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Abstract

Non-removable navel jewelry can increase the measured bone density of the underlying vertebra.
We measured lumbar spine bone mineral density (BMD) by dual energy xray absorptiometry (DXA)
in an observational study of 727 adolescents and young women aged 14-30yrs. We evaluated several
methods of correcting BMD: manually erasing a small area, eliminating one or two vertebrae,
estimating the BMD from one or two vertebrae using data from remaining vertebrae, and estimating
the BMD using T-scores of the remaining vertebrae. Ten percent (n=71) of the subjects were wearing
navel jewelry. The areal BMD by DXA of L1 and L2 was similar in those with jewels as in controls
without jewels, but L3-L4 showed higher bone density in those with jewelry, and the spine BMD of
L1-4 was significantly higher in the bejeweled women (1.043 + 0.011 vs. 1.006 + 0.004 g/cm?, p =
0.01). The estimated errors in accuracy (g/cm?) were: 0.034 due to the jewels; 0.005 from erasing a
small area; 0.019 from eliminating L4; 0.044 from eliminating both L3 and L4; 0.016 from predicting
BMD using L1-3 and 0.028 using L1-2. The T-scores using the Hologic database were progressively
lower in the caudal vertebrae, even in 96 local women aged 30-35 yrs, whose average T-score was
0.35 at L1 but -0.26 at L4. Thus, we found significant errors due to intravertebral variability. We
suggest the optimal method of correcting for small artifacts is to erase the area under the artifact.
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Introduction

Several artifactual factors can impair the accuracy of DXA (dual energy x-ray absorptiometry)
measurements of the spine, including surgical hardware or cement, gastrointestinal barium or
calcium tablets, and external objects like buttons, snaps, buckles and knives[1-3]. One
unavoidable external artifact is unremovable navel jewelry. This has not received much
attention because it is an infrequent artifact in the elderly, who usually receive bone
densitometry.
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In a national probability sample of 253 women aged 18-50, surveyed by random digit dialing
technology, Laumann and colleagues [4] reported that 29 women had navel piercing. The
prevalence of naval piercing jewelry among university students was 29% in 2001 [5] and 35%
in 2006 [6]. We report here our experience with healthy adolescents and young women who
were enrolled in prospective studies of contraceptive choices and bone health. We evaluated
several methods of estimating the BMD in the vertebrae which were under the navel jewelry.

This study was conducted at Group Health Cooperative in Seattle, WA. The subjects from two
studies were combined. The first study population (N=148) and recruitment methods have been
published [7]. Briefly, recruitment occurred from June 1999 to December 2000. Potential
participants were selected from a population-based sampling frame derived from the health
plan's computerized data files. We selected samples that included 14 to 18 year old women
receiving depot medroxy progesterone acetate (DMPA) injections and a random sample of
age-similar comparison women. Those who were pregnant or planning pregnancy or who had
diseases known to be associated with bone density were excluded. In the second study (N=579)
recruitment was similar, except participants were selected on the basis of oral contraceptive
use and non-use and excluding those using other hormonal contraception. The age range was
14 to 30 yrs. For these analyses, we excluded African American subjects because their bone
density was significantly higher than that of other races, as well as those with abnormal spine
anatomy, so the total number of subjects was 727. At the baseline (when the measurements
from this report were used) there were no significant BMD differences among those who were
using DMPA and controls.

All study procedures were reviewed and approved by the Group Health Human Subjects
Committee and participants gave written consent. For those younger than 18 yrs, written
consent was obtained from parents with assent from the subjects.

In order to determine a local reference group of women at peak bone density, we also examined
bone density measurements from 96 healthy non-African-American women from a previous
study [8] who were aged 30 to 35 years and who had been recruited from the same health plan
population and measured in the same manner. T-scores were calculated using the mean and
standard deviation for each vertebra using either our reference base or the Hologic reference
base for women aged 30, using the 1991 Tom Kelly data [9]. The Hologic values all had a
standard deviation of 0.11 g/cm? and the mean values, in g/cm?, were: L1: 0.925, L2: 1.028,
L 3:1.084, and L4: 1.116. Using our reference, the mean (standard deviation) results were: L1:
0.963 (0.128); L2: 1.058 (0.124); L3: 1.092 (0.124) and L4: 1.081 (0.124) g/cm?.

Bone density was measured with a Hologic QDR 4500 or QDR 2000 or Delphi densitometer
(Hologic, Waltham, Mass), using manufacturer-specified positioning techniques. We
measured the first through fourth lumbar vertebrae in the posterior-anterior direction using the
array mode. Precision at our center was initially determined in 320 healthy elderly men and
women from measurements of the total hip done twice with repositioning. The coefficient of
variation was 1.5%, using the following equation [10], where a and b are the measurements
and Ma and Mb are the means of the measurements:

CV%:(\/((Z (a - b)?)/2n))/(Ma+Mb)/2) x 100

We measured 20 women comparing the spine measurements on Hologic 2000 to 4500 with
CV of 0.93% and another 20 women comparing spine measurements on the 4500 to Delphi,
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who also had a CV of 0.93%. We also measured the hip twice in 20 women on the Delphi, with
a CV of 0.72%.

