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Abstract

Ankylosing spondylitis is a chronic inflammatory disease of the axial skeleton that, in
some patients, leads to the development of rigid kyphotic spinal deformity, significant
functional limitations, and the need for surgical correction.

Objective. To evaluate the clinical and radiographic outcomes of surgical correction of
kyphotic spinal deformity in patients with ankylosing spondylitis.

Methods. A retrospective, single-center case series study was conducted. The analysis
included 13 patients with ankylosing spondylitis and kyphotic spinal deformity who
underwent surgery between 2017 and 2025. The median age was 41 [36; 49] years; 10
were men (76.9%) and 3 were women (23.1%). All patients underwent posterior surgical
correction involving spinal osteotomies, transpedicular fixation, and posterior
spondylodesis. The angle of kyphotic deformity, BASDAI and BASFI indices, pain
intensity on a visual analog scale, and the frequency of complications were assessed. The
follow-up period was 12 months.

Results. After 12 months, the median angle of kyphotic deformity decreased from 78.0
[71.1; 86.7]° to 38.0 [33.2; 43.7]°; the median relative correction was 49.6 [46.7; 58.0]%, and
the mean percentage of correction was 53.0+13.9%. The median BASDAI score decreased
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from 4.5 [4.0; 5.3] to 1.4 [1.2; 1.5] points, BASFI from 5.1 [4.4; 5.8] to 1.3 [1.2; 1.5] points,
and VAS from 6 [5; 7] to 3 [2; 3] points. For all of these indicators, the differences between
the preoperative and postoperative periods were statistically significant (p<0.001).
Mechanical complications were recorded in 2 of 13 patients (15.4%); in both cases, repeat
surgical intervention was required.

Conclusion. In this series of cases, surgical correction of kyphotic spinal deformity in
patients with ankylosing spondylitis was accompanied by a marked reduction in the
angle of deformity and improvement in clinical and functional parameters 12 months
after surgery. However, the risk of mechanical complications necessitates an
individualized approach to determining the extent of correction and the fixation strategy.

Keywords: ankylosing spondylitis, kyphotic spinal deformity, spinal osteotomy,

transpedicular fixation, BASDAI, BASFIL.

1. Introduction

Ankylosing spondylitis is a chronic inflammatory
disease that primarily affects the axial skeleton and
leads to progressive restriction of spinal mobility. As
the disease progresses, some patients develop
pronounced fixed deformities accompanied by a
disruption of the sagittal profile, chronic pain, reduced
functional activity, and a decline in quality of life [1].

In cases of rigid kyphotic deformity, conservative
treatment is unable to correct the established structural
changes. In these cases, surgical correction becomes the
primary treatment method, aimed at reducing the
deformity, improving the trunk’s spatial alignment,
and enhancing the patient’s daily activity. However,
such procedures remain technically complex and are
associated with the risk of mechanical and neurological

2. Materials and methods

A retrospective, single-center case series study was
conducted. The analysis included 13 patients with
ankylosing spondylitis and severe kyphotic spinal
deformity who underwent surgical treatment between
2017 and 2025. The study included patients for whom
complete clinical and radiographic data were available
prior to surgery and 12 months after the procedure.

Among the included patients were 10 men and 3
women. The median age at the time of surgery was 41
[36; 49] years, and the median duration of the disease
was 9 [7; 11] years. The preoperative median angle of
kyphotic deformity was 78.0° [71.1°; 86.7°].

In all cases, a posterior surgical approach was
used, involving corrective spinal osteotomies,
transpedicular fixation, and posterior spondylodesis.
The surgical strategy was determined individually
based on the severity and rigidity of the deformity.
Ponte osteotomies, pedicular subtraction osteotomies,
and Smith-Petersen osteotomies were performed both
as isolated procedures and in combination. Isolated
procedures were performed in 7 of 13 patients, and
combined osteotomy techniques in 6 of 13.

complications, especially when multilevel correction
and extensive fixation are required [2,3].

Despite extensive experience with various types of
spinal osteotomies, the outcomes of surgical treatment
for patients with ankylosing spondylitis continue to
depend on the initial severity of the deformity, the
extent of the procedure, and the specifics of the fixation
technique. In this regard, an analysis of our own clinical
and radiographic outcomes is of practical interest [1,4-
6].

The aim of the study is to evaluate the clinical and
radiographic outcomes of surgical correction of
kyphotic spinal deformity in patients with ankylosing
spondylitis.

