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= The purpose of our study was to investigate the characteristics of sequestration, to determine the indications
for sequestrectomy and the specificity of this surgical intervention in patients with osteonecrosis of the jaw bones,
the results of surgical treatment were also evaluated. A retrospective study of 45 patients with osteonecrosis of
the jaws aged from 20 to 47 years, observed in the dental clinic of PSMU from 2012 to 2019, including 29 men
and 16 women, was conducted. Of these, 19 patients had osteonecrosis of the lower jaw and 8 suffered from os-
teonecrosis of the upper jaw. They were operated on and sparing sequestrectomy was performed. The early post-
operative period was characterized by satisfactory healing: there was no purulent exudation, wound healing was
accompanied by the formation of pink granulations in the area of the defect. After the surgery patients almost did
not complain of pain and discomfort. Subsequently (averagely 10 days later), marginal epithelialization of the de-
fect was noted. Functional disorders (restriction of mouth opening, dysfunction of swallowing, speech and eating)
were not identified. The state of postoperative defects was assessed 3 and 6 months later. Relapse of the disease is
not marked. The subjects were sent to an orthopedic dentist to manufacture complex dental-maxillary prosthesis
in order to replace the resulting jaw defect and subsequent rehabilitation. The obtained favourable results after
sparing sequestrectomy allow to introduce this technique into the list of standard treatment modalities for this
group of patients and recommend it as the method of choice for the surgical treatment of osteonecrosis upon
condition of complete sequestration.

= Keywords: desomorphine; osteonecrosis; sequestrectomy.

NPOBEJEHWE CEKBECTPIKTOMUMN NPU OCTEOHEKPO3E YENHOCTEN,
BbI3BAHHOM NPUEMOM HAPKOTWYECKOI0o BELLECTBA IE30MOP®UHA

I'W. Anrakos, Y. LLiTpayb6e, N.A. boes
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= Ienp McCIeHOBaHMUS 3aK/IIOYANach B M3YYEHUNM OCOOEHHOCTell CeKBeCTpalMy, ONpefe/eHNM MOKasaHMil s
IpPOBeleHNsI CEKBECTPIKTOMUYU U CIeUNPUIHOCTD JAHHOTO ONEPATMBHOIO BMELIATeNbCTBA Y MALIMEHTOB C OCTEO-
HEKPO30M YeTIIOCTHBIX KOCTEH, C IOCTIeNyIolliell OLleHKO! Pe3yIbTaToB IIPOBEEHHOIO XMPYPIUYECKOro JedeHNs.
ITIpoBemeHO peTpOCIEKTMBHOE MCCIefoBaHue 45 MalyeHTOB C OCTEOHEKPO3OM YeNIOCTell B Bo3pacte oT 20 1o
47 net, HAOMIONABIINXCS B CTOMATONIOrM4Yeckon Kamauke [ITMY ¢ 2012 no 2019 r., n3 Hux 29 MY>X4YUH 1 16 >KeH-
muH. VI3 HUX 6BUIO HPOOMEpPMPOBAHO 19 MALMEHTOB C OCTEOHEKPO3OM HIDKHEN YeMIOCTU M 8 — BepxHell derio-
cTH, ¥M ObUIa BBIIIOJIHEHA IASINAst CEKBECTPIKTOMMS. PaHHMII [IOCTIEOIEPALIVIOHHBII TEPHOJ XapPAKTePU30BAIC
YHOOBNIETBOPUTENbHBIM 3a)KMBJIEHMEM: OTCYTCTBOBaJIa THOMHAA 3KCCY[aLysA, 3aKMBJIEHNE PAHbI COIMPOBOXMANIOCH
¢dbopmMupoBaHneM po30BBIX rpanymanuit B obmactu gedexra. ITpu aToMm xamobsl Ha 60/IE3HEHHOCTD 1 HapYyLIEHe
CaMOYyBCTBY IMAlMEHTHl IIOC/Ie OllepalMy IPaKTUYeCKM He NpeXbAB/LUIM. B mocrenymomeMm (B cpefHeM depes
10 pHell) oTMevanach KpaeBasd smmurTenmsanua fedekra. OyHKIMOHAIBHBIX HapylleHMil (OrpaHMYeHMe OTKpBIBa-
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HMsI PTa, HapylleHre PyHKUMM IIOTAaHWs, pedu ¥ IpueMa MUIM) He 6bUT0 BbABIeHO. Uepes 3 1 6 Mec. mocne
MIPOBENEHHOIO OMEPATHMBHOTO BMEILIATENbCTBA OLIEHNMBANOCh COCTOSIHME MOCTOIEPAIMOHHBIX HedeKToB. Penmpn-
BOB 3a00/1eBaHMsI He OTMe4YeHO. VccmenyeMble HAIPAB/IsUINCh K CTOMATO/IOTY-OPTONERY [/ M3TOTOB/IEHNS CTIOXK-
HOTO 3yOOYe/MI0CTHOTO IPOTe3a C Le/blo 3aMelleHNsi 00pa3oBaBierocst fedekra YemoCcTy U HOCTIeAYLIyIo pea-
6umnranyio. JlaHHOe MCCTefoBaHMe OKAa3ajIo, YTO HOIyYeHHbIe [O/IOKUTE/IbHbIE Pe3Y/IbTAaThl OC/IE [IPOBENEeHIs
IAJALIEN CEKBECTPIKTOMMM ITO3BONIAIOT PEKOMEHJIOBATh JAHHYIO METOAMKY B CTAHAPT JeYeHMs NAHHONM TPYTIIIbI
MAlIVEHTOB U C/IeJIaTh METOAOM BBIOOPA XMPYPIUYECKOrO JIeYEHN IIPY OCTEOHEKpO3e IPY YCTIOBUM OKOHYATelb-

