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Abstract.

Background. Angular kyphotic deformity of the cervical spine represents one of the most severe forms
of spinal pathology, often associated with progressive neurological deficits, severe pain, sagittal
imbalance, and reduced quality of life. While postlaminectomy syndrome and ankylosing spondylitis
are well-studied causes, cervical angular kyphosis secondary to deep surgical site infection (SSI)
remains poorly described in the literature.

Obijective. To present the clinical, radiological, and surgical outcomes of a simultaneous three-column
revision reconstruction of the cervical spine in a patient with early deep SSI complicated by severe
angularly photic deformity.

Methods. A 57-year-old male developed early deep SSI following staged anterior cervical discectomy
and fusion, complicated by spondylitis, epidural abscess, and progressive angular cervical kyphosis. A
three-stage single-session surgical strategy was applied, including anterior corpectomy, posterior
decompression with instrumented fixation, and anterior column reconstruction with a titanium mesh
cage.

Results. At 10-month follow-up, significant pain relief, neurological improvement, and restoration of
sagittal alignment were achieved. The angular kyphosis was corrected by 46°, ODI and NDI scores
improved to mild disability, and no signs of recurrent infection were observed.
Conclusion. Early deep SSI of the cervical spine may lead to rapidly progressive angular kyphotic
deformity requiring complex revision surgery. Simultaneous three-column reconstruction represents
an effective and safe strategy for infection control, neurological recovery, and restoration of sagittal
balance in selected patients.

Keywords: cervical kyphosis; surgical site infection; three-column reconstruction; revision spine
surgery; sagittal balance; cervical spine.
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AHHOTAIHA.
AxTyanbHOCTB. YTJ0Basi Kuporudeckas aedopMaius HIeHHOTro OTeNa IO3BOHOYHUKA OTHOCUTCS K
Haunboee THKENBIM popMaM BepTeOpaIbHOM MATOJIOTHH U COTIPOBOXKIACTCS BEIPAXKEHHBIM 00JIEBBHIM
CHHJIPOMOM, HEBPOJIOTHUECKUM J1e(UIUTOM, HapyIIEHUEM CaruTTaJbHOro OajlaHca U CHUYKEHHEM
KayecTBa )KM3HU. B TO Bpemst kak NOCTIIaMUHAKTOMHUYECKUI CUHAPOM U Oone3Hb bexTepeBa xopoio
U3y4YeHbl, JlaHHble 00 yrIoBoM Kupo3e HH(PEKUHOHHOTO TIeHe3a KpaiHe OrpaHU4eHBbI.
Lens. IlpencraButh pe3ysabTaTbl OJHOMOMEHTHOM PEBU3MOHHOW TPEXKOJOHHOM PEKOHCTPYKLUHU
IIEHOTO OT/AeNa IM03BOHOYHWKA Yy TMAalMeHTa C paHHed Tiay0okoil uHQEKIuerd obmacTu
XUPYPTrU4eCKOro  BMEMNIATEIhCTBA, OCIOXKHEHHOH  yrimoBod KudoTHUeckod jaedopmammei.
Marepuansl 1 Metonsl. OmmcaHo KIMHMYECKOE HAOMIoIeHHe S57-JIeTHero mMamueHTa C paHHel
ryookoit MOXB mocie  MHOTO3TAlHBIX — NEPETHUX  JCKOMIIPECCHBHO-CTAOMIM3UPYIOMIHX
BMEIIIATENIbCTB, OCJIOKHUBIINUXCS CIHOHAMIMTOM, 3MUIYPaIbHBIM a0CIECCOM M IPOrPECCUPYIOLINM
yrioBeIM  KH(o3oM. BeimonHeHa oOAZHOMOMEHTHas TpEXdTalHas XUPYpPruyeckas KOPPEKIUs.
PesynbraTel. Uepes 10 MmecsieB nocie onepanyy OTMEYEHO 3HAYMTEIbHOE YMEHbILIEHHE 00JIeBOTO
CHHJIpOMa, PErpecc HEBPOJOTHYECKUX HapyIIEHUI, BOCCTAHOBJIEHHE CArUTTAJbHOIO PO
HIEHHOro  OTJeNa  IO3BOHOYHMKA M OTCYTCTBUE  INPU3HAKOB  penuauBa  MH(EKUUH.
3axntoueHue. PanHsAs riyOokass MH@eKnus o00JacTh XUPYPrU4ecKOro BMEIIATENbCTBA MOXKET
NPUBOANTH K (DOPMHUPOBAHHIO TSHKEIBIX YIIIOBBIX KH(POTHUECKUX aedopMaruii menHoro otaesna
M03BOHOYHUKA. OTHOMOMEHTHAsI TPEXKOJIIOHHAS PEKOHCTPYKIHS SABIsETCS d(P(HEKTUBHBIM METOI0M
JiedeHsl, 00eCTIeYMBAIONIM CaHALIMIO OYara HHPEKIUH, KOPPEKLIHUIO 1ehopMaIii 1 BOCCTAHOBJICHUE
CTaOMJIBHOCTH MTO3BOHOYHHKA.
KiaroueBble cioBa: 1meiiHblii kudo3; HHOpeKuus o0JIaCTH XHUPYPrUYECKOro BMELIATENIbCTBA;
PEBU3UOHHAS XUPYPIHsl; TPEXKOJIOHHAS PEKOHCTPYKIIUS; CAarUTTaIbHbII OajlaHC; T03BOHOYHHUK.
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ERTA CHUQUR JARROHLIK SOHASINING INFEKSIYASI BILAN ASORATLANGAN
OG‘IR BURCHAKLI KIFOZTIK DEFORMATSIYADA BO‘YIN UMURTQA
POG‘ONASINING BIR BOSQICHLI UCH USTUNLI REVIZION REKONSTRUKSIYASI:
KLINIK HOLAT

