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Abstract

Background: The most important point for performing a neuroaxial block in a sitting position is reducing lumbar lordosis, result-
ing in easier access to interspinous space and dura mater. There are a few studies comparing 2 different sitting positions including a
traditional sitting position (TSP) versus forward bending or hamstring stretch position (HSP) as well as TSP versus squatting position
(SP) for reversing the lumbar lordosis and improving access to intervertebral space for neuroaxial block.
Objectives: We compared 3 different sitting positions including traditional sitting position vs. hamstring stretch position vs. squat-
ting position and hypothesized that squatting position reverses the lumbar lordosis and reduces the number of spinal needle bone
contacts more than TSP and HSP.
Methods: A total of Thirty hundred and sixty ASA class I or II patients aged 18 to 60 years were scheduled for elective surgeries under
spinal anesthesia were randomized into 3 groups. Our primary endpoint was the number of spinal needle-bone contacts and our
secondary endpoint was ease of needle insertion or space identification.
Results: Demographic data were statistically different between the study groups. There was no statistical difference between the
study groups regarding the number of needle bone contacts and the ease of finding intervertebral space (P = 0.63, P = 0.56, respec-
tively).
Conclusions: There was no statistical difference between the TSP, HSP, and SP regarding the number of needle bone contacts and
the ease of finding of intervertebral space. In this regard, each of these 3 positions can be used as an alternative sitting position for
administration of spinal anesthesia.
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1. Background

Patient positioning during administration of spinal
anesthesia is very important. Poor positioning may cause
repeated spinal needle insertions and increase the risk of
back pain, post-dural puncture headache (PDPH), epidural
hematoma, and neural trauma. The sitting position is fre-
quently used for patients undergoing spinal anesthesia, es-
pecially when low lumbar and sacral levels of sensory anes-
thesia are needed for the surgical procedure. The most im-
portant point for performing a neuroaxial block in a sitting
position is reducing lumbar lordosis, resulting in easier ac-
cess to the intervertebral space; on the other hand, lumbar
flexion pushes the theca sac into a more superficial posi-
tion (1-13).

There are a few studies regarding different modified
sitting positions for this purpose. In a study by Tashayod et
al. a kind of modified sitting position with maximum ex-
tension of knees, adduction of hips, and forward bending
(hamstring stretch position, HSP) was described as more
effective in reducing lordosis of lumbar spine and making

spinal puncture easier. Even moderate passive knee exten-
sion of a patient in a sitting position can increase ham-
string tension, tilt the pelvis, and reduce lumbar lordosis
(2).

In a study by Fisher et al., 205 patients in TSP were com-
pared with 201 patients in HSP regarding the number of
needle-bone contact during epidural labor analgesia. The
number of needle-bone contacts were the same in both
groups (3).

In another study by Soltani Mohammadi et al., 222 pa-
tients, in squatting position (SP), were compared with 230
patients in TSP who were scheduled for elective lower ab-
domen or lower extremity surgeries. The number of spinal
needle-bone contacts was lower in the SP group, nonethe-
less ease of needle insertion or space identification was the
same in both groups (4). Manggala et al., compared the
Crossed-Leg Sitting Position (CLSP) with TSP in patients un-
dergoing urologic surgery and concluded that there was
no significant difference in success rate of needle place-
ment between the 2 groups and they suggested that the
CLSP can be used as an alternative sitting position for ad-
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ministration of spinal anesthesia (5).
We conducted a study to compare 3 different sitting po-

sitions including HSP, TSP, and SP to conclude which posi-
tion can effectively reduce spinal needle-bone contact by
reducing lordosis of lumbar spine and improving needle
insertion or space identification. Since the study of Mang-
gala and coworkers was published when we had enrolled
and collected our data, the CLSP was not included in our
study design. Our primary goal was to minimize needle
bone contact and the secondary goal was ease of needle in-
sertion/space identification.

2. Methods

This study was conducted at the Dr. Shariati hospi-
tal, Tehran University of Medical Sciences from January to
April 2016. The study protocol conformed to the ethical
guidelines of the 1989 Declaration of Helsinki. Ethical ap-
proval for this study was provided by the ethics committee
of Tehran University of Medical Sciences.

