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Abstract
Background  Surgical management of adolescent idiopathic scoliosis (AIS) and Scheuermann’s kyphosis (SK) may be 
associated with several complications including extended length of stay and unplanned reoperations. Several studies have 
previously compared postoperative complications and functional outcomes for AIS and SK patients with mixed results. 
However, a meta-analysis compiling the literature on this topic is lacking.
Methods  Following the PRISMA guidelines, PubMed, Cochrane, and Google Scholar (pages 1–20) were accessed and 
explored until April 2024. The extracted data consisted of complications (overall and surgical-site infections [SSI]), read-
missions, reoperations, and Scoliosis Research Society-22 (SRS-22) score. Mean differences (MD) with 95% CI were used 
for continuous data and odds ratio (OR) was utilized for dichotomous data were calculated across studies.
Results  Seven retrospective articles were included in the meta-analysis, including 4866 patients, with 399 in the SK group 
and 4467 in the AIS group. SK patients were found to have statistically significantly higher rates of overall complications 
(OR = 5.41; 95% CI 3.69–7.93, p < .001), SSI (OR = 11.30; 95% CI 6.14–20.82, p < .001), readmissions (OR = 2.81; 95% 
CI 1.21–6.53, p = 0.02), and reoperations (OR = 7.40; 95% CI 4.76–11.51, p < .001) than AIS patients. However, they had 
similar SRS-22 scores postoperatively (MD = −0.06; 95% CI −0.16 to 0.04, p = 0.26) despite the SK group having lower 
SRS-22 scores preoperatively (MD = −0.30; 95% CI −0.42 to −0.18, p < .001).
Conclusion  In this meta-analysis of studies comparing spinal deformity surgery outcomes in AIS and SK patients, SK was 
associated with more complications, readmissions, and reoperations. SK did have equivalent SRS-22 scores postoperatively 
to AIS patients, highlighting the benefit of surgical treatment despite higher complication rates. This data may help inform 
healthcare institutions, payors, and quality monitoring organizations who examine outcomes of pediatric and adult spinal 
deformity surgery.
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Introduction

Adolescent idiopathic scoliosis (AIS) is the most common 
cause of scoliosis, affecting 2–4% of adolescents, with inci-
dence rates ranging between 0.47% and 5.2% [1–5]. AIS is 
characterized as a curvature of the spine with a Cobb angle 
greater than 10° with vertebral rotation [6]. While the patho-
physiology of AIS is largely unknown, contributing factors 
include genetic polymorphisms, hormone and signaling pep-
tide dysregulation, environmental triggers, such as diet and 
exercise, and physiological deficiencies in bone and muscle 
tissue surrounding the spine [1].
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Scheuermann’s kyphosis (SK), also known as Scheuer-
mann’s disease, is the second most common developmental 
disorder in patients with a spinal deformity after AIS [7, 8]. 
This type of kyphosis develops in early adolescence with a 
reported prevalence ranging from 0.4 to 8.3% [8–11]. Defini-
tions of SK vary, but the current widely accepted diagnostic 
criterion is the wedging of three adjacent vertebral bodies 
by at least 5° [12]. Similar to AIS, a detailed understanding 
of the etiology of SK is limited, though genetic roots, altered 
spinal biomechanics, and abnormal tissue composition have 
been increasingly investigated [13].

AIS, SK, and other spinal diseases have major impacts 
on quality of life for children and adolescents [14, 15]. In 
fact, these two spinal conditions are different, reaching the 
threshold for operative management at different stages being 
earlier in SK. Surgical treatments of these conditions have 
advanced over the last few decades, but several complica-
tions that necessitate extended length of stay (LOS) and 
unplanned reoperation still remain [16–21]. Specifically, 
studies report a 9.2% 2-year revision risk following primary 
pediatric spinal deformity surgery, and extended LOS rates 
of up to 91% for SK and 59% for idiopathic deformities [17, 
22]. On the other hand, Sarwahi et al. reported similar revi-
sion rates and infection rates between AIS and SK [22]. Sev-
eral studies have compared postoperative complications and 
quality of life data for AIS and SK patients with differing 
results [22–24]. However, no prior meta-analysis has com-
piled literatures comparing the surgical outcomes of these 
two etiologies. As such, the purpose of this meta-analysis 
was to compare the outcomes of spinal deformity surgery 
in AIS and SK patients to help inform healthcare quality 
monitoring efforts.