Annotatsiya.

Dolzarbligi. Bo‘yin umurtga pog-onasining burchakli kifoztik deformatsiyasi og‘ir klinik kechish,
nevrologik buzilishlar, saggital muvozanatning izdan chigishi va hayot sifatining pasayishi bilan
kechadi. Infeksion kelib chiqishga ega bo‘lgan bunday deformatsiyalar adabiyotlarda kam yoritilgan.
Magsad. Erta chuqur jarrohlik sohasining infeksiyasi bilan asoratlangan bo‘yin umurtqa pog‘onasining
og‘ir burchakli kifoztik deformatsiyasida bir bosqichli uch ustunli revizion rekonstruksiya natijalarini
tagdim etish.

Material va usullar. 57 yoshli bemorda oldingi bo‘yin umurtqa operatsiyalaridan so‘ng rivojlangan
chuqur infeksiya, spondilit va epidural abstsess fonida progressiv kifoztik deformatsiya kuzatildi. Bir
bosgichda uch ustunli jarrohlik rekonstruksiyasi amalga oshirildi.
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Natijalar. Operatsiyadan 10 oy o‘tgach, og‘riq sindromining sezilarli kamayishi, nevrologik holatning
yaxshilanishi, saggital profilning tiklanishi va infeksiya qaytalanishining yo‘qligi qayd etildi.
Xulosa. Erta chuqur infeksiya bo‘yin umurtqa pog‘onasida og‘ir kifoztik deformatsiyaga olib kelishi
mumkin. Bir bosgichli uch ustunli rekonstruksiya deformatsiyani tuzatish, infeksiyani nazorat gilish
va umurtga bargarorligini tiklashda samarali usul hisoblanadi.

Kalit so‘zlar: bo‘yin kifozi; jarrohlik infeksiyasi; revizion jarrohlik; uch ustunli rekonstruksiya;
saggital balans.

Introduction. Angular kyphotic deformity is one of the most severe manifestations of cervical
spine pathology, leading to the development of vertebrogenic pain syndrome, myelo- and
radiculopathy, disruption of the global sagittal balance and a decrease in the quality of life of patients
[1, 2, 3]. The etiology of the development of angular kyphosis of the cervical spine is multipotent [4,
5, 6]. The structure of the leading factors includes postlaminectomy syndrome, rheumatological
diseases (ankylosing spondylitis, Bechterew's disease) and infectious processes (spondylitis, surgical
site infection (SS1)) [7, 8, 9]. The incidence of cervical kyphosis after multilevel laminectomy without
posterior instrumental fixation reaches 15-24% in adults and 37-100% in children [10, 11, 12, 13].
Instrumental fixation, laminoplasty, minimally invasive anterior (Joe operation) and dorsal
(foramenotomy) decompressive interventions reduce the risk of kyphosis development in the
postoperative period [14, 15, 16]. Ankylosing spondylitis, manifested by the formation of thoracic
hyperkyphosis and lumbar hypolordosis, leads to the formation of chin-on-chest deformity, changes in
the gaze angle and requires the performance of extraapical vertebrotomies type 3 according to SRS-
Schwab (2014) to correct the sagittal balance [17, 18, 19, 20]. Despite the existing body of data
reflecting the features of the clinical picture, diagnosis and surgical treatment of kyphotic deformity of
the cervical spine against the background of postlaminectomy syndrome and Bechterew's disease,
information on angular kyphosis against the background of infectious processes is sharply limited and
is represented by isolated publications [21, 22, 23]. The aim of the publication is to present the results
of simultaneous revision three-column reconstruction of the cervical spine in a patient with deep early
infection of the surgical site, complicated by the formation of angular kyphotic deformity. Clinical
Observation: A 57-year-old patient was admitted to the Spinal Surgery Department No. 6 of the St.
Petersburg Research Institute of Phthisiopulmonology of the Russian Ministry of Health in January
2022. Upon admission, he complained of chronic vertebrogenic pain in the cervical spine with an
intensity of up to 7 points on the visual analog scale (VAS) radiating down the dorsum of the left upper
limb, numbness in the fourth and fifth fingers of the left hand, and muscle weakness in the arms. His
medical history revealed that the patient had been experiencing vertebrogenic pain in the cervical spine
radiating to the left shoulder joint since September 2020. He underwent staged courses of conservative
pain medication (NSAIDs) and neurotropic therapy without a lasting therapeutic effect. ENMG results
of the upper extremities (March 2021) indicated the presence of a preganglionic lesion in the C6-C8
spinal roots. According to an MRI of the cervical spine from March 2021, Polysegmental degenerative-
dystrophic changes in the spinal motion segments C3—C7, as well as spinal stenosis with the formation
of a disc-radicular conflict, were detected. Based on the clinical presentation and radiographic
examination data, the patient underwent surgery at his place of residence in May 2021: anterior cervical
discectomy, spinal canal decompression, and interbody fusion at the C5-C6 and C6-C7 levels. The
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postoperative period was uneventful, with partial relief of radicular pain (intensity up to 5 points on
the VAS scale).

