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experienced a 7.0 % LS BMD increase and postmenopausal
women experienced a 7.8 % LS BMD increase [14]. Howev-
er, none of these studies were specifically designed to directly
compare the effects of teriparatide between men and women;
therefore, it is unclear whether the effects of teriparatide were
similar or different. In addition to these results, we believe that
the magnitude of the .S BMD increase should be noted.
Marcus et al. reported that similar absolute LS BMD increases
were observed regardless of baseline BMD in postmenopausal
women [15]. Although the relationship between baseline LS
BMD and subsequent BMD increase in men is unclear, our
results showed that the absolute LS BMD increase in men was
similar to that in postmenopausal women regardless of base-
line BMD. The noteworthy efficacy of teriparatide was dem-
onstrated in this study because the percent LS BMD increase
was dependent on the baseline LS BMD.

Regarding biochemical markers of bone turnover,
Finkelstein et al. reported that serum PINP and serum NTX
reached peak levels at 12 months after daily 37-pg teriparatide
treatment in men [16]. Glier et al. reported that serum PINP
reached peak levels at 6 months in men [17]. This study
showed that both the serum PINP level and uNTX level
peaked at 4 months in men. The serum PINP level peaked at
4 months and the uNTX levels peaked at 8 months in post-
menopausal women. The rapid increases in biochemical
markers of bone turnover in men, which were similar to those

_in women, are consistent with an anabolic mode of action for
tenparatlde and mdlcate that terlparatlde activated bone re-
modelling. The rapid and sustained gain in BMD. during the
12-month teriparatide treatment implies a continuously posi-
tive coupling balance in favour of bone formation.

At the beginning of this study, we believed that the LS
BMD increase was lower in men than in women because of
d1fferences in body we1 ght Neer et al. showed that tenparatrde

' treatment resulted n 31gmﬁcant dose dependent increases in
the BMD of the sprne and ‘hip [6]. However, our results
showed that there was no 51gn1ﬁcant drfference in LS and

, FN BMD 1ncreﬂses between in men and women by Mann—
Whnney U test. Otherwrse there were dlfferent responses in
the longrtudmal percent FN changes between in men and
women. The reason for drﬁerent responses is unclear, but
there mlght be a possrbrhty of gender—specrﬁc dlfference or

' sample size eﬁ'ects (47 patients in men Versus 334 patlents in

“women). After referencing the dlfferences in bone turnover
‘markers, we ‘speculate that there mlght be some drfferences
between men and postmenopausal women in 1esponse to
tenparatlde PINP ; response was similar in both groups, other-
wise lower uNTX response was obselved inmen compared to

~ women, which mrght produce an mcreased anabohc wmdow

'and relatrvely hlgher BMD response in men.

This study has several limitations that should be considered
when 1nterpret1ng the results. First, because of the limited

numbers of patients enrolled in this study, reduction in the
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fracture incidence could not be assessed. Second, we revealed
the efficacy of teriparatide in BMD and identified biochemical
markers of bone turnover, but we did not verify improvement
in the microstructure of cortical and trabecular bone. Third,
because of the observational and retrospective design of this
study and the small number of subjects, the conclusions
should be interpreted with caution. However, we believe that
the results of this study are noteworthy because this is the first
study to compare the efficacies of teriparatide treatment be-
tween men and women. Fourth, there were some differences
in baseline characteristics between the men and women that,
to some extent, depended on sex.

In conclusion, the study results in men showed that daily
teriparatide treatment increased LS BMD and stimulated bone
turnover. But there is a possibility of gender-specific differ-
ence in FN BMD response. Together with the previously
reported results in women, the results provide evidence that
teriparatide treatment is an effective option for osteoporosis in
men.
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Introduction

isphosphonates (BPs) are the most commonly prescribed

medications for the treatment of osteoporosis. BPs
significantly increase bone mineral density (BMD) and reduce
the risk of vertebral, hip, and other nonvertebral fractures.!”
Recent studies have suggested a possible link between long-
term BP use and atypical femoral fractures (AFFs) in the
subtrochanteric/femoral shaft (ST/FS) areas.*™® Several reports
have suggested that the decreased rate of bone turnover
associated with the reduction in osteoclastic resorption leads to
increased bone mineralization and causes the bone to become
brittle.”~® These changes, combined with unrepaired micro-
damage, may lead to a long-term increase in the risk of fracture.
These fractures have a transverse or short oblique orientation,
may be noncomminuted or minimally comminuted, and are
associated with hypertrophy of the cortex in the shaft.?®
Although AFFs are extremely rare, Gedmintas and colleagues
conducted a systematic review and meta-analysis concerning
the association of BP use with AFF and reported that there is a
clear association between BP use and AFF, and the risk for AFF
increases as the duration of BP use increases.”®)

The 2013 revised American Society for Bone and Mineral
Research (ASBMR) case definition of AFF includes five major
features and four minor features.? Although none of the minor
features is required for the diagnosis of an AFF, minor features
are sometimes associated with AFFs. Two of these features,
localized periosteal thickening of the lateral cortex (major
feature) and generalized increase in cortical thickness of the
femoral diaphysis (minor feature), are suspected to exist before
AFF. It has been postulated that this cortical thickening is the
result of long-term BP use. A general increase in cortical thickness
in the proximal femur was first observed by Lenart and
colleagues® in femurs with AFFs. This led to the notion that
BP use may induce changes in cortical thickness around the ST
area of the femur, which may in turn predispose the bone to AFF.
Burghardt and colleagues also reported an increased mean
percentage of cortical thickness after 1 to 2 years of alendronate
use.’” Meanwhile, Unnanuntana and colleagues found ‘no
increase in proximal femoral cortical thickness in “patients
receiving prolonged alendronate treatment more than 5years."' "
However, few studies have measured cortical thickness on
radiographs including the FS area. In this study, we investigated
radiographs from patients who had been treated with BPs for
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more than 5 years and osteoporotic patients who had not taken
BPs and tried to determme whether long-term BP use leads to a
change in cortical thickness in the ST/FS area of the femur.

Materials and Methods

Participants

In this case-control study, 142 patients who were long-term BP
users (cases)and 426 osteoporotlc patients without BP treatment
(controls)
March 2014. Patients who presented to our institution with

osteoporotic fracture or low BMD at the lumbar spine or femoral

neck (T-score 2.5) between December 2011 and March 2014 were
recruited as controls. The 142 long-term BP users were all
patients who were under follow-up at our institution. To avoid
selection bias, which is a major dlsadvantage of a matched case-
control study, we evaluated the maximum number of controls
reglstered durmg the study period. A total of 620 potehtla!

control |nd|V|duals were seen dunng the study penod The two

groups were matched for : age, sex, and ADLs When we matched .
control patients W|th BP users, the age difference was limited to
within + 2 years As a result, we cou!d perform thlS case control
study with a pattent/control ratio of 1 3.

For a type | error rate of 0.05 and a power of 0.8, with an

expected prevalence of BP use of 10%, a dlfference in cortlcal‘ -

thickness of 1.2 mm, and SD for cortlcal thlckness of 2.6 mm, 49
cases would have been required. We computed the sample size
required for a parametric test and added 15% because it is
assumed that nonparametric tests may be required (57 cases).!'?
Therefore, we estimated that 60 cases and 180 controls would be
required. However, because we wanted to perform the analysis
for lateral cortical stress fracture, we included all eligible patients
with long-term BP use.

Table 1. Baeeline Chérac‘céris"cics?

‘were “enrolled *'between December 2011 “and

The protocol was in compliance with the ethical principles
stated in the Declaration of Helsinki and was approved by the
Ethics Committee of Tomidahama Hospital. Written informed
consent was obtained from all patients.

