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Article info: : ABSTRACT
22 Jun 2024
26 Jul 2024 ¢ Background: Revision long-segment posterior spinal fusion (PSF) for complex degenerative
23 Nov 2024 ¢ spinal deformity is technically demanding and associated with significant perioperative risks.
01 Feb 2025 : Whether a one-stage or two-stage strategy yields superior outcomes remains controversial.

Objectives: In this study, we aimed to compare radiologic outcomes, perioperative parameters,
and complication rates between one-stage and two-stage revision of long-segment PSF.

Methods: We retrospectively reviewed 45 patients who underwent revision long-segment PSF
at our tertiary center between 2021 and 2023. Patients were divided into one-stage (n=29) and
two-stage (n=16) groups. Demographic, perioperative, and imaging parameters, as well as
complication rates, were compared between groups.

Results: Both groups demonstrated significant improvement in sagittal and coronal alignment,

with no statistically significant differences in radiologic outcomes. Operative time (P=0.038)

and hemoglobin drop (P=0.001) were significantly greater in the two-stage group. Hospital stay

. tended to be longer in staged procedures, though the difference was not statistically significant.

Keywords: : Overall complication rates were comparable between the groups (48.3% vs 37.5%, P=0.544),

Revision surgery, Long- with infection being the most common complication in both groups (17.2% vs 18.7%).

segment, Posterior spinal ¢ Conclusion: One-stage and two-stage revision long-segment PSF achieved comparable
fusion (PSF), Spinal :  radiologic outcomes and complication rates. However, the one-stage approach was associated
deformity, One stage, Two . with shorter operative time and reduced hemoglobin drop. These findings suggest that single-
stage, Complications, . stage revision surgery may provide favorable perioperative outcomes without compromising
Outcomes safety.
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Introduction

omplex degenerative spinal deformity is a
condition increasingly observed in aging
populations. It encompasses a spectrum
of disorders characterized by progressive
degeneration of the intervertebral discs,
facet joints, and paraspinal musculature
[1, 2]. These degenerative conditions may
result in global spinal malalignment, lumbar spinal ste-
nosis, and a range of disabling symptoms such as chronic
back pain, radiculopathy, and gait disturbance [3]. With
its growing prevalence, the demand for surgical treat-
ment has increased, especially among individuals aged
65 and older [4].

Surgical intervention, most commonly posterior spinal
fusion (PSF), is often warranted when conservative mea-
sures fail, with the primary objectives being the restora-
tion of spinal alignment, alleviation of pain, and promo-
tion of spinal stability through successful fusion [5, 6].
However, revision surgery in this context is frequently
required due to nonunion, implant failure, adjacent seg-
ment disease, or residual deformity following primary
fusion procedures [7, §8].

Revision surgery is technically demanding, associated
with prolonged operative times, increased blood loss,
and heightened risk of perioperative complications [9].
Two major strategies could be employed: One-stage and
two-stage revision [10]. One-stage revision surgery of-
fers the advantage of completing correction and fusion
in a single setting, thereby reducing hospitalization and
overall treatment duration. However, it carries the disad-
vantage of greater intraoperative physiological stress and
a higher risk of complications [10]. On the other hand,
two-stage revision surgery allows for gradual correction,
potentially reducing operative time per procedure and
perioperative morbidity, but at the cost of prolonged hos-
pitalization, delayed rehabilitation, and cumulative risks
of multiple anesthetics [10]. Although several studies
have compared one-stage and two-stage strategies across
various clinical scenarios [10-12], there is no clear con-
sensus on the superiority of either approach, particularly
in revision surgeries.

In this study, we compare radiologic outcomes and
complications between one-stage and two-stage proce-
dures in a cohort of patients with degenerative spinal de-
formity undergoing revision long-segment PSF.

