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Abstract

 

The line joining the superior aspect of the iliac crests posteriorly (the intercristal line) is commonly stated to cross

the midline at the L4 or L4–5 spinal level on imaging. This study aimed to assess the spinal level identified through

palpation of surface anatomy (iliac crests and posterior superior iliac spines) in adults and the level of agreement

compared with the intercristal line identified through imaging. The study participants included consecutive adult

patients undergoing prone fluoroscopically guided spinal injections for chronic low back pain at the Royal Ortho-

paedic Hospital, Birmingham, between April and July 2004. Prior to fluoroscopic imaging, each patient’s surface

anatomy was palpated by two examiners and lines created to form the palpated intercristal line and the posterior

superior iliac spine line. Following imaging, the mid-line spinal levels identified by these palpated lines were

recorded and the level of agreement (kappa coefficient) with the intercristal line formed by imaging of the iliac

crests was assessed. The results showed that although the L4 or L4–5 spinal levels were identified on imaging of

the intercristal line in 86.7% of 75 patients (49 female), the intercristal line formed through palpation tended to

identify higher levels; the L3 or L3–4 spinal levels in 77.3% of cases and more commonly in females than in males

(85.7 vs. 61.5%) and in patients with higher body mass indices. The level of agreement between the two lines was

poor (

 

κ

 

 = 0.05). The posterior superior iliac spine line identified the S2 spinous process in 51% and the S1 in 44%

of 60 (45 female) patients. The results suggest that formation of the intercristal line by palpation of the iliac crests

identifies different spinal levels to those identified by imaging and that both methods should be regarded as dif-

ferent instruments. In the clinical situation, it may be more appropriate to consider that palpation of the intercristal

line is a guide for identifying the L3 or L3–4 spinal levels rather than the L4 or L4–5 levels, particularly in females

and patients with higher body mass indices.
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Introduction

 

The line joining the superior aspect of the iliac crests

posteriorly – variously described as the intercrestal (Kim

et al. 2003b), intercristal (Williams & Warwick, 1980),

supracristal (Borley, 1997), Tuffier’s (Tuffier, 1900) or

Jacoby’s (Kubota et al. 1992) line – is commonly stated

to cross the midline at the L4 or L4–5 spinal level

(Cunningham & Ramenes, 1979; Atkinson et al. 1987;

Ellis & Feldman, 1993; Ombregt et al. 1998). This has

been confirmed by several studies (Render 1996; Kim

et al. 2003a,b; Jung et al. 2004) through analysis of

lumbar spine images. Similarly, a line joining the two

posterior superior iliac spines (PSIS) is also stated to

cross the midline at the second sacral spinous process

(Borley, 1997). In the clinical situation, however, using

palpation of bony landmarks as a guide, it has been

demonstrated that identification of the exact spinal

level is frequently inaccurate (Van Gessel et al. 1993;

Broadbent et al. 2000; Furness et al. 2002).

The aims of this study were two-fold: (1) to assess if

the spinal level found by identification of the inter-

cristal line (ICL) by palpation of the bony landmarks
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agrees with the level identified through X-ray imaging,

and (2) to assess which spinal levels are identified by a

line joining the inferior aspect of the PSIS.

 

Methods

 

The study group comprised consecutive adult patients

at the Royal Orthopaedic Hospital, Birmingham, UK,

under the care of the first author (R.C.), undergoing

fluoroscopically guided lower lumbar spine injections

for low back pain for the 3-month period from April

2004. Local hospital ethics committee approval for the

study was granted prospectively. Patients were

excluded from the study if high lumbar injections were

being performed where imaging would not involve the

relevant areas or if their lumbar anatomy was poten-

tially compromised by spinal scoliosis, spondylolisthesis,

severe disc height reduction, sacralization, lumbari-

zation, previous spinal surgery or osteoporosis with

loss of vertebral height. Consent was obtained from

each patient. Age, sex, weight and height were recorded

and body mass index (BMI) calculated.

