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ABSTRACT

Background: The sensory level achieved with spinal anesthesia varies among patients and may be influenced by
anthropometric factors. Hip-to-shoulder width ratio, as a marker of body habitus, has been hypothesized to affect
cephalad spread of intrathecally administered local anesthetics. The objective of the present study was to determine
the correlation between hip-to-shoulder width ratio and spinal anesthesia sensory levels in patients undergoing
urological surgeries.

Methodology: This descriptive cross-sectional study was conducted at Sindh Institute of Urology and
Transplantation over a period of five months from 5% June, 2025 to 10* October, 2025. A total of 111 patients were
enrolled through non-probability consecutive sampling. Baseline demographics, anthropometric measurements,
and vertebral column length were recorded. Sensory block characteristics and intraoperative complications were
assessed. Pearson’s correlation coefficient and chi-square test were applied, with p < 0.05 considered significant.

Results: The mean age of participants was 54.6 + 10.8 years, with males comprising 82.9%. The mean hip-to-shoulder
width ratio was 0.83 + 0.05. A significant positive correlation was observed between hip-to-shoulder width ratio and
both pinprick (r = 0.298, p = 0.002) and temperature sensory block levels (r =0.312, p = 0.001). BMI also showed a
significant association (p = 0.018), while gender and ethnicity did not significantly influence block outcomes. Nausea
was the only complication significantly associated with inadequate block (p = 0.042).

Conclusion: Hip-to-shoulder width ratio and BMI are important predictors of spinal anesthesia spread in urological
surgeries. Incorporating these parameters into pre-anesthetic assessment may improve block predictability and
patient safety.

Keywords: Anthropometry; Body Mass Index; Hip-to-shoulder width ratio; Sensory block; Spinal Anesthesia;
Urologic Surgical Procedures
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1. INTRODUCTION

Spinal anesthesia is a widely recognized and reliable
neuraxial technique that finds extensive use in
infraumbilical ~ surgeries, particularly urological
procedures such as transurethral resection of the
prostate, cystolitholapaxy, hydrocelectomy, open
prostatectomy, vasectomy, and adult circumcision? 2.
This simple and safe approach involves placing local
anesthetic directly into the intrathecal space, thereby
providing effective analgesia and muscle relaxation. It
remains one of the most frequently employed anesthetic
techniques in urology because of its rapid onset,
minimal systemic drug exposure, and cost-
effectiveness.® 4

Despite its advantages, a major clinical challenge in
spinal anesthesia is determining the optimal intrathecal
local anesthetic dosage required to achieve the desired
sensory block level for individual patients®’.
Underdosing may lead to inadequate analgesia, while
overdosing can result in excessively high block levels
with life-threatening complications such as respiratory
depression and hypotension. Thus, identifying patient-
specific predictors of anesthetic spread is essential to
ensure comfort, safety, and procedural success during
the perioperative period,3 °.

Several factors including age, height, weight, gender,
pregnancy, anatomical characteristics, cerebrospinal
fluid properties, volume, and patient positioning
significantly influence the spread of intrathecal
anesthesia.!® ' In  addition, anthropometric
measurements have emerged as potential predictors of
block distribution.*? Hip width, for instance, varies
among racial and ethnic groups and serves as an
established indicator of body fat distribution.t
Furthermore, other body habitus features, such as
abdominal fat distribution, torso-to-height ratio, and
vertebral column length (VCL), also affect anesthetic
distribution,'*'> These readily obtainable physical
measurements can therefore be valuable tools for
anticipating spinal block levels in clinical practice,
helping anesthesiologists adjust doses more precisely.

Previous research has highlighted the predictive value
of anthropometric indices. One study demonstrated a
tatistically significant positive correlation between hip-
to-shoulder width ratio (HSR) and maximum sensory
block level achieved during spinal anesthesia (HSR: r =
0.297, p < 0.05; BMI: r = 0.385, p < 0.05)2. Such
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findings suggest that HSR could serve as a quick, non-
invasive, and clinically useful indicator for estimating
anesthetic spread.

Given inter-individual variability in body proportions
across populations, locally relevant data are needed to
guide anesthesia practice. Anthropometric indices such
as the hip-to-shoulder width ratio may therefore provide
anesthesiologists with a simple and reliable tool to
anticipate spinal block height, reduce complications,
and personalize intrathecal dosing. To date, limited
studies have explored this relationship within the
Pakistani population. By examining the correlation
between hip-to-shoulder width ratio and spinal
anesthesia level in patients undergoing urological
surgeries, this study aims to enhance perioperative
safety, improve anesthetic predictability, and contribute
locally relevant evidence to anesthesia research in
Pakistan.

