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1. Introduction

Obesity is a multifactorial disease and represents a
significant public health burden [1]. The relationship
between obesity and chronic low back pain (cLBP) has
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Abstract

The aim of this study is to evaluate the impact of obesity on clinical outcomes and
sagittal alignment in patients with chronic low back pain, using the Roussouly
classification. A total of 105 patients with chronic low back pain were included in this
retrospective cross-sectional study based on medical record review. Patients were
divided into two groups: obese (n =53) and non-obese (n=52) based on their body mass
index. Demographic data, Oswestry Disability Index, Visual Analog Scale and sagittal
spinal profiles classified by the Roussouly system were analyzed. Statistical
comparisons were performed using Student’s t-test, Mann-Whitney U test, chi-square
test, or Fisher’s exact test as appropriate. A p-value <0.05 was considered statistically
significant. The mean age of the cohort was 42.0 + 12.7 years, with 57 females (54.3%)
and 48 males (45.7%). While age and gender distributions did not differ significantly
between the groups, Roussouly Type 3 was the most frequent sagittal profile overall.
Type 4 was observed more frequently in the obese group (30.2% vs. 17.3%), although
this difference did not reach statistical significance. Clinical assessments revealed that
obese patients had significantly higher Oswestry Disability Index scores (71.6 = 5.1 vs.
65.3 + 6.1; p<0.001) and higher, Visual Analog Scale pain scores (8.2 + 1.2 vs. 7.6 + 1.3;
p=0.026). Obesity is associated with increased pain severity and impaired functional
capacity in patients with chronic low back pain. Although Roussouly Type 4 appeared
more common in obese individuals, no statistically significant relationship was found
between obesity and sagittal spinal profiles. These findings highlight the importance of
weight management and lifestyle modification strategies in the comprehensive
management of chronic low back pain.

Keywords: obesity, chronic low back pain, sagittal alignment, Roussouly classification,
Oswestry Disability Index, Visual Analog Scale.

meta-analysis by Shiri et al. confirmed that overweight
and obesity are significant risk factors for the
prevalence of low back pain (LBP) [3].

been previously investigated [2]. A comprehensive
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The sagittal alignment of the human spine is
fundamental for maintaining postural stability,
optimizing mechanical efficiency, and ensuring
balanced load transmission. The morphological
parameters of the spinopelvic segment—such as pelvic
incidence (PI), sacral slope (SS), pelvic tilt (PT), and
lumbar lordosis (LL)—serve as fundamental reference
indicators for assessing the biomechanical relationship
between the spine and the pelvis [4].

PI, as described by Duval-Beaupere and Legaye,
represents a morphological parameter that remains
constant for an individual once skeletal maturity has
been reached, and it is not influenced by posture or
pelvic position [5].

cLBP is defined as pain persisting in the lumbar
region for more than three months [6]. A novel
classification system for cLBP that incorporates sagittal
alignment and guides treatment decisions has been
proposed [7]. One of the key mechanisms contributing
to LBP is the disruption of sagittal spinal balance [8].
Disturbances in sagittal alignment increase the energy
expenditure required to maintain an upright posture
and a horizontal gaze [1]. Patients with LBP are often

2. Materials and Methods

Study Design

This was a retrospective analytical cross-sectional
study conducted between January 2022 and December
2024. The study included 105 patients aged 18-65 years
who presented with cLBP. Exclusion criteria were
vertebral fracture, spinal infection, tumor,
inflammatory disease, previous spinal surgery, or
pregnancy. All procedures were conducted following
the Declaration of Helsinki.

Variables and Measurement Methods

For each patient, demographic data including age,
sex, height, weight, and radiographic measurements
were collected. Standing whole-spine radiographs were
obtained in a standardized posture with the fingertips
placed on both clavicles. Body mass index (BMI) was
calculated as weight (kg)/height (m?) and categorized
according to the definitions of the National Institutes of
Health and the World Health Organization. Patients
were divided into two groups: Group I (BMI <30 kg/m?,
non-obese) and Group II (BMI 230 kg/m? obese).
Clinical evaluation included the Oswestry Disability
Index (ODI) and pain intensity assessed with the Visual
Analog Scale (VAS). The VAS consisted of a 10-cm
horizontal line ranging from 0 (no pain) to 10 (worst
possible pain), on which patients indicated the point
that best represented their pain level.

characterized by reduced distal lordosis, more proximal
lumbar lordosis, and a more vertical sacrum [7].

