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ABSTRACT
Aims and Objectives: To assess the effect of Cobb angle and body mass index (BMI)
on surgery recovery outcomes in Adolescent Idiopathic Scoliosis (AIS) patients.
Materials and Methods: A retrospective study of 79 Adolescent Idiopathic Scoliosis
patients who underwent corrective operations, at King Khaled University Hospital, Riyadh,
Saudi Arabia was carried out in 2014. The patients were divided according into Cobb’s
angle (mild, moderate and severe) and as per weight (healthy weight and overweight).
Data of preoperative, intra-operative and postoperative information as well as measures
of dailyliving activities were collected. Results: The mean age of 79 patients (70females)
was 16.6 years. Cobb angle assessment was mild in 41 (51.9%), moderate in 24(30.4%)
and 14(17.7%) were severe. Mean surgery and recovery time of patients is statistically
significantly different in relation to severity of Cobb’s angle (mild, moderate and severe).
There is highly statistically significant difference in mean ranks of days taken for different
measures of daily living in relation to severity of Cobb’s angle. The mean values of body
mass index have significantly reduced after surgery, when compared with mean values at
before surgery.The mean surgery time was statistically significantly higher in over weight
patients (5.33 hours). Conclusions: The results show an effect of severity of Cobb angle
on recovery measures of patients with AIS, but no effect of BMI. BMI was corrected in
these patients after surgery. Prospective studies are required to assess clinical outcomes of
post-operative surgery, satisfaction of patients towards their body image and quality of life.
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INTRODUCTION
The origin of the term “scoliosis” dates back to Ancient
Greece, which simply means crooked.1 The definition
of the condition has become more advanced with
progress in medicine and contemporary authors define
scoliosis as a deformity of the spine where one or more
lateral curvatures deviate from the midline with respect
to the coronal plane;2 lateral deviation of the spine is a
characteristic of the condition, but the three-dimensional
deformation results in morphologic changes to the trunk
and rib cage.3 Scoliosis is typically diagnosed based on the
spinal angulation on the posterior-anterior radiograph:
angulation 10 degrees or greater with rotation is indicative
of scoliosis.4 This angle is also known as the Cobb

angle.4 The etiologies of scoliosis vary and are classified
broadly as idiopathic, congenital, neuromuscular,
syndrome-related or scoliosis due to secondary reasons
(e.g. tumors, trauma or infections).3 The most common
type of disease is idiopathic scoliosis, which constitutes
the vast majority of cases encountered in clinical
practice.5 Scoliosis is further subdivided according to
the age of onset to infantile, juvenile, and adolescent
and adulthood scoliosis.6 Of these, the adolescent age
group ismost commonly afflicted and is defined as the
onset of scoliosis between the age of 10 years and the
point of skeletal maturity.2 Adolescent idiopathic scoliosis
(AIS) is therefore an important clinical problem, with ten
percent of cases requiring medical intervention due to
eventual curvature progression.7 Surgical intervention for
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AIS is commonplace once the curvature of the spine is
over 40 degrees and aims to correct the deformity and
prevent further deformation of the spine.7 The surgical
outcomes in this age group are generally good, with few
long-term side effects and relatively low failure rates of
the procedure.8 However, there are reported cases of acute
and deep infection, neurological damage, pseud arthrosis
and mortality following surgical intervention.9 Hence, it
is important to consider the factors that may contribute
to unsuccessful surgical outcomes in this group.9 One
potential factor is the body mass index (BMI) of the
patient, which has been shown to correlate with adverse
outcomes and the severity of Cobb angle subsequent
patient recovery. Theobjectives of this study are to assess
the impact of BMI and severity of Cobb angle on surgical
outcomes in patients with AIS.