2. METHODOLOGY

This descriptive cross-sectional study was conducted in
the elective urology operating theaters of the Sindh
Institute of Urology and Transplantation (SIUT),
Karachi, over a four-month and ten-days period from
5t June, 2025 to 10" October, 2025. Ethical approval
was obtained from the SIUT Ethical Review Committee
(Approval No. SIUT-ERC-2024/A-483, dated April 15,
2024).

The sample size was calculated at 111 participants,
based on a previously reported correlation coefficient (r
0.263) between hip-to-shoulder width ratio and
maximum sensory block level, assuming a statistical
power of 80% and a 5% level of significance. Patients
were recruited using a non-probability consecutive
sampling technique.

Eligible participants included adults of either gender,
aged 18-75 years, with ASA physical status I or Il
height between 160-190 cm, and weight between 50—
100 kg. Patients from all ethnic backgrounds who
provided written informed consent were included.
Exclusion criteria were emergency surgeries,
contraindications to spinal anesthesia, allergy to amide
local anesthetics, pregnancy, and any physical, mental,
or sensory impairment. Patients who developed
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persistent complications despite initial management
were also excluded.

All anthropometric and baseline measurements were
obtained in the preoperative holding area by a single
trained anesthetist to minimize inter-observer
variability. Each patient’s height, weight, and vertebral
column length were recorded. Hip width was measured
between the highest points of the iliac crests at the level
of the pubic tubercle, shoulder width between the two
acromion processes, and vertebral column length from
the C7 vertebra to the sacral hiatus using a flexible
measuring tape (Figure 1). Patients were instructed to
fast for eight hours prior to surgery.

Standard ASA monitoring was applied in the operating
room, and intravenous access was secured with an
appropriately sized cannula. An infusion of 10 ml/kg of
Ringer’s lactate or 0.9% normal saline was initiated.
Spinal anesthesia was performed with 3 mL (15 mg) of
0.5% hyperbaric bupivacaine using a 25-gauge Quincke
needle at the L3-L4 interspace, with the patient in the
lateral decubitus position for five minutes before being
turned supine. Vital signs were monitored every five
minutes for the first 30 minutes, and surgery
commenced once the T10 sensory level was achieved.

Sensory block levels were assessed bilaterally at five-
minute intervals for 30 minutes. Temperature sensation
was evaluated using an ice cube, and pinprick sensation
with a 23-gauge needle. The highest dermatome
reached for each modality was recorded as the
maximum sensory level. Intraoperative complications
were treated according to standard protocols:
metoclopramide (0.1-0.2 mg/kg) for nausea or
vomiting, ephedrine (0.1 mg/kg) for hypotension, and
atropine (0.02 mg/kg) for bradycardia.

Data were analyzed using SPSS version 22. Continuous
variables (height, weight, BMI, hip width, shoulder
width, vertebral column length, and hip-to-shoulder
width ratio) were summarized as mean * standard
deviation for normally distributed data or median (IQR)

Table 1: Baseline characteristics of patients
(n=111)

Age (years) 54.6 +10.8
Height (cm) 1705+6.2
Weight (kg) 72.3+9.5
BMI (kg/m?) 24.8+3.1
Vertebral column length (cm) 61.2+3.7
Hip-width (cm) 345+28
Shoulder-width (cm) 41.7+31
Hip/Shoulder-width ratio 0.83+0.05
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otherwise. Normality was assessed using the Shapiro—
Wilk test. Categorical variables such as gender,
ethnicity, and intraoperative complications were
expressed as frequencies and percentages. Pearson’s
correlation  coefficient was used to evaluate

associations between anthropometric parameters and
sensory block levels, while the chi-square test assessed
relationships between categorical variables and block
adequacy. A p-value < 0.05 was considered statistically

significant.

Figure 1: The anatomical measurement landmarks.
Demonstrating the landmarks for anthropometric
measures a: Acromion process, b: Distance from
acromion process to midline, c: Distance from iliac
crests to midline d: Wing of scapula. C7: Spinous
process of C7 vertebra, IC: Iliac crest, SH: Sacral
hiatus, C7-IC: Distance from C7 vertebra
prominance to iliac crest(17).

