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ABSTRACT

BACKGROUND: The role of intermediate screws in long-segment posterior fixation for thoracolumbar fractures remains contro-
versial. This study aimed to evaluate their effectiveness in improving alignment, maintaining correction, and reducing complications.

METHODS: This retrospective comparative study included 91 patients with unstable thoracolumbar burst fractures (T11-L2) treat-
ed between 2014 and 2022. Patients were divided into two cohorts: Group A (n=61), who underwent long-segment fixation with
intermediate screws inserted at the fracture level, and Group B (n=30), who received conventional fixation. Radiological outcomes,
including vertebral compression angle (VCA) and anterior/posterior vertebral body height (ABH/PBH), intraoperative parameters (op-
erative time and fluoroscopy use), clinical pain scores assessed using the Visual Analog Scale (VAS), and complications were analyzed.
Statistical comparisons were performed using t-tests and chi-square tests.

RESULTS: Both groups demonstrated significant postoperative improvements in VCA and vertebral body height (p<0.0001). Group
A achieved superior early correction of VCA compared with Group B (4.78°£3.47 vs. 6.82°+4.02, p=0.014), and this difference re-
mained significant at the two-year follow-up (5.67°+3.08 vs. 8.59°+3.76, p=0.0005). Although correction loss was lower in Group
A (1.22°£1.13 vs. 1.95°+2.12, p=0.122), the difference was not statistically significant. Group A required longer operative times
(160.25£19.4 vs. 150.17£26.9 minutes, p=0.044) and greater fluoroscopy exposure (26.38+2.3 vs. 20.00+2.13, p<0.001). No significant
differences were observed between groups in preoperative or follow-up VAS scores (p>0.05).

CONCLUSION: Placement of intermediate screws in long-segment constructs was associated with significantly enhanced restora-
tion and maintenance of radiographic alignment in patients with thoracolumbar fractures, although it required longer operative time
and increased fluoroscopy use. Clinical pain outcomes were comparable between groups. These findings suggest that intermediate
screw placement may provide biomechanical and radiographic advantages in selected cases where optimal anatomical restoration is
prioritized. This technique was associated with improved initial and long-term radiographic alignment, at the cost of longer operative
time and greater radiation exposure, but did not improve pain outcomes. However, the non-random assignment of patients according
to surgeon preference should be considered when interpreting these results.

Keywords: Intermediate screw; internal fracture fixation; long-segment instrumentation; pedicle screws; spinal fractures; thoracolumbar
vertebrae.
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INTRODUCTION

Vertebral fractures resulting from high-energy trauma are a
major cause of global morbidity and are associated with neu-
rological deficits in 20% of cases.'*! The thoracolumbar junc-
tion (T11-L2) is particularly susceptible to injury, accounting
for more than half of all spinal fractures because of its biome-
chanical transition between the spinal segments.[*¢!

Classification systems such as the Thoracolumbar Injury Clas-
sification and Severity Score (TLICS) guide treatment deci-
sions, with surgical intervention commonly recommended
for patients with a TLICS score 24 to prevent instability and
neurological deterioration.’"'l Among surgical options, pos-
terior fixation has become increasingly favored over anterior
or combined approaches because of its technical feasibility,
shorter operative time, and lower intraoperative blood loss.
Nevertheless, consensus regarding the optimal instrumen-
tation strategy remains lacking.>#¢!%15] | ong-segment pos-
terior fixation remains a standard treatment for unstable
thoracolumbar fractures; however, the role of intermediate
screw placement at the fracture level remains controversial.
Biomechanical studies suggest that inserting screws into the
fractured vertebra enhances construct stability and promotes
a more favorable distribution of mechanical stress, potentially
reducing excessive loading of adjacent segments.['*'"] The bio-
mechanical function of intermediate screws differs according
to construct length. In short-segment fixation, the screw acts
as a central fulcrum that generates a lordotic moment and
facilitates direct reduction of kyphotic deformity.?*2'! In long-
segment constructs, however, the mechanical role extends
beyond deformity correction. Because longer constructs
are subjected to greater lever arms and mechanical forces,
fracture-level screws may provide dual benefits: enhancing
corrective lordotic forces through a fixed pivot point and im-
proving long-term stability by increasing load-sharing across
the fracture site. This may reduce stress concentration at ter-
minal screws, which is considered an important mechanism
of implant failure.?? Despite these biomechanical advantages,
clinical evidence supporting intermediate screw placement in
long-segment constructs remains scarce, as existing studies
have largely focused on short-segment fixation.

