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1. Introduction

The evaluation of systolic function of the left
ventricle is a crucial characteristic which defines the
thoracolumbar junction (T10-L2) is anatomically more
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Abstract

This study aimed to compare long-term clinical and radiological outcomes of
conservative treatment using hyperextension casting versus surgical treatment (short-
segment instrumentation) for thoracolumbar vertebral fractures -classified as
Thoracolumbar Injury Classification and Severity Score (TLICS) score 4.

Methods. Patients diagnosed with stable compression fractures at T10-L2 who
underwent conservative hyperextension casting (Group A, n=28) or surgical short-
segment instrumentation (Group B, n=36) between 2004 and 2014 were retrospectively
reviewed. Pain levels (Visual Analogue Scale), functional outcomes (Oswestry
Disability Index), local kyphosis angle (Cobb Angle), anterior vertebral body height
compression (ACVBH), and patient satisfaction were evaluated.

Results. There were no significant differences between groups regarding age, gender,
BMD, or follow-up duration. Hospital stay was significantly longer in Group B (5.1+2.5
vs. 2.1+0.7 days; p<0.001, Cohen’s d=1.55). Radiological parameters (Cobb angle,
ACVBH, SI) showed no significant differences at final follow-up. However, Group B
demonstrated significantly superior outcomes in Oswestry Disability Index (ODI) at
follow-up (p<0.001, Cohen’s d=1.23) and Visual Analogue Scale (VAS) scores at pre-
treatment (p=0.047, Cohen’s d=0.53), post-treatment (p=0.024, Cohen’s d=0.57), and
follow-up (p<0.001, Cohen’s d=1.18). Complication rates were comparable between
groups.

Conclusion. Hyperextension casting provided similar radiological outcomes to surgical
treatment, although surgical intervention offered better functional outcomes and pain
relief. Treatment choice should consider individual patient factors and fracture
characteristics.

Keywords: Thoracolumbar fracture, hyperextension cast,
instrumentation, kyphosis angle, functional outcome.

short-segment

lumbar [1,2]. Therefore, fractures of the
thoracolumbar region account for up to approximately

90% of all spinal fractures [3].

spine

vulnerable to trauma due to its location as a transitional

region between the rigid thoracic spine and the mobile
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TLICS is a widely utilized classification system in
the management of vertebral fractures, evaluating
injury morphology, integrity of the posterior
ligamentous complex, and neurological status [4]. For
stable fractures, conservative treatment is generally
recommended if the TLICS score is 3 or below, whereas
surgical intervention is preferred for scores of 5 or
above. However, the optimal management strategy for
fractures with a TLICS score of 4 remains controversial.
While some studies suggest that conservative treatment
may yield sufficient outcomes, others advocate for

2. Materials and Methods

Patients diagnosed with stable vertebral fractures
between levels T10-L2, who underwent either
conservative treatment (hyperextension casting) or
surgical  intervention  (short-segment posterior
instrumentation) from 2004 to 2014, were
retrospectively analyzed.

Inclusion and Exclusion Criteria:

surgical stabilization to achieve superior clinical and
radiographic results [5,6].

This study aims to evaluate the long-term
radiological and functional outcomes of hyperextension
casting versus surgical treatment (short-segment
instrumentation) in patients with TLICS score 4
thoracolumbar vertebral fractures and to analyze the
findings in comparison with existing literature.

Patients aged 18 years or older with TLICS score of
4, treated conservatively or surgically, and having at
least 10 years of follow-up were included in this study.
Patients presenting with neurological deficits,
osteoporosis (T-score < -2.5), or pathological fractures
were excluded (Figure 1).

Thoracolumbar vertebral
fractures assessed for
eligilibity (n=929)

Excluded (n=745)
* >and < TLICS 4 (n=610)
» <18 years (n=31)

Excluded (n=120)
* Osteoporosis (T-score < -2.5) (n=29)
+ Pathological fractures (n=16)
* Multi-segment fractures (n=24)

* Follow-up < 10 years (n=43)
* Missing data (n=45)
* Dying patients (n=16)

* Prior spinal surgery (n=18)
* Neurological deficits (n=6)

+ Not participating the study (n=27)

Final Cohort (n= 64)

Hyperexension Cast
(n=28)

Surgical treatment
(n=36)

Figure 1 — Patient flowchart

Medical records and imaging archives of the
patients were retrospectively reviewed. Data collected
included age, gender, fracture level, pain scores (VAS),
functional scores (ODI), and local kyphosis angles
measured at baseline, post-treatment, and final follow-
up evaluations.