HOVI CEKBeCTpal.

= KiroueBble c1oBa: e30MOP(UH; OCTEOHEKPO3; CEKBECTPIKTOMIL.

Introduction

Jaw osteonecrosis has been known since the
XVIII century and was described as an occupa-
tional disease in match production that is asso-
ciated with the toxic effects of red phosphorus.
Until the end of the XX century, such cases were
very rare. In the XXI century, red phosphorus
is started to be used in the production of co-
deine-containing narcotic drug desomorphine,
which became widely used. Therefore, a signifi-
cantly increasedincidence of jaw osteonecrosis
was registered.Desomorphine drug consump-
tion was first detected in the Russian Federation
in 2004 [7]. Later, some drug users complained
of tooth loosening and loss, bone exposure, and
formation of perignathic fistulas. Since then,
numerous researchers have started to analyze
the clinical presentation, diagnostics, and treat-
ment of desomorphine osteonecrosis. The rela-
tive simplicity and low cost in the manufacture
of desomorphine make it one of the most pop-
ular narcotic drugs among social risk groups.
This could trigger a new wave of desomorphine
drug use and cause an increased incidence of
jaw osteonecrosis, despite the active struggle
of the internal affairs bodies against desomor-
phine drug use in 2014-2015. Currently, cases of
seeking medical help due to osteonecrosis have
become quite rare. Despite this, further com-
prehensive study of this pathology is required,
since the disease has been underinvestigated
and consensus among researchers is not reached
about its treatment approaches. In addition,
osteonecrosis is similar in many aspects to drug-
induced osteonecrosis arising from the intake of
bisphosphonates, which are widely prescribed for
osteoporosis and oncology.

The pathogenesis of osteonecrosis is under-
investigated. According to A.A. Ivaschenko [1],
phosphorus blocks the differentiation of osteo-
blasts and enhances apoptosis, thus resulting in
a deep suppression of bone tissue metabolism.