Prior to imaging and injection, each patient was

examined in the prone position on the fluoroscopy

table by two examiners (R.C. and K.I.), both experi-

enced in palpating the iliac crests in their day-to-day

management of patients. Iliac crests were palpated and

a mark was made on the overlying skin at the upper-

most margin of each iliac crest. Examiners were not

blinded to the other examiner’s mark. If there was dis-

agreement over the height of the crests the patient

was re-examined by each examiner until agreement

was reached. A long, small-diameter, rigid metal rod was

then placed on the skin surface between the two

marks to act as a radio-opaque marker, forming the

ICL. Anterior–posterior fluoroscopic images were then

obtained, centralized over the radio-opaque markers

and the spinal level where the marker crossed the mid-

line was recorded. Following this the ICL was again

formed, this time between the superior aspects of the

two iliac crests according to the fluoroscopic image,

and the midline level was again recorded (Fig. 1). Imag-

ing was kept to a minimum throughout and patients

did not undergo any further radiation exposure than

would normally be required for the injection proce-

dure. The null hypothesis was that there would be no

difference in the spinal level identified by palpation

and imaging. In this study, spinal level refers to either

a spinous process (e.g. L3) or to the space between two

spinous processes (e.g. L3–4). The kappa coefficient (

 

κ

 

)

was used to assess the agreement between the two

methods. Confidence intervals (CI) are given for the

statistics at a 95% level.

For the second experiment, during the same study

period, only patients who were to undergo injections

where the imaging was likely to involve the sacrum

were included. The first author (R.C.) palpated both

PSIS and marked the skin overlying their inferior mar-

gins prior to the fluoroscopic images being obtained.

Again a linear radio-opaque marker was placed

between the marks (the PSIS line) and the midline

spinous process was recorded (Fig. 1).

 

Results

 

Sevety-five patients (49 female) were eligible for inclu-

sion in part 1 of the study. Mean values at assessment

were: age, 45.0 years (range 18–71); height, 167.5 cm

(range 150–191); weight, 73.3 kg (range 50–104); BMI,

25.8 kg m

 

−

 

2

 

 (range 19–38). Table 1 shows the fre-

quency that spinal levels were identified, using the ICL,

on palpation and imaging. Figure 2 illustrates the

proportion of samples hitting a particular spinal level

together with error bars showing the 95% confidence

limits.

In the case of palpation it can be seen that when the

ICL crossed an interspinous space, this was always at

L3–4 and, when it crossed a spinous process, this was

Fig. 1 The lines referred to in the study: the palpated 
intercristal line (a), the imaged intercristal line (b) and the 
palpated posterior superior iliac spine line (c).
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more likely to be the L3 process than the L4 in females

(ratio 4 : 1) and equally likely to be either the L3 or the

L4 in males. In 86.7% of patients the imaged ICL passed

through either the L4 or the L4–5 spinal levels with

12% passing through the L5 and 1.3% through the L3

spinous processes. Agreement between the imaged

and palpated lines was poor [

 

κ

 

 = 0.05 (CI = 

 

−

 

0.01 to

0.12)] and occurred in just nine (12%) of the 75

patients, with the palpated level being one spinal level

higher in 17 (22.7%), two levels higher in 34 (45.3%),

three higher in 12 (16%) and four higher in three (4%)

(Table 2). On no occasions did the palpated line iden-

tify a lower level than the imaging. Although there is a

tendency for higher spinal levels to be identified by the

palpated ICL with increasing patient BMI, the differ-

ence between the median values did not reach signific-

ance, as judged by the 95% confidence limits (Fig. 3a).

Similarly, there was no relationship between the spinal

level identified by the imaged ICL and BMI (Fig. 3b).

Sixty patients (45 female) were eligible for inclusion

in part 2 of the study. Mean values at treatment were:

age, 45.7 years (range 18–83); height, 165.8 cm (range

150–191); weight, 73.5 kg (range 50–104); BMI,

25.3 kg m

 

−

 

2

 

 (range 19–38). On palpation, the PSIS line

identified the S2 spinous process in 51% of cases and

the S1 in 44%. The upper and lower levels identified

were the L5 and S3 spinous processes, respectively

(Table 3).

