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Abstract
Purpose Should the trocar suddenly lose contact with bone
during bonemarrow aspiration, it may result in visceral injury.
The anatomy of the ilium and the structures adjacent to the
iliac bone were studied to determine the danger of breach by a
trocar introduced into the iliac crest.
Methods The authors followed two series of patients, one
series to do measurements of distance and angles of the
structures at risk to the iliac bone and the other to evaluate
the risk of a trocar being directed outside the iliac wing during
bonemarrow aspiration. The authors also examined 24 pelvices
by computed tomography (CT) scans of mature adults (48
iliac crests). Lines dividing the iliac wing into six equal sectors
were used to form sectors (e.g. sector 1 anterior, sector 6
posterior). Vascular or neurological structures were consid-
ered at risk if they were accessible to the tip of a 10-cm trocar
introduced into the iliac crest with a possible deviation of 20°
from the plane of the iliac wing on the three-dimensional
reconstruction. The authors tracked bone marrow aspiration
of six different surgeons and calculated among 120 patients
(480 entry points) the number of times the needle lost contact
with bone in each sector of aspiration.
Results The sector system reliably predicted safe and unsafe
areas for trocar placement. Among the 480 entry points in the
120 patients, 94 breaches were observed and higher risks were

observed in the thinner sectors. The risk was also higher in
obese patients and the risk decreased with more experienced
surgeons. The trocar could reach the external iliac artery on
pelvic CT scans in the four most anterior sectors with a higher
frequency in women. Posterior sectors were at risk for sciatic
nerve and gluteal vessel damage when the trocar was pushed
deeper than 6 cm into the posterior iliac crest. In cadavers, the
dissection demonstrated nine vascular or neurological lesions.
Conclusions Using the sector system, trocars can be directed
away from neural and vascular structures and toward zones
that are likely to contain larger bone marrow stock.
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Introduction

There has been growing clinical interest in the harvesting of
autologous mesenchymal stem cells [5] through bone marrow
aspiration from the iliac crest. Autologous bone grafts [2, 6] are
used in orthopaedic, neurosurgical and maxillofacial surgeries,
but there is a risk of pain and morbidity at the donor site.
Therapies based on autologous bone marrow cells [8–11] have
been examined as a treatment for delayed union or nonunion,
malunion, arthrodesis, limb salvage and reconstruction of bone
defects [13]. Autologous cells harvested from the iliac crest
bone marrow can be used as other alternative therapies [7]
without the complications compared to standard bone grafts.

Little information [14] documenting the risks of bone
marrow aspiration in the iliac crest in orthopaedic surgery is
present in the literature. Little attention has been paid to the
risk to anatomical structures when the aspiration trocar (which
is 10 cm long) penetrates the cortex of the iliac bone but fails
to remain within the tables of the crest. Typically, advancing
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the trocar by hand often requires excessive downward force
and should the needle suddenly lose contact with bone, per-
foration of the abdominal cavity and potential visceral injury
may result as it has been reported [3, 4, 16, 18] in the
haematological literature. Although orthopaedic surgeons are
very familiar with the structures that are anterior, superior and
posterior to the iliac crest, many are not as well acquainted with
those that lie medial or inferior to it, and there is a need to
understand the risks due to bony, vascular and neurological
anatomy of the iliac crest and the pelvis. Our interest was
piqued after performing bone marrow aspiration [12] in 1,800
patients treated between 1990 and 2011 at the Department of
Orthopedic Surgery, Henri Mondor Hospital (Paris, France)
where we observed major haematoma (four cases needing
transfusion), sciatic palsy (one transient case) and three tran-
sient episodes of numbing in the area of the lateral femoral
cutaneous nerve occurring after bone marrow aspiration. Al-
though the risk of complication of bone marrow aspiration [14]
is lower than the risk of conventional harvesting of pieces of the
iliac bone [15, 17], and although these patients did not need
vascular surgery, their cases prompted us to determine the
danger of inadvertent impingement by a trocar introduced into
the iliac crest on the structures that lie adjacent to the iliac bone.