Other scientists associate the pathological ef-
fect with the action of ephedrine, which is con-
tained in a significant amount in this drug [3].
The clinical presentation of the disease has its
characteristics. V.A. Malanchuk et al. [4] noted
that osteonecrosis is characterized by a severe
and atypical course of the pathological process,
which occupies more than one zone of the jaw
at the same time, as well as a rapid spread of
inflammation to previously intact areas of the
jaw, a hypoergic type of general reaction with
a flaccid clinical course, a discrepancy between
the visible boundaries of jaw necrosis and its
real lesion, nagging pain, significant suppura-
tion from fistulas, prolonged intoxication, and
the occurrence of relapses even after radical
surgical interventions. The standard of treat-
ment of osteonecrosis adopted in 2006 and ap-
proved by the Ministry of Health of the Russian
Federation does not provide information on the
surgical treatment of the jawbones; therefore,
standardized methods of surgical treatment of
this pathology are still unavailable. Both con-
servative and radical techniques are effective
only in some cases due to a high probability of
disease relapse or the development of sepsis. In
addition, radical surgeries do not always guar-
antee the patient’s cure and, quite often, result
in severe functional disorders in the maxillo-
facial region. Yu.A. Medvedev is one of the au-
thors who recommend radical techniques (jaw
resection with replacement of the defect with
an endoprosthesis). During the surgical treat-
ment, the author proposed to recede from the
visually altered bone by 1-1.5 cm [5]. However,
the indicated treatment approach is not always
effective since the simultaneous replacement of
the defect with an endoprosthesis in the pres-
ence of active inflammation often leads to
purulent-septic complications in the postopera-
tive period. E.V. Urakova and O.V. Nesterov [6]
also performed a radical surgical treatment.
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Concurrently, a lethal outcome due to sepsis and
multiple organ failure was recorded in 18.5% of
all patients who are hospitalized and treated with
this pathology. Thus, radical surgery may not al-
ways be the method of choice for osteonecrosis.
In addition, further study and substantiate alter-
native is required, with more sparing methods of
surgical treatment of this pathology.

The study aimed to analyze the aspects of se-
questration and describe the technique of seques-
trectomy in these groups of patients and evaluate
the results of the performed surgical interven-
tions.

Materials and methods

A retrospective study was performed on
45 patients (29 males and 16 females) aged
20-47 years with jaw osteonecrosis, who were
registered in the dental clinic of the Perm State
Medical University from 2012 to 2019. All

Fig. 1. Osteonecrosis of the mandible on the left side.
The appearance of the demarcation line

Puc. 1. OcTeoHekpos HIDKHEN democTu cieBa. Ilossie-
HIe IeMapKallIOHHO IMHUK

Fig. 2. The appearance of the line of ossification of the
periosteum in the lesion area along the lower edge of the
mandible, creating a “frame” of the newly formed bone

Puc. 2. Bo3HUKHOBeHE KOHTYpa 0cCcUKALUY ITIEPHOCTa
B 30HE IOPaXXEHMA II0 HVDKHEMY Kpalo HVDKHEN YesTio-
CTH, CO37Ial0Iee «KapKac» U3 HOBOOOPa30BaHHOI KOCTI