Table 1 Spinal level identified by palpation and by 
imaging of the intercristal line by sex (SP = spinous process, 
IS = interspinous space)

Palpated Imaged

Female Male Female Male

L3 SP 28 8 0 1
L3–4 IS 14 8 0 0
L4 SP 7 10 23 19
L4–5 IS 0 0 18 5
L5 SP 0 0 8 1
Totals 49 26 49 26

Fig. 2 Proportion of spinal levels identified by imaging and 
palpation of the intercristal line, together with error bars 
showing the 95% confidence intervals.

Table 2 A cross-tabulation showing the frequency of spinal 
levels identified by palpation and imaging of the intercristal 
line (SP = spinous process, IS = interspinous space)

Imaged

L3 SP L3–4 IS L4 SP L4–5 IS L5 SP Total

Palpated
L3 SP 1 0 23 9 3 36
L3–4 IS 0 0 11 8 3 22
L4 SP 0 0 8 6 3 17
L4–5 IS 0 0 0 0 0 0
L5 SP 0 0 0 0 0 0
Total 1 0 42 23 9 75

Fig. 3 Distribution of BMI against spinal level identified by 
(a) the palpated intercristal line and (b) the imaged intercristal 
line.
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Discussion

 

Identification of the correct spinal level through exam-

ination is a necessary part of spinal medicine but its

importance is most clearly evident when performing

lumbar injections without fluoroscopy. The main hazard

would be selecting too high a level, thus injecting

a level more cephalad than the conus medullaris, which

can extend as low as to the upper aspect of the L3

vertebral segment (Kim et al. 2003a). Various methods of

identifying the correct spinal level by examination have

been described, including dropping a vertical line

downwards from the uppermost iliac crest with the

patient in a side-lying position (half-Tuffier’s line)

(Ievins, 1991), construction of a line between the two PSISs

(Borley, 1997) and constructing a line between the low-

ermost margins of the tenth ribs (Jung et al. 2004).

However, construction of the ICL through palpation of

the iliac crests, first described by Jacoby and Tuffier

(Tuffier, 1900; Kubota et al. 1992) in the late 19th cen-

tury, has proven to be the most popular method, with

several authoritative textbooks referring to it as cross-

ing the L4 or L4–5 spinal level (Cunningham &

Ramenes, 1979; Atkinson et al. 1987; Ellis & Feldman,

1993; Ombregt et al. 1998).

Several authors have attempted to verify the spinal

level identified by the ICL by reviewing plain radio-

graphs or MRI scans of the lumbar spine. The level

identified appears to follow a symmetric distribution

with the L4 spinous process or L4–5 interspinous space

being identified in 70–90% of cases using this method.

The L5 spinous process is the next most frequently iden-

tified with the L3–4 and L5–S1 interspinous spaces

identified in 3.7% or fewer of cases (Render, 1996; Kim

et al. 2003a; Jung et al. 2004). Our study also found

that the imaged ICL crossed the L4 spinous process or

the L4–5 interspinous space in the majority (86.7%) of

adult patients with normal spinal anatomy and crossed

the L5 spinous process next most frequently (12%) and

rarely (1.3%) passed above the L4 spinal level.

Despite the consistency of these findings, several

authors have demonstrated difficulty in identifying the

exact spinal level through palpation of bony land-

marks. Using the ICL as a guide, these authors have

found that a more cephaled level is more likely to be

identified than the correct level (41–57% vs. 29–41%),

with the error of margin extending up to four spinal

levels too high. Less frequently, a level more caudal is

identified (3.6–28%) (Van Gessel et al. 1993; Broadbent

et al. 2000; Furness et al. 2002). Agreement between

clinicians on the estimated level through palpation, how-

ever, has been found to be good, at 60% (Broadbent

et al. 2000), and thus it appears that it is the use of L4

or L4–5 as the guide rather than the execution of the

method of forming the line that appears to lead to

errors. Only one author has found a reasonable per-

centage (78.3%) identification of the correct spinal

level compared with half-Tuffier’s line (59.3%) but the

study sample was small and cadavers, rather than live

subjects, were used (Ievins, 1991).