Orthopedic Science

Methods

The Review Board of Iran University of Medical Scienc-
es approved this retrospective cohort study. Medical re-
cords of patients who underwent revision long-segment
PSF between 2021 and 2023 at our tertiary hospital were
retrospectively reviewed, and eligible patients were in-
cluded in the study. Patients were included if diagnosed
with degenerative spinal deformity, aged >18 years, had
single- or two-stage posterior interbody fusion combined
with lumbar decompression and instrumentation span-
ning T9/T12 to S2-iliac. The exclusion criteria were a
follow-up period of less than 12 months and incomplete
medical documentation. Forty-five patients who met the
study criteria were included in the final analysis.

The same team of experienced orthopedic spine sur-
geons did all procedures. Anesthetic and perioperative
protocols were the same across both groups. Surgical
techniques and instrumentation were also consistent
across the two groups, with posterior pedicle screw
fixation as the primary method of stabilization. Intraop-
erative neuromonitoring was routinely employed to en-
hance safety and continuously assess neurological func-
tion throughout the surgeries. In the one-stage group, all
procedures, including complete long-segment PSF with
instrumentation, decompression, and interbody fusion,
were performed during a single operative session. In the
two-stage group, the first stage consisted of a long-seg-
ment PSF with instrumentation, followed by decompres-
sion and interbody fusion in a second operation, typical-
ly performed within 3 to 7 days of the initial procedure.
The decision between single- and two-stage procedures
was based on the surgeon’s preference, operating room
availability, and evolving institutional protocols.

The same postoperative care, including pain manage-
ment strategy and rehabilitation plans, was implemented
for both single and two-staged groups. In scheduled two-
stage cases, patients were mobilized between the first
and second stages. This procedure included ambulation
over short distances while wearing a thoracolumbosacral
orthosis.
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Demographic data, including age, sex, body mass in-
dex (BMI), and follow-up duration, and operative data,
including operation time, estimated blood loss, amount
of blood transfusion, pre- and post-operative hemoglobin
levels, and length of hospitalization, were extracted from
the patients’ medical records. Peri- and postoperative com-
plications were also extracted from the patient’s medical
history. Radiological parameters were retrieved from our
hospital’s Picture Archiving and Communication System.
They included pelvic tilt, pelvic incidence, sacral slope,
lumbar lordosis, proximal junctional angle, sagittal verti-
cal axis (SVA), and coronal vertical axis (CVA). Two spine
surgeons independently performed all radiographic as-
sessments. In cases of discrepancy, the images were jointly
reviewed, and a consensus decision was reached.

Statistical analyses were performed using SPSS software,
version 19.0 (IBM Corp., Armonk, NY, USA). Quantita-
tive variables were demonstrated with Mean=SD. Qualita-
tive variables were presented as frequencies and percent-
ages. Normality of distribution was evaluated using the
Shapiro-Wilk test. For within-group comparisons, a paired
t-test was used for normally distributed variables, while
the Wilcoxon signed-rank test was used for non-normally
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distributed variables. For between-group comparisons, an
independent t-test was used for normally distributed vari-
ables, while the Mann-Whitney U test was used for non-
normally distributed variables. Categorical variables were
compared using the chi-square test or the Fisher exact test.
A P<0.05 was considered statistically significant.

Results

The study population included 45 patients: 29 under-
went a single-stage procedure and 16 underwent a two-
stage procedure. The baseline demographic and imaging
characteristics of the two study groups are presented in
Table 1. Preoperative CVA was the only baseline param-
eter that significantly differed between the two groups
(P=0.003).

In the single-stage group, the mean lumbar lordosis sig-
nificantly improved immediately after the operation and re-
mained almost unchanged until the last follow-up. The same
was observed for sacral slope. Thoracic kyphosis, SVA, and
CVA showed continuous improvement after the operation.
Pelvic tilt improved from 27" to 23.9", with a small recur-
rence to 25° observed at the final follow-up (Table 2).