patients had a history of desomorphine intake
for 1 year before the disease onset. During the
hospitalization, several clinical (survey, examina-
tion, palpation, and consultations of allied health
professions) and instrumental studies (orthop-
antomography [OPTG], cone-beam computed
tomography [CBCT]), laboratory tests (general
clinical blood and urine tests, blood biochemi-
cal parameters, coagulogram, enzyme-linked
immunosorbent assay of the blood for viral
hepatitis B and C and human immunodeficiency
virus (HIV), electrocardiogram, rapid plasma
reagin to syphilis, and bacteriological examina-
tion of areas of osteonecrosis and discharge of
fistulous tracts). These studies gave an idea of
the nature of the course of osteonecrosis and the
presence of sequestration. The somatic status of
patients revealed the presence or absence of con-
traindications to surgical treatment. All patients
underwent an assessment of the oral cavity state.
The hygienic state of the oral cavity was assessed
as unsatisfactory in all patients, as in the area of
the necks of the preserved teeth, a large amount
of soft and hard dental tartar, a lot of pigmented
tooth roots, and generalized gingivitis were ob-
served. The patients examined had not previous-
ly applied to the dentist for oral cavity sanitation
and prosthetics, and therefore the assessment of
the occlusion was not possible. The presence of
sequestration in the participants was determined
by clinical and radiological signs. Only 5 patients
showed clinical signs of the complete formation
of sequestrates (movable fragments of exposed
necrotic bone). In the remaining 40 participants,
the presence of sequestration was determined by
the X-ray image. To determine the indications
for sequestrectomy, the patients were distributed
into two groups. Group 1 (18 patients, including
13 males and 5 females), was characterized by
the absence of signs of sequestration. These pa-
tients, according to the OPTG and CBCT of the
jaws, had no demarcation line between the af-
fected and healthy bone. In this regard, it was
rather problematic to estimate the volume of ne-
crotic bone tissue. In this group of participants,
sequestrectomy was not indicated, and courses
of anti-inflammatory therapy were performed
(broad-spectrum antibacterial drugs with an os-
teotropic effect [doxycycline, clindamycin, and
lincomycin] for 3-4 weeks, as well as NSAIDs
of the latest generations [Nimesil, Xefocam,
and Dexalgin] for up to 10 days). In the devel-
opment of purulent-inflammatory processes of
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the perignathic soft tissues in these patients, the
treatment of complications of osteonecrosis was
performed. Subsequently, these patients were
monitored on an outpatient basis until the se-
questration was complete.

Group 2 (27 patients, including 16 males and
11 females) was characterized by the presence of
the signs of sequestration, as a clear demarcation
line was found according to OPTG and CBCT of
the jaws (Fig. 1).

In addition, the sizes of sequesters varied from
an isolated area of the alveolar process within
2-3 teeth to damage in half of the jaw and more.
A characteristic was identified in 10 patients with
a full-width mandibular lesion. A pronounced
thickening and ossification of the surrounding
periosteum were found in the form of stratifica-
tion with the formation of a “bone sheath” sur-
rounding the formed sequestrum, with a width
of 5 mm to 1.2 cm (Fig. 2).

All patients from this group underwent se-
questrectomy, which had characteristics that
are contrary to the technique used in the treat-
ment of odontogenic osteomyelitis. Indications
for local anesthesia have been expanded due to
the severe comorbidities in most patients that
increase the risk of anesthetic support (chronic
viral hepatitis, HIV infection in the acquired
immunodeficiency syndrome stage, and chron-
ic inflammatory lung diseases). Additional oral
cavity incisions, cutting out the mucoperiosteal
flaps, suturing the postoperative defects, and
other manipulations that lead to oral mucosa
trauma were minimized to prevent the further
spread of the necrotic process. The surgical in-
tervention involved the isolation and removal
of the sequestrum, as well as the curettage of
the surrounding granulation tissue. However,
unlike the typical sequestrectomy technique,
the mechanical treatment of the sequestral cav-
ity walls due to bleeding and intact bone was
not performed since this stage could cause
a relapse and further spread of the necrotic
process. The postoperative defect was plugged
with iodoform turunda until healing signs of
the defect by secondary intention occurred
(Fig. 3).

Thus, this technique of sequestrectomy is
called sparing. The advantage of this technique
includes the reduction of the risk of osteone-
crosis recurrence. Further, the short-term and
long-term results of surgical treatment were
analyzed.

Fig. 3. A sparing sequestrectomy. The postoperative defect
is plugged with iodoformturunda

Puc.3. [lapsamas cexkBecTpakTOMMA. TaMIOHMpOBa-
HIIE TIOC/IeONePaIOHHOTO AiedeKTa itofodopMHOI Ty-
pyHzIOM

Results and discussion

The surgery was performed in 19 patients
(including 11 males and 8 females) with lower
jaw osteonecrosis. They underwent a sparing se-
questrectomy using the method described above.
The width of the mandibular defect after seques-
trectomy varied from one segment to extensive
lesions including the body, angle, and ramus of
the mandible. The early postoperative period
was characterized by satisfactory healing, with-
out purulent exudation, and wound healing with
the formation of pink granulations in the defect
area (Fig. 4).