Factors that have been shown to influence poor identi-

fication of the correct spinal level include selection of a

high lumbar spinal level and obesity (Broadbent et al.

2000; Furness et al. 2002). Positioning of the patient in

a sitting or lateral position does not affect the accuracy

even though in nearly half the patients, the spinal level

intersected by the ICL on imaging moves downward by

one level on full lumbar flexion (Kim et al. 2003b).

The present study may help to explain the frequent

inaccurate identification of the correct spinal levels

found in previous studies. The use of the ICL as a guide-

line for the L4 or L4–5 spinal levels holds true for the

imaged ICL but not for the palpated ICL, which identi-

fies the L3 spinous process or L3–4 intraspinous space

in the majority of cases (77.3%). We found the agree-

ment between the two lines to be poor (

 

κ

 

 = 0.05), sug-

gesting that the two lines are entirely different

instruments. It is therefore important to distinguish

between these two methods of identifying the ICL

when considering it as a guide for the correct spinal

level. The difference between the two is most likely

explained by the subcutaneous tissue between the

bony landmarks and the palpating hand. Perhaps not

surprisingly, adult females who have more percentage

body fat for equivalent BMIs, different fat distribution

and who develop progressively greater waist to hip

ratios with age than adult males were found to have

proportionately more higher levels identified on pal-

pation (Gallagher et al. 1996; Bartali et al. 2002). This

Table 3 Spinal levels identified by the PSIS line by sex

Female Male Total

L5 1 0 1
S1 18 6 24
S2 23 8 31
S3 3 1 4
Total 45 15 60
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study also showed that use of the PSIS line as an alter-

native indicator of correct spinal level is limited by the

relatively high frequency of identification of both the

S1 and the S2 levels. It is important to stress that our

study only included patients with normal lumbar spine

anatomy and further inaccuracies in identification of

the correct spinal level might be expected if there were

sacralization or lumbarization of the lower spine (pre-

valence 8–15%) (Ford & Goodman, 1966; O’Driscoll et al.

1996), spondylolisthesis (prevalence up to 6%) (Frederick-

son et al. 1984), lumbar scoliosis or loss of vertebral

height.

One potential limitation in the methodology of

the present study is that after identification of the

palpated ICL, the fluoroscopic beam was then not re-

centred on the imaged ICL. This was to ensure that the

patient had no more radiation exposure than would

normally have been used for the injection procedure.

In the our experience, however, the error caused by the

divergent beam would have been minimal and would

have been unlikely to have made significant differ-

ences to the recorded imaged ICL.

Use of fluoroscopy when performing spinal injec-

tions would negate any errors when choosing the

correct spinal level for injection but if not practical in

the clinical situation, then use of bedside ultrasound

has been shown to improve the reliability of choosing

the correct level (Furness et al. 2002).

 

Conclusion

 

This study shows that the ICL identifies different spinal

levels depending on whether it is formed by palpation

of the iliac crests or through spinal imaging. Through

palpation, the L3 spinous process and L3–4 interspinous

spaces are most frequently identified, whereas, with

imaging, it is the L4 spinous process and the L4–5 inter-

spinous spaces which are most frequently identified.

These two methods of forming the ICL should there-

fore be considered as separate instruments used in

identifying the correct spinal level. In the clinical

situation, it may be more appropriate to consider that

palpation of the ICL is a guide for identifying the L3 or

L3–4 spinal levels rather than the L4 or L4–5 levels,

particularly in females and patients with higher BMI.

The PSIS line identifies the S2 spinous process most

frequently followed by the S1 spinous process and

is therefore an unreliable guide for the correct spinal

level.
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