Therefore, this study aimed to evaluate the radiographic and
clinical effectiveness of incorporating intermediate screws
into long-segment posterior fixation for thoracolumbar frac-
tures. We hypothesized that this technique would provide
superior immediate postoperative alignment correction (pri-
mary radiographic outcome) and reduce correction loss dur-
ing follow-up (secondary radiographic outcome) compared
with conventional long-segment fixation without fracture-
level screws. Clinical outcomes, including pain scores, were
also evaluated. To our knowledge, this is the first clinical
study directly comparing these specific surgical approaches
and provides evidence that may inform best practices in the
management of this common injury.
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MATERIALS AND METHODS
Study Design and Participants

This retrospective cohort study was conducted at the De-
partments of Orthopedics and Traumatology of two uni-
versity hospitals in Izmir. The study population consisted of
consecutive eligible patients who underwent long-segment
posterior instrumentation for acute traumatic fractures of
the thoracolumbar junction (T11-L2) during the study pe-
riod. Given the retrospective design, sample size was deter-
mined by the consecutive series of eligible patients rather
than by prospective power analysis. The study protocol was
approved by the institutional Ege University Medical Research
Ethics Committee (Date: 09.03.2023, Decision no: 23-3T/45)
and conducted in accordance with the ethical principles of
the Declaration of Helsinki. Written informed consent was
obtained from all participants.

Inclusion criteria were:

I. Single-level unstable burst fractures classified as AO (Arbe-
itsgemeinschaft fir Osteosynthesefragen) type A3—-A4 with
a TLICS score 24, for which long-segment posterior fixation
was the institutional treatment strategy;

2. Surgical treatment performed between March 2014 and
April 2022; and

3. A minimum follow-up duration of 24 months.

Exclusion criteria included pathological fractures, previous
spinal surgery, and incomplete radiographic records. A total
of 91 eligible patients were included. Group A (n=61) under-
went fixation with intermediate screw placement (mean age:
40.3+14.7 years), whereas Group B (n=30) underwent con-
ventional long-segment fixation (mean age: 38.9x15.1 years).
Demographic and clinical variables, including age, sex, mecha-
nism of injury, AO classification, fracture level, and American
Spinal Injury Association (ASIA) Impairment Scale scores,
were recorded (Table 1).

Surgical Technique

All procedures were performed under general anesthesia by
one of two senior spine surgeons, each with more than 10
years of specialized experience. A standardized posterior
midline approach was used, with the incision centered over
the fractured vertebra.**!! In both groups, pedicle screws
were inserted two vertebral levels above and below the frac-
tured segment and connected using pre-contoured titanium
rods from the same implant system (Instinct®Java® Spinal
Fixation System, Zimmer).

The diameter and length of the pedicle screws used in the
upper and lower instrumented vertebrae were determined
based on preoperative computed tomography (CT) mea-
surements to ensure bicortical purchase, with screw lengths
typically ranging from 45 to 55 mm. For intermediate screws
placed at the fracture level in Group A, screw length was
determined using the average screw length of the adjacent
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instrumented vertebrae, supplemented by direct preopera-
tive CT-based assessment. This strategy intentionally favored
shorter screws (typically 40-50 mm) to reduce the risk of
anterior cortical penetration in the compromised vertebral
body. All screws were inserted using a free-hand technique,
and final placement was confirmed intraoperatively using fluo-
roscopy.

Patients were allocated into two cohorts according to in-
strumentation technique. Group A (intermediate screw
group) received bilateral intermediate screws inserted into
the pedicles of the fractured vertebra. Group B (control
group) underwent conventional long-segment fixation with-
out fracture-level instrumentation. Group assignment was
non-randomized and reflected surgeon preference and rou-
tine practice. Surgeon | consistently utilized the intermediate
screw technique (Group A), whereas Surgeon 2 consistently
performed the conventional technique (Group B), thereby
maintaining clear separation between the two treatment co-
horts without crossover of surgical technique.

In this study, long-segment constructs were not routinely re-
vised or shortened; therefore, the intermediate screw was
intended to enhance the stability of the definitive construct

and potentially reduce long-term stress concentration at the
fracture site.

Radiological and Clinical Assessment

Preoperative CT scans and postoperative radiographs were
analyzed using Sectra Imaging Software (version 23.1; Sectra
AB, Linképing, Sweden). Three blinded orthopedic surgeons
independently performed all radiographic measurements.

The following parameters were assessed:

I. Vertebral compression angle (VCA): The angle
formed between the superior and inferior endplates of the
fractured vertebra (Figs. la—c, 2a—c). VCA was selected as
the primary radiographic outcome because it directly quanti-
fies deformity within the fractured vertebra while minimizing
the influence of compensatory changes in adjacent segments.
This parameter therefore provides a precise measure of frac-
ture-level reduction and is consistent with previous studies
evaluating vertebral body restoration.

2. Anterior body height (ABH): The distance between
the anterosuperior and anteroinferior margins of the verte-
bral body.