Our hypothesis was that when the trocar is introduced into
some areas of the iliac crest there is a higher risk of incorrect
angle or excessively deep penetration, particularly in zones
where the iliac bone is thin. This is due to potentially thinner
bone width in some parts of the iliac bone and the need for
placing the trocar in the ilium wing bone between the two
tables when entering the iliac crest. Our secondary hypothesis
was that there would be an increased risk of injury to vascular
structures in specific intrapelvic and extrapelvic anatomical
structures during implantation of the trocar.

Therefore, we have chosen to divide the iliac crest into six
different zones of the iliac crest known as sectors. The sectors
were imaged on a series of injected pelvic computed tomography
(CT) scans that measured the thickness, maximum available
bone depth for trocar purchase in these different parts of the iliac
crest and the corresponding vascular structures at risk. Two series
of patients were followed: (1) patients who hadmeasurements of
distance and angles of the structures at risk with the ilium and (2)
patients who had bone marrow aspiration with an evaluation of
the risk of a trocar being directed outside the iliac wing.

Materials and methods

Three different types of patient positioning and three different
approaches can be used to harvest bone marrow from the iliac
crest: patient supine and anterior crest approach, patient prone
and posterior iliac crest approach and patient in the left or right
lateral position allowing medial iliac crest approach. The
needle should be inserted between the outer and inner tables

of the iliac bone. When the patient is thin enough for the ilium
to be grasped between the thumb and finger of the left hand, a
direct approach is possible and straightforward. When the
patient is heavier, it is more difficult to retract any overhang-
ing skin and subcutaneous fat and grasp the iliac crest between
the thumb and fingers. In this situation, the needle tip is used
to “palpate” the iliac crest and, once the centre of the crest is
located, the needle tip is seated into the cortical bone with one
or two brisk taps with a small, lightweight mallet. However,
advancing the needle by hand or with a mallet often requires
excessive downward force and should the needle suddenly
lose contact with bone, this may result in the needle perforat-
ing the abdominal cavity with the potential for visceral injury.

Definition of the different sectors

The iliac wing sectors were formed by extending lines from the
anterior superior and posterior superior iliac spine through the
centre of the acetabulum and the bisecting line of the angle
formed by the two previous lines, resulting in anterior and
posterior halves (Fig. 1). The mean length of the iliac crest is
24 cm, and each half of the iliac wing was divided into three
sectors by drawing lines from points 4 cm apart on the iliac crest
to the centre of the hip. These lines were approximately perpen-
dicular to the curve of the iliac crest. The six sectors were defined
by these lines (Fig. 1). The corresponding sectors can be found
and marked on the patient by using the same technique (Fig. 2).

Assessing the risk by sector for adverse placement
of the trocar

To assess the risk by sector of a trocar being outside the iliac
crest during bone marrow aspiration, the authors examined six

Fig. 1 The iliac wing (three-dimensional reconstruction) was divided by
drawing lines from equidistant points spaced along the rim of the iliac
crest to the centre of the hip. These lines were approximately perpendic-
ular to the curve of the iliac crest. Six sectors were defined by these lines.
Sectors 1 and 2 anterior part of the iliac bone, sectors 3 and 4 centre part
of the iliac bone, sectors 5 and 6 posterior part of the iliac bone
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surgeons performing different entry points in 120 patients.
The number of times there was a risk of the needle losing
contact with bonewas determined on a series of 40 patients for
each type of position (supine, prone or lateral). Each patient
received four entry points on two adjacent sectors (e.g. two in
sector 1 and two in sector 2), corresponding to a total of 480
entry points. The trocar was 10 cm long and 8 gauge diameter.
These patients (55 men and 65 women) averaged 43 years of
age (range 18–68 years). Patients were divided into two
groups according to their body mass index (84 patients with
BMI <30 and 36 obese patients with BMI>30). Surgeons
were divided into two categories according to their experience:
three surgeons who had done fewer than ten bone marrow
harvesting procedures at the start of the study period and three
surgeons who had done more than 50 procedures. The angle
between the correct position and the wrong direction (i.e. the

needle losing contact with bone) of the trocar was measured
and it was never found to be higher than 20°.