* Baseline measurements

We collected patlehts baseline demographic data from registry
records. The patients were stratified into low-, moderate-, and
hlgh~funct|onmg levels. according to the following criteria in
reference to a previous report:'? low functioning: requires
assistance with all ADLs, lives with caregiver, and needs frame to
mobilize or uses a wheelchair; moderate functioning: requires
some assistance wuth ADLs, mob»hzes with a handcart; and high
functioning: requires no assistance with ADLs, functions
independently, and able to mobilize a significant distance (ie,
walks for exercise or can walk around supermarket). Patient
details are shown in Table 1. The mean ages of the patients in the

" BP and control groups were 79 9 years (mean [SD]) (range 52 to
99 years) and 799 years (range 50 to 99 years), respectively.
* There were 129 female and 13 male patients in the BP group.
~Functioning levels were high 'in 114 patients, ‘moderate in 20

pat:ents, and low in 8 patients in the BP group.
Body welght baseline T-scores at the lumbar spine and
femoral neck, and" serum phosphorus concentration did not

‘dlffer significantly ‘between the groups Body mass index (BMI)
'and serum calcium concentratlon were higher in the BP group

(Table 1), whereas helght was lower in the BP' group. The
concentrations of bone turnover markers, urinary N-telopeptide
(uNTX), and serum procollagen type | N'termmal propeptlde

“(PINP) were lower-in the BP group:

The minimum follow-up period for patients in the BP group
was 5 years (mean 6.5 = 1.1 years; range 5.0 to 12.0 years). The
types of BPs used and the durations of use were as follows:

Age:(years): . - - 79.1:£ 8.5 (52.10.99)

Female sex: @ o v e v 2129
Function levels. -, ...« oo &% et bes s
) ngh e . . . v P 114
--Moderate R : G 200
Low. e oo G e o 8
Race : paTe. : . R . 2
Asian:- - - o ook G e w141
White T ndis sr - T
Height-(cm).. - =« ; T f 0 14948 (130 to 171)
-Body. weight (kg) 48 49 (28.t0 85)
BMI: (kg/m?)- 2243 (15 t0 31)
T-score : :

- Lumbar spine
Femoral neck -
Serum calcium (mg/dL)
Serum phosphorus (mg/dL)
Bone turnover markers
“ Urinary NTX
Serum PINP (ng/L)

3.5+06 (1.9 to 5.3)

17414 (-451028)
19409 (4.8 to 0.6)
96+07 (6.7 to 11.8)

©24.1%£12.8(5.2 to 754)
264+ 16.6 (7.6 to 99.7)

79485 (50 to 99)

387
342 5099

60  >099

24 | 5099

@6 o2
0 - 0.25
15047 (1280174 003
47£10(23t085) . 008
2144 (1210 34) <001
18213 (-4.7 10 32) 030
220£10 (4610 17) 0.10
95406 (48 to 11.1) 0.03
36406 (20 t0 62) 0.09
65.1£415 (8.1 to 239.1) <0.01
64.4+335 (9.1 to 187.0) <001

BMI=body mass index; NTX = N-telopeptide; PINP = procollagen type | N—termlnal propeptlde

?Data are expressed as mean = SD.
PMann-Whitney U test, chi-square test, Fisher's exact test.
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alendronate (n=132; mean 6.6+ 1.2 years; range 5.0 to 12.0
years) and risedronate (n = 10; mean 6.0 = 1.0 years; range 5.0 to
7.5 years). We performed yearly X-ray evaluations in the patients
who had used BPs for more than 5 years since 2011 as part of
routine care. Baseline anteroposterior femoral radiographs were
obtained for all patients. In addition, follow-up radiographs were
obtained at least 1 year after baseline measurements (mean
1.4 £ 0.3 years; range 1.0 to 2.3 years) to evaluate changes in the
longitudinal cortical thickness with BP treatment. We did not
perform longitudinal evaluation in control groups.

Cortical thickness

The primary measures of cortical thickness included in the
analysis were medial cortical thickness, lateral cortical thickness,
total cortical .thickness (medial plus lateral thickness), and the
cortical thickness ratio. Cortical thickness was measured from
radiographs at three regions: 5 cm below the lesser trochanter,
12.5 cm below the lesser trochanter (midshaft area for almost all
patients in this study), and at the position of maximal femoral
cortical thickness (Fig. 1). Cortical thickness was reviewed
independently by orthopedic surgeons or well-trained therapists
who were blinded to patient characteristics. First, a line was
drawn along the FS axis at the level of the greater trochanter.
Thereafter, two pairs of four points were plotted on the FS at each
level of measurement. Two points were placed on the outer
surfaces of the femoral cortices; the other two were placed on the
inner or medullary surfaces of the femoral cortices (Fig. 1, points B
and Q). Using the distance tool in the software of the picture
archiving and communication system (PACS; Konica Minolta I-
PACS FS with core software by V1.09R04, Tokyo, Japan), the FS
and cortical diameters were obtained. Femoral diameter was
defined as the distance between the outer surfaces of the femoral
cortices (Fig. 1, line AD). All measurements were recorded in
millimeters. The cortical thickness ratio was defined as the ratio of
cortical thickness to the corresponding FS diameter. All radio-
graphs were obtained by an experienced technician using a
standardized protocol and uploaded using a computerized
imaging system linked to PACS. '

Differences in the ability of the observers to interpret femoral
radiographs were investigated in advance. Nine physicians (three
orthopedic surgeons and six therapists) belonging to the same
faculty interpreted the radiographs. Physicians received training
to standardize their approach to measuring cortical thickness
using radiographs from 100 patients, We followed the
recommendations of Loewen'® for determining this sample
size. The mean absolute difference and SD between measure-
ments of intraobserver and" interobserver variability were
02403 mm and 0.340.3mm, respectively. The correlation
(Spearman) of the results from the two assessments was also
calculated as a measure of agreement. The intraclass correlation
coefficients (r) for intraobserver and interobserver reliability were
096 (range 096 to 0.99) and 0.98 (range 0.96 to 0.99),
respectively. Accordingly, we assumed that there were no
differences in the abilities of the different physicians to interpret
radiographs with good reproducibility.

Biochemical markers of bone turnover

UuNTX was measured by ELISA (Alere Medical Co., Ltd., Tokyo,
Japan). The intra-assay and interassay % CV for uNTX are 6.6%
and 6.5%, respectively.'® Serum PINP was measured by a
radioimmunoassay (Orion Diagnostica, Espoo, Finland) in the
nonfasting state. The intraassay and interassay % coefficient of

Fig. 1. Points at which cortical thickness was méaéufédeh anteropos-
terior radiographs of the femurs. B S

variation (CV) for PINP are 3.5% and 4.2%, respectively.“ 8 UNTX
levels were measured in 132 patients (10 patients had difficulty
providing samples for urine tests), and serum PINP levels were
measured in all 142 patients of the BP group..In the control

- group, we did not perform uNTX and serum PINP tests in patients

who had experienced a fracture within the previous 3 months. As

“aresult, uNTX was measured in 285 patients and serum PINP was

measured 312 patients in the control group.

Data analysis

Differences in the FS diameter, cortical thickness, and cortical
thickness ratio in the BP and control groups were assessed with the
Mann-Whitney U-test. Longitudinal cortical thickness changes in

Journal of Bone and Mineral Research

FEMORAL CORTICAL THICKNESS AND LONG=TERM BISPHOSPHONATE UsE 227 B



BP users were assessed with paired t tests. Differences in
categorical variables were assessed with the chi-square test and
Fisher's exact test. Relationships between biochemical markers of
bone turnover and cortical - thickness were “evaluated by a
Spearman rank correlation analysis. The Bonferronl method was
applied for correction of multiple comparisons. Measurement data
are presented as mean (SD). Data were tested for normallty, and, if
not normal, were analyzed by nonparametnc methods Any p
values <0.05 were considered statistically si . Statistical
analysis was performed using the StatVl oW S cal software
package (version 5.0; SAS Institute, Cary,

Results

Baselme charactenstrcs

Baseline femoral measurements were compared between the BP
and control groups (Table 2, Supportmg Figs.S1,S2,and S3), and
no drfferences were found in the cortrcal thlckness, cortical
thickness ratro, and femoral diameter at any Ievel of the femur
between the groups We did not |dent|fy any cases of lateral
cortrcal stress fracture ~ Lo

Table 2. Femoral Measurements®

Changes in Iongltudma( comcai thickness after additional

BP use

Changes in. the longitudinal cortical thickness were also
evaluated in 98 of 142 patients who continued using BPs for
another year and for whom subsequent radiographs could be
obtained. As: the Japanese Ministry: of Health, Labour and

‘Welfare approved daily teriparatide in October 2010, weekly

terparatide in November 2011, and denosumab in March 2013,
several patients who-had: received long=term"BP-treatment
switched to these drugs. The reasons that subsequent
radiographs were not obtained in some cases were as follows:
17 patients were lost to follow-up; less than 1 year had passed
since the initial evaluation for 13 patrents 12 patrents switched
to other drugs 1 patient finished osteoporosis treatment; and
1 patient relocated. After a minimum of 1 year of additional BP
use, we observed no significant change in cortical thickness or
the cortical thnckness ratio at any level of the femur, but a
significant change in the region of maximal femoral cortical
thickness was observed accordlng to the results of Wilcoxon

'S|gned rank test (Table 3) and Bonferronl correctlon (data

not shown).