Local kyphosis angle was calculated using the
Cobb method by measuring the angle formed between
the superior endplate of the vertebra above and the
inferior endplate of the vertebra below the fractured
segment.
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For sagittal index (SI) assessment, reference
sagittal curvatures were defined as 5° for thoracic
segments, 0° at the thoracolumbar junction, and -10° for
lumbar segments.

The percentage of ACVBH was determined by
dividing the anterior height of the fractured vertebral
body by the average of the anterior heights of the
vertebral bodies immediately above and below it,
multiplied by 100 [7].

During hyperextension cast application, patients
were positioned prone, suspended between two tables
to achieve maximum lordotic alignment of the thoracic
and lumbar spine.

ANTERIOR VIEW

PLASTER
CAST

A body cast extending from the axilla to the
thoracolumbosacral region was applied to provide
external stabilization. The cast was meticulously
shaped to ensure anatomical reduction and allowed to
harden in the reduced position. To avoid restricting
respiratory function, a window of appropriate size was
opened in the thoracoepigastric region. Following
casting, patients were permitted to mobilize without
restrictions as soon as their pain levels became
tolerable, typically on the same day (Figure 2).

POSTERIOR VIEW

PLASTER
CAST

Figure 2 — A window was cut into the hyperextension splint to avoid impairing respiratory function, and patients were

allowed to mobilize on the same day

Statistical Analysis

Statistical analyses were performed using SPSS
version 25 (IBM Corp., Armonk, NY, USA). Continuous
variables were presented as mean + standard deviation
(SD), and categorical variables as number and
percentage [n (%)].

The normality of the data was assessed by the
Shapiro-Wilk test. Independent Samples t-test was used

3. Results

Short-segment posterior instrumentation was
performed as the surgical treatment (Figure 3).

On the day following either surgical intervention
or hyperextension casting, patients were assisted by a
and walk.

physiotherapist to stand During

hospitalization and bed rest, no thromboembolic

to compare normally distributed variables (e.g., age,
BMD index, and follow-up duration), while Mann-
Whitney U test was applied for variables not
conforming to normal distribution (e.g., ODI and VAS
scores). Chi-square test was utilized to compare
categorical variables (gender distribution). Statistical
significance was set at p<0.05, and Cohen's d was
calculated for variables showing statistically significant
differences.

complications or  pressure ulcers  occurred.
Additionally, no complications such as allergic
reactions, skin lesions, or fungal infections related to

cast use were observed.
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Figure 3 — Short segment posterior instrumentation for L1 lumbar vertebral fracture. Preoperative plain radiographs (a, b),

computed tomography images (b, c), and postoperative plain radiographs (e, f)

A total of 64 patients were included, with 36 in the difference was detected in the length of hospital stay,
surgical group and 28 in the cast group. No significant with the surgical group having a significantly longer
differences were observed between the two groups hospital stay compared to the cast group (5.1 + 2.5 days
regarding age (p > 0.05), gender distribution (p >0.05), vs. 2.1+ 0.7 days, respectively; p <0.001).
bone mineral density (BMD) index (p > 0.05), or The demographic characteristics of the study
duration of follow-up (p > 0.05). However, a significant population are presented in Table 1.

Table 1 — Comparison of demographic characteristics between surgical and cast groups

Feature Surgery Group (n=36) Cast Group (n=28) p-value

Age (years) 45.8 +13.6 46.1+£15.2 0.771

Male (n, %) 19 (52.8%) 15 (53.6%) 1.000

Female (n, %) 17 (47.2%) 13 (46.4%) 1.000

BMD Index 289+2.1 29.1+£3.2 0.752
Follow-up Duration (years) 148+29 153 +2.5 0.523
Length of Hospital Stay (days) 51+25 2.1+0.7 0.000*

Note: Values are presented as mean + standard deviation or number (percentage). Statistically significant p-values are
marked with an asterisk (*)
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Radiological outcomes are summarized in Table 2. and SI angles (pre-treatment, post-treatment, and

No statistically significant differences were observed
between surgical and cast groups for COBB angles (pre-
treatment, post-treatment, and follow-up), ACVBH
values (pre-treatment, post-treatment, and follow-up),

follow-up).