3. Posterior body height (PBH): The distance between

(d)

o

Figure 1. Radiographic measurements in Group A (intermediate screw fixation): (a—c) Vertebral compression angle (VCA) measured on
lateral radiographs obtained preoperatively, postoperatively (postoperative day 1), and at the 2-year follow-up. (d—f) Anterior vertebral body
height (ABH) and posterior vertebral body height (PBH) measured preoperatively, postoperatively, and at the 2-year follow-up.
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(d)

o

Figure 2. Radiographic measurements in Group B (conventional fixation): (a—c) Vertebral compression angle (VCA) measured on lateral
radiographs obtained preoperatively, postoperatively (postoperative day 1), and at the 2-year follow-up. (d—f) Anterior vertebral body height
(ABH) and posterior vertebral body height (PBH) measured preoperatively, postoperatively, and at the 2-year follow-up.

the posterosuperior and posteroinferior margins of the ver-
tebral body (Figs. 1d—f, 2d—f).

Measurements were obtained preoperatively, on postopera-
tive Day |, and at final follow-up (mean follow-up duration:
44.37 months; range: 24-92 months). Intraoperative vari-
ables, including operative time and fluoroscopy exposure,
were recorded. Clinical outcomes were assessed using pre-
operative and postoperative back pain scores measured with
the Visual Analog Scale (VAS).

Multivariate linear regression models were used to evaluate
continuous outcome variables while adjusting for age, sex,
AO fracture classification (types A3—A4), fracture level (T11-
L2), and operating surgeon (Surgeon | vs. Surgeon 2). For
correction loss, dichotomized as <2° versus >2°, logistic re-
gression analysis was performed.

Statistical Analysis

Categorical variables (e.g., sex and AO classification) are
presented as frequencies and percentages and were ana-
lyzed using Pearson’s chi-square test or Fisher’s exact test.
Continuous variables (e.g, VCA, ABH) are reported as

846

meanzstandard deviation (SD). Data normality was assessed
using the Shapiro—Wilk test. Between-group comparisons
were performed using independent-samples t-tests for nor-
mally distributed variables and Mann—Whitney U tests for
non-normally distributed variables. Longitudinal changes in
radiological measurements were analyzed using repeated-
measures analysis of variance (ANOVA) with Bonferroni post
hoc correction. Interobserver reliability was assessed using
the intraclass correlation coefficient (ICC) based on a two-
way mixed-effects model with absolute agreement. Linear
regression was performed for continuous outcomes, where-
as logistic regression was used to evaluate correction loss
(categorized as <2° vs. >2°). A post hoc power analysis was
conducted using G*Power software (version 3.1.9.7) to de-
termine the statistical power to detect observed differences.
Analyses were performed for the primary outcome (immedi-
ate postoperative VCA) and the principal secondary outcome
(VCA correction loss) using the observed effect sizes, sample
sizes (Group A: n=61; Group B: n=30), and an alpha level of
0.05. Statistical significance was defined as p<0.05. All analy-
ses were performed using IBM SPSS Statistics, version 23.0
(IBM Corp., Armonk, NY, USA).

Ulus Travma Acil Cerrahi Derg, July 2026, Vol. 32, No. 7



Sler et al. Long-segment instrumentation with intermediate screws

RESULTS

Demographic and Clinical Characteristics

The study included 91 patients (Group A: n=61; Group B:
n=30) with comparable baseline demographic characteristics.
No statistically significant differences were observed between
groups regarding age (40.3£14.7 vs. 38.9x15.1 years, p=0.679),
sex distribution (female: 39.3% vs. 33.3%, p=0.582), mecha-
nism of injury (motor vehicle accidents: 21.3% vs. 26.7%,
p=0.647), fracture level (e.g., T12: 29.5% vs. 40%, p=0.206),
AO classification (type A3: 62.3% vs. 53.3%, p=0.268), or
ASIA Impairment Scale grades (e.g., grade E: 81.9% vs. 86.6%,
p=0.808). Follow-up duration was also comparable between
groups (43.5 vs. 46.2 months, p=0.266) (Table 1).

Radiological Outcomes

Interobserver reliability for radiological measurements was
excellent (ICC range: 0.945-0.962). Both groups demon-
strated significant postoperative improvements in VCA and
vertebral body height restoration (p<0.0001). However,

Group A (intermediate screws) achieved superior postopera-
tive VCA correction compared with Group B (4.78°+3.47 vs.
6.82°1£4.02, p=0.014) and maintained better alignment at the
two-year follow-up (5.67°£3.08 vs. 8.59°£3.76, p=0.0005).
Although VCA correction loss was lower in Group A
(1.22°£1.13 vs. 1.95°+2.12, p=0.122), the difference did not
reach statistical significance. Post hoc power analysis indi-
cated that the study was underpowered (48%) to detect a
statistically significant difference for this specific comparison
given the observed effect size. No significant between-group
differences were identified in restoration or correction loss
of anterior or posterior body height (p>0.05) (Table 2).