Table 1. Comparing the baseline demographic and imaging data between the one-stage and two-stage groups

MeanxSD/No. (%)

Variables P
One-stage (n=29) Two-stage (n=16)
Age (y) 60.72+10.3 64.9+12.4 0.336
Male 7(24.1) 1(6.3)
Sex 0.226
Female 22(75.9) 15(93.7)
BMI (kg/m?) 29.7+4.3 32.445.9 0.209
Follow-up (m) 26.3+18.4 33.7436 0.307
Lumbar lordosis (°) 31+15.7 22.4+18.1 0.053
Sacral Slope (°) 27.5+11 28.418.6 0.840
Pelvic tilt (°) 27+11 27.5+8.7 0.906
Thoracic kyphosis (°) 33.5+14.3 28.3+10.1 0.302
SVA (mm) 96.7+62.2 106.7+80.5 0.794
CVA (mm) 19+3.5 18.1+4.5 0.003

Abbreviations: BMI: Body mass index; SVA: Sagittal vertical axis; CVA: Coronal vertical axis.

Note: P<0.5 is considered significant.

Orthopedic Science

Chet M, et al. One- vs Two-stage Revision: Complications and Imaging Findings. J. Res Orthop Sci. 2025; 12(1):57-64.




Orthopedic Science

Table 2. Comparing radiographic parameters measured preoperatively, immediately postoperatively, and at the last follow-
up in the single-stage long-segment PSF groups

MeantSD

Variables P (pre versus last)

Immediately

Preoperative .
P Postoperative

Last follow-up

Lumbar lordosis (°) 31+15.7 41.148.5 40.5¢7.8 0.005

Sacral slope (°) 27.5+11 30.1+8.9 30.3t7.7 0.093

Pelvic tilt (°) 27+11 23.948.3 25.1+7.2 0.289

Thoracic kyphosis (°) 33.5+14.3 41+10.6 46.6£11.5 <0.001

SVA (mm) 96.7+62.2 81+43.2 76.7+44.5 0.127

CVA (mm) 1943.5 13.6+23.5 4.1+22.5 0.003
Abbreviations: PSF: Posterior spinal fusion; SVA: Sagittal vertical axis; CVA: Coronal vertical axis. Orthopedic Science

Note: P<0.5 is considered significant.

In the two-stage group, the overall pattern of change
was comparable across all parameters, with only minor
differences in the magnitude of improvement (Table 3).

Table 4 compares radiographic parameter changes
between single-stage and two-stage long-segment PSF.
Both groups showed improvements in sagittal and coro-
nal alignment, with no statistically significant differenc-
es between them. Although the two-stage group tended
to show larger changes in lumbar lordosis and pelvic tilt,
these changes did not reach significance.

The two-stage group had significantly longer opera-
tive times. Hemoglobin drop, transfusion requirements,
blood loss, and hospital stay were higher in the two-stage
group, but the differences were not statistically signifi-
cant. The percentage of proximal junctional kyphosis
was slightly lower in the two-stage group, though this
difference was not statistically significant (Table 5).

Table 6 summarizes postoperative complications in the
single-stage and two-stage groups. The most common
complication in both groups was infection, followed

Table 3. Comparing the radio-parameter change between the single-stage and two-stage long-segment PSF groups

MeanxSD
Variables P
One-stage (n=29) Two-stage (n=16)
Lumbar lordosis Change (°) -9.3+14.4 -18.5+16.7 0.071
Sacral slope change (°) -2.7+8.8 -6.415.8 0.250
Pelvic tilt change (°) 1.9+8.6 54 0.217
Thoracic kyphosis change (°) -13.1+11.6 -8.7¢7.4 0.157
SVA change (mm) 2073 43,549 0.337
CVA change (mm) -4.8+24.2 11.2432.2 0.092
PI-LL Mismatch (°) 14.149.9 15.8+12.1 0.877
Orthopedic Science