Anatomical structures potentially at risk by sector

To describe the anatomical structures that are at risk during
trocar placement, we determined the relative contiguity of
intrapelvic neural and vascular structures to trocars inserted into
specific sectors of the iliac bone. Measurements were done on
injected CT scan (Fig. 3) of 24 anonymous pelvic angio-CT
scans of mature adults. The CT scans were performed for the
vascular exploration of 12men and 12women. The patients had
a median age of 50 years (range 24–91 years). From the two-
dimensional transversal images with 1-mm cuts (Fig. 3), three-
dimensional reconstructions (Fig. 3) were made using software
(LightSpeed, General Electric). Measurements were performed
on the CT scans of the 24 normal pelvices (48 hemi-pelvices).
The scans were examined from the level of the anterior iliac
crest anteriorly to the level of the posterior iliac crest and the
sciatic notch posteriorly, from the iliac crest proximally to the
acetabulum distally and the ischial spine posteriorly. The sectors
were defined as previously described on the three-dimensional
reconstructions. The transverse distance (T) of the external iliac
artery from the inner pelvic table (Fig. 4a, b), the distance (D)
between the iliac crest and external iliac artery and the angle (A)
between the iliac wing direction and the line joining the external
iliac artery to the iliac crest were measured on the 24 radial CT
scan cuts of each of 48 hemi-pelvices of these patients (1,152
cuts) and results reported as the mean for each sector.

Distances between vascular structures and bone

Observation of the radio-enhanced vasculature on the scans
made it possible to determine the anatomical course and prox-
imity of these vessels to a virtual trocar placed through the iliac
crest. Because the angle between the correct position (plane of
the iliac wing) and the wrong direction (the needle losing
contact with bone) during the insertion of a trocar was never

Fig. 2 The corresponding sectors can be found and marked on the patient
by using the same technique and correspond in clinical practice to
different zones of bone marrow aspiration according to the position of
the patient. Three different approaches can be used to harvest bone
marrow from the iliac crest: patient supine and anterior crest approach
(sectors 1, 2 and 3), patient prone and posterior iliac crest approach
(sectors 4, 5 and 6) and patient in the left or right lateral position allowing
easier middle iliac crest approach (sectors 3 and 4)

Fig. 3 From the two-dimensional transversal images with 0.6-mm cuts,
three-dimensional reconstructions were made using software
(LightSpeed, General Electric). Measurements were performed on the
CT scans of the 24 normal pelves (48 hemi-pelves). a The relative
contiguity of intrapelvic neural and vascular structures to trocars inserted
into specific sectors of the iliac bone was analysed. b An anatomical

structure was considered to be at risk if the structure was situated in the
corresponding volume delimited by these conditions (e.g. iliac wing of
the sector, angle of 20° and height of 10 cm). Consequently, the pelvis
was divided into six volumes at risk corresponding to each sector of the
iliac crest. The limits of the volume corresponding to sector 1 are
represented in green
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found to be greater than 20° (with residents or surgeons), an
anatomical structure was considered to be potentially at risk in a
sector if it was accessible to the tip of the trocar (length 10 cm)
introduced into the iliac crest with a deviation of 20° from the
plane of the iliac wing. In other words, an anatomical structure
was considered to be at risk if the structure was situated in the
corresponding volume delimited by these conditions (e.g. iliac
wing of the sector, angle of 20° and height of 10 cm). Conse-
quently, the pelvis was divided into six volumes at risk corre-
sponding to each sector of the iliac crest. The limits of the
volume corresponding to sector 1 are represented in green.

Risk for a trocar to reach the sciatic nerve and gluteal vessel

The shortest distance from the posterior superior iliac spine or
the iliac crest to the sciatic notch on a CT scan image was
measured. This distance was used as an evaluation for the
shortest distance from the iliac crest to the superior gluteal
vessel and sciatic nerve when these structures were not
visualised on the CTscan.When theywere correctly identified
on a CTscan, the same procedure as described for the external
iliac artery was used to determine the risk level.