Materials and methods

Search strategy

Following the PRISMA guidelines, PubMed, Cochrane, and 
Google Scholar (pages 1–20) were accessed and explored 
until April 2024 using the following keywords “Scheuer-
mann”, “AIS” and “idiopathic scoliosis” to find articles com-
paring SK and AIS patients undergoing spinal deformity 
surgery. Additional articles were added by going through ref-
erence lists from articles. One author extracted the data, and 
another confirmed the choice of the included articles. The 
process is summarized in the PRISMA flowchart (Fig. 1).

Articles were included if they consisted of comparative 
studies, comparing SK to AIS patients undergoing spi-
nal deformity surgery. Comparative articles with nonrel-
evant outcomes, as well as non-comparative articles were 
excluded.

Data extraction

Eligibility of the included studies were determined by two 
reviewers independently. The extracted data consisted of 
complications [overall complications, and surgical-site 
infections (SSI)], readmissions, reoperations, and patient-
reported outcome measures (PROMs) [Scoliosis Research 
Society-22 score (SRS-22)]. If present, differences between 
the investigators were resolved by a third independent 
reviewer. No software tools were used to aid with data 
extraction, it was doing manually on an excel sheet.

Risk‑of‑bias assessment

The ROBINS-I tool was used to assess the risk of bias 
in the included non-randomized studies by two authors 
independently [25]. Studies were evaluated for their con-
founding bias, selection bias, classification bias, bias due 
to deviation from interventions, bias due to missing data, 

Fig. 1   PRISMA flowchart for article selection process
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bias in outcomes measurements, and bias in the selection of 
reported results and were graded to have a low, moderate, 
serious, or critical risk. If the study had a moderate, serious, 
or critical risk of bias in at least one of the domains, it will 
be classified as having an overall moderate, serious or criti-
cal risk of bias respectively. It is considered to have a low 
risk of bias if all the evaluated domains had a low risk of 
bias. Studies were excluded if they had a critical risk of bias.

Statistical analysis

Review Manager 5.4 (The Cochrane Collaboration, 2020) 
was implemented for the statistical analysis. Mean differ-
ences (MD) with 95% CI were used for continuous data 
while odds ratio (OR) was utilized for dichotomous data. 
Heterogeneity was evaluated by Q tests and I2 statistics. 
If considerable heterogeneity was indicated by p ≤ 0.05 or 
I2 > 50%, random-effects model was used. Otherwise, the 
fixed-effect model was implemented. A statistically signifi-
cant result is shown by p ≤ 0.05.

Results

Characteristics of the included studies

Seven retrospective articles from 5 cohorts met the inclusion 
criteria [15, 17–19, 22–24]. These studies included 4866 
patients, with 399 in the SK group and 4467 in the AIS 
group. The main characteristics of the included studies are 
summarized in Table 1.

Adverse events

Overall complications

Four studies including 3573 patients reported data about 
overall complications (294 in the SK group and 3279 in 
the AIS group). SK patients had a statistically significantly 

higher rate of complications than AIS patients (odds 
ratio = 5.41; 95% CI 3.69–7.93, p < 0.001, Fig. 2A).

SSI

Three studies including 2974 patients reported data about 
SSI (260 in the SK group and 2714 in the AIS group). SK 
patients had a statistically significantly higher rate of SSI 
than AIS patients (odds ratio = 11.30; 95% CI 6.14–20.82, 
p < 0.001, Fig. 2B).