Abbreviations: PSF: Posterior spinal fusion; SVA: Sagittal vertical axis; CVA: Coronal vertical axis; PI: Pelvic incidence; LL:

Lumbar lordosis.
Note: P<0.5 is considered significant.
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Table 4. Comparing radiographic parameters measured preoperatively, immediately postoperatively, and at the last follow-

up in the two-stage long-segment PSF groups

MeanxSD

Variables

Immediately Postopera-

P (pre versus last)

Preoperative tive Last Follow-up

Lumbar lordosis (°) 22.4+18.1 4149 40.916.2 <0.001

Sacral slope (°) 28.41+8.6 36.9+11 34.819.2 <0.001

Pelvic tilt (°) 27.5+8.7 19.5+7 22.5%9 0.001

Thoracic kyphosis (°) 28.3+10.1 32.616.3 37174 0.002

SVA (mm) 106.7+80.5 65.6+42.7 63.1+51 0.056

CVA (mm) 19.2+18.1 14.9+13.8 7.9+21.5 0.005
Abbreviations: PSF: Posterior spinal fusion; SVA: Sagittal vertical axis; CVA: Coronal vertical axis. Orthopedic Science

Note: P<0.5 is considered significant.

by neurologic deficit. Overall complication rates were
slightly higher in the single-stage group (48.3%) com-
pared to the two-stage group (37.5%). However, this dif-
ference was not statistically significant (P=0.544).

Discussion

This study compared radiological outcomes, periopera-
tive data, and complication profiles between one-stage
and two-stage revision long-segment PSF in patients
with complex degenerative spinal deformities. Both sur-
gical strategies were effective in improving sagittal and
coronal alignment, with no statistically significant differ-
ences in the degree of correction achieved. The surgical
time and the hemoglobin drop were significantly longer
in the two-stage group. Complication rates were slightly,

but not significantly, higher in the single-stage group
(48.3% vs 37.5%).

The choice between one-stage and two-stage PSF has
long been a subject of debate. Maddox et al. compared
staged versus unstaged posterior-only thoracolumbar fu-
sions in adults with spinal deformity. Despite the staged
cohort being older, they found no significant difference
in perioperative complication rates between the two strat-
egies. A subset of patients planned for unstaged surgery
required intraoperative conversion to a staged approach,
which was primarily associated with higher ASA scores
rather than increased complications. These findings sug-
gest that both staged and unstaged procedures can be
safe options, with patient comorbidities influencing the
choice of strategy [13]. Viviani et al. [10] compared the
postoperative morbidity and hospital stay between one-

Table 5. Comparing the perioperative parameters between the single-stage and two-stage long-segment PSF groups

MeantSD
Variables P
Two-stage (n=16) One-stage (n=29)
Operative time (h) 6.2+1.7 5.3+1.3 0.038
Blood loss (mL) 1856+747 1496+742 0.077
Hemoglobin drop (mg/dL) 4.2+1.6 2.5+1.2 0.001
Blood transfusion (U) 2+1.4 1.6+1.2 0.312
Hospital stay (d) 11.247.2 10.819 0.365
Proximal junctional kyphosis (%) 1149.1 14.44£12.2 0.479

PSF: Posterior spinal fusion.
Note: P<0.5 is considered significant.
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Table 6. Comparing postoperative complications between the single-stage and two-stage long-segment PSF groups

No. (%)
Variables
One-stage (n=29) Two-stage (n=16)

Infection 5(17.2) 3(18.7)

Device failure 2(6.9) 0

Wound dehiscence 2(6.9) 0

Proximal junctional failure 1(3.5) 0
Neurologic deficit 3(10.3) 2(12.5)

Deep vein thrombosis 1(3.5) 0
Sagittal & coronal imbalance 0 1(6.3)
Overall complications 14(48.3) 6(37.5)

PSF: Posterior spinal fusion.