The pelvis and spine are closely interrelated in
both form and function. PI largely determines pelvic
morphology and has direct implications for spinal
configuration. Over time, specific degenerative changes
may develop depending on individual morphology.
Sagittal parameters can thus serve as predictive
markers of spinal and pelvic morphology. A clearer
understanding of this relationship may improve the
diagnosis of degenerative spinal disorders and
contribute to more effective treatment strategies [9].

This study aimed to evaluate the relationship
between obesity and cLBP in terms of clinical outcomes
and sagittal spinal alignment, and to explore the
potential contribution of the Roussouly classification in
this context. We hypothesized that identifying the
Roussouly type in obese patients with cLBP may
enhance clinical assessment and guide treatment
strategies, particularly in the planning of conservative
approaches.

Determination of the Roussouly Type

The Roussouly classification offers a reliable
framework for analyzing sagittal spinal profiles by
categorizing individuals into four morphological types
based on sacral slope and the location of the lumbar
lordosis apex [10]. Type 1 presents with a short
hypolordotic curve and low sacral slope, Type 2 with a
flat lumbar spine, Type 3 with a well-balanced curve
and average sacral slope, and Type 4 with a long
hyperlordotic curve and high sacral slope [9, 10]. In this
study, radiographic measurements and classification
were conducted according to standardized criteria to
maintain consistency (Figure 1).

Schematic illustration of the four morphological
types according to the Roussouly classification. The
shape of lumbar lordosis depends on the orientation of
the sacral slope (SS). In Types 1 and 2, SS < 35°; in Type
3, 35° <55 <45°% and in Type 4, SS > 45°. Typically, a low
PI is observed in Types 1 and 2, whereas a high PI is
more common in Types 3 and 4. Redrawn and adapted
based on Roussouly et al. (Spine, 2005).
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Figure 1 — Roussouly Classification

Statistical Analysis

All statistical analyses were performed using IBM
SPSS Statistics, version 28.0 (IBM Corp., Armonk, NY,
USA). The distribution of continuous variables was
assessed using the Shapiro-Wilk test. Descriptive data
are expressed as mean * standard deviation (SD) for
continuous variables and as frequencies with
percentages for categorical variables.

Comparisons between obese and non-obese
groups were carried out using the independent-

samples Student’s t-test for normally distributed

3. Results

A total of 105 patients with chronic low back pain
were included in the study, consisting of 57 females
(54.3%) and 48 males (45.7%), with a mean age of
42.0+12.7 years. There were no significant differences

continuous variables, and the Mann—-Whitney U test for
variables.  Categorical
variables, and Roussouly type

distribution, were analyzed with the chi-square or

non-normally  distributed
including sex

Fisher’s exact test, as appropriate.

Associations between body mass index (BMI) and
sagittal spinal parameters, including lumbar lordosis
(LL) and Roussouly classification, were examined using
Spearman’s rank correlation. A two-tailed p-value <0.05
was considered statistically significant for all analyses.

between obese and non-obese groups regarding age
(42.4+13.6 vs. 41.6x11.9 years, p=0.743) or sex
distribution (female: 59.6% vs. 49.1%, p=0.373) (Table
1).

Table 1 — Demographic and clinical characteristics by obesity status

Characteristic Non-obese (n=52) Obese (n=53) p-value
Age (years, mean * SD) 42.4+13.6 41.6 +11.9 0.743
Female, n (%) 31 (59.6%) 26 (49.1%) 0.373
Male, n (%) 21 (40.4%) 27 (50.9%) 0.373
Roussouly Type 1, n (%) 6 (11.5%) 4 (7.5%) 0.483
Roussouly Type 2, n (%) 5 (9.6%) 6 (11.3%) 0.483
Roussouly Type 3, n (%) 32 (61.5%) 27 (50.9%) 0.483
Roussouly Type 4, n (%) 9 (17.3%) 16 (30.2%) 0.483

ODI (mean * SD) 65.3+6.1 71.6+5.1 <0.001
VAS (mean + SD) 76+1.3 82+1.2 0.026

Note: Values are presented as mean + standard deviation (SD) or number (percentage)

https://doi.org/10.53498/1rtrbe67



Kaz ] Clin NeuSci. 2025, 78 (3)

Analysis of sagittal spinal profiles showed that
Roussouly Type 3 was the most common in both
groups (obese: 50.9%, non-obese: 61.5%). Type 4 was
more frequent among obese patients compared with
non-obese patients (30.2% vs. 17.3%), although the
difference did not reach statistical significance
(p=0.483). Type 1 and Type 2 were relatively
uncommon in both groups.