Operative Parameters and Complications

Group A required longer operative times (160.25£19.4 vs.
150.17£26.9 minutes, p=0.044) and more greater intraopera-
tive fluoroscopy exposure (26.38+2.3 vs. 20£2.13, p<0.001)
(Table 3).

Complication rates were low and comparable between
groups. Because of the small number of events, formal sta-

Table I. Demographic and clinical characteristics of the study groups
Parameter Group A Group B Statistic p
(n=61) (n=30)
Age (years) 40.3+14.7 38.9+£15.1 t=0.415 0.679
Sex, n (%) Xx2=0.520 0.582
Female 24 (39.3%) 10 (33.3%)
Male 37 (60.7%) 20 (66.7%)
Mechanism of injury, n (%) Xx2=0.647 0.647
Motor vehicle accident 13 (21.3%) 8 (26.7%)
Fall 48 (78.7%) 22 (73.3%)
Fracture level, n (%) x>=1.754 0.807
Tl 6 (9.8%) 2 (6.7%)
TI2 18 (29.5%) 12 (40.0%)
LI 23 (37.7%) Il (36.7%)
L2 14 (22.9%) 5 (16.6%)
AO classification, n (%) x2=1.268 0.268
Type A3 38 (62.3%) 16 (53.3%)
Type A4 23 (37.7%) 14 (46.7%)
ASIA Impairment Scale, n (%) x2=0.754 0.808
Grade A 0 (0%) 0 (0%)
Grade B 0 (0%) 0 (0%)
Grade C 3 (4.9%) I (3.3%)
Grade D 8 (13.1%) 3 (10%)
Grade E 50 (81.9%) 26 (86.6%)
Follow-up duration (months) 43.5 (24-92) 46.2 (25-90) t=1.737 0.266
AO: Arbeitsgemeinschaft fiir Osteosynthesefragen; ASIA: American Spinal Cord Injury Association.
Ulus Travma Acil Cerrahi Derg, July 2026, Vol. 32, No. 7 847
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Table 2. Comparison of radiological outcomes between groups

Group A Group B t P
n 6l 30
Preoperative VCA (°) 12.2945.7 13.82+5.65 1.2011 0.2329
Postoperative VCA (°) 4.78+13.47 6.8214.02 2.4948* 0.0144*
VCA at 2-year follow-up (°) 5.67+3.08 8.59+3.76 3.2282* 0.0005*
Loss of VCA correction (°) 1.22+1.13 1.95+2.12 1.4403 0.1223
Preoperative ABH (mm) 15.84+3.84 17.49£4.22 1.8658 0.0654
Postoperative ABH (mm) 25.93+4.3 26.58+3.6 0.7833 0.4356
ABH at 2-year follow-up (mm) 24.22+3.5 24.89+3.8 0.2453 0.8345
Loss of ABH correction (mm) 1.32+1 .41 1.76£2.53 1.1233 0.2683
Preoperative PBH (mm) 22.87+3.76 24.53+4.46 1.8560 0.0668
Postoperative PBH (mm) 30.05+3.01 31.42+4.01 1.8219 0.0718
PBH at 2-year follow-up (mm) 29.11£2.82 30.42+2.84 1.8501 0.0652
Loss of PBH correction (mm) 1.40+1.21 1.32+1.99 0.1745 0.8615
Preoperative ABH/PBH ratio 0.69+0.11 0.7310.19 1.1474 0.2543
Postoperative ABH/PBH ratio 0.86+0.09 0.85+0.11 0.5834 0.561 |
ABH/PBH ratio at 2-year follow-up 0.84+0.06 0.81+0.20 1.4790 0.1558

VCA: Vertebral compression angle; ABH: Anterior vertebral body height; PBH: Posterior vertebral body height. *p<0.05.

Table 3. Comparison of intraoperative parameters between groups

Group A Group B P
n 6l 30
Operative time (minutes) 160.25+19.4 150.17+26.9 0.0443*
Fluoroscopy exposures (n) 26.38+2.3 20+2.13 0.0001*

#p<0.05.

tistical comparisons were not performed. Implant failure oc-
curred in two patients (3.2%) in Group A and one patient Table 4.  Postoperative complications
(3.3%) in Group B. In Group A, one patient developed rod
fracture at the fracture level (L1), identified 14 months post-
operatively and managed conservatively because the patient (n=61)  (n=30)
remained asymptomatic. Another patient experienced screw

Complication Group A Group B

breakage at L2 (caudal to the fracture) at 18 months, accom- LT R ol RE TS, 0 (b A2 1)
panied by mild back pain without neurological deficit; this Rod fracture I(1.6%)

case was also managed conservatively. In Group B, implant Screw breakage I (1.6%) 0
failure consisted of screw pull-out at the upper instrumented Screw pull-out 0 I (3.3%)
vertebra (T 10) following a fall three months after surgery and Superficial SSI, n (%) 2 (3.2%) 0
required surgical revision with construct extension. Superfi- SR Sam melesiiar, [ (G4 0 0
cial surgical site infection occurred in two patients in Group Dural tear, n (%) 0

A (3.2%) and resolved with oral antibiotic treatment. No ’

symptomatic screw malposition, dural tears, or postopera- nenelepiel o iamien, o () L v
tive neurological deterioration were observed in either group SSI: Surgical site infection.