Readmission

Two studies including 1354 patients reported data about 
overall complications (97 in the SK group and 1257 in 
the AIS group). SK patients had a statistically signifi-
cantly higher rate of readmissions than AIS patients (Odds 
Ratio = 2.81; 95% CI 1.21–6.53, p = 0.02, Fig. 2C).

Reoperations

Three studies including 2974 patients reported data about 
reoperations (260 in the SK group and 2714 in the AIS 
group). SK patients had a statistically significantly higher 
rate of reoperations than AIS patients (odds ratio = 7.40; 
95% CI 4.76–11.51, p < 0.001, Fig. 2D).

PROMs

Two studies including 2175 patients reported data about 
SRS-22 (187 in the SK group and 1988 in the AIS group). 
A lower pre-operative score was shown in SK patients (mean 
difference = −0.30; 95% CI −0.42 to −0.18, p < 0.001, 
Fig. 3A). However, no statistically significant difference 
was shown between the two groups postoperatively (mean 
difference = −0.06; 95% CI −0.16 to 0.04, p = 0.26, Fig. 3B).

Table 1   Characteristics of the 
included studies

a Same cohort but different studies
b Overlapping cohort but different studies

Author Methods Participants Age (years) Follow-up

SK AIS SK AIS

Fruergaard et al. 2021 [17]a Retrospective 63 692 18 16 24 months
Fruergaard et al. 2021 [18]a Retrospective 63 692 18 16 24 months
Jain et al. 2015 [19] Retrospective 34 565 14 3 months
Lonner et al. 2015 [23]b Retrospective 97 800 17 15 12 months
Sarwahi et al. 2022 [22] Retrospective 100 1222 18 15 24 months
Toombs et al. 2018 [24]b Retrospective 82 995 16 15 24 months
Tsirikos et al. 2023 [15] Retrospective 105 993 – 24 months
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Discussion

Previous studies have investigated outcomes of spine sur-
gery between SK and AIS patients. This meta-analysis was 
conducted with the objective of offering more definitive 
data regarding the difference in outcomes between these 
two patient populations. The results of this meta-analysis 
revealed that SK patients have a higher rate of post-oper-
ative SSI, overall complications, readmission, and reop-
erations. However, both AIS and SK have similar PROMs 

post-operatively despite SK patients having lower scores 
pre-operatively highlighting the life-changing effects of 
kyphosis correction. In all the analyzed outcomes, the het-
erogeneity assessed using I2 was below the threshold of 
50% making the studies only mildly heterogeneous without 
affecting the results of this meta-analysis.

SK patients were shown to have five times more post-
operative complications, 11 times more the SSI, 3 times 
more readmission, and seven times more reoperations. 
These higher adverse events may be attributable to several 

Fig. 2   A Forest plot showing the difference in the rate of overall complications. B Forest plot showing the difference in the rate of SSI. C Forest 
plot showing the difference in the rate of readmissions. D Forest plot showing the difference in the rate of reoperations
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causes. Patients with SK may require more extensive surgery 
including longer instrumentation and increased use of oste-
otomies, thus increasing operative time and mitigating posi-
tive outcomes in patients managed by surgeons with limited 
experiences in those procedures [18, 26, 27]. In addition, 
the higher rate of SSI could be result of the proximal extent 
of the dissection needed at the base of the neck (C7, T1, T2 
upper instrumented vertebrae) in SK patients as this area is 
prone to contamination due to the difficulty of intraoperative 
draping [23]. Furthermore, the cantilever forces required to 
correct the kyphosis on top of the pull-out forces at both 
extremities of the construct may ultimately increase the risk 
of implant failure [28–32]. This notion is supported by the 
fact that the main etiology for reoperation in SK patients was 
shown to be implant failure [18]. Carefully choosing fusion 
levels, choosing the best upper instrumented level, proper 
rod contouring, and avoiding overcorrection are crucial to 
preventing these issues [31]. Furthermore, because of their 
low prevalence, SK patients are either underrepresented 
in many cohort studies or the focus of small single-center 
research, which leads to a large variation in the surgical 
threshold and strategy [33–36]. As a result, caring for these 
individuals is frequently seen as a judgment test. There-
fore, creating a more standardized national strategy could 
decrease the adverse events seen in these patients. Never-
theless, educating SK patients pre-operatively on the higher 
post-operative risks is important. Furthermore, additional 
research on the management of SK may help reduce post-
operative risks and aid in the understanding of this entity.