4. Discussion

This study evaluated the impact of obesity on
sagittal spinal alignment and clinical outcomes in
patients with cLBP. Our findings showed that obese
patients reported significantly higher pain intensity
(VAS) and poorer functional capacity (ODI) compared
with non-obese patients. Roussouly Type 3 was the
most common sagittal profile in both groups. Although
Type 4 was more frequent among obese patients, this
difference was not statistically significant. These results
are consistent with previous epidemiological studies
identifying obesity as a major risk factor for LBP [3, 11]
and align with findings that emphasize its negative
impact on functional outcomes [6]. The trend toward a
higher prevalence of Type 4 among obese patients is
consistent with evidence suggesting that increased BMI
may influence spinopelvic parameters [1] and
corresponds with the biomechanical implications
described in sagittal classification studies [4, 7, 10].

When the lumbar spine is hypolordotic or
straightened, load distribution becomes uneven,
predominantly affecting the anterior column and
intervertebral discs, thereby increasing intradiscal
pressure [12]. According to Roussouly and colleagues,
Type I spines are associated with a high prevalence of
degeneration at L4-S1, and hyperextension at this level
may result in so-called “nutcracker” L5 spondylolysis
[4]. Type II spines, often described as a “flat back,” are
nearly sagittal straight and have been reported to be
more susceptible to lumbar disc degeneration and LBP.
Type III spines demonstrate an average morphology
without marked degenerative features, whereas

Conclusions

This study demonstrated that obesity is associated
with greater pain intensity and poorer functional
capacity in patients with chronic low back pain. Obese
individuals had significantly higher VAS and ODI
scores, underscoring obesity as an important factor in
clinical management. While Roussouly Type 3 was the

Regarding clinical outcomes, obese patients
demonstrated significantly higher ODI scores
compared with non-obese patients (71.6£5.1 vs.
65.3+6.1, p<0.001). Similarly, VAS pain scores were
significantly higher in the obese group (8.2+1.2 vs.
7.6+1.3, p=0.026) (Table 1). No significant correlations
were observed between BMI and LL or Roussouly
classification (all p>0.05).

previous studies have suggested that Type IV spines
may be less frequently associated with LBP [9].
However, in our cohort, Type IV was more frequently
observed among obese patients, although this
difference did not reach statistical significance. Thus,
our findings do not support a protective role of Type IV
against pain when obesity is present.

The main strength of this study lies in its
comprehensive evaluation of the relationship between
obesity and sagittal alignment, integrating both clinical
outcomes (VAS, ODI) and the Roussouly classification.
should  be
acknowledged. First, the relatively small sample size

Nonetheless, several limitations
and single-center design may limit the generalizability
of our findings. Second, the retrospective cross-
sectional design precludes definitive conclusions
regarding causality between obesity and LBP. Third,
beyond its biomechanical effects, obesity is also
associated ~ with metabolic and inflammatory
mechanisms, which were not specifically assessed in
this study. Nevertheless, our findings indicate that
obesity is an important factor in the management of
cLBP and may contribute to greater pain severity
irrespective of sagittal alignment. Therefore, in patients
with cLBP, obesity should not only be identified but
also actively addressed. Future studies examining the
impact of weight reduction, structured exercise
programs, and lifestyle modifications on clinical
outcomes may yield valuable insights for the
comprehensive management of this patient population.

most common sagittal profile in both groups, Type 4
was observed more frequently in obese patients,
although this difference was not statistically significant.
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These findings suggest that obesity may exacerbate
pain severity and impair functional outcomes,
highlighting the value of incorporating weight
management, exercise, and lifestyle modifications into
treatment strategies for chronic low back pain.
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Cemi3aik XoaHe co3blaMaabl Oea aypysl: Pyccyan Xikreyi HerisiHae
KAVMHMKAaABIK JKoHe CaruTTaaAbl HOTIDKeaep

Halil Gok

Opromneans xoaHe TpaBMaTOAOIMs OOAiMINIeCiHIH OpTOIle] gapirepi, DTAUK KaaaablK aypyxaHacel, Ankapa, Typkus