Variab phonate (n=1

CTScm : : - . : s - .
Femoral shaft dlameter (mm) 28826 (22.9 to 36.0) 28.7 +2.5 (19.3 to 36.5) 0.97
Medial CT (mm) . 674+12(32t099) 67413 (14 10 104) 057
Lateral CT (mm) 73412 (4410 105) 72+1.3 (2.0 t0.12.0) 039
Total CT (mm) 140421 (76 t0 193) . 13.8£24 (3.4 t0 20.5) 0.51
Cance!Ious wi 147421 (93t021.1) 14.84+2.4 (9.4 to 24.7) 0.63
23 45:1: 3.4 (11.5 to 32.6) 232440 (74 10 33.7) 0.50
254436 (14.5 to 36.5) .. 25.04+4.2.(104 to 36.5) 035
490457 (27.3 to 64.2) 48.2+7.1.(17.8 to 65.0) 0.36
51 +5.8 (35.8 to 72.7) 51.84+7.1 (35.0 to 82.4) 044
Femora haft drameter (mm) : 276+24 (227 to 34.6) , 276424 (21.2 to 37.1) 0.81
Medial CT (mm) o 68+1.1(421t011.1) 68+13 (1910 114) 1069
Lateral CT (mm) . 70+13 (4110108) 69+14 (2210 135) 0.89
TotalCT(' m  138£22(831t099) .. 67413(1410.104) 0,57
Cancellous width (mm) 138420 (9310 19.5) . 13.9+£23 (8.0 to 24.6) 073
Medial .CT to bone width (%) 24.5433.(16.5 to 32.1). . 245+4.1.(8910354) 0.88
Lateral CT to bone width (%) R 254 4:!:3 9 (16.1 to 35.1) .. 25.1+£4.5 (10.0 t0:38.9)... 0.67
Ratio total CT to bone width (%) 49.9+6.1 (325 t0 63.3) . 49.7+£76.(18910.66.2). - . 0.87
Cancellous width (%) 50.0 6.1 (36.6 to 67.5)- 503+7.6(33.8 t0o81.1) - - 0.82
Maximal femoral cortical thrckness o P T I o
‘Locatlon . : 83.7+11.3 (29.1 to 116.0). ...849+14.1 (11.2 t0.134.8) 013
7Femora| shaft diameter (mm) 28.0+2.6(22.6 to 354). 28.1 4 2.5 (20.6.t0.37.0) 0.25
"'Medial CT (mm) , 70£12(45 10 11.3) 7.0+1.3 (1.8.to 11.4) 0.69
~ Lateral CT (mm) © 75+13 (46 to 11.0) 75414 (26 to 13.7) . ~.081
“Total CT (mm) 145+£22 (9.1 to 21.8) 145+£24 (44 10 21.6) . ....086
' Cancellous width (mm) “1355£1.9 (8.0 to 18.8) 13.6+23 (7.9 to 22.7) . ...0.76
"Medial CT to bone Width‘ (%) ©25.1743.3 (173 to 34.6) 24.8+4.0 (9.1 to 33.8) 0.39
Lateral CT to bone width (%) 26,639 (17,5 to 38.3) 26.7 +4.3 (10.2 to 38.4) 094
Ratio total CT to bone width (%) 51.7 £5.9 (349 to 66.1) 51.5+7.2 (21.7 to 67.9) 0.93
Cancellous width (%) 483459 (33.9 t0 65.2) 486+7. 2 (32 T to 786) 0. 87

- €T 5cm = cortical thickness measured 5 cm below the lesser trochanter; CT 12. 5 ¢m = cortical thlckness measured 12 5cm beIow the lesser trochanter

®Data are expressed as mean = SD.
! bMann—Whltney U test..

“Location refers to the dlstance from the Iesser trochanter
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Table 3. Longitudinal Cortical Thickness Changes With Additional Bisphosphonate Use®

Variable  Baseline (n=98) Additional use (1=98)  p Value®
CT5cm
Femoral shaft diameter (mm) 28.8 2.6 (22.9 to 36.0) 28.9+2.6 (22.2 to 35.8) 0.40
Medial CT (mm) 69+ 1.1 (4.1 to 9.5) 6.9+1.1 (45 to 9.8) 0.97
Lateral CT (mm) 74+13 (4.5 to 10.5) 74+13 (4.1 to 10.7) 0.68
Total CT (mm) 143 +£2.1 (9.5 to 19.3) 143 +2.1 (9.0 to 19.9) 0.79
Cancellous width (mm) 146+1.9 (10.6 to 21.1) 146+ 1.9 (10.8 to 20.9) 0.56
Medial CT to bone width (%) 23.7£3.0 (16.3 to 31.0) 23.7+2.7 (16.8 to 29.2) 0.80
Lateral CT to bone width (%) 25.6 3.6 (14.5 to 36.5) 25.74+3.8 (149 to 34.6) - 0.91
Ratio total CT to bone width (%) 494 4+ 5.3 (30.9 to 63.0) 493 454 (31.7 to 60.2) 0.90
Cancellous width (%) 50.6 £5.3 (37.0 to 69.1) 50.7 5.3 (39.8 to0 68.3) 0.89
CT125cm :
Femoral shaft diameter (mm) 27.6+2.3 (22.7 to 34.6) 275423 (22.2 to 34.5) 0.59
Medial CT (mm) 69+1.1(47to11.1) 6.8+ 1.1 (4.1 to 10.7) 0.69
Lateral CT (mm) 7.14+1.3 (4.5 to 10.8) 70+1.3 (5.0 to 10.3) 0.74
Total CT (mm) 13.9+2.2 (9.7 to 21.8) 13.942.2 (10.1 to 21.0) - 0.67
Cancellous width (mm) 13.6+1.8 (10.1 to 18.4) 13.7+1.9 (104 to 19.2) 0.88
Medial CT to bone width (%) 24.9+3.1 (17.2 to 32.1) 24.5+3.2 (149 to 31.3) 0.83
Lateral CT to bone width (%) 255439 (17.2 to 33.9) 25.5+3.8 (18.1 to 33.9) 0.82
Ratio total CT to bone width (%) 50.4+5.9 (36.1 to 63.3) 50.3£5.9 (345 to 61.9) 0.79
Cancellous width (%) 49.6+5.9 (36.6 to 64.0) 49.7 +5.9 (38.1 t0 65.6) 0.78
Maximal femoral cortical thickness ! : : = )
Location® 83.24+10.5 (57.6 to 111.0) 80.5 8.7 (64.7 to 109.1) <0.01
Femoral shaft diameter (mm) 279426 (22.6 to 34.5) 28.24+2.5 (21.8 to 34.8) 0.32
Medial CT {(mm) 71412 (48 to 11.3) 7.1+12 (43 1t0 11.6) 0.54
Lateral CT (mm) 74+14 (49 to 11.0) 7.5+14 (4.6 to 10.3) 0.28
Total CT (mm) 145424 (9.7 to 21.8) 14.7 2.3 (10.2 to 21.9) 0.29
Cancellous width (mm) 13.4+1.8 (9.3 to 18.8) 135420 (9.3 to 19.1) 0.27
Medial CT to bone width (%) 253431 (17.3 to 32.7) 25.2+3.1 (17.8 to 33.3) 0.80
Lateral CT to bone width (%) 26.5+4.1 (17.5 to 38.3) 26.5+4.1 (18.6 to 34.7) 0.87
Ratio total CT to bone width (%) 51.84+5.9 (34.9 to 66.1) 51.846.1 (37.0 to 66.1) . 0.98
Cancellous width (%) 48.1 5.9 (33.9 to 65.2) 48.1+ 6.2 (33.8 to 63.0) 0.90

CT 5 cm = cortical thickness measured 5 cm below the lesser trochanter; CT 12.5 cm = cortical thickness measured 12.5 cm below the lesser trochanter.