MATERIALS & METHODS
This retrospective cohort study was performed at King
Khalid University Hospital (KKUH) in Riyadh, Saudi
Arabia. Data was collected from the files of 156 patients
who underwent scoliosis corrective surgery done during
Jan 2007 to Jan 2012, for which only 79 fell under
our study’s inclusion criteria: Cobb’s angle between
40-115 degrees, aged between 10-40 years at the time of
operation, provisional diagnosis of AdolescentIdiopathic
Scoliosis (AIS), patients who underwent only one scoliosis
corrective surgery and patients who underwent Posterior
release and instrumentation type of operation. Data was
collected in the period from Jan 2014 to Feb 2014 which
includes basic demographic information and information
of preoperatively Cobb’s angle, Haemoglobin level, Bone
Mineral Density (BMD), Intra-operatively length of
surgery, blood loss, requirement of blood transfusion,
Haemoglobin levels. Postoperatively (early and late)
time spent in the recovery room, Nil Per Oral (NPO)
state, time to mobilization, time to discharge, long term
outcomes of surgery measures (number of days taken for
measuring activities of daily living) which were collected
by phone interviews. Height and weight were also collected
from each file and BMI was evaluated before and after
undergoing the operation, and divide according to world
health organization to, a BMI lower than 24.9 considered
as a persons with healthy weight, those with a BMI greater
than 25 were considered as persons with overweight.
Patient files and an electronic database were used to
obtain preoperative,radiographic, and surgical outcomes
of patients surgically treated for AIS by posterior release
and instrumentation from 2007 to 2012. Two radiographic
variables were collected preoperatively, including Cobb’s
angels from spine X-rays and Bone mineral density (BMD)
from the DEXA scans.
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Statistical analysis

Data were analyzed using SPSS version 21.0 software
(Chicago, IL, USA). Descriptive statistics (mean, standard
deviation, median, inter quartile range and percentages)
were used to describe the quantitative and categorical
variables. Student’s independent t-test and paired t-test
were used to compare the mean values of two independent
samples and paired samples (before and after surgery) of
quantitative study variables. One-way analysis of variance
was used to compare the mean values of quantitative
variables across the study variable of more than two
categories. Non-parametric statistical tests (Mann-Whitney
U –test &Kruskal Wallis test) were used to compare the
mean ranks of study variables, which follow skewed
distribution. A p-value of <0.05 and 95% confidence
intervals were used to report the statistical significance and
precision of results.
Ethical considerations

As this was a retrospective analysis patient permission
was not considered appropriate, hence all data was used
following Board ethical approval. All information remains
anonymous during the analysis stage, with encrypted files
used for data storage; only the author had access to these
files during the study period.

RESULTS
Of the 79 patients, there were 70 (88.6%) females. The
mean (standard deviation) age was 16.6 (5.1) years, body
mass index 19.78 (4.6) and Cobb angle was 59.8 (18.3).
The number of patients with cobb angle between 40 to 60
(mild) were 41 (51.9%), between 61 to 75 (moderate) were
24 (30.4%) and above 75(severe) were 14 (17.7%) patients.
Patients with body mass index less than 24.9 (healthy
weight) were 67(84.8%) and with body mass index greater
than 25 (over weight) were 12 (15.2%) patients.
Severity of Cobb’s angle and its effect

There mean (sd.,) surgery time and recovery time of these
AIS patients was 4.5 (1.3) and 2.1 (1.4) hours. There is
statistically significant difference in the mean surgery time
and recovery time of patients in relation to the severity
of Cobb’s angle (mild, moderate and severe). That is the
mean surgery time and recovery time is significantly higher
(5.21 hours and 3.66 hours) in patients with severe cobb’s
angle when compared with surgery time and recovery time
of patients with mild and moderate cobb’s angle (4.25,
4.69; 1.54, 2.03 hours). Also there is highly statistically
significant difference in the mean ranks of days taken
for different measures of daily living in relation to the
severity of Cobb’s angle. The patients with moderate and
severe cobb’s angle have taken to statistically significantly
29
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higher number of days to perform the measures (feeding,
grooming, dressing, bathing, toilet use, transfers, mobility
and stairs climbing) when compared patients with mild
cobb’s angle. Also the number of days for wound healing
in patients with severe Cobb’s angle was significantly
higher when compared patients with moderate and mild
Cobb’s angle. (Table 1)
Body mass index and its effect