Postoperatively, patients almost did not
complain of soreness and impaired well-being.
Subsequently, after 7-14 days (on average
10 £ 1 days), marginal epithelialization of the
defect was noted, and patients were discharged
with improvement for outpatient treatment.
No functional impairments (restriction of mouth

Fig. 4. An early postoperative period. The granulation of
defect walls

Puc. 4. Pannmit mocneonepanyioHHbll nepuoy. Ipanynm-
pOBaHue CTEHOK fedeKra
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Fig. 5. A newly formed bone along the lower edge of the
mandible prevented the displacement of fragments after
sequestrectomy

Puc. 5. HoBoo6pasoBaHHasi KOCTb IO HIDKHEMY Kpalo
HIDKHelT 4e/II0CTH Tpefynpennna cMelleHre ¢parmeH-
TOB IIOC/IE TIPOBENEHNA CEKBECTPIKTOMUM

Fig. 6. The epithelization of the walls of the postoperative
defect

Puc. 6. OnuTenu3saiusa CTEHOK IIOCTeOIepal[MIOHHOTO Jie-
dexTa

Fig. 7. The sequestration in the maxilla with involvement
of the zygomatic bone

Puc. 7. CexBecTp B 06/macTyt BepXHeil YeIIOCTU C BOBJIE-
YeHJeM yJ4acTKa Tejla CKY/IOBOil KOCTH

opening, impaired swallowing, speech, and food
intake) in 10 patients, including a lesion zone for
the entire thickness of the lower jaw, were re-
vealed since a dense “sheath” of the ossified peri-
osteum that surrounds the affected part of the
lower jaw was formed in this group of patients
during the sequestration period, which caused
the formation of a strong frame and the lack of
mobility of the affected jaw fragments after sur-
gery (Fig. 5).

This prevented the dislocation asphyxia and
lower jaw deformation, as well as the emergence
of functional disorders in the maxillofacial region.
The shape of the jaw was preserved, and therefore
the replacement of the postoperative defect with
implant materials was not indicated. This avoided
the additional stages of the surgery and accelerated
the defect epithelialization. In addition, the occur-
rence of pathological fractures was not registered
in the postoperative period. Complete epitheliali-
zation of the defect walls occurred on days 12-39
from the surgery (on average of 21 + 1 days) and
depended on the size of the removed sequestrum
(Fig. 6)

Moreover, late complications and recurrence
of osteonecrosis in the operated area of the jaw
did not occur. Concurrently, the necrotic process
in these areas continued in cases with simultane-
ous osteonecrosis in several areas with incomplete
sequestration.

The state of postoperative defects was as-
sessed at 3 and 6 months postoperative. Com-
plete epithelialization and scarring of the
defect were registered in 12 (63%) patients with-
in 6 months. Given the absence of the alveolar
part and the body of the lower jaw, patients were
referred for complex dentoalveolar prosthetics to
an orthopedic dentist and subsequent rehabilita-
tion. Patients were given recommendations on
the regime of work and rest, as well as rational
nutrition, and were referred to the dispensary
registration with a narcologist and periodic ex-
aminations by a dental surgeon once in 6 months
with control X-rays of the jaws over time once
annually. Assessment of the healing quality was
impossible in the remaining 7 participants since
they did not visit for a control examination.

An upper jaw lesion with the formation of
a demarcation line was observed in 8 participants
(5 males and 3 females). Due to the anatomical
features, upper jaw sequestration occurred earlier
than in the lower jaw (on average, 13 + 1 weeks).
The timing depended on the extent of the lesion
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in the maxilla. The formation of the demarcation
line increased up to 3 years in the case of total
upper jaw damage that involve the adjacent areas
of the zygomatic bone (Fig. 7).

