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Abstract

Introduction: Dual energy X-ray absorptiometry (DXA) lumbar spine bone mineral density
(BMD) measurements are subject to artificial elevation in the presence of structural
abnormalities that are more common with age and injury, including osteoarthritis, fracture
and osteophytes. The aims of this study were to investigate the presence of vertebral
abnormalities on DXA scans in retired rugby players and a non-rugby control group, and to
explore the effect of vertebral exclusion on BMD diagnostic outcome.

Methods: 87 male retired rugby players and 51 non-rugby controls from the UK Rugby
Health Project participated in the study. Lumbar spine, total hip and femoral neck BMD
were measured by DXA and scans were analysed pre and post exclusion of anomalous
vertebrae. Data were analysed by age group to enable application of T-scores (250 y) and Z-
scores (<50'y).

Results: From 138 lumbar spine scans, 66 required adjustment. 122 vertebral exclusions
were made, and 12 lumbar spine scans (10 in retired rugby athletes) were un-reportable (<2
evaluable vertebrae). Vertebral exclusion significantly lowered lumbar spine BMD across all
groups (p<0.01) and lowered the overall lowest T/Z-score. This effect was more pronounced
in rugby groups (age <50 y, p<0.001; age 250 y, p=0.031) than in the control groups (age
<50y, p=0.125; age 250y, p=0.250).

Conclusion: Vertebral abnormalities detected on lumbar spine scans, were highly prevalent
and impacted final T/Z-score in this cohort of retired rugby players. Current guidelines
recommend exclusion of abnormalities from lumbar spine scans in adults aged =50 years.
Our findings suggest that vertebral exclusions should also be applied to lumbar spine scans
performed in those aged <50 years, particularly in former contact sports athletes, given
their high risk for vertebral deformity.
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Introduction

Dual energy X-ray absorptiometry (DXA) is the current gold standard for bone mineral
density (BMD) assessment in the diagnosis of osteoporosis, given that BMD is a strong
predictor of fracture risk (1,2). Population-based data indicates that for every standard
deviation reduction in BMD, there is a 1.5 to 3-fold higher risk of fracture (1,3). Along with
scans of the total hip or femoral neck, the lumbar spine is also routinely assessed, as
recommended by the International Society for Clinical Densitometry (ISCD) and the World
Health Organisation (4—6). For both lumbar spine and hip scans, BMD is compared to either
the young adult mean or age and sex-matched reference data. In post-menopausal women
and men at or over the age of 50 years (250 y), a T-score is calculated by comparing the
BMD to the young adult mean (4). In premenopausal women and men under the age of 50
years (<50 y), a Z-score is calculated according to age and sex-matched reference data, and
adjusted for weight and ethnicity (4).

A high level of scrutiny is required during the scan acquisition and subsequent
interpretation of lumbar spine scans to obtain an accurate BMD. This is because lumbar
spine BMD can be subject to artificial elevation in the presence of various disease states,
most notably osteoarthritis and other degenerative conditions (7). The presence of
structural abnormalities such as fracture, osteoarthritis, osteophytes and sclerosis,
contribute to the assessed bone density, and result in spurious increase (8). Osteophytes
cannot be measured independently of the vertebral body and so elevate the recorded bone
density (9). Therefore, it is important that DXA technicians identify and exclude such
anomalies from the scan images. It is recommended that adjacent vertebrae with a T-score
difference of >1 SD, should be excluded from the lumbar spine bone density measurement.
The visible presence of a structural abnormality would also provide a justification for
exclusion of a vertebrae (4). There are currently no recommendations for men aged under
50 years, specifically for the use of the Z-score for removal of vertebrae from the clinical
evaluation, and this is likely because degenerative changes and artefacts at the spine are
more common with age (8).

Approximately one third of the UK population over 45 years seek treatment for
osteoarthritis (10) and contact sports populations appear to be at particularly high risk.
Across multiple injury types, past participation in rugby union and rugby league, particularly

at elite level, has been associated with a high cumulative musculoskeletal injury load and a
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continued impact of previous injuries post-retirement including osteoarthritis (11). The high
prevalence of degenerative disease such as osteoarthritis, in retired rugby players (12)
appears to occur with premature onset (13). Furthermore, a study of professional rugby
players reported a high number of mild to severe vertebral deformities by DXA vertebral
fracture assessment (14). Athletes from contact sports including rugby, are reported to have
higher lumbar spine bone density compared to athletes from other sports and to non-
athlete populations (15,16). However, in these studies, it was not clear if vertebral
exclusions were made for vertebral bodies with signs of degeneration or fracture.

The aims of this study were first, to investigate the presence of vertebral anomalies
on lumbar spine bone density DXA scans in retired rugby players compared to an age-
matched control group, and second, to determine the effect of vertebral deformity

exclusion on the bone density outcome.