The body mass index was corrected in these AIS patients
after surgery, in which the comparison of mean values of
body mass index indicates statistically significant difference
at all the three levels of severity of Cobb’s angle (mild,
moderate and severe). The mean values of body mass index
have significantly reduced after surgery, when compared
with the mean values at before surgery (Table 2).The
comparison of mean ranks of number of days taken
to perform daily activities, between healthy weight and
overweight patients shows no significant difference for
feeding, grooming, dressing, bathing, toilet use, transfers,
mobility and stairs climbing. The mean surgery time was
statistically significantly higher in over weight patients
(5.33 hours) when compared with healthy weight patients
(4.43 hours)(Table 3).
Table 1: Comparison of surgery time, recovery
time and number of days taken for daily living
activities after scoliosis surgery in relation to the
categories of their Cobb angle of AIS patients
Variables

Cobb’s angle
Mild

Mean (Sd.,)
Surgery time
(in hours)
Recovery time
(in hours)

Moderate

p-value
Severe

4.25 (1.34) 4.69 (1.26) 5.21 (0.89)

0.044

1.54 (0.85) 2.03 (1.57) 3.66 (1.05) <0.0001
p-value*

Median (IQ)
Wound healing
Feeding
Grooming
Dressing
Bathing
Toilet use
Transfers
Mobility
Stairs

3.5 (3.8)
7 (16)
14 (7)
19 (13)
18 (13)
14 (14)
16 (7)
98 (75)
26.5 (10)

4 (3)
14 (14)
21 (7)
28 (19)
30 (21)
21 (7)
21 (7)
140 (208)
34.6 (21)

7 (1.5)
21.5 (12)
21 (14)
28 (28)
30 (28)
25 (10)
24.5 (15)
180 (177)
29 (22)

<0.0001
0.001
0.005
0.004
<0.0001
0.002
0.022
0.004
0.281

*By comparing mean ranks using Kruskal-Wallis test

DISCUSSION
This study represents one of the first attempts to
describe the impact of Cobb angle and BMI on patients
with AIS in terms of post-surgical recovery, defined by
numerous characteristics. Recovery was considered from
an intra-operative perspective, post-operative and during
subsequent patient follow-up to provide a comprehensive
review of this process. Overall, the findings indicate that
there is a strong relationship between severity of Cobb
angle and different measures of daily activities of living.
Specific features noted to be closely associated with severity
of Cobb angle found were the surgical time period (intraoperative) and recovery time. Also the change in BMI at
three severity levels of Cobb angle (mild, moderate &
sever) was observed in this study. Watanabe et al. (2007)
illustrated that both values BMI and Cobb angle were
correlated in a population with scoliosis.10 However, this
was not a population with AIS and therefore there may
be key differences between the pathogenesis of scoliotic
changes and BMI in this group. Recent data has indicated
that the relationship between Cobb angle and weight is
significant in a population with AIS.11 However, this was a
study population comprised of males only and the clinical
scenario may differ in female patients with AIS. Therefore,
the data presented here supports the relationship between
increased BMI and an increased Cobb angle in female
patients with AIS. This may reflect an exacerbating effect
of obesity on spinal structure and should inform clinicians
as to the importance of weight management in order to
prevent further deformity in this population.12
The significant difference of time spent in surgery across
the levels of Cobb’s angle severity and also between the
patients with healthy weight and overweight was observed
and concurred with the published data.5,6 Peng et al. (2009)
conducted an analysis of patients undergoing anterior
spinal surgery and noted that the length of time of surgery
was generally higher for obese patients, compared to those
who had a lower BMI.7 This has been supported in other
surgical scenarios, where patient obesity can have an impact
on visualisation of the anatomy, anaesthetic considerations
and an increased likelihood of mechanical difficulties
during surgical manipulation of tissue.8 However, an older
study in patients undergoing spinal surgery noted that
there was no significant difference between the lengths of

Table 2: Comparison of mean values Body mass index of AIS patients before and after scoliosis
surgery at each of the three categories of their Cobb angle
Cobb angle BMI before surgery BMI after surgery Difference of mean p-value 95% conﬁdence interval for difference of mean
Mild
Moderate
Severe
30

20.06 (4.5)
20.60 (5.0)
17.56 (3.8)