(Table 4).
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Table 5. Comparison of changes in Visual Analog Scale (VAS) scores between groups
Group A Group B P
n 6l 30
Preoperative VAS score 7.6410.66 7.67£0.71 0.8567
VAS score at 2-year follow-up 1.2+0.48 1.1£0.61 0.4091
*p<0.05.
Table 6. Multivariate regression analysis of radiographic and operative outcomes
Outcome Variable Adjusted 3/OR 95% CI P
Postoperative VCA (°) Intermediate screw use -2.10 —3.52 to -0.68 0.004*
Age (per decade) 0.12 —0.25 to 0.49 0.521
AO Type A4 (vs. A3) 1.85 0.94 to 2.76 0.001*
Surgeon | (vs. Surgeon 2) —0.45 —1.32 to 0.42 0.307
Correction loss (>2°) Intermediate screw use 0.32 0.14t0 0.72 0.006*
Fracture level (LI vs. L2) 1.20 0.85 to 1.69 0.294
Age (per decade) I.15 0.97 to 1.36 0.104
Operative time (minutes) Intermediate screw use 11.25 5.82 to 16.68 <0.001*

f3: Regression coefficient (for continuous outcomes); OR: Odds ratio (for correction loss >2°); Cl: Confidence interval. *p<0.05.

Clinical Outcomes

Preoperative VAS pain scores were comparable between
groups (Group A: 7.64+0.66; Group B: 7.67+0.71, p=0.857).
Both groups demonstrated significant reductions in pain at
the two-year follow-up; however, differences were observed
between groups (Group A: 1.2+0.48 vs. Group B: |.1£0.61,
p=0.4091) (Table 5). No significant correlation was observed
between VCA correction and improvement in postoperative
VAS scores (r=0.12, p=0.271).

Multivariate Regression Analysis of Radiographic and
Operative Outcomes

Multivariate regression analysis adjusted for age, fracture
level, AO classification, and surgeon identified intermediate
screw placement as an independent predictor of improved
radiographic outcomes. Intermediate screw placement was
significantly associated with greater immediate postopera-
tive VCA correction ($=-2.10, 95% confidence interval [CI]:
-3.52 to -0.68; p=0.004) and lower odds of significant correc-
tion loss (>2°) at two-year follow-up (odds ratio [OR]=0.32,
95% Cl: 0.14-0.72; p=0.006). Importantly, the association
between intermediate screw placement and improved VCA
correction remained significant after adjustment for operat-
ing surgeons, suggesting that the observed effect was more
likely attributable to the instrumentation technique than to
inter-surgeon variability.

Ulus Travma Acil Cerrahi Derg, July 2026, Vol. 32, No. 7

Notably, multivariate analysis demonstrated that AO type A4
fractures were independently associated with reduced VCA
correction (=1.85, p=0.001), highlighting the inherent diffi-
culty of achieving optimal reduction in severe burst fractures.
As detailed in Table 6, intermediate screw placement was in-
dependently associated with a statistically significant increase
in operative time ($=11.25, p<0.001). Although these findings
support potential advantages of the technique, they should
be interpreted cautiously because the models cannot fully ac-
count for unmeasured confounders or subtle technical differ-
ences inherent to individual surgical practice.

DISCUSSION

Principal Findings and Context Within Surgical Practice

Posterior approaches have become the preferred treatment
for unstable thoracolumbar fractures because of their tech-
nical feasibility and favorable perioperative profile compared
with anterior or combined approaches.>>"1 Nevertheless,
the optimal posterior instrumentation strategy remains de-
bated. This study specifically evaluated the role of intermedi-
ate screw placement in long-segment constructs. Although
biomechanical studies suggest that fracture-level screws im-
prove construct stability and promote more favorable stress
distribution, their clinical value in long-segment fixation has
remained largely unexplored compared with their established
use in short-segment systems.!'¢-'820]
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Our findings provide clinical evidence that adding intermedi-
ate screws to long-segment posterior fixation is associated
with improved restoration and maintenance of VCA. Impor-
tantly, multivariate adjustment demonstrated that this as-
sociation persisted after controlling for operating surgeons,
suggesting that the observed radiographic benefit is more
likely attributable to the instrumentation technique than to
surgeon-related variation. These findings support the bio-
mechanical rationale for intermediate screws, whose role in
long-segment constructs appears to be multifaceted. First,
they may augment the corrective lordosing moment by acting
as fixed pivot points that enable the longer rod to generate
a greater moment arm. Second, they may enhance construct
stability by anchoring the fracture site, thereby improving
load-sharing and reducing stress concentration on the im-
plant.[ZO-ZZ,ZB]