In the women who had navel jewelry overlying the lumbar vertebrae, the jewel was “erased”
from the scan by tracing it and removing the area from analysis using software available on
the densitometer. In another six scans randomly selected from those without navel jewelry,
areas were erased from the middle and from the side of L3, from the middle and from the side
of L4, and from an area over the intervertebral disc that included small areas of the bottom of
L3 and top of L4, simulating positions seen with the larger styles of jewelry. This was done at
5 places in each spine. The average area erased in the random scans was 1.3 + 0.14 cm? from
L3 or L4, and 2.5 cm? from both L3 and L4.

Data are reported as mean BMD g/cm? + standard error. The T-tests and regression analysis
were done using the Statview program (SAS, N. Carolina). When predicting the total lumbar
spine bone density using 2 or 3 vertebrae, we used regression analysis and report the standard
error of the estimate (root mean square of the residual). We used the following equation to
calculate BMD, excluding the BMC and area for the excluded vertebrae:
(BMC1+BMC,+BMC3+BMC,) / (areaj+areay+areaz+areay), where BMC is bone mineral
content and area is the projected area of the vertebra.

Errors in BMD measurements can be due to imprecision (repeatability) or accuracy. This
analysis estimated the accuracy errors, but some of the equations are similar to those used to
measure precision. The classic paper by Bland and Altman [11] calculates the repeatability
from duplicate measurements in a group of individuals as the standard deviation of the
difference between measurements. Others define precision as the root mean square (RMS) of
the standard deviations of the measurements [12,13]. The International Society for Clinical
Densitometry has recommended the latter calculation [14]. In this study, we did not study
repeatability, but rather the errors caused by estimating L1-4 from L1-2 or L1-3 or from erasing
a small area. Therefore we calculated the root mean square of the difference between the

measurements, using the equation: \/((Z (a- b)z)/n). This is analogous to calculating the
standard error of the estimate in linear regression, except the residuals are calculated from the
line of identity (y=x) instead of the line defined by the regression equation (y = intercept plus
slope times x). This error, divided by the square root of 2, is the root mean squared of the
standard deviation. It also is approximately the standard deviation of the difference when the
mean difference is nearly zero.

Seventy-one young women were wearing non-removable navel jewelry (10% of the study
population). Scans were not available for erasing the jewels in 7 cases. In the remaining cases,
the jewel was overlying L3 in seven women, L4 in 31 women, and both L3 and L4 in 26 women.
An example is shown in Figure 1. The age of bejeweled women was 19.3 + 0.5 years, which
was not different from the age in the 656 women without navel jewelry (19.8 = 0.2 years).

The BMD of the lumbar spine L1-4 was significantly higher in the women with jewelry than
in those without (1.043 + 0.012 vs. 1.006 + 0.004 g/cm?, p = 0.01). However, the BMD of L1
and L2 were not different, as shown in Figure 2. L1 BMD was 0.918 + 0.011 g/cm2 in those
with jewels and 0.926 + 0.005 in those without. The values for L2 were 1.018 + 0.013 and
1.014 £ 0.005 g/cm2, respectively. Because the women in the group with jewels had the same
bone density in L1 and L2 as the control women, we assumed that the “true” bone density of
L3 and L4 would also be the same as in the control group.
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After erasing the jewels, there was no longer any significant difference in BMD at any lumbar
vertebra or at L1-4 between those women with and without jewelry (1.013 £ 0.012 vs 1.006 +
0.004 g/lcm?, respectively) (Figure 2, dotted line).

Figure 3 shows the L1-4 BMD values in the bejeweled women before and after erasing the
jewels. The difference in BMD values before and after erasing ranged from 0.001 to 0.084 g/
cm?, with an accuracy error (RMS) of 0.034 g/cm?2. As anticipated, erasing the jewel resulted
in a lower bone density in every case.

If the BMD were uniform in all vertebrae, it would be simple to merely delete one or two
vertebra. We therefore also examined variation among the vertebrae. In these young women,
the bone density was greater in the lower vertebrae than in the upper. In the control women
(without jewels) the bone density of L4 was 1.032 + 0.005 g/cm?, which was an average of
12% higher than L1 (0.926 + 0.005). Therefore, simply eliminating L3 or L4, or especially
both L3 and L4, results in a spine bone density that is lower than the spine density of L1-4.
The error was 0.019 g/cm? for eliminating L4 and 0.044 g/cm? for eliminating L3 and 4.

We then tested the accuracy error in predicting the L1-4 BMD from the BMD of two or three
other vertebrae. This was done in the women without jewelry, using linear regression. The
standard error of the estimates (RMS residual) were: 0.028 g/cm? for L1-2, 0.016 g/cm? for
L.1-3, and 0.010 g/cm? for L 1,2,4. These results were similar in all age groups.