Table 2 — Comparison of radiological results between surgical and cast groups

Feature Surgery Group (n=18) Cast Group (n=17) p-value

COBB Angle - Pre-treatment (°) 16.1+4.7 15.6 +4.3 0.448
COBB Angle - Post-treatment (°) 9.7+7.7 59+7.6 0.052
COBB Angle - Follow-up (°) 109+55 132+5.1 0.359
ACVBH - Pre-treatment (%) 40.6 £11.7 38.5+124 0.310
ACVBH - Post-treatment (%) 18.7+9.8 19.5+7.3 0.967
ACVBH - Follow-up (%) 24.5+13.0 27.1+11.3 0.790
SI - Pre-treatment (°) 16.3+6.2 16.1+59 0.592
SI - Post-treatment (°) 114 +5.1 9.7+53 0.143
SI - Follow-up (°) 14.1+67 13.9+5.8 0.623

Note: Values are presented as mean + standard deviation. Statistically significant p-values are marked with an asterisk

*)

Functional outcomes are summarized in Table 3.
No statistically significant differences were detected

between groups in terms of ODI and VAS scores at pre-
treatment, post-treatment, and follow-up evaluations.

Table 3 — Comparison of functional outcomes between surgical and cast groups

Feature Surgery Group (n=18) Cast Group (n=17) p-value
ODI - Pre-treatment 711+7.3 69.2 +5.2 0.221
ODI - Post-treatment 52.3+6.8 50.9 +6.9 0.276
ODI - Follow-up 354+53 302+2.7 0.000*
VAS - Pre-treatment 7.8+0.8 74+0.7 0.047*
VAS - Post-treatment 53+0.6 4.9+0.8 0.024*
VAS - Follow-up 32+04 2.6+0.6 0.000*

Note: Values are presented as mean + standard deviation. Statistically significant p-values are marked with an

asterisk (*)

Statistically significant differences were identified
between the groups in terms of hospital stay duration
(p<0.001, Cohen’s d=1.55), ODI scores at follow-up
(p<0.001, Cohen’s d=1.23), VAS scores at pre-treatment

4. Discussion

This study aimed to compare the long-term clinical
and radiological outcomes of hyperextension casting,
commonly used in the conservative treatment of stable
thoracolumbar vertebral fractures, with surgical
treatment (short-segment instrumentation). Our results
demonstrated that hyperextension casting provided
comparable results to surgical treatment in maintaining
the kyphosis angle, with no statistically significant

difference observed between the groups (p=0.359).

(p=0.047, Cohen’s d=0.53), post-treatment (p=0.024,
Cohen’s d=0.57), and follow-up (p<0.001, Cohen’s
d=1.18).

However, surgical treatment yielded superior results in
terms of functional improvement (p<0.001) and pain
management (p<0.001); these findings are consistent
with several previous studies in the literature [8-10].
Hyperextension cast (HEC) immobilizes the spine
in a hyperextended position for compression fractures
involving the anterior column, aiming to limit flexion
forces and prevent the progression of kyphotic
deformity 11. Particularly when applied during the
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acute phase, HEC (facilitates spinal segment
realignment, thereby enhancing load distribution and
contributing to spinal stability.

It is known that hyperextension casting effectively
stabilizes the anterior column, thereby preventing the
progression of kyphotic deformity [11]. In our study,
the long-term maintenance of reduction achieved by
casting, particularly at the T12-L1 levels, supports the
hypothesis ~ that  hyperextension  casting is
biomechanically comparable to surgical treatment.
Although hyperextension casting provided comparable
radiological outcomes, practical disadvantages such as
limited patient compliance and delayed mobilization,
highlighted in previous studies, should be considered.
Nevertheless, hyperextension casting has been
increasingly abandoned in clinical practice due to issues
related to patient compliance and prolonged
immobilization periods, as reported in the literature
[12].

Another noteworthy finding is the similarity of
complication rates between the two groups, indicating
that both treatment methods are safe and can yield
successful outcomes when patients are appropriately
selected.