Interpretation of Radiographic and Clinical Outcomes

Patients treated with intermediate screws demonstrated
significantly better VCA correction both immediately after
surgery and at final follow-up, supporting the potential value
of this technique for achieving improved initial reduction and
maintaining alignment.*3% Although the mean difference in
VCA correction between groups was approximately 2°, and
the isolated clinical significance of this magnitude may be
questioned, it nevertheless represents a statistically signifi-
cant improvement in radiographic alignment. In spinal trau-
ma surgery, where long-term outcomes may depend on the
cumulative effect of incremental gains, improved alignment
may contribute to overall construct stability. This may be par-
ticularly relevant in unstable patterns such as AO type A4
fractures, which were independently associated with reduced
correction in our analysis. Regarding long-term alignment
maintenance, the intermediate screw group demonstrated a
favorable, although not statistically significant, trend toward
reduced loss of correction (1.22° vs. 1.95°, p=0.122).[17:31-33]
When considered together with the significantly improved fi-
nal VCA, this trend may reflect a potential biomechanical ad-
vantage; however, this finding requires confirmation in larger,
adequately powered studies and should be interpreted with
caution. These findings should also be interpreted in light of
the study's primary methodological limitation. The non-ran-
domized, surgeon-dependent allocation of techniques intro-
duces the possibility of residual confounding. Although mul-
tivariate analysis demonstrated that the association between
intermediate screw use and improved VCA correction was
independent of the operating surgeon, this statistical adjust-
ment cannot fully account for unmeasured technical factors
and subtle differences in surgical practice.

One of the most clinically relevant findings of this study was
the dissociation between radiographic outcomes and patient-
reported pain. Despite improved anatomical alignment, pa-
tients treated with intermediate screws did not demonstrate
superior VAS scores at follow-up.B%34%1 This finding highlights
the multifactorial nature of pain after spinal trauma, which
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may be influenced by neurological status, soft tissue injury,
and psychosocial factors beyond radiographic correction
alone.B**! The assessment of long-term stability, measured
by the loss of VCA correction, demonstrated a numerical
advantage for the intermediate screw group (1.22° vs. 1.95°),
although this difference did not reach statistical significance
(p=0.122). When considered together with the significant-
ly improved final VCA, this finding may indicate a potential
biomechanical advantage that warrants further evaluation in
larger, adequately powered studies.

Procedural Trade-offs and Comparative Literature

The improved radiographic outcomes observed with inter-
mediate screw placement were accompanied by increased
procedural demands. Intermediate screw placement was as-
sociated with longer operative time and greater intraopera-
tive fluoroscopy exposure. These findings are consistent with
meta-analyses by Kopaen et al.’" and Tong et al.,*®! which re-
ported similar increases in surgical duration and resource uti-
lization associated with fracture-level screw placement. These
procedural trade-offs may be attributable to the increased
technical complexity of the technique, which requires care-
ful surgical exposure and precise pedicle cannulation within a
fractured and potentially deformed vertebral body to achieve
safe screw placement while avoiding spinal canal violation.

However, evidence regarding these perioperative effects is
inconsistent. Li et al.?% reported no significant difference in
operative time, suggesting that surgeon experience and pro-
cedural learning curves may substantially influence efficiency.
This discrepancy suggests that the procedural burden associ-
ated with the intermediate screw technique may not be fixed
and could vary according to surgical experience and technical
familiarity. With increasing experience and refinement of sur-
gical technique, the additional operative time and fluoroscopy
exposure associated with the procedure may potentially be
reduced. Therefore, although our findings and several previ-
ous studies indicate an initial increase in resource utilization,
this should be considered a potential rather than an inherent
limitation of the technique.

The biomechanical and clinical rationale for intermediate
screw placement is well established in short-segment pos-
terior fixation. In these constructs, the screw's primary
function is sagittal realignment; it acts as a fulcrum within a
three-point bending system, generating a lordotic moment
that facilitates reduction of kyphotic deformity.2221 Multiple
studies, including randomized controlled trials and systematic
reviews, have reported that this approach is associated with
improved mechanical stability, lower implant failure rates, and
enhanced kyphosis correction compared with conventional
short-segment fixation.[!¢-!%28-31.35.39]

A key contribution of our study is the evaluation of this bio-
mechanical principle within the distinct biomechanical envi-
ronment of long-segment constructs. These longer instru-
mentations are subjected to greater lever arms and bending
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moments, which may increase stress concentration at the
implant—bone interfaces of the terminal vertebrae. In this set-
ting, the role of the intermediate screw may extend beyond
functioning as a reduction fulcrum to contributing to load
distribution across the construct. By engaging the fractured
vertebra, the screw may incorporate it into the load-bearing
system and effectively shorten the working length of the in-
strumentation. This mechanism may improve load-sharing
and reduce stress concentration at the terminal screws, a
recognized contributor to long-term implant failure. Accord-
ingly, the improved radiographic outcomes observed in this
study, including both initial correction and maintenance of
alignment, may reflect the combined effects of enhanced re-
duction and increased construct stability.