3. RESULTS

A total of 111 patients were included in the study. The
mean age was 54.6 + 10.8 years, with 82.9% (n = 92)
males and 17.1% (n = 19) females. The overall mean
height and weight were 170.2 + 8.6 cm and 73.4 £ 12.2
kg, respectively, yielding a mean BMI of 25.2 + 3.5
kg/m2. The mean vertebral column length was 61.3 £ 3.7 ¢cm,
while the mean hip width, shoulder width, and hip-to-
shoulder width ratio were 33.7 + 2.8 cm, 40.6 £ 2.5 cm,
and 0.83 + 0.05, respectively (Table 1).
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Table 2: Patient distribution by gender, ethnicity,
and surgical procedures

Gender Male 92 (82.9%)
Female 19 (17.1%)
Ethnicity Sindhi 40 (36.0%)
Pashtun 27 (24.3%)
Balochi 21 (18.9%)
Punjabi 12 (10.8%)
Others 11 (10%)
Surgical TURP 48 (43.2%)
Procedure

Cystolitholapaxy | 22 (19.8%)

Hydrocelectomy | 16 (14.4%)

Open 12 (10.8%)
Prostatectomy

Vasectomy 7 (6.3%)
Adult 6 (5.5%)
Circumcision

Table 3: Sensory block characteristics and
intraoperative complications

Variable Mean = SD
/'n (%)

Sensory block onset time (minutes) 48+1.2
Maximum pinprick sensory block T6+1.1
Maximum temperature sensory block | T5 +1.3
(dermatome)

Sensory block duration (minutes) 1125+ 14.7
Total number of blocked segments 152+21

Intraoperative Complications

Hypotension 26 (23.4%)

Nausea 13 (11.7%)
Bradycardia 11 (9.9%)
Vomiting 5 (4.5%)

hip-to-shoulder width ratio

The mean maximum sensory block levels for
temperature and pinprick were 7.9 + 1.4 and 8.1 £ 1.6,
respectively,  corresponding  predominantly  to
dermatomes T6-T10. A significant positive correlation
was observed between hip-to-shoulder width ratio and

both maximum pinprick sensory level (r = 0.298, p =
0.002) and temperature sensory level (r = 0.312, p =
0.001). No significant correlation was found between
vertebral column length and sensory block height (p >
0.05) (Table 2).

The mean sensory block onset time was 4.8 £ 1.2
minutes, with the maximum pinprick sensory block
achieved at approximately the T6 dermatome and
maximum temperature block at the T5 level. The
average duration of sensory block was 112.5 + 14.7
minutes, with a total of 15.2 £ 2.1 segments blocked.
Intraoperative complications were relatively infrequent,
with hypotension occurring in 23.4% of patients,
nausea in 11.7%, bradycardia in 9.9%, and vomiting in
4.5% (Table 3).

Correlation analysis revealed that the hip/shoulder-
width ratio showed a significant positive association
with both maximum pinprick block level (r = 0.298, p
= 0.002) and maximum temperature block level (r =
0.312, p = 0.001). BMI also demonstrated a significant
positive correlation with both pinprick (r = 0.221, p =
0.019) and temperature block levels (r = 0.235, p =
0.013). Hip width was significantly correlated with
maximum temperature block (r = 0.190, p = 0.048) but
not with pinprick block. Shoulder width and vertebral
column length showed no statistically significant
correlations with block levels (Table 4).

Post-stratification analysis showed that hip-shoulder-
width ratio did not vary significantly across different
age or gender groups. However, a significant
association was found with BMI, where overweight and
obese individuals demonstrated higher ratios compared
to those with normal BMI values (p = 0.018). This
suggests that body habitus, particularly excess weight,
may influence anthropometric predictors of spinal
block distribution (Table 5).

Table 4: Correlation between anthropometric parameters and sensory block

Among the 111 patients,
‘ gender and ethnicity

Parameter Maximum Pinprick Block | Maximum Temperature ShOW?d_ no s_ignificant
Level (r, p-value) Block Level (r, p-value) association with block

Hip-width (cm) r=0.182, p = 0.055

adequacy, with both

_ — *
r=0.190, p = 0.048 males and females

Shoulder-width (cm) r=-0.112, p=0.241

r=-0.108, p = 0.259 achieving similar rates

Hip/Shoulder-width ratio r=0.298, p = 0.002*

r=0.312, p = 0.001* of effective sensory

BMI (kg/m?) r=0.221, p = 0.019*

block. Regarding

r=0.235, p =0.013* . .
intraoperative

Vertebral column length (cm) r=-0.158, p = 0.089

r=-0.164, p = 0.078

*Significant at p < 0.05

complications,
hypotension (23.4%),
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Table 5: Post-stratification analysis of effect modifiers on hip-

shoulder-width ratio

and the maximum sensory level
achieved after single-shot intrathecal
hyperbaric bupivacaine; BMI also

Effect | Categories n Mean Hip- p- showed a modest but significant
Modifier Sh(’,“'fer'w'dth \ELIEAN  nositive  correlation  with  both
Relllp & b pinprick and temperature block

Age <30 years 29 0.79 +0.05 0.184 heights, while hip width correlated
>30 years 82 0.81 + 0.06 weakly with temperature block only.