The sequestration time was reduced to 6 weeks
with a limited lesion of a part of the alveolar pro-
cess within 2 or 3 teeth. A characteristic aspect
of maxilla osteonecrosis was the involvement of
the maxillary sinus in the purulent-inflammatory
process. The development of maxillary sinusitis
was noted in 5 out of 8 participants. Thus, se-
questrectomy in this group of patients was com-
bined with sinusotomy. It should be noted that in
2 patients with extensive damage to the upper jaw,
a long sequestration process was combined with
the formation of a bone “lintel” between the intact
areas of the bone, the maxillary sinus, the nasal
cavity walls, and the affected area of the maxilla
(Fig. 8).

In these cases, with the removal of seques-
ters, antrostomy or nasostomy was not formed.
Therefore, these patients did not require extensive
radical surgical interventions.

In the remaining 6 patients with a smaller up-
per jaw lesion volume, this bone “lintel” was not
formed according to the CBCT. Participants un-
derwent surgery in two stages. Stage 1 consisted
of sequestrectomy with revision of the maxillary
sinus without closing the antrostomy. Stage 2 was
conducted 1 month later if disease recurrence and
signs of marginal epithelialization did not occur.
It included the closure of the antrostomy with lo-
cal tissues, followed by postoperative wound heal-
ing under a protective plate. In the period between
stages 1 and 2 of the surgical treatment, patients
were discharged for sanitation of the maxillary
sinus on an outpatient basis. The healing of post-
operative defects was also satisfactory. No relapses
of the disease were registered in any participants,
and no repeated formation of the antrostome was
noted. Control examinations were performed
3 and 6 months after the surgical treatment.
Further, after complete scarring of the defect, par-
ticipants were referred to an orthopedic dentist
for a complex dentoalveolar prosthesis to replace
the jaw defect, as well as subsequent rehabilita-
tion.

Thus, the above results indicate the possibility
of a successful sequestrectomy in this category of
patients, which is subject to the final sequestra-
tion. The lack of positive results during seques-
trectomy in other researchers [2] that necessitate
radical surgical interventions in the form of jaw

Fig. 8. The formation of bone “lintels” with extensive
damage of the maxilla

Puc.8. @opmmpoBaHMe KOCTHBIX «II€pEMbBIYEK» IIPU
OOLIVPHOM MOPAXKEHNY BEPXHEI IeTI0CTH

resections with replacement of the defect with
a graft or implant materials has inevitably led
to disability and impaired functionality of the
dentition, due to the insufficient attention to the
timing of sequestration in jaw osteonecrosis. The
sequestration time in patients with jaw osteo-
necrosis is much longer than those with odon-
togenic osteomyelitis due to a decreased body
reactivity associated with a narcotic drug intake
and concomitant immunodeficiency diseases, as
well as a wider volume of bone lesions. In addi-
tion, with damage to the lower jaw, the seques-
tration time is lengthened even more due to its
anatomical aspects.

Conclusion

This study demonstrated that sequestrectomy
for jaw osteonecrosis is somewhat different from
the generally accepted technology. Moreover, this
surgical intervention is only possible under the
condition of sequestration having its characteris-
tics. The timing of the formation of sequesters in
osteonecrosis is much longer than in odontogenic
osteomyelitis. Further, a pronounced ossification
of the periosteum surrounding the pathological
focus is noted in most cases, which contributes
to the preservation of the jaw as an organ, even
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with an extensive necrotic process. The forma-
tion of bone “lintels” between the sequestrum and
the maxillary sinus is registered in some cases.
The positive results obtained after sparing seques-
trectomy enabled the recommendation of this
technique as the standard treatment for this group
of patients and made it the method of choice for
surgical treatment of osteonecrosis in most cases.
The method of sparing sequestrectomy avoided
the occurrence of functional disorders in the max-
illofacial region, fully preserved the functions of
swallowing and speech, and prevented the post-
operative complications associated with the use
of grafts and implant materials. This significantly
reduced the period of postoperative healing, de-
creased the frequency of disease recurrence, and
improved its prognosis.

The authors declare no conflict of interest.
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