Tyiingeme

3epTTeyAiH MaKcaThl: CeMi3AiKTiH co3blAMaAbl Oes aypysl Oap HaykacTapAaFbl KAMHUKAABIK HOTIKeAep MeH
OMBIPTKAHBIH CarnTTalAbl TeHrepiMine acepin Pyccyam xikreyi apkpiabl Oarasay. MeAUIIMHAABIK Ky>KaTTapAbl
TaAAdy Heri3iHAe JKYpPrisiAreH peTpOCIeKTUBTI 3epTTeyre cO3blAMaAbl Oea aypysl AMarHO3bI KoviblaraH 105 Haykac
enriziaai. Haykacrap aene caamarsl MHAeKCiHe colikec eki Tonka 6eaiHAl: ceMisaikke IMTaaabIKKaH (n=53) >koHe
ceMi3dikke ImaaabIKHaraH (n=52). Jemorpapmaasik gepexrep, OcBecTpu MYTeAeKTiK MHAEKCi, ayBIPCHIHYADI
Oarazay OOJBIHIIIA BM3yaaAbl-aHaJOITBIK INKaJda >KoHe Pyccyam >kyrieci OOJMBIHINIA >KiKTeATeH OMBIPTKAHBIH
carnmTraaAbl mpodpuanaepi Taaganasl. CTaTUCTUKAABIK caabICThIpyAap ymriH CTeiogeHT t-tecti, Manna-Yuran U
TecTi, Xu-KBagpat Hemece Puiepain 494 Tecti Koa4anbLaabl, p<0,05 MoHI cTaTUCTUKAABIK TYPFblAaH MaHbI3ABI A€l
ecenTeAdi. 3epTTeATreH TOITHIH opTamra Xacsl 42,0+12,7 sxacTsl Kypaasr; 57 aitea (54,3%) sxoHe 48 ep agam (45,7%)
002481 EXi Tom apachIHAa Kac SKoHe SKBIHBIC KOPCEeTKIITepi OOMBIHIIIA alfBIpMaIIbIABIK aHBIKTAAFaH JKOK. JKaArs
aJfaHja eH Kui Ke3JecKeH carmrraaAbl nmpoduas — Pyccyam Ooripinmma 3-tumi 00441, Aa 4-Tnm cemisaikke
ImaAAbIKKaH HayKacTapaa >xui 0aiikaaast (30,2% xapcer 17,3%), Oipak Oya alibIpMaIblABIK CTaTYCTUKAABIK MOHTE
xerrnedi. Kamnmkaaplx Oarazay HoTIDKeAepi OOJBIHIIA CeMi3JiKKe IalAbIKKaH Haykactapda Ocsectpn
MYyTeAeKTiK MHAeKCi KOpCeTKillli aliTapABIKTal >JKoFapsl 604451 (71,6+5,1 kapcer 65,3 + 6,1; p<0,001) >xoHe B3yaaAbI-
aHaJAOITHIK INKAaJaHBIH aybIPCBIHY KOPCeTKiITepi ge >korapsl 0044sr (8,2+1,2 xapcw 7,6+1,3; p=0,026). Cemizaik
co3blAMaAbl Oea aypybl Oap HayKacTapda ayBIPCHIHYABIH KyIIeloiMeH >KoHe (YHKIIMOHAAABIK KabiaeTTiH
TOMeHJeyiMeH OaifaaHBICTHL. Pyccyan OoribIHIIa 4-TUIT ceMi3AiKKe ITaaAbIKKaH HayKacTapAa >KIi Ke3JecKeHiMeH,
ceMi3aiK IIeH OMBIPTKAHBIH CaTUTTaAAbl IpopuAbAepi apacklHAa CTAaTUCTUKAABIK TYPFBIJaH MaHBI3ABI OaliaaHbIC
aHBIKTaAFaH >KOK. bya HeTmkeaep cemisgik kesiHge cosplamaanl Oea aypyblH KemleHAlI Gackapyda caaMakThI
Oaxplaay JKoHe eMip CaAThIH ©3TepTy CTpaTeTnAAapbIHbIH MaHbI3AbIALIFEIH KOpceTeai.

Tyitin cesaep: ceMisaik, cosplaMaarl 6ea aypysl, carmtraassl TeHrepim, Pyccyam xikreyi, Ocsectpu
MyTeAeKTiK MHAEKCi, BU3yaaAbl-aHaAOTTHIK IIIKaJa.