Six months after the initial surgery, the patient returned due to persistent clinical complaints. A
clinical and instrumental examination was performed, and a decision was made to perform a staged
surgery consisting of anterior cervical discectomy, spinal canal decompression, and C4-C5 fusion. The
early postoperative period was complicated by the development of a deep SSI, for which empirical
antibacterial therapy was administered (parenteral vancomycin 1 g twice daily for 3 weeks). Revision
surgeries (necrectomy, abscessotomy, or removal of interbody cages) were not performed. MRI data
of the cervical spine following deep SSI (16 days after anterior cervical discectomy and C4-C5 fusion)
indicate the presence of an epidural abscess and focal myelopathy at the C2-C3 level, a prevertebral
abscess at the C2-C6 level, and spondylitis at the C3-C5 level. Over time, with the use of antibacterial
therapy, stabilization of the patient's general condition and laboratory parameters was achieved.
However, the intensity of vertebrogenic and radicular pain syndrome increased to 8 points. At the time
of hospitalization at the St. Petersburg Research Institute of Physiotherapy, the patient complained of
pain in the cervical spine radiating to the upper extremities with an intensity of up to 7 points on the
VAS scale. The decrease in quality of life, assessed using the Oswestry Disability Index (ODI) and
Neck Disability Index (NDI) questionnaires, was 47% and 62%, respectively (severe). The
neurological status was Frankel type D (spinal cord damage in the C5-Th1 segments with sensory
disturbances). Radiographic examination revealed an angular kyphotic deformity of the cervical spine
measuring 48° according to Cobb, cSVA 12 mm, T1S 30°. The general somatic condition of the patient
was moderate. Given the presence of chronic vertebrogenic pain syndrome, neurological deficit, and
angular kyphotic deformity of the cervical spine, indications for surgical intervention were determined.
The first stage, using the right-sided anterior cervical approach according to RB Cloward [24], exposed
bone structures at the C3-C7 level. Visually, pronounced cicatricial adhesions were noted in the
retropharyngeal space, with intimate adhesion of the posterior esophageal wall to the scar tissue at the
C6-C7 level. To prevent esophageal perforation during the mobilization of the anterior column of the
spine, a nasogastric tube was inserted. Using a high-speed bone burr, Kerrison rongeurs, and
microsurgical dissectors, a corpectomy of the C4-C6 bodies was performed, decompressing the spinal
canal at the corresponding level.

Correction of kyphotic deformity after corpectomy was not performed due to the impossibility
of installing the Caspar screw distractor (the length of post-resection diastasis C3-C7 is 6 cm) and
because of bilateral synostosis of the C3-C4 facet joints. The anterior cervical approach was
provisionally sutured. The second stage included bilateral C3-C4 facetectomy type 1 according to SRS-
Schwab (2014), posterior transpedicular fixation of C2-C3, Th1-2 according to Medica free-hands and
posterior fusion at the C2-Th2 level with autograft fragments. The third stage included instrumental
distraction of the anterior spinal column and installation of a titanium block mesh filled with autobone
(harvested from the anterior iliac spine). The wounds were drained and sutured. The surgery lasted 10
hours, the volume of operative blood loss was 850 ml (13.5% of the circulating blood volume). The
postoperative period was uneventful, the wounds healed by primary intention. The drains were
removed on the 2nd day, verticalization in a cervical orthosis on the 3rd day after surgery. The intensity
of vertebrogenic pain syndrome after 10 months was 2 points according to the VAS, radicular pain
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syndrome in the upper extremities was relieved, ODI - 15%, NDI - 14%. The magnitude of correction
of kyphotic deformity of the cervical spine was 46° according to the Cobb scale. According to
bacteriological examination of the surgical material, no microbial growth was detected. The results of
the histological examination indicate the presence of degenerative changes in bone tissue with
unevenly expressed lymphoplasmacytic infiltration. The diagnosis was moderate chronic nonspecific
inflammation. Postoperatively, the patient underwent a 6-week course of oral antibiotic therapy:
amoxicillin + clavulanic acid.