Although surgical treatment showed superior
functional outcomes, no significant differences were

5. Conclusions

This study indicates that both conservative and
surgical approaches can effectively manage TLICS 4
thoracolumbar fractures. The selection of treatment
should be
considering fracture morphology, patient-specific

modality individualized, carefully
factors, and overall clinical condition. Further large-
scale prospective studies are necessary to reinforce
these findings.
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Keyae-Oea aymarbIHBIH CBIHBIKTapAa¥Fbl TUIIEPOKCTEH3MA MMMOOMAM3aVsTHBIH Y3aK,
Mep3iMAi HoTIDKeAepiH KbIcKa cerMeHTTi OekitymeH TLICS 4 Goribiama
CaAbICTBIPY

Halil Gok 1, Alim Can Baymurat 2

1 Opromnes, TpaBMaTopoaorus xoHe oproneans 6eaimi, Etlik kasaawix aypyxanacel, Aukapa, Typkus

2 TpaBmaroaor oprorniea, Oproneaus XoHe TpapMaToaorus kadeapacsl, ['asu yausepcutertiniyg Meauiunaa ¢akyasreri, Aukapa, Typkus

Tyiingeme

bya seprreyain makcatst TLICS 4 OoiibiHIIa KeyAe-Oea ayMarbl CBIHBIKTapbIHAA TIMIIEPOKCTEH3USAABIK
MMMOOMAM3ALVSIHBL KOAJaHaTHIH KOHCEpPBATUBTI eMHIH y3aK Mep3iMAl KAMHMKAABIK >KoHE PeHTTeHOTpapUAABbIK
HOTIKeAepiH XUPYPIUAABIK eMAeyMeH (KbICKa CeTMeHTTi OeKiTy) caabICThIpy O0AABL.

Oaicrepi. T10-L2 aeHreitiHAe TypaKThl KOMIIPECCUAABIK CBIHBIKTaphl Oap, TMIIePOKCTeH3UAABIK TUIICTIeH (A TOOBI,
n=28) HeMece XUPYPIMUAABIK KBICKAa cerMeHTTi OekiTymeH (B ToObI, n=36) KOHcepBaTUBTI eM KYpTisreH HayKacTapFfa
PeTPOCIeKTUBTI Taljay >KacaaAbl. AYBIPCBIHY JAeHrelii (BM3yaaabl aHaAOITHIK ImKaada, BAII), ¢QyHKIIMOHAAABIK
HaTIDKeAep (Oswestry MyTedeKTiK MHAeKci), XepriaikTi kudpoTtukaask 6ypoin (Ko6o OypbImibr), aa4bIHFBI OMBIPTKA
AeHeciHiH OMIKTIiriHiH KBICBLAY J9pe>Keci KoHe IallMeHTTiH KaHaFraTTaHybl OaradaHABI.

Hoatixeaep. JKacsl, >KbIHBICH, CyiieK MuHepaaAs! THFLI3ABIFE (CMT) sxoHe 6aKkplaay y3aKTHIFB OOVIBIHIIIA TOIITAP
apacbslHAA aliTapABIKTall allbIpMaIbIABIKTap OO/AFaH KOK. B TOOBIHAA rOCIMUTAAM3aUMHBIH Y3aKThIFBl aliTapABIKTall
>Korapsl 00441 (5,1+2,5-ke kapcsr 2,1+0,7 kyH; p<0,001, Kosn d=1,55). Conrrr 6akplaay KesiHAe peHTreHOrpapusaABbIK
napametpaepae (Koo6 6ypsims, ACVBH, CI) alitapabikTait aliblpMallbLABIKTap O0AFaH XKOK. JereHMeH, B ToObI y3ak
Mep3simai kezeHae (p<0,001, Kosuniy d=1,23), conaaii-ak emaeyre aeitinri (p=0,047, Kosnniy d=0,53), emaeyaeH keitinri
(p=0,024, Kosunin d=0,53 >xone keiitinri kesengeri) BAII ymaitaapwein (p<0,001, Kosunig d=1,23), aitrapabiKrai
>kakceIpak, Oswestry MHAeKciHiH kepceTkimtepin kepcerti. d=1,18). Exi TonTa Aa ackbIHYy JAeHTelii caAbICTBIPMaAbl
Typae Oipaeit 60aAbL.