Patients with SK had similar post-operative SRS-22 total 
scores compared to AIS patients despite having lower pre-
operative scores. Previous research has demonstrated that, 
in comparison to age- and sex-matched controls, SK patients 
report feeling more self-conscious about their appearance 

preoperatively. They also note lower self-image domain 
scores than both AIS patients and normal controls. The 
self-image domain of the SRS, in fact, is most strongly cor-
related with kyphosis magnitude when compared to other 
SRS domains [37–39]. This could explain why SK patients 
require more invasive surgeries, thus leading the higher 
rates of post-operative adverse events. However, one must 
note that only two studies (including 187 in the SK group 
and 1988 in the AIS group) were included in the PROMs 
analysis as other studies did not report the values of SRS-22 
scores.

Despite this study comparing surgical outcomes of 
between AIS and SK, one should note that these 2 condi-
tions are fundamentally different, often reaching the thresh-
old for surgical intervention at distinct stages in pediatric 
spinal deformity centers, being earlier in SK. The unequal 
weighting in favor of AIS in the analyzed studies reflects the 
higher incidence of AIS, potentially leading to an underes-
timation of the complexities associated with SK surgeries. 
This disparity might result in oversimplification of SK as a 
uniplanar deformity, miscalculations in surgical strategies, 
and a skewed approach influenced by the more routine AIS 
procedures, thereby increasing the risk of postoperative 
complications. Additionally, SK surgeries generally involve 
more extensive procedures extending into the lumbar spine, 
unlike many AIS surgeries. The complexity and extent of 
SK surgeries naturally lead to higher complication rates, 
which may not have been appropriately accounted for in 
our comparisons.

Strengths and limitations

While this meta-analysis is the first to compare the outcomes 
of posterior fusion in AIS and SK, it has several potential 

Fig. 3   A Forest plot showing the difference in pre-operative SRS-22 total. B Forest plot showing the difference in post-operative SRS-22 total
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limitations. Only comparative studies were included which 
limited the number of studies included in the overall analy-
sis. Moreover, the included studies were of retrospective 
nature limiting the level of evidence of this meta-analysis. 
The low number of studies in some outcome analysis may 
limit the generalizability of these findings. Furthermore, the 
variability in study designs, and surgical techniques, and the 
potential publication bias among the included studies may 
have introduced heterogeneity into our analysis, which could 
have influenced the interpretation of results and the validity 
of our conclusions. In addition, the pooling of these studies 
and the missing granularity in their results restricted us from 
doing sub-analyses based on the demographics and poten-
tial confounding factors of the patients. Finally, the limited 
availability of long-term follow-up data in some studies may 
have restricted our ability to assess the durability of out-
comes over time.

Conclusion

In this meta-analysis of studies comparing spinal deformity 
surgery outcomes in AIS and SK patients, SK was associated 
with more complications, readmissions, and reoperations. 
However, they had similar postoperative SRS-22 scores 
despite having lower preoperative scores. These results high-
light the differences between surgical treatment of SK and 
AIS, which may help inform efforts to monitoring quality 
and outcomes of spinal deformity surgery. Future studies 
following AIS and SK patients prospectively are required 
in order to provide a higher level of evidence to the existing 
body of literature.
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