Gender | Male 92 | 0.80+0.05 0337 | Hoststratification showed that HSR
did not differ significantly by age or

Female 19 0.81+0.06 gender but increased with rising

BMI Normal (18.5-24.9) 57 | 0.78+0.04 0.018* | BML. Clinically important
Overweight (25-29.9) 39 082 +005 intraoperative complications were

uncommon overall; however, nausea

Obese (230) 15 ]084+0.06 occurred more often with inadequate

*Significant at p < 0.05 block levels. These principal findings

bradycardia (9.9%), and vomiting (4.5%) did not
significantly influence block outcomes. However,
nausea, reported in 11.7% of cases, was significantly
associated with inadequate sensory block (p = 0.042).
These findings suggest that while most demographic
and intraoperative factors did not alter block efficacy,
nausea may serve as a clinical marker of suboptimal

sensory block (Table 6)

4. DISCUSSION

The present study found a significant positive
correlation between hip/shoulder-width ratio (HSR)

align with, and extend, recent reports
investigating anthropometric predictors of spinal
anesthesia spread.>1®

Several recent prospective and observational studies
have reported a positive association between HSR (or
related hip/shoulder indices) and cephalad spread of
spinal anaesthesia.l” 1% 20 A study evaluated HSR in
adults receiving 3 mL of 0.5% hyperbaric bupivacaine
and reported a positive correlation between HSR and
sensory level (HSR r=0.30), a result that mirrors our
HSR-block correlation in both direction and
magnitude. That study also found BMI to be correlated
with block height, consistent with the present study
results.?

Work focused on
‘ Table 6. Demographic and clinical variables with block adequacy parturients and non-
Variable Category Adequate Inadequate | x2 (p-value) ObStet”? cohorts  has
Block Block emphasized that three-
dimensional  body-shape
Gender Male (n = 92) 81 (88.0) 11 (12.0 =) | 0.45 (0.503) metrics  like  abdominal
Female (n=19) | 15(78.9) 4(21.1) girth, vertebral-column
Ethnicity Sindhi (n=40) | 34 (85.0) 6 (15.0) 1.12 (0.291) 'effsgth, anld_ de“V_efz) _If?t'O_S'
— often explain variability in
Pashtun (n =27) | 24 (88.9) 3(11.1) block height better than
Baloch (n=21) | 18(85.7) 3(14.3) simple  one-dimensional
Punjabi (n=12) | 10 (83.3) 2 (16.7) measures such as height
alone. Multiple studies

Other (n =11 9 (81.8 2(18.2 -
_ ( ) (81.8) (18.2) found abdominal
Hypotension | Present (n =26) | 22 (84.6) 4 (15.4) 0.95 (0.331) circumference and vertebral
Absent (n = 85) 74 (87.1) 11 (12.9) column length or their
Bradycardia | Present (n=11) | 9 (81.8) 2(18.2) 0.48 (0.490) combination, &g,
b ~100) | 87 (870 13 (13.0 VCL/AC?bto be significant
sent (n = 100) (87.0) (13.0) predictors of cephalad
Nausea Present (n = 13) 9(69.2) 4 (30.8) 4.12 (0.042%) spread for a fixed dose of
Absent (n=98) | 87 (88.8) 11 (11.2) intrathecal local anesthetic,
Vomiting Present(n=5) | 4 (80.0) 1(20.0) 0.26 (0.609) | and __recommended
incorporating these
Absent (n = 106) | 92 (86.8) 14 (13.2) measures into predictive
* Significant at p < 0.05; Data presented as n (%) models for block height.
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Our study did not find vertebral column length to be
significantly correlated with block level, a discrepancy
that may be explained by differences in patient mix
(urological, mostly male, non-pregnant) and the
narrower inclusion ranges for height/weight used in our
protocol 4 2

A 2021 retrospective cohort that developed a predictive
model for peak sensory level identified dose, height,
weight, gender and age as independent predictors and
produced a multivariable formula with reasonable
predictive power. Although their model emphasized
dose and basic demographics, several subsequent
prospective studies, including those that measured
HSR, abdominal girth and VCL, argued that adding
body-shape metrics improves prediction beyond
demographic variables alone. Our finding that both
HSR and BMI correlated with block height supports a
hybrid approach, demographic/dose variables together
with simple anthropometrics, for individualized dose
estimation.!® 2!