staged and two-staged combined anterior and PSF. The
one-stage procedure was associated with a significantly
shorter hospital stay and fewer complications. Dick et
al. [14] compared outcomes of one-stage versus two-
stage anterior and PSF in adults, evaluating complica-
tion rates, hospital costs, and other perioperative factors.
They found that patients in the staged group had longer
hospital stays, higher costs, and a greater incidence of
wound infections. Importantly, all patients preferred the
one-stage procedure, which was associated with lower
morbidity and lower overall costs. Viezens et al. [15]
conducted a retrospective matched-pair cohort study of
247 patients undergoing posterior—anterior spinal fusion
via thoracoscopic approach, comparing single-stage and
two-stage procedures. Both procedures demonstrated
comparable perioperative safety profiles and complica-
tion rates. The single-stage procedure, however, was as-
sociated with a shorter hospital stay, albeit with slightly
higher pain levels in the immediate postoperative period,
which resolved within 30 days. Consistently, we ob-
served a longer hospital stay in patients who underwent
two-stage surgery. Moreover, the operation time and
hemoglobin drop were significantly greater in the two-
staged group. These observations, in line with the earlier
studies, confirm that a one-staged procedure provides
better perioperative outcomes.

Verma et al. [16] conducted a systematic review and
meta-analysis of 11 studies involving 1323 patients
undergoing staged or same-day spinal fusion for adult
spinal deformity. Staged surgery was associated with
longer operative time, prolonged hospitalization, and a
higher risk of venous thromboembolism. In contrast, no
significant differences were observed regarding blood

Orthopedic Science

loss, radiologic outcomes, or overall complication rates.
The most frequent complication in the stage group was
surgical site infection, whereas neurological complica-
tions predominated in the same-day group. Overall, the
authors concluded that while both approaches achieve
comparable clinical and radiologic efficacy, staged sur-
gery is associated with inferior perioperative outcomes.
Similarly, in the present study, the two-stage procedure
showed no clear benefit in radiologic outcomes or com-
plication rates compared to the one-stage procedure.
Infection was the most common complication in both
study groups. Neurological complications were not sig-
nificantly different between the one-stage and two-stage
groups, possibly because intraoperative neuromonitor-
ing was used in all surgeries [17]. Moreover, no deep
vein thrombosis was observed in the two-stage group,
which may be attributed to immediate ambulation after
the first operation [18-20].

In the present study, we included only patients under-
going revision surgery, which is naturally associated
with higher risks of morbidity, including surgical site in-
fections, urinary tract infections, and prolonged hospital-
ization [8]. Nevertheless, our findings demonstrate that
a single-stage procedure does not confer a higher risk
of complications compared with a two-stage approach,
even in the context of revision long-segment PSF.

This study has several limitations that should be ac-
knowledged. First, its retrospective design is by nature
associated with selection bias and limits the ability to es-
tablish causal relationships. Second, the relatively small
sample size, particularly in the two-stage group, could
have reduced the statistical power to detect subtle differ-
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ences between the groups. Third, the follow-up duration
was limited to 12 months, which may not be sufficient
to capture long-term complications. Fourth and finally,
this study focused primarily on radiological and periop-
erative parameters; important clinical outcomes, such as
patient-reported pain, quality of life, and functional re-
covery, were not assessed due to the retrospective study
design.

Conclusion

In patients undergoing revision long-segment PSF for
complex degenerative spinal deformities, both one-stage
and two-stage procedures provided comparable radio-
logic outcomes and overall complication rates. How-
ever, the one-stage approach is associated with shorter
operative time, reduced hemoglobin drop, and shorter
hospital stay, without increased complications. These
findings suggest that single-stage revision surgery may
offer favorable perioperative outcomes compared with
staged procedures, even in the technically demanding
context of revision surgery. Larger, prospective, multi-
center studies with longer follow-up and incorporation
of patient-reported outcomes are warranted to validate
these results.
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