We had previously estimated the L1-4 BMD from the T-scores of the vertebrae without jewelry,
but when we examined our results for T-scores of individual vertebra, we noticed that the T-
scores using the manufacturer's reference data became progressively lower in caudal vertebra
for all age ranges (as shown in Figure 4). The difference was greatest in the youngest subjects;
for example, in those age 14-18 yrs the T-score for L4 was 0.80 SD lower than for L1. Using
the local reference data of women aged 30-35, the T-score according to the manufacturer's data
base was 0.61 SD lower at L4 than at L1. When we calculated T-scores using our own reference
group, the younger women still showed lower values in the caudal vertebrae.

Erasing a small area would itself cause an accuracy error. In the normal vertebrae with and
without erasing a small area, the RMS error was 0.005 g/cm?. This error is an order of
magnitude less than the error caused by the jewel. The areas erased in the random normal
vertebra to test for accuracy error were larger than those in the subjects with jewels, to provide
a conservative estimate. The actual area erased for the L3 jewels was 0.653 cm? (range
0.35-0.92); for L4 the area erased was 0.755 cm? (0.11-1.36). For L3-4 it was 0.369 cm?
(0-0.92) from L3 plus 0.554 cm? (0.16-1.36) from L4.

Discussion

Navel jewelry is popular in teenagers and young women, and this can pose problems for studies
that measure bone density of the lumbar spine at these ages. We found 10% of normal women
in a population-based study were wearing non-removable navel jewelry. This is somewhat
lower than the rate seen in one study from a college campus, which may be due in part to
inclusion of removable jewelry in that study [6] and we included a broader age range. In
teenagers, the volumetric bone density calculations require the bone density in units of g/
cm? as well as the area. If no adjustment is made for the jewels, measurement of this important
anatomic site will be falsely elevated, by an average of 0.034g/cm?.

We did not see any difference in BMD of L1 or L2 between those women with or without
jewels. Therefore, we thought it was reasonable to assume that an adequate method of
correcting the BMD would result in similar values of L3 or L4 between those with and without
jewels. This was the result when we “erased” the jewels. Although L4 values were not totally
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corrected, there was no significant difference between the corrected L4 in those with jewels
and the L4 in those without jewels. The accuracy error caused by erasing a small area of bone
from L3, L4 or both was small at 0.005 g/cm?.

Other approaches that we evaluated had more error. Excluding the underlying vertebrae
resultes in an inaccurate underestimation, because the 3rd and 4th lumbar vertebrae (those that
are beneath the jewelry) had substantially higher areal BMD than the first and second.

In our teenagers and young women, there was enough intra-vertebral variability that the L1-4
BMD could not be reliably predicted from the BMD of L1-2, L1-3, or L1,2 and 4. Despite high
correlation among vertebral BMD measurements, the error was 0.01 to 0.028 g/cm?
(approximately 1 to 2.8%) using linear regression models. The errors were independent of age;
therefore, we saw the same results if we used z-scores which we calculated in age groups from
our own database.

Using T-scores of vertebrae without jewels to estimate the BMD of vertebrae under jewels also
was problematic. In our population of adolescents without navel jewelry, the T-scores became
progressively more divergent from the reference (Hologic) database in caudal vertebrae. We
expected that the T-scores would be decreased in teenagers, but thought they would be equally
low in all the vertebrae. Instead there was a systematic difference from the referent T-scores
in the lower vertebrae, particularly in the youngest group. Even in the women who were at the
age of peak bone mass for the spine (30-35yrs) the T-scores were significantly lower going
from L1 to L4. There may have been a difference in the population. Our subjects were generally
healthy. About 12% of the women were taking DMPA, but at the baseline their bone density
was not different from non-users. When we used our own local reference data-base, the T-
scores of women older than 25 were similar among all four of the lumbar vertebrae from L1
to L4. In the younger women, however, there was still a decrease in T-scores in the lower
compared to the upper lumbar vertebrae. This suggests that there may be differential growth
and/or mineralization in these teenagers and young women, with greater increases in the lower
lumbar spine than in the upper spine. This is another reason to avoid using T-scores, and
especially the lowest vertebral T-score, in young women to diagnose osteoporosis [15].

Erasing an area of bone under the jewelry causes some error--up to 0.8% for larger jewelry--
but this correction usually had accuracy errors that were less than 0.5%, which is acceptably
low and less than the error introduced by other strategies. Therefore, we recommend this
technique. This method also would apply to any other small non-removable artifacts that overlie
the lumbar vertebrae.

Finally, we note that it is important for the densitometrist to ask young female patients whether
they are wearing navel jewelry, and to take this into account when analyzing and reporting the
bone density values for the lumbar spine.
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Figure 1.

Image from dual energy xray absorptiometry of lumbar spine in a subject wearing navel jewelry
overlying the 3rd lumbar vertebra. The BMD was 0.909 g/cm? initially. The jewel was traced
and deleted from the analysis (“erased”). The area decreased by 0.66 cm?, and the new BMD
was 0.887 g/cm?
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Figure 2.
Bone density of lumbar vertebrae in 656 young women without navel jewelry (squares) and
64 with jewelry (diamonds). The dotted line shows values after “erasing” the jewel.
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Figure 3.
Original and corrected bone density values in 64 young women with navel jewelry.
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Figure 4.
Lumbar spine T-scores calculated from 96 normal women aged 30-35 from our center (left)
and using the Hologic reference data-base (right).
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