The primary outcomes assessed were radiographic
and clinical parameters. Radiographic parameters
included the angle of kyphotic deformity before
surgery and 12 months after surgery, as well as the
percentage of deformity correction. Clinical indicators
included the Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI), the Bath Ankylosing
Spondylitis Functional Index (BASFI), and pain
intensity on a visual analog scale (VAS, 0-10 points).
The presence of complications and the need for repeat
surgeries were also analyzed.

Statistical analysis was performed based on data
from individual observations. Due to the small sample
size, quantitative indicators are presented primarily as
the median and interquartile range [Q1l; Q3]. To
describe certain parameters, mean values and standard
deviations are additionally provided.

The Wilcoxon signed-rank test was used to
compare preoperative and postoperative indicators.
Categorical data are presented as absolute values and
percentages. Differences were considered statistically
significant at p<0.05.
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3. Results

The study included 13 patients with ankylosing
spondylitis and fixed kyphotic spinal deformity. Men
accounted for 76.9% of the sample. The median age was
41 [36; 49] years, and the median duration of the disease
was 9 [7; 11] years. The preoperative severity of the
deformity was significant: the median kyphosis angle
reached 78.0 [71.1; 86.7]°, with a range from 49.0° to
105.0° (Table 1).

Surgical correction was performed using various
osteotomy techniques (Table 2). The most frequently
used procedures involved the Ponte osteotomy —either
as a standalone procedure or in combination with other
methods. Isolated Ponte osteotomy was performed in 5
patients, isolated pedicle subtraction osteotomy in 1
patient, and Smith-Petersen osteotomy in 1 patient.
Combined osteotomy techniques were used in 6
patients.

Table 1 - Baseline demographic and clinical characteristics of 13 patients with AS

ID Gender Age Duration of = Preoperative =~ Preoperative  Preoperative =~ VAS (0-10)
(years) AS (years) kyphosis (°)) BASDAI BASFI
1 M 33 7 105 3,0 4,4 5
2 M 60 15 87,5 6,5 5,0 7
3 F 41 10 74 4,0 4,3 6
4 M 50 13 71,1 5,0 6,5 5
5 M 35 7 78 3,0 51 7
6 M 49 9 68,3 4,0 3,5 4
7 M 48 7 82 53 4,0 6
8 M 44 8 64,6 6,3 51 5
9 M 36 8 86,7 58 4,8 7
10 M 37 9 79,3 4,5 58 5
11 F 32 7 734 4,0 6,0 4
12 M 40 11 89,9 3,0 5,2 6
13 F 59 14 49 5,0 6,7 7
Median 41 (35-49) 9 78,0 (71,1-86,7)  5,0(4,0-58) 51 (4,4-5,8) 6 (5-7)
(IQR)
Twelve  months after surgery, marked reduction in angle was 40.7+11.4°, and the median

radiographic improvement was observed. The median
angle of kyphotic deformity decreased from 78.0° [71.1°;
86.7°] to 38.0° [33.2°; 43.7°] (p<0.001). The mean absolute

relative correction was 49.6% [46.7%; 58.0%]. The mean
percentage of correction was 53.0+13.9%.

Table 2 - Surgical procedures, postoperative outcomes, and complications

53 g EEEC] g€ | B2 BES| Bx | BB £5 E
a5 s 2 7 | ¢ 2 S| Ze| 22| ZE g &
O =~ o a ~ a = V)
1 | PSO+SPO | Th7, Th10 46 56,2 2,0 1,3 2 12 Screw Yes
L1-L.2 loosening (removal))
2 Ponte Th11-Th12 45,2 48,3 1,5 1,5 3 12 No No
3 Ponte + Th9-14, 43 41,9 1,2 1,2 3 12 No No
PSO Th7-Th8
4 PSO Th8 35,8 49,6 1,3 1,7 3 12 No No
5 Ponte + Th9-L4, 39,4 49,5 1,0 1,3 3 12 No No
PSO Th9
6 Ponte Th12-L5 33,2 514 1,5 0,8 2 12 No No
7 | PSO +SPO Th9, L2, 43,7 46,7 1,4 1,1 4 12 No No
Th6-Th7
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Table 2 (Continuation) - Surgical procedures, postoperative outcomes, and complications