®Data are expressed as mean + SD.
bPaired t test.
“Location refers to the distance from the lesser trochanter.

Correlation between bone turnover markers and cortical
thickness with long-term BP use

No significant correlations were identified between uNTX
concentration and the cortical thickness, cortical thickness ratio,
and femoral diameter at any level of the femur according to
calculated Spearman’s rank correlation coefficients (data not
shown). There also were no significant correlations between
serum PINP concentration and the cortical thickness, cortical
thickness ratio, and femoral diameter at any level of the femur
according to calculated Spearman’s rank correlation coefficients
(data not shown).

Discussion

In this study, we evaluated the long-term effects of BP use on
femoral cortical thickness and compared the changes in cortical
thickness between patients who received long-term BP treat-
ment and control osteoporosis patients who were not treated
with BPs. We observed no significant increase in cortical
thickness in either of the two groups. Moreover, cortical
thickness remained stable after an additional year of continued

BP use. Thus, we did not observe any effects of long-term BP use
on femoral cortical thickness. ‘ '

AFF is the reason for interest in generalized femoral cortical
thickness. In the first study “describing AFF, Odvina and
colleagues'® identified 5 patients who sustained low-energy ST/
FS fractures while receiving long-term alendronate treatment. All
patients in their study demonstrated histomorphometric evidence
of severely suppressed bone turnover. Subsequently, Lenart and
colleagues found that the duration of BP use correlated with the
cortical thickness ratio measured from radiographs.”’ It has been
postulated that this cortical thickening is the result of long-term BP
use, which reduces bone remodeling and increases secondary
mineralization of bone.®® However, Giusti and colleagues argued
that this may not be a plausible explanation for cortical bone
thickening."” In their study, they found that 5 of 10 patients with
AFFs had never been treated with a BP, and this was also true for 3
of 13 patients in the study by Lenart and colleagues.® These
studies indicated that cortical thickness does not differ between
patients with AFFs who had or had not been treated with BPs and
that cortical thickness does not increase over time with BP use,
thereby strongly supporting the notion that thickened cortices are
not a result of long-term BP use.""” Overall, the discordant findings
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regarding the effects of BP use on femoral cortical thickness
emphasize the need for further research to elucidate the effects of
BPs on the properties of the femur.

The ASBMR appointed a task force to summarize the current
state of knowledge, and this group defined AFF according to five
major features and four minor features.” Because most of these
features relate to postfracture conditions, it is difficult to evaluate
these features before the occurrence of an’ AFF. However, two
features, localized periosteal thickening of the lateral cortex (major

feature) and generalized increase inh cortical thickness of the -

femoral diaphysis (minor feature), are present before AFF. Given

that previous studies focused on small numbers of patients with -
AFF, it is uncertain whether long-term'BP use leads to increased -

cortical thickness. On the basis of our results in the present study,
patients with AFFs might have had abnormal cortical thickness
pefore BP use. Long-term BP use is not an essential associated
factor for AFF but is a multiple associated factor for AFF.

" In'one of several previous'studies of cortical thickening in long-
term BP users, Beck and colleagues found that the mean cortical
thickness ratio at the FS had increased by 1.82% after 24 months
of alendronate use, whereas it had decreased by approximately
0.31% with placebo."® In contrast, Unnanuntana and colleagues
performed bone density scanning and reported that long-term
alendronate use did not alter cortical thickness on the basis of
comparison with thicknesses in untreated controls."” Koeppen
and' colleagues measured the femoral cortical thickness in 58
patients with AFF and 218 controls'"® and reported no difference
in the cortical thickness ratio between patients with AFF and
controls. Chen and colleagties measured the proximal femoral
cortical thickness in 45 patients  receiving long-term BP
treatment and 12 controls and found no difference in thnckness
between long-term BP users and controls. a4

‘Our results are consistent with those of the previous studies
mentioned above. Even after careful comparisons, we did not
observe an increase.in the femoral cortical thickness in long-term
BP users compared with controls. Because AFF does not likely
occur without cortical thickening, Koeppen and colleagues
proposed two hypotheses regarding cortical thickness in the
context of AFFs."® The first hypothesis is that cortical thickening
is caused by BPs, and the second hypothesis states that increased
cortical thickness is a risk factor for AFF regardless of BP use. In a
study by Lo and colleagues, in which 38 of 3078 patients with hip
or femur fracture had an AFF,%% aimost all AFF patients (97.4%)
had received prior BP therapy, with only one exception (2.6%).
Con5|der|ng the results of our present study together with those
of the previous studies mentioned above, we propose that either
femoral cortical thickenmg is caused by BP use in some but not
all | patrents orincreased cortlcal thlckness isa nsk factor for AFF

; regard|ess of BP use.
~ Our study has several limitations. The ﬁrst Iimltatlon is related to
study de5|gn This study was a matched case-control study, and
'such studles have several major dlsadvantages including selectlon
~and information bias, which could not be eliminated by increasing
the number in the control arm. A Iongltudlnal study is an important
approach to lnvestagate the effects of long-term BP treatment, but
‘a_longitudinal study would also have several disadvantages,
including !ongltudxnal age- related changes in femoral proper-
ties®” and selection bias. Second, almost all participants enrolled in
this study were Japanese. Although the incidence rates of AFFs in
the Japanese and white populations are similar,%? these findings
mlght not be generahzable to other ethnlc groups or representa-
tive of the population as a whole. Thlrd we measure cortical
thickness at three points on radlographs In a previous report, to

our best knowledge, cortical thickness was measured on radio-
graphs at several regions, such as at 3, 5, and 10cm below the
lesser trochanter."*?"?¥ Because the effect of measuring cortical
thickness at different locations has not been validated, we
established three measurement points in consideration of previous
reports and ‘to increase the validity of our results. Further
examination is necessary to verify the results obtained at these
measurement locations. Fourth, although the femoral radiographs

‘were obtained using a standardized method,” the “use of

radiographs to accurately measure cortical thickness has not
been validated. Because radiographs are two-dimensional projec-
tions of a three-dimensional stricture, the inner edge of cortical
bone cannot be precisely determined. Fifth, our results showed the
absence of generalized femoral cortical thickening in long-term BP
users, but there is a possibility that idiosyncratic response  may
occur in certain individuals. Therefore, our results cannot eliminate
the possibility of increased cortical thickness resulting from long-
term BP use: Sixth, we did not perform the longitudinal study in the
control group because almost all control patients underwent
osteoporosis treatment after initial evaluation. Thus, it was difficult
to obtain follow—up radiographs in the absence of osteoporosus
treatment.

In conclusion, our study did not find evidence of cortical
thickening at the ST/FS area of the femur with long-term BP
use. :
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SUMMARY

Objectives: - The purposes of this study were to investigate the prevalence and distribution of interver-
tebral disc degeneration (DD) over the entire spine using magnetic resonance imaging (MRI), and to
examine the factors and symptoms potentially associated with DD.
Design: This study included 975 participants (324 men, mean age of 67.2 years; 651 women, mean age of
66.0 years) with an age range of 21—97 years in the Wakayama Spine Study. DD on MRI was classified
into Pfirrmann’s system (grades 4 and 5 indicating DD). We assessed the prevalence of DD at each level in
the cervical, thoracic, and lumbar regions and the entire spine, and examined DD-associated factors and
symptoms.
Results: The prevalence of DD over the entire spine was 71% in men and 77% in women aged <50 years,
and >90% in both men and women aged >50 years. The prevalence of an intervertebral space with DD
was highest at C5/6 (men: 51.5%, women: 46%), T6/7 (men: 32.4%, women: 37.7%), and L4/5 (men: 69.1%,
women: 75.8%). Age and obesity were associated with the presence of DD in all regions. Low back pain
was associated with the presence of DD in the lumbar region.
Conclusion: The current study established the baseline data of DD over the entire spine in a large
population of elderly individuals. These data provide the foundation for elucidating the causes and
mechanisms of DD.