Methods

This research was performed as a cross sectional analysis of 138 male participants from the
UK Rugby Health Project and was approved by the University Research Ethics Committee.
The study design and recruitment protocol have been described previously (11). All

participants provided signed informed consent prior to taking part.

Participants

Participants were from the United Kingdom, and were either retired rugby players, retired
non-contact athletes or non-athletes. All participants in this study were male and aged
between 24 and 78 years and retired from competitive sport. Rugby participants (n=87)
were drawn from amateur and professional rugby union and rugby league codes.
Participants in the non-rugby group (n=51) may have played sport at any competitive level
and consisted of retired non-contact athletes (n=30, predominantly cricketers (n=24)) or
those that had never taken part in organised sport (n=21). Participants were grouped by age

to enable the application of T-scores (250 y) or Z-scores (<50 vy).

Procedures
Participants received DXA scans (Lunar iDXA™; GE Healthcare, WI; Encore software v 15.0)

of the posterior-anterior lumbar spine (L1-L4) and dual femur (total hip and femoral neck)
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on one occasion. Participants were advised to abstain from intensive exercise, alcohol and
caffeine in the 12 hours prior to scanning. For the lumbar spine scans, the legs were
elevated with flexion at the hip and of the knees at 90°, and with the lower legs resting on
the iDXA positioning foam block (GE Healthcare, Madison, WI). This positioning enabled a
widening of the intervertebral space so that individual vertebrae in the lumbar region were
clearly visualised. Positioning for the dual femur BMD scan was assisted using the GE-dual
femur positioning device which allowed both legs to be abducted and inwardly rotated 15-
25°. Quality assurance using the calibration block was made during the study period, and no
drifts were observed. In-vivo precision (CV) for the DXA measurements in adults are 0.4%
for lumbar spine BMD, 0.6% for total hip and 1.4% for femoral neck BMD (17).

The scans were performed by an experienced radiographer and an ISCD certified
clinical densitometrist. T and Z-scores were evaluated both pre and post exclusion of
vertebral anomalies (UK reference population). The presence of vertebral anomalies was
determined in consensus between the two experienced densitometrists. T-score (4) or Z-
score discrepancies that were greater than 1 SD indicated vertebral exclusion. Vertebrae
were also excluded from the evaluation if there was visible evidence of anatomical
anomalies based on criteria reported by the ISCD (4). Following removal, scans resulting in
less than two evaluable vertebrae were deemed unreportable and were not assigned a T/Z-
score. Each participant was assigned a ‘hip T/Z-score’, which was the lowest score from the
femoral neck or total hip and a ‘lowest T/Z-score’, that is the lowest score of the lumbar

spine or hip (4).

Statistical analysis

Statistical analysis was performed using IBM SPSS® Statistics, Version 24. Data were
assessed for normality visually and using the Kolmogorov-Smirnov test. The number of
excluded vertebrae were compared using Mann Whitney U-test. The number of
unreportable spines and instances of the lowest T/Z-score arising from the spine were also
recorded and compared (Fishers Exact Test). The Related-Samples Sign test was used to
compare the paired T/Z-scores from the spine and the lowest T/Z-score. The significance of
the difference in the proportions of lowest T/Z-scores being generated by the spine (pre and

post exclusion of vertebrae) was assessed with the McNemar’s test. The significance of the



difference in proportions of participants with > 1 vertebral body excluded from BMD

assessment was calculated using Fishers Exact Test. Significance was identified at <0.05.

Results

The study group descriptive results are presented in Table 1. In total, 122 vertebral
exclusions were made, 79 in retired rugby players and 43 in the non-rugby group. Following
exclusion of vertebrae, 12 scans were un-reportable (eight from the rugby >50 y group

versus two from the non-rugby control 250 y group [p = 0.159] and two from the rugby <50

y group).

Table 2 displays the mean and standard deviation for the Lumbar spine T/Z-score (with and
without vertebrae excluded) and the lowest T/Z-score from the lumbar spine or hip. The
removal of anomalous vertebrae from the evaluation of the lumbar spine scans significantly
reduced the lumbar spine T/Z-score across all four groups. There was a non-statistically
significant increase in the incidence of lowest T-score arising from the spine (as opposed to
the hip) following exclusion of anomalous vertebrae in each group, other than controls <50
years. The prevalence of the lowest T/Z-score arising from the spine significantly increased
when vertebrae with anomalies were removed (47 versus 57, p=0.002). The exclusion of
anomalous vertebrae identified an additional two cases of low bone density (T-score <1.0 or

Z-score < -2.0).