> B . ot B — B B [V B
= &3 % g as g2 g£-2 g« = 28 g5 g
S5 2 7 & : 5 zg 3¢ TE & 5
~ o ~ ~ ~
8 Ponte Th4-Thl1 38 41,2 1,7 1,4 3 12 No No
9 PSO + Th8-Th9, 61,7 28,8 1,6 0,9 4 12 No No
Ponte Th11-L5
10 PSO+ Th8, Th3-L3 18,4 76,8 0,8 21 2 12 No No
Ponte
11 Ponte Th7-L3 30,8 58,0 1,3 15 2 12 No No
12 Ponte Th12-L1, 35,1 60,9 09 1,3 4 12 No No
L2-14
13 Smit L5-S1 10 79,6 1,4 1,9 3 12 Screw Yes
Petersen  (decompres fracture (remov
Petersen sion al)
pression))
Median 38,0 53,8 1,3 1,3 3 12 2/13 2/13
(IQR) (33,243,7) (451-62,3) (1,2-1,5) (1,1-17) (2-4) (15,4%) (15,4%)

Positive changes in clinical and functional
parameters were also observed following surgical
treatment. The median BASDAI decreased from 4.5 [4.0;
5.3] to 1.4 [1.2; 1.5] points (p<0.001), and the median
BASFI score from 5.1 [4.4; 5.8] to 1.3 [1.2; 1.5] points
(p<0.001). Pain intensity on the VAS decreased from 6
[5; 7] to 3 [2; 3] points (p<0.001). Thus, following
surgery, not only was a reduction in deformity
observed, but also an improvement in functional status
and a reduction in pain.

Complications were reported in 2 of 13 patients,
representing 15.4%. In both cases, the complications
were mechanical in nature. In one patient, loosening of
the fixation components was detected, requiring
revision surgery with cement augmentation. In the
other patient, a screw fracture occurred, necessitating a
repeat surgical procedure with removal of the metal
implant. No other complications were reported during
the 12-month follow-up period in this series.

Figure 1 - Anteroposterior and lateral radiographs showing marked kyphotic deformity of the thoracic spine in a patient with
ankylosing spondyloarthritis
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Trauma & Ortho Kaz, 2026, 77 (5)

Figure 2 - Complications in the early postoperative period in a patient with ankylosing spondyloarthritis
(1 day after surgery)

A radiographic examination of the thoracic spine
in the anteroposterior and lateral views revealed
marked kyphotic deformity (Figure 1). According to the
lateral X-ray, the degree of thoracic kyphosis, measured

4. Discussion

The data obtained indicate that surgical correction
of kyphotic spinal deformity in patients with
ankylosing spondylitis in this case series was associated
with a marked reduction in the angle of deformity and
an improvement in clinical and functional parameters
12 months after surgery. After the procedure, the
median kyphosis angle decreased by approximately
half, and the BASDAI, BASFI, and VAS scores
demonstrated statistically significant positive trends.

using the Cobb method between the endplates of
vertebrae Th4-Th12, was 89.9°, which corresponds to
severe hyperkyphosis (Figure 2).

From a clinical standpoint, the combined
improvement in radiographic and functional outcomes
appears to be the most important. A decrease in BASFI
reflects a reduction in limitations in daily activities,
whereas a decrease in VAS indicates a reduction in pain
following the restoration of a more physiological trunk
position. A decrease in BASDAI also indicates a
favorable trend in patients’ condition; however, this
indicator should be interpreted with caution, as it

https://doi.org/10.52889/1684-9280-2026-77-5-jt0073
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reflects not only the mechanical consequences of the
deformity but also the overall disease activity.

It should be emphasized that the surgical approach
in this series was not standardized. Both isolated and
combined osteotomy techniques were used, reflecting
an individualized approach to treating patients with
varying degrees of severity and extent of deformity. For
this reason, the presented results should be viewed as
an overall assessment of the effectiveness of surgical
correction as a whole, rather than as a comparative
analysis of individual techniques.

The complication profile deserves special
attention. Mechanical complications occurred in 15.4%
of patients and, in both cases, required repeat surgical
intervention. This indicates that even when significant
correction of the deformity is achieved, the stability of
fixation remains a critically important factor in
postoperative success. It is likely that the risk of such
complications increases in patients with poor bone
quality, with extensive fixation, and with high loads on
the distal supporting elements of the construct.

Overall, the results of this study suggest that
surgical correction is an effective treatment for severe
kyphotic spinal deformity in patients with ankylosing
spondylitis. However, the data presented do not
support overly broad generalizations and underscore
the need for cautious interpretation of the observed
outcomes.