18.84 (4.4)
19.22 (4.6)
15.82 (3.5)

1.22
1.38
1.74

<0.001
<0.001
<0.001

(0.90, 1.54)
(1,05, 1.71)
(1.26, 2.21)
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Table 3: Comparison of surgery time, recovery
time, blood loss, blood transfusion and number
of days taken for daily livingactivities after
scoliosis surgery in relation to their body weights
Variables
Mean (Sd.,)
Surgery time (in hours)
Recovery time (in hours)

Healthy
weight

Over
weight

p-value

4.43 (1.22)
2.17 (1.44)

5.33 (1.47)
1.45 (0.69)

0.030
0.108
p-value*

Median (IQ)
Blood loss
Blood transfusion
Wound healing
Feeding
Grooming
Dressing
Bathing
Toilet use
Transfers
Mobility
Stairs

800 (600)
2 (1)
5 (3.5)
14 (14)
14 (9)
21 (16)
21 (28)
21 (14)
21 (7)
112 (113)
28 (14)

1200 (500)
7 (5)
4 (2)
7 (9)
14 (11)
21 (15)
21 (14)
17 (13)
18 (7)
104 (91)
25 (21)

0.022
0.004
0.414
0.217
0.709
0.530
0.272
0.345
0.419
0.181
0.723

*By comparing mean using Mann-Whitney U-test

surgery in either obese or non-obese patients, indicating
that this may not be a very significant feature in the surgical
process.9 Our findings also suggested that overweight was
associated with higher operating times.
One of the most surprising aspects of this study is that
overweight did not appear to have a profound effect on
intra-or post-operative recovery times and did not seem
to affect patient morbidity as a result. Other studies have
noted that BMI can influence the outcome of scoliosis
surgery and demonstrated that patients with elevated
BMI prior to surgery tended to experience greater postoperative pain and usually had more severe surgical
disease.8,9 Other data indicates that spinal surgery is
more likely to be associated with post-operative infection
where BMI is elevated, regardless of the aetiology of the
disease.9 These studies were all relevant to adult, rather than
adolescent populations, and the rate of comorbidities and
complications was relatively high compared with those seen
in adolescent data.13,14 Therefore, it is difficult to surmise if
these are relevant to the adolescent population with AIS.
Upasani et al. (2008) conducted a similar study to that
presented in this paper, where they explored the impact of
obesity on surgical outcomes in patients with AIS, with a
stronger focus on the success of surgical intervention and
the rate of implant failure/revision required.12 The authors
found that BMI was associated with thoracic kyphosis prior
to surgical intervention, mimicking the findings presented
here, and similarly noted that BMI did not have a profound
effect on perioperative or postoperative morbidity or
mortality. This study used a population of 204 patients
Asian Journal of Medical Sciences | Mar-Apr 2016 | Vol 7 | Issue 2

