fit [24]. However, the findings
presented in this article reveal certain limitations
associated with this treatment approach. Notably,
the surgical procedure often necessitates additional
sites, which can lead to various complications,
including exposure of the biomaterial (membrane
or graft) to postoperative infections, neuro-sensory
disturbances, and extended time required for bone
reshaping, as well as the potential for hemorrhage
and pain. Therefore, careful consideration of donor
site selection and associated morbidity is essential.

The optimal treatment for craniofacial fibrous
dysplasia involves the complete resection of the
affected bones followed by immediate reconstruction
using unaffected cranial bone grafts. Recently, the
use of polyetheretherketone (PEEK) implants for
reconstructing the affected area has become the
predominant strategy for managing fibrous dysplasia in
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the craniofacial region, and is now considered the first-
line intervention for this condition. The advantageous
properties of PEEK, including its biocompatibility,
flexibility for anatomical reshaping, and the ability to
contour independently, contribute to the stability of
the reconstructed area. This technology enables the
achievement of aesthetically favorable cranioplasty
outcomes at a cost-effective rate, without compromising
patient results, and has demonstrated good stability with
no indications of recurrence. In contrast, auto-grafts
have shown limitations in achieving stable clinical
outcomes and have been linked to a recurrence of fibrous
dysplasia, along with postoperative complications.

Conclusion

Even though auto bone implant have been the
go-to treatment plan for fibrous dysplasia in the most
studied literature for its biocompatibility and have been
considered as the first line treatment, but PEEK implants
have showed promised results for its 3D shape, less
trauma for patient (no need for donor site), and we are
not limited in volume, the looking at the fact that fibrous
dysplasia can affect multiple bone, polyetheretherketone
(PEEK) 3D printed implants are the suitable type of
implants and are recommended as a first line treatment.
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AnHoTanus. AkmyanbHocmb. PUOpO3Hast IUCTIIa3Usi — MaTOJ0TMYeCKOe COCTOSTHUE, XapaKTepHU3yHoIlieecst 3aMellieHueM
HOPMaJTbHOM KOCTH (prOPO3HOM TKaHb0. [IporpeccupoBaHue 3TOr0 pacCTPONCTBA OOBIYHO CTaOUIM3UPYETCsT C BO3PACTOM.
KnvHUYe Ky 3T0 MOXKeT TIPOSIBJISITHCS B BU/le 6300/1e3HEHHOT0 OTeKa M aCUMMEeTPHH JiMlja. PeHTreHo/ornueckoe UCCiieJoBaHue
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BBISIB/ISIET YETKO OUepUeHHble Kpasi, UHTpaMe/ly/UIIpHOe pacllupeHre, COXpaHeHHe [V1aJIkoro KOPTUKaIbHOI0 KOHTYpa U BUJ,
MaToBOro CTeKa. [MCTO/I0OrHUeCKy 3TO COCTOSIHUE OT/TMUAeTCs HanuureM (GUOPO3HOH TKaHH, 3aMeHSsIIoIel KOCTh, a TaKxKe
HEPETY/ISIPHO PaCTONIOKeHHBIMU U OeCIopsiIOUHO OPUEHTHPOBAHHBIMU KOCTHBIMU TpabeKkynamu. COBpeMeHHbIe TIOXO0/bI
K JIEYEHHIO YaCTO BK/IHOYAIOT XUPYPruyecKoe BMelllaTebCTBO C UCIO0Ib30BaHWEM U3rOTOB/IEHHBIX Ha 3aKa3 UMIJIaHTaTOB
n3 nonusdupapupkerona (IT33K) nmm ayToreHHbIX KOCTHBIX TPAHCIUIAHTATOB, TAKMX KaK TPAHCIIJIAHTAThI CBOJA Ueperta.
Mamepuanbi u MemoObl. B 0TaeneH!r uemtoCTHO-MLEBOM XUPYPriv PoccriicKo JeTCKOi KimuHudeckou 6ombHuLb! (PIKB) —
¢bumana PIAOY BO «Poccuiickuil HalMOHAIbHBIN UCCIe/I0BaTe/TbCKUN MeUIIMHCKIN YHUBepcuTeT uM. H.W. TTuporosa» c 2016
o 2023 T. MPOBOAMIIOCK JieueHre 65 MaLeHTOB C TUCTOIOTMYeCKH TIOATBEPXKAEeHHOW (pruOpo3HOM JucTia3uel 100HOW KOCTH.
W3 Hux 2 manueHTam (eBouke 7 JIeT U MajbuuKy 17 jieT) ObUTH BBITIOHEHBI OTIepPaLi|y C UCMO/Ib30BaHKeM 3D-MMIIaHTaToB
u3 PEEK, a 2 nauyeHTam (MasibuuKy 6 jieT u jleBouke 9 jieT) — orepaluu C UCI0/Ib30BaHWeM TPaHCIJlaHTaTa U3 KOCTH CBOJa
yeperna. Pe3ynbmambi u 06cysxicdeHue. TIpuMmeHeHre 3D-UMIIaHTaToB 3()(HEKTUBHO YCUTUIIO MEPBUUHYIO CTaOUIBHOCTh
PEKOHCTPYMPOBaHHOM 00/1acTH. TTopakeHHe OBIIO YCIIELTHO YCTPAHEHO, JOCTUTHYB ONMTUMAIbHOTO 3CTETUYECKOTO Pe3y/bTaTa,
XapaKTepHU3YHOLLErocsi COUeTAHUEM TIPOUYHOCTH, JIETKOCTH U OMOCOBMECTHUMOCTH, 0e3 KaKHUX-/THO0 HabJTFOaeMbIX 0CI0XKHEHUH
WK Heygau. B 4acTHOCTH, peryIMBbI ObLIH BBISIBJIEHBI Y TALMEHTOB, MPOLIEALINX JTeUeHHe C UCTO/Ib30BaHUeM TPaHCIJIAHTAaTOB
CBO/Ia Yeperia B TeUeHHe TISTH JIeT MocIe ornepalyi. Bbigodbl. PEEK — 3T0 TepMOMIacTUYHBIN 10/IMMep, XapaKTepH3YIOIUics
CBOMMH HEPacCachIBAIOLIMMUCS ¥ HETTOPUCTBIMUA CBOMCTBAMH, UTO 1103BOJIsIET TPOBO/IUTH MHTPAoIepalliOHHbIe MOJU(PUKAUN
1 obecrieyrBaeT ONTUMAa/bHbIe XapaKTePUCTUKY BU3Ya/TU3aLiK B MOC/e0NepaluoHHbIN iepros. C Apyroi CTOPOHbI, ObII0
OTMeYeHO, UTO ayTOTPAHCIIJIaHTaThl MOTYT /IeMOHCTPHPOBATh O0Jlee BBICOKWI PUCK Heyziad 10 CPABHEHUIO C M3TOTOBI€HHBIMU
Ha 3aKa3 UMIIaHTaTaMM.