By directly comparing long-segment fixation with and without
intermediate screws, our study addresses an important and
relatively underexplored question in the literature. Previous
studies have largely focused on comparisons between short-
segment fixation with fracture-level screw augmentation and
long-segment fixation without augmentation, making it dif-
ficult to distinguish the effects of construct length from those
of fracture-level screw placement. Our findings suggest that
the potential benefits of fracture-level augmentation may ex-
tend to long-segment constructs. These results indicate that
intermediate screw placement may provide value indepen-
dent of construct length and support further investigation
into its role across different posterior fixation strategies.

Clinical Implications

This study suggests that intermediate screw placement may
improve radiographic outcomes following long-segment pos-
terior fixation for thoracolumbar fractures. Intermediate
screw use was independently associated with superior cor-
rection and maintenance of vertebral alignment. However,
the absence of a concomitant improvement in pain scores
and the associated increases in operative time and radiation
exposure suggest that improved radiographic alignment alone
may not determine clinical success. Therefore, decisions re-
garding intermediate screw placement should involve careful
consideration of fracture morphology, patient characteristics,
and available institutional resources. The technique may be
particularly relevant in selected cases where restoration and
maintenance of anatomical alignment are prioritized, such as
severe kyphotic deformity or complex trauma patterns. Fu-
ture prospective randomized studies incorporating multidi-
mensional functional outcome measures and longer follow-up
periods are needed to better define the role of this technique
and evaluate its clinical value from the patient's perspective.

Limitations

First, and most importantly, non-randomized surgeon-based
allocation introduced the potential for substantial confound-
ing. Surgeon | consistently performed intermediate screw
fixation, whereas Surgeon 2 consistently performed con-
ventional fixation. Consequently, observed differences may
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partially reflect differences in surgical execution, experience,
or subtle patient selection factors rather than instrumenta-
tion strategy alone. Although multivariate analysis adjusted
for surgeon variability, this approach cannot fully account for
residual confounding related to surgeon-specific practice pat-
terns. Second, clinical outcomes were assessed exclusively
using VAS pain scores. Patient-reported functional outcome
measures (e.g., Oswestry Disability Index, Short Form-36
[SF-36]) were not available, limiting assessment of whether
the observed radiographic improvements translated into
meaningful functional outcomes from the patient’s perspec-
tive. Third, although the minimum follow-up duration was 24
months, the study design precludes evaluation of longer-term
outcomes, including adjacent segment degeneration, delayed
implant failure, and complications occurring after hardware
removal. Fourth, despite adherence to standardized surgical
protocols, the involvement of two surgeons may have intro-
duced variability in technical execution and familiarity with
intermediate screw placement, potentially influencing out-
comes. Finally, potentially relevant variables, including bone
density, rehabilitation adherence, and socioeconomic factors,
were not systematically evaluated and may have influenced
alignment preservation and clinical recovery. Additionally, the
retrospective design of this study may have resulted in un-
derreporting of minor or transient complications not docu-
mented in the medical records. The modest sample size and
absence of an a priori power calculation may further limit
generalizability and reduce statistical power for secondary
outcomes, including correction loss. Future prospective stud-
ies should incorporate multidimensional outcome assess-
ment, longer follow-up periods, and cost-effectiveness analy-
ses to address these limitations.

CONCLUSION

In this comparative study, the incorporation of intermediate
screws into long-segment posterior fixation was associated
with improved radiographic outcomes in thoracolumbar frac-
tures, including superior initial VCA correction and improved
maintenance of alignment at follow-up. These radiographic
benefits were accompanied by longer operative duration
and greater fluoroscopy exposure. Importantly, improved
radiographic alignment did not translate into superior pain
outcomes or a statistically significant reduction in correc-
tion loss. The most important limitation of this study is the
non-randomized, surgeon-specific assignment of the surgical
technique, which introduces the possibility of residual con-
founding. Therefore, although our findings suggest a poten-
tial biomechanical role for intermediate screws in optimizing
anatomical reduction, the present evidence does not support
broad recommendations regarding their routine use. Further
prospective, randomized controlled studies incorporating pa-
tient-centered functional outcome measures are needed to
better define the clinical value of this technique and minimize
surgeon-related bias.
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ORIJINAL CALISMA - 0Z

Torakolomber kiriklarin uzun segment fiksasyonunda ara vidalar baglangic radyografik
hizasini iyilestirmekte ancak klinik sonuglar iyilestirmemektedir

AMAC: Ara vidalarin torakolomber kiriklarda uzun segment posterior fiksasyondaki yeri halen tartismalidir. Bu galisma, s6z konusu vidalarin hiza-
lanma diizeltmesini artirma ve komplikasyon oranlarini azaltmadaki etkinligini degerlendirmektedir.