Discussion
The aim of this study was to determine the prevalence of vertebral anomalies in retired
rugby players and to investigate the effect of exclusion of these vertebrae on the lumbar
spine T/Z-score and the resultant bone density outcome. In doing so, we found a high
prevalence of vertebral anomalies across all study groups regardless of age, and the
exclusion of these vertebrae, impacted on the resultant T/Z-score in 62 cases. The highest
proportion of anomalies were found in the rugby group over 250 vy, this group also had the
largest number of unreportable lumbar spine scans of any group.

A main finding was that anomalous vertebrae were not limited to those in the over
50 years category. Previous studies demonstrating increased BMD with degenerative

change in the spine have largely been limited to older populations (7,9,18,19). Our findings
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of reduced lumbar spine T-scores following exclusion of anomalies in those over 50 years,
together with most (10 out of 12) unreportable spines found in those over 50 years, would
be consistent with previous reports that the spine is more susceptible to elevated BMD due
to osteoarthritis (19). The impact of this on the overall lowest T/Z-score was significant in
the rugby groups of both age categories but not in the control groups. The exclusion of
vertebrae with anomalies had the most significant effect on lumbar spine scan Z-score
results in the <50 y retired rugby player group. A possible explanation could be the
presence of early degenerative changes, which supports reports elsewhere of spine
osteoarthritis in male rugby players, also aged under 50 years (13). The risk of osteoarthritis
is increased with a previous history of injury (11,20). Rugby players are exposed to a high
risk of spinal injury, with a high incidence of cervical and lumbar spine injuries demonstrated
in match play and training (21).

The total number of lumbar spine scans producing the lowest T/Z-score was
significantly increased following exclusion. However, there were no differences in the
proportion of unreportable lumbar spine scans and the scan site producing the lowest T/Z-
score between the rugby and control groups of both age categories. Furthermore, there
were no differences in the number of vertebrae excluded between rugby and controls
groups. The lumbar spine producing the lowest T/Z-score in significantly more cases when
vertebrae had been excluded is possibly reflective of the spine BMD being subject to
spurious increase from degenerative change particularly more so than the hip (19).

There are several considerations to make when interpreting the results of this study.
First, our study focused on vertebral anomalies in former rugby players and therefore
further studies would be valuable to explore the prevalence of deformities in other
populations. None-the-less, we also found vertebral anomalies in both the <50 y and 250 y
control groups. It should also be considered that the evaluation and removal of vertebrae in
DXA analysis can vary according to technician. In this study, the technician performing the
scans was a registered radiographer and vertebral exclusions were verified by two
densitometrists, including a certified clinical densitometrist.

In conclusion and based on our findings, vertebral exclusions should be considered
for lumbar spine BMD scans performed in individuals under age 50 years, where there is
evidence of vertebral anomalies. Currently, recommendations are restricted to over 50

years only and through the use of T-scores (4). Considering the possibility of bone and joint
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degenerative changes at an earlier age in contact sports such as rugby, DXA scans in these
athletes regardless of age, should be performed with careful evaluation to support the
exclusion of vertebral anomalies where required, in order to avoid a falsely elevated BMD.
Further research would be necessary to focus on athletes under 50 years from other sports

to study the number of vertebral anomalies and potentially elevated BMD.
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Table 1: Study group characteristics

N Age (y) Height (cm) Weight (kg) BMI (kg/m?) Hip T/Z-score
Rugby 31 57.4+7.0 175.7+7.4 94.5+16.5 30.5+4.6 -04+1.3
Non-
250y 25 | 624166 | 1744154 89.4+16.9 293+4.7 -0.7£1.0
Rugby
p 0.006 0.471 0.264 0.347 -
Rugby 56 399+6.1 182.9+6.9 102.7 £ 13.5 30.7+4.0 04+1.1
Non-
<50y 26 | 37.4%73 | 179.6+59 84.2+11.6 26.1%3.1 -0.1+1.0
Rugby
p 0.136 0.034 <0.001 <0.001 -
Table 2: Bone mineral density pre and post vertebral anomaly exclusion
Lumbar spine T/Z-score Overall Lowest T/Z score Mean Number of
number of participants
N Post Pre Post excluded with > 1
exclusion | exclusion exclusion | exclusion p vertebrae vertebrae
per person excluded (%)
. .031
Rugby | 31 0.7+15 0.1+13 0.006 -0.5+1.2 | -06%x1.1 0.03 1.5+1.3 20 (65)
> Non- .001 2
20y | Non- o0l 65416 | 01+15 | 09| pg+10 | 00+11 | 0| 11412 14 (56)
Rugby
p 0.247 0.588
.001 .001
Rugby | 56 0.5+14 0.3+13 <0.00 0.0+1.1 0.0+1.1 <0.00 0.6+0.9 22 (39)
< Non- .004 A2
20y | Non- ool 62413 | 01210 | %99 | 04+10 | 04z09 | %1 | o06+09 10 (39)
Rugby
p 0.873 1.000
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