KopboiTeiHABL. [MIIEpOKCTEH3UAABIK, TUTIC UMMOOMAM3AUMACH XUPYPIUAABIK, eMAeyMeH caAbICTBIpFaHAa yKcac
peHTreHOrpadIIABIK HoTIKeAepAi Oepeai, Oipak XMpyprusAbIK apajacy >Kakchl PyHKIIMOHAAABI HOTIKeAepAi JKoHe
aybIPChIHYABIH aliKbIHBIpaK TOMeH/eYiH KaMTaMachl3 eTedi. EMaey agiciH TaHaay HayKacThlH JKeKe epeKIleaikTepiH
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Pe3rome

Lleapto gaHHOTO mCCAeAOBaHUsI OBIAO CpaBHEHME JOATOCPOYHBIX KAMHMYECKUX ¥ PEHTTEHOAOTMIECKUX
pe3yabTaTOB KOHCEPBATUBHOTO JAe4eHMUs C VCIIOAb30BaHNMEM TUIIePOKCTEH3MOHHON TUIICOBON MMMOOMAM3AIUN U
XIPYPIUMYECKOTO JAedeHUs1 (KOpOTKOCerMeHTapHas (PUKcallys) IIpU IlepeloMaX TIPYAOINOSACHUIHOTO OTJAela
IIO3BOHOYHIKA C OIleHKo 110 mkaae TLICS =4.

Mertoapr. IIpoBeseH peTpOCIIeKTUBHBII aHaAN3 MAl[MIeHTOB CO CTaOMABHBIMI KOMIIPECCHOHHBIMM IIepe10MaMU
Ha yposHe T10-L2, koropsiMm B mepmos c 2004 1o 2014 rr. BHIIOAHSAAOCH KOHCEpPBAaTMBHOE JAedeHle
TUIIepoKCTeH3NOHHBIM ruricoM (I'pyrma A, n=28) mam xupyprmdeckas kopoTrkocermeHnrtapHas ¢puxcanns (I'pymnma B,
n=36). OueHnBaanch yposeHb 604an (Bu3yaabHO-aHaaorosas mkasda, BAIIl), ¢pyHKuMOHaAbHBIE pe3yAbTaThl (MHAEKC
mnHBaAuAvsanyy Ocsectpu), A0KaAbHBI Kudormdecknii yroa (yroa Kob6a), crereHp KOMIIpeccuu repeaHer BEICOTHI
Tesa MO3BOHKa U yA0BAETBOPEHHOCTD TaITMeHTOB.

PesyapraTel. Me>xAy TpymnmaMmy He BBIIBA€HO 3HAUMMBIX pa3AMduMii IO BO3pacTy, II0Ay, MUHepaAbHO
IA0THOCTU KOCcTHOU TKaHu (BMD) m aaurteasHoctu HabaogeHUs. [IposoaXUTeABHOCTh TOCHMUTAAM3AnUM OblAa
3HaunTeapHO BhINIe B I'pymme B (5,1+2,5 mpotms 2,1+0,7 cytox; p<0,001, d Kosna=1,55). Ilo penTreHoaormaecknm
rmapameTtpaM (yroa Koo6a, ACVBH, SI) sHaunMbIX pazamdmii Ha MOMeHT (PMHaABHOTO HaOAIOAEHNS He BLIABAEHO.
Oanaxo B I'pyrme B oTmeueHs! 3HauMTeABHO AydIlye ITOKazaTreau 1o mMHAeKCy OcBecTpu B OTJaAe€HHOM Ilepuoje
(p<0,001, d Kosna=1,23), a Takxe 1o mxkaie BAIIl — ao aeuenns (p=0,047, d Kosna=0,53), mocae aevenns (p=0,024, d
Kosna=0,57) n npu nocaeaymomem nadaoaennu (p<0,001, d Kosna=1,18). Yacrora ocaoxHeHMi1 B 06eMX rpyIax Opaa
COIIOCTAaBUMOIA.

BriBogpl. I'mmepskcTeH3MOHHas TUIICOBas MMMOOMAM3AIMs oOecredrBaeT CXOAHBIE PeHTIeHOAOorndecKue
pesyabTaThl O CpaBHEHMIO C XUPYPIMYecKUM JedeHMeM, OAHaKO XUPypIruyeckoe BMeIIaTeAbCTBO OOecIiednBaeT
Aydiine QYHKIIMOHAABHBIE MICXOABI U 00/€ee BBIpa’keHHOe CHIDKeHMe 60aeBOro cuHApoMa. Beibop Meroga AedeHns
AO/KeH YUYNUTLIBaTh MHAVBIAYaAbHbIe OCOOEHHOCTH IalliieHTa I XapaKTepUCTUKM ITIepeaoMa.
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