GEREC VE YONTEM: Bu retrospektif karsilagtirmali calismada, 2014-2022 yillari arasinda tedavi edilen, T11-L2 seviyelerinde yerlesmis instabil
torakolomber patlama kirigi bulunan 9| hasta iki kohorta ayrilmistir: Grup A'da (n=61) kirik seviyesinde ara vidalar kullanilarak uzun segment fiksas-
yon uygulanirken, Grup B'de (n=30) konvansiyonel fiksasyon yapilmistir. Radyolojik sonuglar [vertebral kompresyon agisi (VKA), anterior/posterior
korpus yiksekligi (AKY/PKY)], intraoperatif parametreler (ameliyat siiresi, floroskopi kullanimi), klinik agri skorlari (Gorsel Analog Skala [VAS]) ve
komplikasyonlar degerlendirilmistir. istatistiksel karsilastirmalarda t-testi ve ki-kare analizleri kullanimistir.

BULGULAR: Her iki grupta da ameliyat sonrasi dSnemde VCA ve vertebra korpus yiiksekliginde anlamli iyilesme gézlenmistir (p<0.001). Grup A,
erken donemde daha tstiin VCA duzeltmesi saglamis (4.78°£3.47’ye karsi 6.82°14.02; p=0.014) ve bu fark 2 yillik takipte de anlamliligini korumus-
tur (5.67°%3.08’e karsi 8.59°£3.76; p=0.0005). Diizeltme kaybi Grup A'da daha duslik olmakla birlikte (1.22°%1.13’e karsi 1.95°%2.12; p=0.122)
istatistiksel olarak anlamli bulunmamistir. Grup A'da ameliyat siiresi daha uzun (160.25%19.4 dakikaya karsi 150.17+26.9 dakika; p=0.044) ve flo-
roskopi kullanim sayisi daha fazla (26.38%2.3’e karsi 20%2.13; p<0.001) olarak saptanmistir. Preoperatif ve takip VAS skorlarinda gruplar arasinda
anlamli fark bulunmamistir (p>0.05).

SONUC: Operasyon siiresinin ve floroskopi kullaniminin artmasina ragmen, uzun segmentli konstriiksiyonlarda ara vida yerlestirilmesi, torakolom-
ber kiriklarda radyolojik hizalanmanin yeniden saglanmasini ve korunmasini anlamli iyilesme ile iliskilendirilmistir. Klinik agri sonuglari benzer olmakla
birlikte, teknigin sundugu biyomekanik avantajlar, anatomik hassasiyetin onceliklendirildigi olgularda segici olarak kullanilmasini desteklemektedir.
Bu teknik, daha uzun ameliyat siiresi ve daha fazla radyasyon maruziyeti pahasina daha iyi erken ve ge¢ donem radyografik hiza saglamis, ancak agri
skorlarinda iyilesme saglamamistir. Bununla birlikte, sonuglar yorumlanirken hastalarin cerrah temelinde rastgele olmayan sekilde gruplandiriimig
olmasi dikkate alinmalidir.

Anahtar sozclikler: Ara vida; kirik internal fiksasyonu; pedikiil vidalari; spinal kiriklar; torakolomber vertebra; uzun segment enstriimantasyon.

Ulus Travma Acil Cerrahi Derg 2026;32(7):843-853 DOI: 10.14744/tjtes.2026.74569

Ulus Travma Acil Cerrahi Derg, July 2026, Vol. 32, No. 7 853


https://doi.org/10.1016/j.neucie.2024.11.006
https://doi.org/10.3390/jcm14165672
https://doi.org/10.1016/j.injury.2022.05.032
https://doi.org/10.1097/MD.0000000000004574
https://doi.org/10.1080/10255842.2023.2243360
https://doi.org/10.3389/fsurg.2022.905946
https://doi.org/10.1186/s13018-019-1149-2
https://doi.org/10.1016/j.xnsj.2024.100529
https://doi.org/10.1016/j.wneu.2017.10.157
https://doi.org/10.3389/fendo.2025.1532355
https://doi.org/10.3389/fpsyg.2016.00468
https://doi.org/10.1007/s00586-025-08733-z
https://doi.org/10.1007/s00586-020-06479-4