© 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

We believe that the analysis of DD over the entire spine would
provide more useful data than that of DD in the cervical, thoracic, or

Intervertebral disc degeneration (DD) is thought to be the first
step in degenerative spinal changes’, and is typically followed by
the gradual formation of osteophytes, disc narrowing, and spinal
stenosis””. Furthermore, DD is considered to be one of the causes of
several symptoms (neck pain or low back pain)*~’. Therefore, in
terms of developing preventive strategies for spinal disorders, it
will be important to obtain fundamental data on DD (prevalence,
distribution, associated factors, etc.) in a population-based cohort.

* Address correspondence and reprint requests to: H. Hashizume, Wakayama
Medical University, 811-1 Kimiidera, Wakayama City, Wakayama 641-8510, Japan.
Tel: 81-73-447-2300; Fax: 81-73-448-3008.

E-mail address: hashizam@wakayama-med.ac,jp (H. Hashizume).

lumbar regions, separately. In particular, investigations on the
extent of DD in these three regions using whole spine magnetic
resonance. imaging (MRI) could provide useful data concerning
intra-individual factors in the development of DD. Several studies
have examined degenerative changes in only cervical and lumbar
discs because of the high susceptibility to DD in these regions® "%,
As well, several previous studies have investigated the aging pro-
cess of the intervertebral discs in the cervical and lumbar regions
using MRI in population-based cohorts'*'*. However, degenerative
changes in the thoracic region and correspondingly over the entire
spine are poorly understood, because DD in the thoracic region is
considered to be an uncommon problem’>'®. In particular, the
stabilization of the thoracic region by the thoracic cage, which

1063-4584/$ — see front matter © 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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reduces the mechanical stress imposed on the intervertebral discs,
is beheved to reduce the incidence of degenerative diseases in this
region'’,

Consistent w1th the above mentloned previous studies, a
population-based cohort analysrs of DD in the different spinal re-
gions using MRI could be used to ‘examine the distribution of DD
over the entire spine. However, to our knowledge, no previous

who had undergone a previous posterior lumbar fusion were
excluded from the analysis. Finally, whole spine MRI results were
available for 975 participants (324 ‘men, 651 women) with an age
range of 2197 years (mean, 67.2 years for men and 66.0 years for
women). Table | shows the demographic and baseline character—
istics of the 975 participants in the present study

For the purpose of analysis, the participants were divided into

studies” have “performed this type “of “investigation ‘with "a "

population-based cohort.
From the perspective of discogenic pain, the association be-

tween DD and symptoms remains controversial, although several, :

reports have found that DD was a source of low back pain®”
Moreover, Teports on the association between the presence of DDin
the cervical and thoracic regions and neck pain are rare®’. Further,
these studies were not performed with population-based cohorts
and did not use whole spine MRIL Thus, no study has assessed neck

pain and low back pain within individuals using whole spine MRL "/

To clarify the points described above, we established a population-
based cohort study in which participants underwent whole spine
MRI and were examined for symptoms associated with spinal dis-
orders. This is our first report of DD over the entire spine based on a
cross-sectional examination of a baseline population. '

The aims of this study were to examine (1) the prevalence and

distribution of DD over the entire spine using MRI in a population-
based cohort, (2) the factors associated with DD (age, gender, and
body mass index [BMI]) in the cervical, thoracic, and lumbar re-
gions, and (3) the association between DD and symptoms (neck
pain and low back pain).

Methyondsy k
~Pamczpants SR

‘The present study, entltled the Wakayarna Splne Study,” was’
performed with a  sub-cohort of the second visit of the ROAD

(Research on Osteoarthrltrs/osteoporosrs Against Disability) study,
Wthh was initiated as a nationwide, prospective study of bone and :

joint . diseases in population- -based cohorts; the . cohorts. were

_established in three communities with different characterrsncs (ie.
urban, mountainous, and coastal regions). in Japan. A: detailed
profile : of .the ‘ROAD.'study has already been :described: else-:

~where!'*!%. Here; we briefly summarize the’profile of the present
study. The second visit of the ROAD study began in 2008 and was

completed in 2010. All the participants in the baseline study were-"

invited to participate in the second visit. In addition to the former
participants, inhabitants aged 60 years and older in the urban area
.and. those aged 40 years and younger in the mountainous and
“coastal areas who were w1111ng to partlcrpate in the ROAD survey
were also 1ncluded in the second visit (both the mountalnous and
‘coastal areas were in Wakayama prefecture) Fmally, 2674 in-
dividuals (900 men, 1774 women) participated in the second v151t of
the ROAD study, and compnsed 1067 individuals’ (353 men, 714
women) in the urban area, 742 individuals (265 men, 477 women)
in the rnountamous area, and 865 1nd1v1duals (282 men, 583
women) in the coastal area, Among these three communities in the
ROAD study, the mountalnous and coastal areas from ‘which we
ylnv1ted all '1607 participants (547 men, 1060 women) to the
) Wakayama Spine Study are located i in Wakayama prefecture Of the
1607 partrcrpants a total of 1011 individuals provrcled written
kmformed consent and attended the Wakayama Spme Study ‘with
'MRI examinations®®”', Among the 1011 participants, those who
had MRI-sensitive 1mplanted devices (e.g., pacemakers) and other
disqualifiers were excluded. Consequently, 980 individuals under-

went MRI of the whole spine. Furthermore, one participant who

had undergone a previous cervical operation and four participants

360

: prevrous studies™

“five age groups: (1) under 50 years, (2) 50-59 years, (3) 60-69

years, (4) 70—79 years, and (5) 80 years and over. The anthropo-
metric measurements included height, weight, and BMI (weight
[kg]/he1ght2 [m?]). BMI was categorized according to the guidelines

" for Asians proposed by the World Health Organization and was
- thus defined as follows: underweight, less than 18.5; normal 18.5—

23; overweight, 23—27.5; and obesity, greater than 27. SV . Experi-
enced orthopedists also asked all participants the following ques-
tion regarding neck pain and low back pain: “Have you experienced
neck pain’on most days during the ‘past month, in additionto
now?”and. *Have ‘you experienced low back pain on most days
durrng the past month, in addition to now?” Those who answered

“yes” were deﬁned as having neck pam or low back pain based on
z(, : : s . .

. MRI

A mobile MRI unit (Excelart 1.5 T, Toshiba, Tokyo, Japan) was
used in the present study, and whole spine MRI was performed for
all participants on the same day as the examination. The partici-
pants were supine during the MRI, and those with rounded backs
used triangular pillows under their head and knees. The imaging
protocol.included sagittal T2-weighted fast spin echo (FSE) (repe-
tition time [TR]: 4000 ms/echo, echo time [TE]: 120 ms, field of
view' [FOV]: 300 x 320 mm), and axial T2-weighted FSE (TR:

© 4000 ms/echo TE: 120 ms, FOV: 180 x 180 mm).