Patients were informed about the proposed position
for the procedure during the pre-anesthetic visit. A writ-
ten informed consent was obtained separately before the
operation.

A total of 360 Three hundred and sixty ASA class I or II
patients aged 18 to 60 years, scheduled for elective lower
abdominal or lower extremity surgeries under spinal anes-
thesia, were enrolled in the study. Randomization was
based on computer-generated codes and was concealed
in envelopes, opened by the block performer before the
spinal puncture. The cxclusion criteria included any con-
traindications to neuroaxial block, pregnancy, BMI > 35,
lumbar surgical scar, and obvious lumbar scoliosis. All pa-
tients had an intravenous (IV) infusion placed and were
given isotonic saline 3 mL/kg and 50µg Fentanyl before
spinal anesthesia. Standard monitoring was used during
spinal anesthesia. All spinal blocks were performed by
2 anesthesiologists who had experienced more than 400
spinal procedures in the TSP or SP. The anesthesiologist sat
on a stool at a level to keep the interspinous space at the
level of his or her eyes. Then, block performers used a 25-
gauge needle with a length of 3.8 cm for local anesthetic
injection, followed by a 25-gauge Quincke needle by mid-
line approach at L2 - L3 or L3 - L4 interspace. An anesthe-
siology resident recorded weight, height, and the surface
landmarks graded by a block performer as: easy, difficult,
or impossible to palpate the lumbar spinous processes,
while the patient was positioned according to the alloca-
tion group.

For TSP, patients flexed their knees approximately 90°,
adducted their hips, and put their feet on a stool; the
height of the bed was adjusted to provide optimal hip and

lumbar flexion (Figure 1). In SP, patients sat with their
lower extremities fully flexed at the hip and knee joints
while hugging their knees. In addition, both buttock and
plantar surfaces of the feet were supported by the bed and
forward bending (Figure 2). In HSP, patients stretched their
legs on the operating table with maximum extension of
knees, adduction of hips, and forward bending. In each
group, “maximum” was the greatest amount that a patient
could tolerate (Figure 3).

Figure 1. Depicture of Patient in Traditional Sitting Position

The spinal procedures were performed to improve nee-
dle insertion or space identification and minimize spinal
needle-bone contacts. A spinal needle-bone contact was
defined as spinal needle contact against the bone, which
prevented further passage. All spinal needle-bone contacts
were recorded. The study was complete whenever the sub-
arachnoid space was confirmed by observation of free flow
of CSF. When there was no CSF in the needle hub or there
was only a small amount of CSF with poor flow, the nee-
dle was rotated clockwise 90° and had to wait for 5 sec-
onds. The sequence of rotation continued for another 3-
quadrant rotation of 90° and waited 5 seconds after each
rotation. Despite this maneuver, if there was absence of
CSF or its free flow, the needle was further advanced ap-
proximately by 2 mm. The block performer was not al-
lowed to perform a new puncture site and was restricted to
pull back the needle just to the subcutaneous tissue. When
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Figure 2. Depicture of Patient in Squatting Position

a bone was encountered during any of above-mentioned
attempts, the needle was withdrawn just below the skin
level followed by redirection with a more cephalad angula-
tion. If more than 5 spinal needle-bone contacts occurred
the case was recorded as a failure of the position and the
study was stopped.

2.1. Statistical Analysis

According to previous studies, the success rate of nee-
dle insertion without bone contact was 50% in TSP and 70%
in SP. Presuming that HSP would increase this proportion
to 85%, one would need to enroll 110 patients in each group
for the results to be statistically significant at a power of
80% with a level of confidence of 95%. Estimating that 10%
of patients may drop out of the study due to different rea-
sons, the sample size was increased to 120 patients in each
group. In this regard, withα = 0.05 and power 80%, we can
estimate the difference between SP and TSP with power 90%
and between TSP and HSP with power 95%.

Data was analyzed by using SPSS version 23 (SPSS Inc.,
Chicago, IL). Normal distribution of data was checked by
the Kolmogorov Smirnov test. Independent sample t-test
and Chi-square test were used for comparing demographic
data. ANOVA and Post hoc Tukey test were used for compar-
ing a number of needle bone contact and ease of interver-
tebral space identification. P ≤ 0.05 was considered statis-
tically significant.