Thickness of the iliac crest

The thickness of the iliac crest (transverse thickness between
the two tables) is one of the most important factors in ensuring
the safe placement of the trocar between the two tables of the
iliac wing. Multiple CT scan images were reconstructed per-
pendicular to the iliac crest and directed to the centre of the hip
to obtain radial cuts (Fig. 4) concentric with the hip centre
(two radial cuts for each sector, average 10° of angulation
between two consecutive cuts). On each image (named radial
cut), the thickness of the iliac crest was measured at different
depths for each centimetre of the iliac wing from the superfi-
cial iliac crest to the maximum depth allowed by the trocar.

Statistical analysis

Statistical analysis was performed using “logiciel excel” for
Windows. Descriptive statistics were obtained on all variables
collected during the study. The continuous variables included
angle, distance from trocar to vital structures, distance from
pelvic bone to structure and bone thickness in each of the
zones studied. Categorical values were side, age, sex, height
size, BMI and sector. A p value less than 0.05 was considered
significant. Inter-observer reliability was assessed by calculat-
ing the intraclass correlation coefficient (ICC) for repeated
measurements.

Results

Variations of the thickness of the ilium in the different sectors

For sector 1 (Table 1), the mean bone thickness was 3.4 mm.
In sector 2, the mean bone thickness was 4.6 mm. This implies

Fig. 4 Of each of the 48 hemi-pelves, 24 radial CT scan cuts were
analysed. a The transverse distance (T) of the external iliac artery from
the inner pelvic table, the distance (D) between the iliac crest and external
iliac artery and the angle (A) between the iliac wing direction and the line
joining the external iliac artery to the iliac crest were measured on the 24

radial CT scan cuts of each of the 48 hemi-pelves of these patients (1,152
cuts) and results reported as the mean for each sector. b In this example,
the angle between bone and artery is 18°; the distance from the iliac crest
to the vessel is less than 10 cm (circle), so the artery is in the sector at risk

Table 1 Average thicknesses of the spongious iliac bone

Mean thicknesses
(cm)

Standard
deviation

Min.–max.

Anterior zone Sector 1 0.8 0.3 0–1.5

Sector 2 1.3 0.4 0.5–2.5

Medial zone Sector 3 1.7 0.4 0.3–3.5

Sector 4 1.4 0.6 0–3.6

Posterior zone Sector 5 1.2 0.5 0–3.7

Sector 6 2.1 0.2 0.9–3.2

The mean, standard deviation and range for the 36 points measured in
each sector are indicated. On each sector the thickness of the spongious
bone was measured on 4 radial cuts; on each radial cut the thickness was
measured every centimetre at a depth of 9 cm from the iliac crest
(measurement on 36 points for each sector)
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that the more anterior the trocar is placed in the iliac crest, the
worse the bone stock will be. In contrast, the greatest bone
thickness was found in sectors 5 and 6, which had a mean
thickness of 4.9 and 9.6 mm, respectively. When compared
with the average bone mass of the anterior, it was evident that
the more posterior iliac crest had greater bone thickness. This
was true for the entire posterior. The bone thickness in sector 4
averaged 3.5 mm. This area is the thinnest part of the iliac
crest. There was no correlation between the thickness of the
iliac crest and sex, age, side (left or right), height and BMI
(p>0.05 for all).