5. Conclusions

In this retrospective case series, surgical correction
of kyphotic spinal deformity in patients with
ankylosing spondylitis resulted in a significant
reduction in the angle of deformity and was
accompanied by an improvement in clinical and
functional outcomes 12 months after surgery.
Mechanical complications were reported in 15.4% of
patients and, in some cases, required reoperation. The
results confirm the promise of surgical correction in this
patient population but underscore the need for
individualized planning of the extent of osteotomy and
fixation strategy.
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Tyiingeme

AHKmao3zaymbsl crioHANA0apTpuT (AC) — OChTIK KaHKaHBIH CO3blLAMAaAbl KaOBIHY aypybl, 041 OMBIPTKada
aHKMA03apABIH KaABIIITaCybIHA JKOHE alfKbIH KUPOTUKAABIK AepopMalinsilapAblE JaMyblHa oKeAeai. broaornsasix
TepalMsIHBIH >KeTicTikTepiHe KapaMacral, Kelbip HaykacrapZa ayblp (PYHKIMOHAAABIK IIIEKTeyAepMeH KaTap
SKYPEeTiH >KoHe XMPYPIUAABIK TY3eTyAl Taaall eTeTiH OexiTiareH gedpopmanmsaap JaMyUABL

3epTTeyaiH MaxcaTbl. AMKBIH KMQOTUKAABIK OMEBIPTKa JAepOpManusACBIMEH acKbIHFaH aHKIAO03AayIIIbI
CIIOHAMAOAPTpUTI Oap HayKacTapAbl XUPYPTUAABIK eMAEYAiH KAMHMKAABIK-PEHTIeHOAOIVIIABIK HOTVKeAepiH
Oaraaay.

Oaicrepi. 3eprreyre 2017-2025 xprazapst em aaran AC 6ap 13 Haykac (10 ep agam >xoHe 3 ditea), opTaliia Kachl
44,1414 w124, eHrisiaai. OMBIPTKaHBIH TY3€TYIIi OCTeOTOMUAAAPHI (TIeAMKYASPABIK CyOTpakumsaabiK, ITlonre, CMut-
ITerepcen oaictepi OGoJfBIHINA) TpaHCHEAUKYASIPABIK (PUKCAIVAMEH >KoHe apTKBl CIIOHAMAOAe30€H OpPBIHAAAABL.
Tuimaiaik BASDAI sxene BASFI mxazaaapsl, kudoTnkaaslk gepopManyis OYpHIIIBIHBIH ITaMachl JKoHe acKbIHyAap
>Kuiairi OonbIHINIa OaraaaHAbL.

Hoarmxeaepi. Otagan keitiH PyHKIIMOHAAABIK KOPCETKIINTEPAIH CTaTUCTUKAABIK TYPEBIAaH MOHAL >KaKcapysl
Oarikaaas:: BASDAI 5,1-gen 1,3 Gaaara aeviin, BASFI 5,4-ten 1,76 Gaaara aeiiin temengeai. Kmudormkaasik
AepopMalVIHBI TY3eTyAiH opTaa manbi3sl 53,8% Kypaabl, OYpHINTHH abcoAIOTTi opTaria a3aiosl — 36,4°. Herizinen
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CyJeK TiHiHIH OCTeOIIOpO3ABIK e3repicTepi aschlHAa (PUKCAIV DAeMeHTTepiHiH TYpaKChI3ABIFBIMEH OaliAaHBICTHI
MeXaHMKaAbIK acKbIHyAap TipKeaAAi.

Kopsiteinasl. TpaHcieguKyAsipablK — QUKcalVsIMEH YIiAeCKeH TY3eTyIli OCTeOTOMMUsAAAap CaruTTaAAbl
TeHTepiMAi KaaAIlblHa KeATipyaiH >xeHe AC 0ap HayKacTapAblH KAMHUKAABIK-(QPYHKUIVOHAAABIK >KaraiibIH
JKaKCcapTy4blH THiMAi ogici Goapmr Tabbraaasl. CylieK MUHepaAAblK THIFBI3ALIFBIH OTara JeliiH Oarasay >KoHe
XVPYPIUSABIK TAaKTVKaHBI JapalaHAbIpy ollepauuaAaH KelliHTi acKbIHy Aap KayIliH TOMeHAETYAiH Herisri pakTopaapst
00AbIIT TaOBLAAABI.