3. Results

A total of 371 patients were chosen through consecutive
sampling for spinal anesthesia according to inclusion cri-
teria. There were 11 patients who dropped out, 5 patients of
SP group discontinued the position because of discomfort,
and 4 patients in the TSP group as well as 2 patients in HSP
group were excluded because of failed spinal needle place-
ment. Finally, 360 patients were randomized into 3 equal
groups (n = 120).

Demographic data regarding age, sex, weight, and BMI
were not statistically different between the study groups
(Table 1, P > 0.05).

Table 1. Comparing Demographic Data Between the Study Groups (N = 120)a

Variable Squatting Traditional Sitting Hamstring Stretch

Age, y 40.4±14.0 41.2 ± 13.6 40.7 ± 15.3

Sex, M/F 55/65 57/63 59/61

Weight, Kg 69.0 ± 10.4 73.7 ± 11.1 74.8 ± 12.1

Height, cm 166.3±9.2 167.1±10.7 168.8±7.9

BMI, Kg/m2 24.8 ± 2.7 26.2 ± 3.4 26.1 ± 3.6

aData are presented as mean ± SD, P > 0.05.

One patient in the SP group, 2 patients in the TSP group,
and 1 in HSP group were considered as “failures” (> 5
needle-bone contacts), however, there was no statistical
difference between the study groups regarding the num-
ber of needle bone contacts (P = 0.63, Figure 4).

There was no statistical difference between the study
groups regarding the ease of finding of intervertebral
space. However, it was easier in the SP and TSP, group re-
spectively (Table 2, P > 0.05).

4. Discussion

The sitting position is one of the popular positions for
spinal anesthesia, especially when low lumbar and sacral
levels of sensory anesthesia are needed. There are different
types of modified sitting positions for this procedure. In
this study, 3 different sitting positions were compared and
there was no statistical difference between the traditional
sitting position, hamstring stretch position, and squatting
position regarding the number of needle-bone contacts
and the ease of finding intervertebral space. In this regard,
each of these 3 positions can be used as an alternative sit-
ting position for administration of spinal anesthesia.

In a study by Fisher et al., on 406 parturient patients,
scheduled for epidural analgesia for labor pain, the num-
ber of needle bone contact was equal in both TSP and HSP
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Figure 3. Depicture of Patient in Hamstring Stretch Position

Table 2. Comparing the Study Groups Regarding the Ease of Identifying Intervertebral Spacea

Variable Easy Difficult Impossible Total Number

Squatting position 101 19 0 120

Traditional sitting position 97 23 0 120

Hamstring stretch position 64 52 4 120

aP value > 0.05 between the groups, Date are presented as number of patients.

groups, which was similar to our study, however, they did
not include the squatting position in their allocation be-
cause of pregnancy, which could had affected the results
(3).

In a study by Soltani Mohammadi et al., 260 patients
aged 18 to 75 years, who were scheduled for elective surg-
eries under spinal anesthesia, in 2 different traditional sit-
ting and squatting positions were compared. They found
that the number of spinal needle-bone contacts was lower
in the SP group compared to the TSP group. Nonetheless,
the ease of needle insertion or space identification was the
same in the both groups. Their findings regarding space
identification was similar to our study; however, regard-

ing needle-bone contact, we had no difference between the
study groups, which may be due to narrower range of age
in our study (4).

Our study had several limitations including: lack of
blinding due to apparent differences between the inter-
ventions, exclusion of morbidly obese patients, pregnant
patients, and patients older than 60 years, most of whom
cannot tolerate squatting or hamstring stretch position.
The last limitation was the parameters that were measured
subjectively. As a whole, there was no statistical differ-
ence between the TSP, HSP, and SP regarding the number
of needle bone contacts and the ease of spinal needle in-
sertion/finding of intervertebral space.
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Figure 4. Comparing Study Groups Regarding the Number of Needle Bone Contacts

We suggest further studies with larger samples such
as including the crossed leg sitting position as well as pa-
tients with larger BMI and geriatric patients to compare
the success rate of spinal needle placement in difficult
cases.
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