Breaching risks of the medial or lateral table during bone
marrow aspiration

Among the 480 entry points, 94 breaches were observed.
During insertion of the trocars, entering the inside table was
more frequent (62 breaches). The major factors that increased
the risk of damage were the sector zone, inexperience of the
surgeon and obesity of the patient. Higher numbers (p=0.02)
of breaches were observed in sector 4 (38/94 events, 40 %),
sector 1 (26/94 events, 31 %) and sector 5 (24/94 events,
25 %). The remaining ten breaches occurred in sector 2 (four
events), sector 3 (two events) and sector 6 (four events). The
number of breaches was higher (75 among 240 entry points,
31 %) for surgeons with fewer than ten bone marrow harvests
compared to a lower number of breaches (19 among 240 entry

points, 8 %) observed with surgeons with more than 50 bone
marrow harvests prior to participation in the study. When the
patient was obese (BMI >30), the risk increased (69 breaches
of 240 entry points, 29 %). Sex and age of the patients had no
influence on the risk (p<0.05). Among the 40 patients with
two entry points in sector 1, one patient had a transient
numbness in the area of the lateral femoral cutaneous nerve,
and two patients had haematoma.

During normal insertion of the trocars, entering the inside
table is more frequent due to the shape of the iliac crest. The
major factors that increased the risk of damage were the sector
zone, the inexperience of the surgeon and obesity of the
patient. The angle between the ideal position and the incorrect
position was measured for each time when the trocar lost
contact with bone. The maximum deviation was 20° with an
average of 8°. Surgical experience was the most important
factor in ensuring safe placement of the trocar between the two
tables of the iliac wing.

Vascular and neurological structures at risk on angio-CT scan

Risk for the trocar to reach the external iliac artery

Measurements of distances D and T, and values of angle A,
are indicated in Table 2. When a deviation of the trocar of 20°
from the plane of the iliac wing resulted from technical error,
there was a risk of the trocar (with a length of 10 cm) reaching

Table 2 The distances T and D,
and the angle A, varied widely in
the different sectors. No correla-
tion was found between these
values and patient height and
BMI. We observed no differences
(p>0.05) in these values between
the right and left sides. However,
we found that the distance T and
the angle Awere significantly
(p<0.05) decreased in women as
compared with men and in older
patients (50 years) compared with
younger patients in each sector.
The large variation of distance T
and angle A could be due to dif-
ferent volumes of psoas muscle
interposed between the bone and
the external iliac artery

Sector 1 Sector 2 Sector 3 Sector 4

Distances (T) between Iliac bone and external Iliac artery (mm)

Mean, mm (min.–max.) 23.6 (6.7–40.9) 24.4 (5.3–40.8) 29.3 (4.7–54.9) 43.3 (3.2–75.7)

Mean, age <50 years 25.63 28.92 36.04 49.93

Mean, age >50 years 21.60 19.96 22.59 36.58

Student’s t test, p 0.021 <0.001 <0.001 0.01

Mean, women 20.77 21.65 25.54 41.50

Mean, men 26.46 27.23 33.09 45.01

Student’s t test, p 0.001 0.01 0.01 0.53

Mean, height <1.7 m 22.16 22.45 25.71 37.17

Mean, height >1.7 m 25.33 26.80 33.57 50.44

Student’s t test, p 0.06 0.02 0.003 0.03

Distances (D) between the iliac crest and the external Iliac artery (mm)

Mean (min.–max.) 68.7 (29.6–89.6) 89.4 (66.4–111.2) 99.8 (70.6–129.5) 95.8 (0–125.8)

Mean, age <50 years 64.03 84.55 95.95 94.14

Mean, age >50 years 73.41 94.17 103.72 97.46

Student’s t test, p 0.009 <0.001 0.02 0.63

Angle (A) between the iliac wing direction and the line joining the external iliac artery to the iliac crest

Mean (min.–max.) 20.5 (4.5–41.3) 16.4 (3.2–31.9) 17.5 (2.7–35.5) 26.3 (0–48.9)