TyitiHal cesaep: aHKNAO03JayLIbl CIIOHAMAOAPTPUT, XUPYPIMUAABIK eMAey, OCTeOTOMUs, (PYHKIIMOHAAABIK,
HaTIKeAep.
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AedopMar Ipy aHKMAOMPYIOMVIM CIIOHANAOapTpuTe: PeTpocnieKTMBHAsI cepyst
KAVHNYeCKNX cAy4daeB
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Pesiome

Anxnaosupyiomuii crioHAnA0apTput (AC) — XpoHHUYecKoe BOCIIaauTeAbHOe 3a00.4eBaHIe 0CeBOTO CKeleTa,
IpuBOAsAIIee K POPMIUPOBAHNIO aHKIA030B I BEIPa’KeHHBIX KM(oTnIecKnx JepopMarnuii mossoHouHnka. Hecmotp:a
Ha ycrexy OMOAOTMYEecKOM Tepanmy, y 4YacTu ITallMeHTOB pa3BMBaIOTCA (PUKCHpOBaHHBIE JAedopMalinmy,
COIIPOBOKAAIOITNECS TsKeABIMU (PYHKIIMOHAABHBIMY OIPaHUYEHVSIMI U TPeOYIOIINe XUPYPIMIECKO KOPPEKIIUIL.

ITear mccaeaoBaHM:: OLIEHUTh KAMHUKO-PEHTTEHOAOTHMYECKNe pe3yAbTaThl XUPYPIUIEcKOTO AedeHMNs
MalMeHTOB C aHKMAO3UPYIOIINM CIOHAMAOApPTPUTOM, OCAOKHEHHBIM BBIpa>keHHON KudoTudeckoi gegpopmariyern
ITO3BOHOYHMKA.

Mertoapr. B nccaegosanue skarodensl 13 nanyentos ¢ AC (10 My>kunH 1 3 >KeHIIIMHBI), CpeHNI Bo3pacT 44,1+14
AeT, TmpoxoAuBIINX AedeHme B 2017-2025 rr. BrImoaAHAAMCH KOPPUIMPYIOIIME OCTEOTOMUM ITO3BOHOUHMKA
(meauKyAspHBIe cyOTpakinoHHEIe, 110 ITonTe, mo CMut-IletepcoHy) ¢ TpaHCIIeAUKyAsipHOU $UKcanuel U 3a HUM
CIIOHAMA04€e30M. D(PPEeKTUBHOCTh OlleHmBasach 1o mxkaldaMm BASDAI n BASFI, Beamdune yraa kudOoTUUECKOI
AedopManyy 1 9acToTe OCAOKHEHUI.

PesyapraTel. llocaeorepanyioHHO OTMe4YeHO CTaTMCTMYECKM 3HA4MMOe yAydIleHMe (yHKIMOHAABHBIX
rokasareaeri: BASDAI cumsnacs ¢ 5,1 2o 1,3 6aaaa, BASFI — ¢ 5,4 40 1,76 6aaaa. Cpeaunii IpOIeHT KOppeKUMu
kudorugeckoii gepopmanyu cocrasnua 53,8%, abcoal0THOe cpegHee yMeHbIIIeHNe yraa — 36,4°. 3aperncTpupoBaHb!
MeXaHMJecKue OCAOKHEHM:, CBA3aHHBIe IIPeMMYIeCTBeHHO C HecTabMABHOCTBIO D1eMeHTOB (UKcaluy Ha (poHe
OCTeOITOPOTHYECKMX M3MEeHeHMIT KOCTHOM TKaHM.
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Brisoanr. Koppurupyiomime ocreoromMmn B CcOYeTaHMM C TpaHCIEAUKYASPHON QUKcaluyeil ABASIOTCI
9 PeKTUBHBIM MEeTO40M BOCCTAaHOBAEHMs CarUTTaAbHOIO OaJaHca M YAYYIIeHNMS KAMHUKO-QYHKIIMOHAABHOTO
cocrosHus nanueHTos ¢ AC. IlpejonepanionHas olleHKa MUHEPaAbHONM IAOTHOCTM KOCTU UM MHAMBUAYaAU3al Vs
XUPYPTUIECKON TaKTUKU SBAAIOTCS KAIOUEBBIMU (PaKTOpaMU CHIUKEHIA PUCKa I10CAe0IIepalyIOHHBIX OCA0KHEHNIL.
KaioueBble cao0Ba: aHKMAOSUPYIOIIUII CIIOHAUAOAPTPUT, XUPYpTUYecKOoe JAedeHHe, OCTeOTOMMUs,

(pyHKIIMOHaAbHbIE Pe3yAbTATEL
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