KitroueBsle c/10Ba: 100Hasi KOCTh, pruOpO3Has AuCIIasus, moamadupIhUpKeToH, 3D-UMIIaHTaT, TPAHCTIAHTaT CBO/iA Yepera

Nudopmanus o puHaHCHMpoBaHuH. ViccnejoBaHe He TOTy4asio HUKAaKKUX ClieljanbHbIX TPAHTOB OT (PMHAHCHPYIOLUX areHTCTB
B TOCy/lapCTBEHHOM, KOMMepYeCKOM MJIM HEKOMMepUeCKOM CeKTOpax.

Bknap aBTopoB. A.FO. KyryiueB — KOHLeMNLWs, AW3aiiH, XUPypruueckoe jiedeHHe, aHaIn3 UCXOJHbBIX JaHHbIX, HalluCaHue
pykormcu. A.B. JlonatiiH — HayuHOe KOHCY/ILTUPOBaHKe, OKOHUaTenbHOoe ofiobpeHue pykormch. @. Cazek, C. [larep — yJactie
B aHajM3e JIaHHBIX, 0030pe MyO/IMKaLWii U HalMCaHWsi PyKONMCH. Pykoruch Oblia IpourTaHa U ofobpeHa BCeMU aBTOpaMy,
Y BCce TpeOOBaHWMs K aBTOPCTBY ObLH coOmofeHbl. KaXk/[plif aBTOp CUMTaeT, UTO PYKOITUCh TIPeCTaB/IsieT CO60ii uecTHYI0 paboTy.

HNudopmanysa 0 KOHQIMKTe HHTEPECOB. ABTOPbI 3asiB/ISIFOT 00 OTCYTCTBUU KOH(IMKTA UHTEPECOB.
JTHUeCKoe YTBepKAeHne — HelIPUMEeHUMO.
BbarogapHoCTH — HETIPUMEHUMO.
HNudopmupoBaHHoe coryiacie Ha My0/IMKanuio0. Bce maiyieHTsbl WM UX POAUTEH [jaiu 100pOBO/IbHOE UH(DOPMUPOBAHHOE
coryiacre Ha y4JacTue B UCC/IeJOBaHUU B COOTBETCTBHUM C XeTbCUHKCKOH JleKapanyei BceMUpHOM MeIUI[HHCKON acCOMALIiN
(XenbcuHKCKas gekmnapanusi BMA — OTudeckue TIPUHLUTIBI MeJULIMHCKUX UCCe0OBaHUN ¢ yuacTueM roaent, 2013 r.)
1 00pabOoTKOM MepCoHabHBIX [JaHHBIX.
3asiB/ieHHe 0 JOCTYNMHOCTHU JAHHBIX. /laHHbIe, MO/ TBEPK/AIOIIIMEe BbIBO/IbI TOT0 UCC/IE0BAHUS, JOCTYIHBI [0 3arpocy
Yy COOTBETCTBYIOIIUX aBTOPOB. J]aHHbIe He SIBJSIOTCS 00IeI0CTYHBIMU U3-3a OTPAHUUEHUN KOH(UEHIIMaTbHOCTH WIN
3TUYeCKHX OrPaHUYeHHH.
IMoctynuna 22.02.2025. Tlpunsra 24.04.2025.
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