Mean, age <50 years 23.5 20.3 22.2 32.6

Mean, age >50 years 17.6 12.4 12.8 22.3

Student’s t test, p 0.003 <0.001 <0.001 <0.001
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the iliac artery in sectors 1, 2 and 3 (Table 3). The frequency
was higher in sectors 1 and 2. The average distance T (Table 2)
was observed to be 23.6 mm (range 6.7–41 mm) on the CT
scan. The average distance D between the iliac crest and the
external iliac artery was observed to be 69 mm (29–89 mm) in
sector 1 (Table 2) on the radial CT scan image. The average
angle A (Table 4) was observed to be 20.5° in sector 1. The
distances T and D, and the angle A, varied widely in the
different sectors. No correlation was found between these
values and patient height and BMI. We observed no differ-
ences (p>0.05) in these values between the right and left
sides. However, we found that the distance T and the angle
A were significantly (p<0.05) increased in women as com-
pared with men and in older patients (>50 years) compared
with younger patients in each sector. The large variation of
distance T and angle A could be due to different volumes of
psoas muscle interposed between the bone and the external
iliac artery (Fig. 3). For sector 4 the iliac wing is thin (Table 1),
which theoretically increases the probability for the trocar to
go outside the bone with a risk of vascular injury. However,
when a trocar is inserted into sector 4, the trocar most often
lies within the psoas muscle when the angle A of deviation is
less than 20°. Due to variations in the distance T and angle A,
the artery in sector 4 was at risk at a higher frequency in
women (Table 3). This probably is due to the thinner psoas
muscle in women as compared with men. In women older
than 50 years, this frequency is increased for the same reasons.

Risk for the trocar to reach the sciatic nerve and gluteal vessel

Trocars placed in posterior sectors may be directed toward the
sciatic nerve and the superior gluteus artery, but remain distant
to the external iliac vessels. The average distance between the
iliac crest and the notch is 70 mm (minimum 56.6 mm) in
sectors 5 and 6 (Table 4). This distance is decreased in women
and small people, but is increased in heavy people. Therefore,
a trocar inserted from the posterior part of the iliac crest and
introduced deeper than 60 mm (with a deviation of only 5°
from the plane of the iliac wing) may reach the sciatic nerve
and superior gluteal vessel. At the level of the sciatic notch,
the distance from the bone averaged only 8 mm (range 5–
10 mm). After exit from the pelvis, at 1 cm from the sciatic

notch the sciatic nerve was an average distance of 12 mm
(range 8–20 mm) from the bone. At the ischial spine, the
distance between the sciatic nerve and the iliac crest increased
to 15 mm (range 13–22 mm) due to the presence of muscle
tissue (gemelli, obturator internus and quadratus femoris mus-
cles). The superior gluteal vessels were closest to the pelvic
bone at the superior portion of the sciatic notch. CT scans of
the pelves (opacified vascular) at this level showed that the
superior gluteal vessels were an average distance of 5 mm
(range 2–10 mm) from the greater sciatic notch.

Discussion

Percutaneous bone marrow aspiration clearly has fewer com-
plications than bone graft harvesting. However, the risk is not
zero and complications have been reported [3, 4]. Amann
et al. [1] reported a case of intestinal puncture requiring
operative repair during bone marrow harvest. We have ob-
served the development of haematomas that required transfu-
sion. The complexity of the anatomy of the pelvis cannot
prevent all morbidity even when using a needle. Even when
the safe zones for the placement of the trocar are known, the
structures can be damaged by inadvertent violation of the
intrapelvic region. Information about the effect of the position
of the vascular and neurological anatomy in relation to the
iliac crest may be helpful in avoiding iatrogenic vessel injury.
Understanding how anatomical position differs between sec-
tors can inform surgeons about the anatomical structures that
are at risk.

We performed a study with two series of patients in which
measurements of distance and angle of structures of the iliac
were measures in one study, and in the other study the risk of a
trocar being directed outside of the iliac wing during bone
marrow aspiration was determined. While the incidence of
injury to major vascular structures during bone marrow aspi-
ration is low, the importance of this topic is reflected by the

Table 3 Number and frequency (%) of artery being situated in the
volume (prism) delimitated on 48 hemi-pelves with the following land-
marks: iliac wing of the sector, angle of 20° and height of 10 cm

Sector 1 Sector 2 Sector 3 Sector 4

Women (n=24) 16 (67 %) 21 (87.5 %) 8 (33 %) 7 (29 %)