Sagrttal T2- welghted images were used to assessy the. interver-
tebral space from C2/3 to L5/S1. C2/3 to C7/T1,T1/2 to T12/L1, and

L1/2to LS/Sl were defined as the cervical region, thoracic region,

and Iumbar reglon respectively. DD grading was performed by an

‘Table I .
Characterrstlcs of parncrpants
' gt Overall Men Women

" No. of participants 975 324 651
Age strata (years)
<50 125 38 87
50-59 175 59 116
60—-69 223 65 158
70-79 261 89 172
=80 191 73 118
Demographic characteristics
Age, years ... - . 664+135 . ..-.672£139 .. 6604134
Height,cm 1564 + 9.4 1646 +£7.2 151.5+£72

. 'Weight. kg ’ 56.8&11.’5: ~ 645+£116 o 530&94

“BMI (kg/m?) 123336 236:!:34 231437
“BMI (WHO-Asian category) (N): BEE i
Underweight reces 61 s ogrhaT 16 e .45
Normal .= . . 425 .. . 124 300 .
Overweight . . o 361 ) 139 © 221
Obeswy U128 44 B 7
Baselme charactenstIcs
Symptoms (%)
Neck pain 249 194 27.7
Low backpain -~ " 43 367 Ca21
Life style (%) e B i ' o
Smoking ) 107 25.2 4.1
Alcohol consumption ~ © 31.4 56.8 188

.- BMI category for Asian was based on World Health Organization (WHO) guidelines

defining underweight (<18.5), normal (18.5—23), overweight (23-27.5), and obese
(>27.5). Values are the means = standard deviation.
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orthopedist (MT) who was blind to the background of the subjects.
The degree of DD on MRI was classified into five grades based on
Pfirrmann’s classification system’’, with grades 4 and 5 indicating
DD. As shown in Fig. 1, the signal intensity for grade 4 was inter-
mediate to hypointense to the cerebrospinal fluid (dark gray), while
the structure is inhomogeneous. Meanwhile, for grade 5, the signal
intensity is hypointense to the cerebrospinal fluid (black), and the
structure is likewise inhomogeneous. In addition, the disc space is
collapsed. It has been reported that loss of signal intensity is
significantly associated with the morphological level of the DD and
is also associated with both the water and proteoglycan content in a
disc®®. Therefore, we used a grading based on signal intensity and
disc height. For evaluating intraobserver variability, 100 randomly
selected magnetic .resonance images of the entire spine were
rescored by the same observer (MT) more than 1 month after the
first reading. Furthermore, to evaluate interobserver variability, 100
other magnetic resonance images were scored by two orthopedists
(MT and RK) using the same classification. The intraobserver and
interobserver variability for DD, as evaluated by kappa analysis, was
0.94 and 0.94, respectively. :

“Prevalence of DD”, which was defined as “the proportion of the
number of participants who had DD at each intervertebral space or
region or over the entire spine divided by the total number of
participants”, was used to describe the frequency of the presence of
DD. In the analysis, to clarify the associated factors using multiple
logistic regression analysis, we entered a variable of prevalence
state (1, presence; 0, absence) of DD as a dependent variable.
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Statistical analysis

Multiple logistic regression analysis was used to estimate the
association between the presence of DD in each region (cervical,
thoracic, and lumbar).as dependent variables and the age group,
gender, and BMI category as nominal independent variables after
adjustment for the age group, gender and BMI category, mutually.

Additionally, multiple logistic regression analysis was used to
estimate the association between the presence of neck pain or low
back pain and the presence of DD in each region after adjustment
for age, gender, and BML Furthermore, in cases in which the pres-
ence of DD was significantly associated with a symptom, we
examined as a sub-analysis the association between the presence of
neck pain or low back pain and the number of DD (categorized into
“0”,“1 or 2", “3 or more” for ready assessment) in each region using
multiple  logistic regression analysis after adjustment for age,
gender, and BMLI. All statistical analyses were performed using JMP
version 8 (SAS Institute Japan, Tokyo, Japan).

Results

As shown in Table 1, the prevalence of DD in the cervical and
thoracic regions and over the entire spine increased with the
elevation of the age strata in both men and women. For both
genders, the prevalence of DD in the lumbar region was also

increased with the elevation of the age strata up to the 70-year-old
age group but decreased in the 80-year-old age group. Table lil

Grade 1

Grade 2

‘Grade 3

Grade 4

Disc
Degeneration

Grade 5

Fig. 1. Mid-sagittal view on T2-weighted images of the whole spine MRI with Pfirrmann classification. The grade is described according to Pfirrmann classification. Grades 4 and 5
were considered degenerated. The signal intensity for grade 4 was intermediate to hypointense to the cerebrospinal fluid (dark gray), while the structure is inhomogeneous.
Meanwhile, for grade 5, the signal intensity is hypointense to the cerebrospinal fluid (black), and the structure is also inhomogeneous. Additionally, the disc space is collapsed.
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shows the prevalence of intervertebral spaces with DD over the
entire spine for the participants in this study. The three highest
prevalence levels of DD in the intervertebral spaces in the cervical,
thoracic, and lumbar regions were as follows. The prevalence at cs5/
6 was 51 5% (95% Cl: 46.1-56.3) in men and 46% (95% Cl: 42.2—-49.9)
in women, followed by, the prevalence at C6/7 of 43.5% i in men and
33.3% in women, and at C4/5 of 38,6% in men and 35. 8/6 m women
The preva ence at T6/7 was 32 4% (95% Cl:'27.5-37.6) i in men and
37.7% (95% Cl: 34.1-41,5) in women, followed by the prevalence at
T7/8 0f 31.8% in men and 36. 2% in' women, and at T5/6 of 28.4% in
men and 35.9% in women. The prevalence at L4/5 was 69.1% (95%
Cl: 63.9-73. 9) in men and 75.8% (95% CI: 72. 3-78.9) in women,
followed by that at L5/S1 of 66.7% in men and 70.9% i in women, and
at'L3/4 of 59.3% in men and 61.9% in women.

Anolder age was sxgmﬁcantly associated with the presence of DD
in each region. Gender was not significantly associated with the
presence of DD in each region; although men demonstrated a ten-
dency for a greater number of DD than women in the cervical region.
In addition, overweight status (BMI: 23—27.5) was a significantly
associated factor in the cervical and thoracic regions, and obesity
(BMI: »27.5) was a significantly associated factor in all regions
compared with partlcxpants of a normal Wexght (BMI 18.5-23)
(Table V).

The participants with DD i in the cervical region did not signifi-
cantly differ in terms of the presence of neck pain (OR 0.88,95% ClI:
0.63-1.22, P = 0.53). The presence of DD in the thoracic region was
not significantly associated with neck pain (OR 0.84, 95% CI: 0.60—
119, P = 0.33) and low back pain (OR 1.08, 95% Cl: 0.80—1.47,
P = 0.60). However, the presence of DD in the lumbar region was
significantly associated with low back pain (OR 1.57, 95% CI: 1.02—
2.49, P < 0.05). Moreover, in a sub-analysis, we investigated the
association between low back pain and the number of DD in the
lumbar region (“0”, “1 or 2", “3 or more”). The presence of low back
pain was significantly higher in participants with three or more DD
(OR 1.75, 95% ClI: 1.11-2.81, P < 0.05), but not in those with one or
two DD (OR 1.34, 95% Cl: 0.84-2.20, P = 0.22), as compared with
participants without DD.

Discussion

This study is the first to report the prevalence and distribution of
DD over the entire spine using whole spine MRI in a population-
based cohort. The prevalence of DD over the entire spine and in
each of the three spinal regions was higher in older participants. In
addition, we noted that the presence of DD was significantly
associated with low back pain in the lumbar region but not With'
neck pain in the cervical region.

Battié et al. reviewed the prevalence of DD in the lumbar region
and noted that it ranged from 20% to 83%°". Consistent with the
observations of this review, other reported prevalence levels of DD

in the lumbar region have shown wide variation between samples -

and have often been quite high because the studies had certain

Table Il
Prevalence of DD by age strata in men and women

Entire spine Cervical Thoracic' Lumbar

Men Women Men Women Men Women Men Women

Age strata (years)

<50 710 770 263 279 157 114 552 712
50-59 915 931 474 491 491 353 864 913
60-69 984 955 66.1 54.4 615 63.2 969 943

70-79 958 - 994 809 720 73.0- 796 96.6 '96.5
=80 932 974 863 855 794 889 - 82.1 845

Values are percentage.
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drawbacks including relatwely small samp]e sizes™~", narrow age

ranges™', and asymptomatic SUbjGCtS " 'However, no previous
study has assessed the prevalence of DD over the entire spine using
whole spine MRI. We noted that the prevalence of DD over the
entire spine exceeded 70% i in participants less than 50 years of age
and was greater than 90% i in part1c1pam:s older than 50 years of age.
thtle epldemlologlca data are avallable concernmg DD in the
mterver’cebxal space usmg MRI assessments in a ‘population- based
cohort Matsumoto et al.* reported that the prevalence of DD in
the cerv1cal region was the highest at C5/6 (86% in men and 89% in
women over the age of 60 years). In addition, Hanagai et al** and
Kanayama et al. % reported that the prevalence of DD in the lumbar
region'was the hlghest at L4/5(67%; mean age 68.4 years) and L5/S1
(49.5%; mean age 39.7 years), respectively. In the present study, the
prevalence of DD was the hlghest at C5/6 (51.5% in men and 46.0%
in women) and 'L4/5 (69.1% in men and 75.8% in women). The
prevalence of ‘cervical DD in the previous study by Matsumoto
et al® was higher than that in the present study. However, the
subjects were recr uited from volunteers in the hospital rather than
a population; thus, the capacity for strict comparlsons are limited.
Furthermore, few studies have reported age-related DD ‘in the
thoracic region. Matsumoto et al. reported that the highest preva-
Jence of DD occurred at T7/8 (30.9%; mean age 48.0'y) followed by
T6/7 in the thoracic reglon however, all 94 participants in this
report were asymptomatic’®, In the present study, we confirmed a
high prevalence of DD at T6/7 in the thoracic region. This ﬁndmg is
supported by results from thoracic MRI investigations demon-
strating a high prevalence of DD in asymptomatic individuals.