Discussion. The incidence of SSI in vertebrology ranges from 2.1 to 16.3%, while in the overall
structure of SSI, the development of deep peri-implant infection as an independent nosological form
of infectious complication is recorded with a frequency of up to 20% [8, 25]. According to the temporal
classification of V. Prinz and P. Vajkoczy, it is customary to distinguish early (limited to 6 weeks from
the date of surgery), delayed (>6 weeks) and late (>12 months) SSI [26]. It is the timing of SSI
development that is one of the key criteria for choosing the tactics of further treatment. In conditions
of early SSI, it is possible to preserve metal structures, while in case of delayed and late SSI, either a
one-stage replacement of fixing elements in combination with antibacterial therapy for at least 6 weeks,
or a stepwise tactic with primary removal of implants, antibacterial therapy and subsequent
restabilization is necessary [27]. The Russian version of the modified classification of V. Prinz and P.
Vajkoczy is presented in Table 1. A systematic literature review published by a multicenter team of
authors indicates a number of significant trends in the area under consideration: 1) a shift in the
microbiological spectrum of SSI pathogens towards resistant forms (MRSA cultivation frequency -
35-71%, MRSE - 43%); 2) the possibility of preserving metal structures in case of superficial SSI
development both in the delayed and late postoperative periods; 3) the need for removal or one-stage
replacement of metal structures in the overwhelming majority of cases of deep SSI, regardless of the
time of development [27]. Considering the presented clinical case, it should be noted that the
development of deep SSI in the early postoperative period dictated the need for removal of interbody
implants with one-stage posterior instrumental fixation to ensure the stability of the cervical spine. In
turn, the optimal scope of bacteriological research to verify the causative agent of SSI includes sowing
of wound discharge for non-specific flora and sonication of the implant surface with an ultrasonic
destructor, followed by cultivation of the material on anaerobic low-pathogenic flora (medium - blood
agar). The duration of etiotropic antibacterial therapy is at least 6 weeks, 2 weeks of which - with
parenteral administration. It is also necessary to consider the tactics of primary surgical intervention,
in which the operating surgeons gave preference to the ACDF (anterior cervical discectomy and fusion)
technique. One of the algorithmic tools in choosing a surgical approach for degenerative pathology of
the cervical spine is the K-line parameter, originally proposed by T. Fujiyoshi et al. for patients with
ossification of the posterior longitudinal ligament [28]. In our opinion, one of the mandatory
components of preoperative radiological examination of patients with degenerative pathology of the
cervical spine, along with MRI, The most important diagnostic tools are functional sagittal radiography
and CT. For example, the CT results after the initial surgery indicated the presence of segmental
ossification of the longitudinal ligament in the patient. Moreover, functional sagittal radiographs at the
preoperative stage could have indicated a K-line (+) sagittal profile in the patient and shifted the
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surgical approach toward posterior decompressive intervention (laminoplasty or laminectomy with
instrumented fixation of C4-C7).
Table 1. Russian version of the SSI classification according to V. Prinz and P. Vajkoczy

Parameter

Early SSI (< 6 weeks)

Delayed and late SSIDelayed: > 6
weeksLate: > 12 months

Clinical picture

"Acute” local and systemic
manifestations: fistula formation,
local pain, hyperemia, fever

"Chronic" manifestations: peri-implant
bone resorption, instability of metal
structures, sluggish pain syndrome

Microbiological
spectrum of

Highly pathogenic
microorganisms: °

Low-pathogenic and resistant
microorganisms: ¢ Coagulase-negative

pathogens Staphylococcus aureus * staphylococci (MRSE, MRSA) * Anaerobic
Streptococcus spp. ¢ Gram- bacteria (Propionibacterium acnes)
negative bacteria (E. coli,
Klebsiella spp., Pseudomonas
aeruginosa)

Biofilms Immature Mature

Surgical tactics

Necrectomy (debridement),
preservation of metal structures

Removal or replacement of metal structures
(in the absence of spondylodesis);
sonication of removed implants followed
by bacteriological examination, including
the detection of low-pathogenic flora
(culture medium - blood agar)

Antibacterial
therapy

Parenteral administration - up to
2 weeks, then orally 4-10 weeks

Parenteral administration - up to 2 weeks,
then orally 4-10 weeks
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