Men (n=24) 6 (25 %) 9 (37.5 %) 1 (4 %) 0 (0 %)

p <0.005 <0.001 <0.03 <0.02

Test χ2 χ2 Yates Yates

Table 4 Average distances between the posterior iliac crest and the
sciatic notch

Mean (min.–max.) 70.3 (56.6–84.3)

Women 66.7

Men 73.9

Student’s t test, p <0.001

Mean, height <1.7 m 66.2

Mean, height >1.7 m 74.4

Student’s t test, p <0.001

Mean, weight <79 kg 67.7

Mean, weight >79 kg 72.9

Student’s t test, p <0.006
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inordinately high associated morbidity and mortality, which
may affect patients with vascular injuries.

Although an appreciation of the anatomy of the pelvis
cannot prevent all morbidity, it is possible that injuries to
neurological or vascular structures in the pelvis can be
avoided with knowledge of several simple pelvic dimensions.
The anatomical structures that are contiguous to the iliac bone,
which are not visible to the surgeon during bone marrow
aspiration, have been illustrated in many anatomical publica-
tions. These structures are the external iliac, superior gluteal
arteries and the sciatic nerve. To minimise risk during place-
ment of the trocar, it is necessary to define the relationship of
these neural and vascular structures to the osseous iliac crest,
which is the only structure that the surgeon is able to identify
by palpation. This study was performed in order to define the
anatomical structures that are at risk during trocar placement,
to determine the relative contiguity of intrapelvic neural and
vascular structures to trocars placed in specific locations of the
iliac crest, to develop a sector system to guide placement of
the trocar and to highlight the risks associated with each sector
zone.

We based our measurements on several factors. In deter-
mining the distance to the sciatic notch and arteries, studies in
the past have used cadaveric measurements to determine the
approximate location of the gluteal vessels and nerves. It was
our intent to give the surgeon an indication of the shortest
distance to the notch and, therefore, the safest bony measure-
ment in living patients since the muscles and the arteries may
have different positions as seen in cadaveric tissue, so we used
measurements on CT scans of patients.

This study has several limitations. There was variability of
specimen size and shape that we could not control. Despite
this, our standard deviations were relatively small and the
relative behaviour of the ilium was fairly consistent. Further-
more, CT scanograms were obtained in patients without gen-
eral anaesthesia, so there could be a reduction in the results
recorded for the distance T and angle A in patients with
anaesthesia, since the psoas muscle will be less contracted in
anaesthetised patients. Risk factors for vascular injury also
include pre-existing surgery in the area of the abdomen or
vessels, retroperitoneal inflammatory process and vascular
disease that were not examined here.

The sector system that we have developed for locating the
position of neural and vascular structures that are at risk during
bone marrow aspiration is easy to construct. For simplicity,
lines drawn between the anterior and posterior superior iliac
spines that divide the iliac crest into six equal sectors can be
used to form the sectors. The sectors can be used to locate safe
and dangerous zones for the placement of trocars. To mini-
mise the risk of vessel injury, meticulous surgical technique
and limited depth of instrument placement are essential. Sur-
gical risk is greatest when the iliac wing is thin and when a
structure is contiguous to the surface of the intrapelvic bone

(with little interposition of tissue or iliac bone) and/or is
relatively adherent to the pelvis. Trocar placement in the
second anterior sector represents a commonly used position
for a patient in a supine position. If placed in the most
posterior superior sector, the trocar may be directed toward
the sciatic nerve and the superior gluteal nerve and vessels. In
contrast to the shallow bone in the anterior sectors, the bone
width in the posterior sectors 5 and 6 allows trocars to be
placed easily in the posterior iliac crest.

In conclusion, the sector system was found to be helpful
during bone marrow aspiration. Trocars can be directed away
from neural and vascular structures and toward zones that are
likely to contain the best available bonemarrow stock. It could
be recommended that instruments be marked with distances
from the instrument tip so that depth of penetration can easily
be appreciated during bone marrow aspiration. Such a recom-
mendation should, however, be used with caution to avoid a
false sense of security since the angle and the orientation of a
trocar insertion also impacts the risk of injury.
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