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Enhanced Precision of the New Hologic Horizon Model
ComparedWith the Old Discovery Model Is Less EvidentWhen

Fewer Vertebrae Are Included in the Analysis
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Abstract

The International Society for Clinical Densitometry guidelines recommend using locally derived preci-
sion data for spine bone mineral densities (BMDs), but do not specify whether data derived from L1–L4 spines
correctly reflect the precision for spines reporting fewer than 4 vertebrae. Our experience suggested that the
decrease in precision with successively fewer vertebrae is progressive as more vertebrae are excluded and
that the precision for the newer Horizon Hologic model might be better than that for the previous model,
and we sought to quantify. Precision studies were performed on Hologic densitometers by acquiring spine
BMD in fast array mode twice on 30 patients, according to International Society for Clinical Densitometry
guidelines.This was done 10 different times on various Discovery densitometers, and once on a Horizon den-
sitometer.When 1 vertebral body was excluded from analysis, there was no significant deterioration in pre-
cision. When 2 vertebrae were excluded, there was a nonsignificant trend to poorer precision, and when 3
vertebrae were excluded, there was significantly worse precision.When 3 or 4 vertebrae were reported, the
precision of the spine BMD measurement was significantly better on the Hologic Horizon than on the Dis-
covery, but the difference in precision between densitometers narrowed and was no longer significant when
1 or 2 vertebrae were reported. The results suggest that (1) the measurement of in vivo spine BMD on the
new Hologic Horizon densitometer is significantly more precise than on the older Discovery model; (2) the
difference in precision between the Horizon and Discovery models decreases as fewer vertebrae are in-
cluded; (3) the measurement of spine BMD is less precise as more vertebrae are excluded, but still quite rea-
sonable even when only 1 vertebral body is included; and (4) when 3 vertebrae are reported, L1–L4 precision
data can reasonably be used to report significance of changes in BMD.When 1 or 2 vertebrae are reported,
precision data for 1 or 2 vertebrae, respectively, should be used, because the exclusion of 2–3 vertebrae sig-
nificantly worsens precision.
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Introduction
Repeat bone densitometry is usually obtained to deter-

mine whether there has been a significant change in bone
mineral density (BMD) over an interval of time. Interna-
tional Society for Clinical Densitometry (ISCD) guide-
lines suggest that the significance of changes in BMD over
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time be determined by comparing observed changes in
BMD to locally determined least significant changes (LSCs).
Measurements of spine BMD become less precise as fewer
vertebrae are reported, but the guidelines do not specify
whether the LSC used for the spine needs to be adjusted
upward as fewer vertebrae are reported (1).

Previous studies have shown that the deterioration of
precision of spine BMD occurs incrementally as more
vertebrae are excluded from analysis (2,3).We wondered
then if local spine LSC should vary according to the
number of vertebrae reported, and if so, if there comes a
point where precision is so poor that changes in spine
BMD cannot be reported. We further wondered how
the deterioration of precision with fewer vertebrae would
be affected by changing to a newer densitometer, the
Hologic Horizon, which seemed to have improved preci-
sion compared with older models. Toward that end, we
examined the effect of the number of vertebrae and
model of densitometer on the precision of the reported
spine BMD in precision studies done over the years to
establish the precision of newly acquired densitometers
or newly trained technologists.

Methods
Precision study for the Horizon-A (Hologic,Waltham,

MA) was done by acquiring spine BMD in fast array mode
twice on 30 patients. Precision study for the Discovery-A
was done by acquiring spine BMD in fast array mode twice
on 30 patients in 10 precision studies done on 2 Discov-
ery densitometers, and pooling the results for a total of 284
patients. A total of 6 ISCD-certified Certified Bone Den-
sitometry Technologists were involved in these precision
studies, although each individual precision study was done
by 1–2 technologists. If a precision study was done by 2 tech-
nologists, care was taken to make sure that each indi-
vidual patient was scanned twice by the same technologist.
Inclusion criteria for subjects were adults >18 yr of age who
have 4 vertebrae that could be included for valid analysis.
Exclusion criteria for participation were pregnancy, inabil-
ity to agree to participate in the study, or inability to co-
operate enough to acquire a valid study. Daily quality
control was done on each densitometer using the spine
phantom. In the year between May 2015 and May 2016,
coefficients of variability (CVs) for the 2 Discovery den-
sitometers were 0.427% and 0.489%, whereas the CV for
the Horizon densitometer was 0.315% (p < 0.05 for the com-
parison of the Horizon CV to the Discovery CV).

The pairs of data were used to calculate the LSC ac-
cording to ISCD guidelines. The significance of the differ-
ence between LSCs was assessed using an F-test,which takes
the simple ratio of standard deviations (SDs) as the
F-statistic, which is significant at p < 0.05 if the ratio is >1.84
if both SDs are based on 30 degrees of freedom (df), >1.68
if one of the SDs is based on >120 df, and >1.35 if both of
the SDs are based on >120 df. No adjustments were made
for multiple comparisons.The significance of differences in

the mean of continuous variables was assessed by the
Kruskal–Wallis test, and the significance of the differ-
ences in dichotomous variables was assessed by chi-
square analysis.

Institutional review board (IRB)-approved informed
consent was not obtained from participants because ISCD’s
position is that participation in precision studies is stan-
dard clinical practice and not research and therefore
should not require IRB approval and written informed
consent (1). We have obtained permission from our IRB
to follow these guidelines, although of course each patient
agreed verbally and in writing to participate in the preci-
sion assessment.

Results
Baseline demographic characteristics are shown in

Table 1 for the Horizon, and the pooled precision studies
on the Discovery. Two subgroups of the Discovery preci-
sion studies are also shown: one for the pooled precision
studies done on a single Discovery densitometer (called
“Discovery—single densitometer”) and one for the study
done on the Discovery by the same technologist who did
the Horizon precision study (called “Discovery—same tech-
nologist”). There were no significant differences in base-
line characteristics between the Horizon and the Discovery
groups in age, height,weight, body mass index, spine T-score,
and gender distribution. The only significant difference
between the Horizon precision study and the others was
in the percentage of patients who were white; this was 96%
in the Horizon study, and 70% in the pooled Discovery
studies.

When 1 vertebral body was excluded from analysis, there
was no significant deterioration in precision.When 2 ver-
tebrae were excluded, there was a nonsignificant trend to
poorer precision, and when 3 vertebrae were excluded, the
deterioration in precision was significant. The LSC for L1
alone is significantly worse than those for L1–L4 and L1–
L3, but not significantly worse than that for L1 and L2.All
of these findings were true on both the Discovery and
Horizon densitometers. The actual LSCs for spines using
only L1, though,were not bad, always <0.05 g/cm2 (Table 2).

When 3 or 4 vertebrae were reported, the precision of
the spine BMD measurement was significantly better on
the Hologic Horizon than on the Discovery, but the dif-
ference in precision narrowed and was no longer signifi-
cant when 1 or 2 vertebrae were reported (Table 2). Of
course, it is always possible that the Horizon precision study
showed better precision not because the densitometer was
more precise, but because the particular technologists in-
volved were more skilled. In an attempt to account for this
possibility, the results of a precision study done by the same
technologist on the Discovery densitometer were com-
pared. This technologist’s precision study on the Discov-
ery was not nearly as good as her precision study on the
Horizon, although the differences lacked statistical signifi-
cance because so many fewer patients were used.
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