The physiological justification for an HSR-block
relationship has been discussed in the literature: a
relatively wider hip and narrower shoulder (higher
HSR) may reflect pelvic/abdominal shape and fat
distribution that increase intra-abdominal pressure or
alter subarachnoid CSF volume or distribution of
hyperbaric solution when patients are turned supine
after lateral injection. These mechanistic hypotheses
were raised in several observational reports are
consistent with our observation that BMI, a proxy for
adiposity also correlated positively with block height.
Nonetheless, direct measures of CSF volume or intra-
abdominal pressure were not performed in our cohort,
as is the case in most clinical studies, which limits
mechanistic certainty.? 4

Regarding complications and clinical relevance,
multiple recent studies have confirmed that higher
sensory levels are associated with increased incidence
of hypotension and nausea during spinal anesthesia,
particularly in obstetric populations where sympathetic
block is pronounced.?*?* In our dataset, intraoperative
hypotension and bradycardia were infrequent and not
statistically linked to block adequacy, but nausea was
significantly associated with inadequate block levels.
The association of nausea with inadequate block is
biologically plausible like insufficient
analgesia/visceral discomfort and complements other
reports that emphasize hemodynamic sequelae rather
than nausea alone as correlates of high block levels;
differences between studies may reflect the type of
surgery (urological vs obstetric) and anesthetic
dose/regimen,' %

The present study findings differ from some prior
reports. Possible explanations include differences in
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study populations, the fixed local-anesthetic dose, and
the lateral-to-supine injection practice used, and
restricted anthropometric inclusion criteria (height
160-190 cm; weight 50-100 kg) that may reduce
variance in some predictors such as vertebral column
length. Studies that included parturient or a broader
BMI range often observed stronger associations with
abdominal girth or VCL, suggesting population-
specific effects.?% 2

Strengths of our study include a prespecified surgical
case mix, only the listed urological procedures, a
standardized anesthetic technique (3 mL of 0.5%
hyperbaric bupivacaine via 25G Quincke at L3-4 with
5-minute lateral positioning), and systematic sensory
assessment at 5-minute intervals to 30 minutes.
Limitations mirror those noted in the literature: single-
center design, modest sample size (n = 111) relative to
large database analyses, lack of direct measurements of
CSF volume or intra-abdominal pressure, and limited
generalizability to obese patients outside our weight cap
or to obstetric populations. Future multicenter studies
with larger, more diverse BMI ranges and incorporation
of ultrasound or imaging-based CSF/epidural space
metrics would help validate and refine HSR-based
prediction rules.

The present study supported a clinically useful role for
hip/shoulder-width ratio, together with BMI, as simple,
rapid bedside measures that correlate with cephalad
spread of spinal anesthesia in adult urological patients.
This finding is concordant with several recent
observational studies (2020-2024) that advocate
combining conventional demographic/dose variables
with focused anthropometrics to better predict block
height, reduce the risk of insufficient or excessively
high blocks, and guide personalized intrathecal dosing
strategies.  Larger prospective validation and
incorporation into a multivariable dosing algorithm are
reasonable next steps.

5. CONCLUSION

The present study demonstrates that simple
anthropometric indices, particularly the hip-shoulder-
width ratio and BMI, serve as valuable predictors of
sensory block spread in patients undergoing urological
procedures under spinal anesthesia. Unlike traditional
reliance on height or weight alone, these measures
capture body-shape variations that significantly
influence intrathecal drug distribution, thereby offering
a practical, low-cost tool for tailoring anesthetic dosing
at the bedside. By highlighting their predictive
potential, our findings not only corroborate recent
evidence but also emphasize the importance of
integrating individualized body morphology into
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anesthetic planning to minimize complications and
optimize block adequacy. This patient-centered
approach holds promise for enhancing both safety and
efficacy of spinal anesthesia in routine clinical practice

6. Abbreviations: BMI: Body Mass Index; CSF:
Cerebrospinal Fluid; TURP: Transurethral Resection of
the Prostate; HSR: hip-to-shoulder width ratio
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