OxxmpeHne 1 XxpoHn4ueckas 004b B nosicamile: Kannmdaeckne u carurraabHbIe
pe3yabTaThl B 3aBMCMOCTM OT Kaaccudukarym Pyccyan

Halil Gok

Oprorte oTAeaeHus oproreAny 1 TpasMaToaoruy, I'opoackas 6oasHuiia Otauk, Aukapa, Typrs

Pesiome

Ileapio aaHHOTO mMcCcAeJOBaHMe sBASETCA OlleHKa BAMSAHMUSA OXUPEHUs Ha KAMHMYECKMe MCXOABl U
carnTTaabHOe BhIpaBHMBaHMe IIO3BOHOYHIKA Y IallMIeHTOB C XPOHIYeCKol 604bI0 B IOSICHNIIE C MCII0Ab30BaHMeM
Kaaccudukanym Pyccyan. B peTpociiekTuBHOe nomepedyHoe mccaejoBaHue OblAM BKAIOUeHBI 105 ITaliymeHTOB ¢
XPpOHMYECKOi 004BIO B IOSICHMIIE Ha OCHOBE aHaAM3a MeJMIIMHCKUX KapT. IlanmenTs! Oblau pasjeaeHbl Ha ape
Tpynmsl: ¢ oxupeHueM (n=53) m 0Oe3 oxxmupeHms (n=52) B 3aBUCHMMOCTM OT HHJAEKCa Macchl TeAa. bwram
IIpOaHaAU3MPOBaHbl AeMorpadudecKue JaHHBIE, MHAEKC MHBaauausanyy OcBecTpy, BU3yaAbHYIO aHaAOTOBYIO
mKaly 0oaM M caruTTaAbHble IpoduUAM IIO3BOHOYHMKA COIAacHO Kaaccudukanym Pyccyam u uHAeKca
nuBaauansanuy Ocsectpy. CTaTMCTHYECKUIT aHAAM3 IPOBOAMACS C MCIoab3obaHueM t-kputepms CTbpIOAeHTa,
Kputepus MaHHa-YuTHN, X2-TecTa AU TOYHOIO Kpurtepusa Puiepa, B 3aBUCUMOCTM OT XapaKTepa AaHHBIX.
3HaueHne p<0,05 caurasocs craTucTmdecky 3HaunMbIM. CpeAHMIT BO3pacT IMarueHTos coctasua 42,0 + 12,7 roaa;
>KeHIIVH 06110 57 (54,3%), Mmy>xunH — 48 (45,7%). BospacT 1 moa MexAy IpyIIIaMy CyIleCTBeHHO He Pa3ANJaAlCh.
Hamnboaee pacrpocTpaHeHHBIM TUIIOM CarMTTaAbHOTro npodgmuas okasaacs T 3 mo Pyccyam. Twm 4 dgame
BCTpedaacs y nanueHToB ¢ oxupenneM (30,2% npotus 17,3%), oaHako pasamdne He AOCTUTAO CTaTHCTUYECKON
sHaumMmocTy. Kamnnyeckas oljeHka IIOKasala, YTO y HaIlMEHTOB C OXXMpeHMeM 3HauMTeAbHO BhIIe 3HaueHI:d
XpoHudeckoit 6oau s nosicautie (71,6 + 5,1 mpotus 65,3 + 6,1; p<0,001) 1 BU3yaabHOI aHAA0TOBOM ITKaAu 0oan (8,2
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+ 1,2 mporus 7,6 = 1,3; p=0,026). OxxmupeHne accoummpyercss ¢ 6OAbIIEN BHIPa’keHHOCTBIO 00AU ¥ CHVKEHUEM
(pyHKIMOHAABHBIX BOZMOSKHOCTEN y MAaLIMIEHTOB ¢ XpOHIMYIeCcKON 604b10 B rosicauIle. XoTs tum 4 o Pyccyan varme
BCTpeJaacs y AUIl C OXUpPEeHUeM, CTaTUCTUYeCKM 3HauMMOM CBSA3M MeXJy OXKUpeHMeM U caruTTaAbHbIMU
popUASIMI TO3BOHOYHNMKA BBLABAEHO He Ob110. I1oAyueHHbIe JaHHBIE IOAYePKUBAIOT Ba’KHOCTh KOHTPOAS MacChl
TeAa 1 MoAuduKanuy odpasa KM3HU B KOMILIEKCHOM BeJeHIN IallVIeHTOB C XPOHIYECKOI 00ABIO B ITOACHULIE.

KaioueBble caoBa: oOXmpeHme, XpoHMYecKas ©004Ab B IIOSICHMIE, CaruMTTadbHOe BhIpaBHMBAHUE,
Kaaccudukauys Pyccyan, naaexc nusaanansanyy OcsecTpy, Bu3yalbHas aHa/0roBas IIKaaa.
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