aged between 12 and 16 years old, reflecting a larger sample
size than the current study, although the sample size was
still relatively small. However, despite the potential for a
small sample size to result in poor rigor in data analysis,
the authors suggested that adverse outcomes following
scoliosis surgery might be related to other squeal that are
present in the adult population, but have not had time to
develop in this younger age group.12 The findings of the
current study support the work of Upasani et al. and it
is an interesting point to note that the general improved
health of the adolescent population may minimise the
impact of obesity of surgical outcome. Larger studies
would be needed to explore these findings in greater detail,
particularly as obesity is dramatically increasing in this age
group and has an earlier age of onset, potentially leading to
increased development of adverse squeal in adolescence.15,16
The other finding worth mentioning from this study is the
significant difference of requirement of blood transfusion
between health weight and overweight during surgery. The
physiological reason for increased blood loss during surgery
may be associated with the decreased venous return found
in obese patients due to intrathoracic pressure increases
from abdominal content movement.17 Hence, venous
congestion may occur increasing relative blood loss during
surgery.18 However, despite this physiological mechanism,
data has suggested that estimated blood loss, even when
surgical time is increased, may not differ significantly from
that expected in the non-obese population.5,19 However,
recent data has indicated that there may be an increased
transfusion need in overweight patients during thoracic
and lumbar fusion surgery, which also correlated with
an increased likelihood of discharge to assisted living
facilities.20 Hence, this study identifies that transfusion
need may be elevated in the overweight patients and
that this can have significant effects on post-operative
outcome. This study did not assess the AIS population;
however, and therefore it is unclear if these findings are
transferrable. Although the data presented here highlights
the potential for an increased transfusion need in the obese
population with AIS this was not found to be associated
with short-term or long-term outcomes, lessening the
clinical significance of this feature. However, it is important
that patients with an elevated body weight are thoroughly
assess prior to surgery and that excessive blood loss is
accounted for so that suitable replacement can be delivered
during surgery, thus preventing any complications from
occurring.17 This study did not use the Barthel index of
activities of daily living score before and after surgery due
to the retrospective study of surgeries, but the performance
of activities of daily living was recorded by interviews
after surgery. The results indicate significant difference in
the number of days taken by the patients for their daily
activities, who had serve Cobb angle when compared with
31
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mild and moderate Cobb angle. But BMI does not have any
effect on the number of days for daily activities.
There are several limitations to the data collection process
and the analysis of results that should also be considered
when placing these findings into a clinical context. Firstly,
there were very few overweight patients recruited in this
study and therefore variations in BMI tended to occur
across the underweight-to-overweight range. This means
that the effect of a grossly elevated BMI was underestimated
in this sample and hence the consequences of more severe
obesity may not be fully appreciated based on this study
alone. In addition, the rate of complications and adverse
outcomes was also low, diminishing the power of this study
to identify an association between obesity and adverse
clinical outcomes. This is most likely due to the age and
relative health of the patients recruited and therefore would
be difficult to avoid in future studies. Finally, determination
of an association between variables does not necessarily
indicate a causative effect and therefore caution should be
maintained when attributing BMI to specific outcomes in
surgery. Other factors that contribute to BMI, including
dietary and lifestyle factors may influence both of these
variables and hence causation is not referred to in this
literature.21 Future studies should employ a controlled
intervention methodology in order to determine the
impact of obesity in the AIS population, which remains
woefully understudied in this context. In addition, more
suitable markers of functional outcome, appropriate to the
adolescent age group may be needed, as bowel function,
mobility and other markers of daily activity were generally
unaffected in this study.22
Despite these limitations, a number of recommendations
for practice can be formulated based on these findings.
Firstly, there is a need to ensure that obese patients have
been thoroughly assessed prior to surgery for AIS in
order to ensure that the potential for increased blood loss
is accounted for. Secondly, surgeons and anaesthetists
should consider the need for extending operating time
and facilities in this patient group in order to minimise
complications and ensure venous return is optimised. In
addition, primary care physicians and medical staff should
be aware of the potential for obesity to exacerbate AIS and
other spinal conditions, promoting lifestyle interventions
and dietary interventions where appropriate in order to
manage the condition. At present, there is insufficient
data to recommend specific interventions to reduce postoperative complications and enhance quality of life in
patients with AIS who are surgical candidates. However,
future studies are needed to ensure that outcomes are
optimised, regardless of BMI, and hence should be a
priority for the future.
32

CONCLUSION
In summary, this study identified the effect of severity
of Cobbangle and post-surgical outcomes and recovery
in patients with AIS, but not the effect of BMI. And the
effect of BMI, on the increased need for blood transfusion
in patients with a higher BMI, has important implications
for practice and may ultimately have an impact on patient
outcome. The AIS group can be considered healthier than
populations where spinal disease is prevalent in adults,
due to a reduction in the accumulation of disease and
comorbidities and therefore the power to detect an effect
of BMI and other outcomes is lower in this population.
Hence, future studies need to recruit larger numbers
of patients to increase the ability to detect such effect.
Furthermore, including an increased number of obese
patients will provide greater information as to the specific
impact of obesity, rather than smaller fluctuations in BMI.
These studies are needed in order to optimise the care
pathways for patients with AIs and obesity and ensure
that post-surgical complications and revision rates can
be reduced by appropriate peri-operative planning and
management.
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