The distribution of prevalence of DD was similar to the align-
ment of the spine in the sagittal plane, such as cervical lordosis
(C3—C7), thoracic kyphosis (T1—=T12), and lumbar lordosis (L1—
LS)B*F). The high prevalence of DD in the lumbar region can poten-
tially be explained by mechanical stress. Our results support the
hypothesis that compressive stress affected DD, since compressive
stresses are the highest in the mid-thoracic region of the entire
splne .. Mechanical stress on the thoracic intervertebral disc is
reduced due to stabilization by the thoracic cage, and therefore, the
thoracic intervertebral disc may be affected by the detrimental
effect of compressive stress caused by posture on the sagittal bal-
ance of the spine”®. This study also provides the first mapping of
intervertebral spaces with DD over the entire spine by MRI analysis,
which adds to our knowledge of the distribution of prevalence of
DD in the cervical, thoracic, and lumbar regions, which has been
reported only fragmentarily in previous reports.

Our current results confirmed that age was a significant factor
assoaated with the presence of DD in all three regions. Previous
studies reported that the association of DD to factors such as height,
weight, and gender was uncertam however, age, obesity, smokmg,
and occupation have been suggested to be DD-associated factors™®

*2. The previous studles focused almost entirely on the lumbar re-
gion, and the identification of assoc1ated factors may be challenging
for this region because it is affected to a greater extent by various

-factors, including mechanical stress. ‘Moreover, it remains unknown
~ what ‘other factors (beyond age) are associated with DD in the

cervical and thoracic reglonsf’” In the present study, overweight
and obesity significantly influenced DD in the cervical and thoracic

. regions (cervical; OR: overweight 1.38 [95% CI 1.00—1.90], obesity

1.60[95%CI 1. 04-2.51], thoracic; OR: overweight 1.64 [95% CI 1.17—
2.29], obesity 3.12 [95% C1 1.91-5. ]9]) and obesity also significantly
influenced DD in the lumbar regxon (OR 2.56 [95% CI 1.20—6.14]).In
a previous study, Samartzis et al. reported that DD in the lumbar
region was significantly associated with overweight and obesity>”.
However, DD in the cervical and thoracic region did not demon-

‘'strate a significant association with BMI, as reported by Okada

et al’ and Matsumoto et al.’. Of note, the previous studies were
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Table III

Prevalence of intervertebral spaces with DD over the entire spine by age strata in men and women
Age strata C2/3 C3/4 C4/5 C5/6 C6/7 C7/T1 T1/2 T2/[3 T3/4 T4/5 T5/6 T6/7 T7/8 T8/9 T9/10 T10/11 T11/12 Ti12/L1 L1j2 L2/3 L3/4 14/5 15/S1
(years)
Men
Total 283 302 386 515 435 268 203 234 222 240 284 324 318 287 314 250 240 17.5 300 515 593 69.1 66.7
<50 105 105 131 157 131 52 52 78 78 52 105 78 52 26 26 2.6 0.0 0.0 26 105 78 342 473
50-59 6.7 11.8 152 372 27.1 10.1 84 67 118 11.8 169 237 271 169 203 169 135 5.1 152 355 61.0 745 508
60—69 353 369 492 50.7 400 21.0 200 246 23.0 276 276 353 323 369 415 23.0 246 184 400 600 69.0 769 753
70-79 359 359 494 640 516 348 247 269 258 303 337 382 415 359 404 370 314 269 393 69.6 73.0 79.7 79.7
=80 39.7 424 479 671 657 465 328 39.7 328 328 410 424 369 356 356 30.1 35.6 24.6 39.7 56.1 589 63.0 65.7
Women
Total 219 248 358 46.0 333 136 152 23.1 298 317 359 37.7 362 342 327 287 238 200 317 49.7 619 758 709
<50 22 34 103 206 103 1.1 00 11 45 00 11 45 34 57 45 4.5 1.1 0.0 45 126 183 494 563
50-59 112 94 232 362 232 34 6.8 120 155 155 163 181 198 129 137 103 6.9 6.9 156 356 556 739 704
60—-69 139 208 310 43.6 291 113 132 183 297 322 379 398 316 322 303 196 15.8 14.5 253 550 664 854 759
70-79 33.7 348 465 534 424 162 220 343 412 447 500 500 47.0 459 447 424 343 261 447 645 802 860 819
=380 406 466 576 669 525 322 271 406 457 516 576 61.0 669 618 576 567 529 46.1 572 623 67.5 69.2 589

Values are percentage.

conducted with asymptomatic healthy subjects. Therefore, based
on our findings, obesity appears to have some influence on the
process of DD over the entire spine.

An association between DD in the lumbar region and low back
pain was previously demonstrated in a twin study**. Moreover,
Okada et al.® reported an association between neck pain and DD in
the cervical region, whereas Arana et al.” found an association be-
tween neck pain and DD in the upper thoracic region. Of interest,
no agreement has been reached regarding the most appropriate
definition of neck pain and low back pain in population cohorts’.
Nonetheless, we observed a significant association between the
presence of DD in the lumbar region and low back pain.

The present study has several limitations. First, it was a cross-
sectional study, and therefore, the transition to DD cannot be
clarified. Second, the participants included in the present study
may not represent the general population, since they were
recruited from only two local areas. To confirm whether the par-
ticipants of the Wakayama Spine Study are representative of the
Japanese population, we compared the anthropometric measure-
ments and frequencies of smoking and alcohol consumption be-
tween the general Japanese population and the study participants.
No significant differences in BMI were observed (men: 24.0 and
23.7, P = 0.33; women: 23.5 and 23.1, P = 0.07). Further, the pro-
portion of current smokers and those who consumed alcohol (those
who regularly smoked or consumed alcohol more than once per
month) in men and the proportion of those who consumed alcohol
in women were significantly higher in the general Japanese

population than in the study population, whereas there was no
significant difference in the proportion of current smokers in
women (male smokers, 32.6% and 25.2%, P = 0.015; female
smokers, 4.9% and 4.1%, P = 0.50; men who consumed alcohol,
73.9% and 56.8%, P < 0.0001; women who consumed alcohol, 28.1%
and 18.8%, P < 0.0001). These results suggest the likelihood that in
this study, participants had healthier lifestyles than those of the
general Japanese population®®, This “healthy” selection bias should
be taken into consideration when generalizing the results obtained
from the Wakayama Spine Study. Third, the Pfirrmann classification
introduced a comprehensive MRI grading system based on the
assessment of structure, the distinction of the nucleus and annulus
fibrosis, the signal intensity*®, and the height of the intervertebral
discs®’. However, bony endplate alterations, osteophyte changes,
spinal stenosis, and disc protrusion are not covered by the Pfirr-
mann classification. Therefore, it is necessary to perform-in-
vestigations that include these morphological changes. Finally, the
accurate measurement of obesity, such as abdominal obesity and/or
body composition, might reveal that obesity has a stronger asso-
ciation with DD; however, the present study examined only BMI as
ameasurement of obesity. Thus, we plan to examine the girth of the
abdomen and body composition using electrical impedance in the
assessment of human body composition (the BIA method) in a
future study.

In conclusion, this study is the first one to investigate the
prevalence of DD over the entire spine in a large population of in-
dividuals to establish baseline data for a prospective longitudinal

Tl\‘/?Lll’]]teile‘; logistic regression of the association with presence of DD with age, BMI, and gender
Cervical Thoracic Lumbar
OR (95% CI) OR (95% CI) OR (95% CI)
Age group (years)
<50 1 1 1

50—59 (vs <50)

60—69 (vs <50)

70—79 (vs <50)

=80 (vs <50)

Men (vs women)

BMI (WHO-Asian category)
Underweight (vs normal) 0.91 (0.49-1.70)
Normal 1

Overweight (vs normal) 1.38 (1.00-1.90)*
Obesity (vs normal) 1.60 (1.04-2.51)*

2.45 (1.5-4.06)*
3.62 (2.26-5.91)***
7.87 (4.86—12.9)**
169 (9.68—30.5)"*
1.20 (0.89—1.64)

4,60 (2.53—8.76)"*
12.0 (6.77—22.7)"**
249 (13.8-47.6)
47.0 (24.5-95.6)**
0.88 (0.64-1.21)

447 (2.44-8.48)**
9.95 (5.02-21.3)**
15.0 (7.26—-34.5)**
2.94 (1.71-5.13)**
0.70 (0.45-1.09)

1.36 (0.71-2.67)

1

1.64 (1.17-2.29)
3.12 (1.91-5.19)***

0.81 (0.38—1.84)

1
1.14 (0.71-1.85)
2.56 (1.20—6.14)*

BMI category for Asian was based on World Health Organization (WHO) guidelines defining underweight (<18.5), normal (18.5-23), overweight (23—27.5), and obese

(>27.5). OR = odds ratio, Cl = confidential interval.
*P < 0.05, **P < 0.001, ***P < 0.0001.

363



M. Teraguchi et al. / Osteoarthritis and Cartilage 22 (2014) 104-110 109

study. The prevalence of intervertebral spaces with DD was the
highest at €5/6,T6/7, and-L4/5 in the cervical, thoracic, and lumbar

regions, respectively. DD in the cervical, thoracic, and lumbar re-

gions was significantly associated with age and obesity. A signifi-
cant positive association was observed between the presence of DD
in the lumbar region and low back pam
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Abstract BACKGROUND CONTEXT: A narrow cervical spinal canal (CSC) is a well-known risk factor
for cervical myelopathy (CM). However, no epidemiologic data of the CSC based on a population-
based cohort are available.

PURPOSE: The purpose of the study was to investigate the aoe-related differences in CSC diam-
eters on plain radiographs and to examine the associated magnetic resonance imaging (MRI) abnor-
malities including cervical cord compression and increased 51gnal intensity (ISI) as well as the
clinical CM with the narrow CSC.

STUDY DESIGN/SETTING: This was a cross-sectional study.

PARTICIPANT SAMPLE: Data were obtained from the baseline survey of the Wakayama Spine
Study that was performed from 2008 to 2010 in a western part of Japan. Fmally, a total of 959 sub-
jects (319 men and 640 women; mean age, 66.4 years) were included.

OUTCOME MEASURES: The outcome measures included in the study were the CSC diameter
at C5 level on plain radiographs, cervical cord compression and ISI on sagittal T2-weighted MRI,
and physical signs related to CM (eg, the Hoffmann reflex, hyperreflexia of the patellar tendon, the
Babinski reflex, sensory and motor function, and bowel/bladder symptoms).
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" - METHODS: The age-related differences of CSC diameters in men and women were investigated
"' by descriptive statistics. The prevalence of MRI abnormalities and clinical CM was compared among
-the groups divided by the CSC diameter (less than 13

, 13-15, and 15 mm or more). In addition, a
logistic regression analysis was performed to determine the association of the CSC diameter with
cervical cord compression/clinical CM after overall adjustment for age, sex, and body mass index.
RESULTS: The CSC diameter was narrower with increasing age in both men and women. The

_prevalence of cervical cord _compression, IS, and the clinical CM was significantly higher in the
“narrower CSC group. Theé. prevalence of cervical cord compressron ISI, and CM among subjects

with CSC diameter less than 13 mm was 38.0%, 5.4%, and 10.1%, respectiyely. In the logistic mod-

el the CSC diameter was a 51gn1ﬁcant predxcuve factor for the clinical CM (p<.0001).

CONCLUSIONS: Thisstudy firstly confirmed the age-related differences: in CSC diameters
and the significant association of the narrow CSC diameter with CM in a populatron—based

- cohort. - © 2014 Elsevier Inc. All rights reserved.

Cervical spine; Spinal canal stenosis; Cervical myelopathy; Magnetic resonance imaging; Population-based cohort; . .

Epidemiology

Introductlon ‘

In cerv1ca1 spmal drsorders such as cervrcal myelopathy
(CM) and spinal cord injury, developmental cervical spinal

canal (CSC) stenosis has been considered as an effective pre-

dictor of clinical outcome [1.2]. The spinal cord area should

be evaluated after comparrng w1th data obtained from asymp-

tomatic subjects of each age group.-Age-dependent data are
required because the spinal cord may change with age, just
as the cerebrum decreases in size with age in elderly subjects.
The spinal canal should also be considered in asymptomatic

“scale population-based MRI study. Because a detailed pro-
file of the Wakayama Spine Study has already been
described elsewhere, only a brief summary is provided here

subjects when treating cervical:spinal disorders because pa-: .

tients with a tight spinal canal are more susceptible to spinal

cord damage. However, the prevalence of spinal cord disor-
ders and CM among patients with CSC of narrow drameter f

is not known. To date, few studies have focused on ‘age-

related differences in the cervical spinal cord and CSC
[3.4].

images of the cervical spinal cord, thereby making evaluatron
of traumatic spinal cord injury and cervical cord compression

more applicable inroutine practice. This study - was undertak-::-

en to clarify age-related differences in the cervical spinal

cord and CSC using magnetic resonance imaging (MRI) to

establish the basis for morphometric evaluation of patients
with cervical spinal cord disorders. More specifically, the
purposes of this study were to investigate age-related changes
of the CSC in ‘a population-based cohort in-Japan and to
examine the associated MRI abnormalities including cervical
cord compression and increased srgnal intensity (ISI) as well
as the clinical CM with the narrow CSC diameters.

Participants and methods
',Partzczpants

The present study isa part of “The Wakayama Spme
Study a population-based cohort,” which was a large-

Recent advances in magnetic resonance 1ma01n0 .
(MRI) have made it possrble to nomnvasrvely obtam clear

[5.6]. The Wakayama Spine Study was conducted between
2008 and 2010 in a mountainous region in-Hidakagawa,
Wakayama, and a coastal region in Taiji, Wakayama. From
inhabitants of the Hidakagawa and Taiji regions, 1,063
potential study subjects were recruited for MRI examina-
tions. Among those 1,063 candidates, 52 declined the exami-
natlon, therefore, 1,011 inhabitants were registered in the
present study. AmonU those 1,011 participants, individuals
with MRI-sensitive 1mp1anted devices (such as a pacemaker)

~and other disqualifiers were excluded. Ultrmately, the cervi-
_cal. spme was scanned with MRI m 985 participants. Four
,part1c1pants who had undergone a previous cervical opera-

tion were excluded from the analysis, and another four par-

- ticipants whose MR interpretation: was difficult because of
~ - poor image quality were also excluded. After these exclu-
~ sions, the present study had 977 participants. Radiographic
“‘evaluation of the cervical s pme was also performed in 959
“of the subjects. In total, both MRI and radiographic results

‘were available for 959 participants (319 men and 640 wom-
~en) with an aoe range of 21 to 97 years (mean, 67.3 years for
men and 65.9 years for women). The participants completed

an interviewer-administered questionnaire of 400 items that
included lifestyle information; and anthropometric and
physical performance measurements were taken. All study

, ’partrclpants provrded mformed consent, and the study design

was approved by the appropriate ethrcs review boards.
-~ Anthropometric measurements. included helght (meter)
weight (kllogram) and body mass index (BMI; weight [kilo-

) ccrram]/herght~ [m?]). Medical information concerning neck
_ pain, sensory drsturbances the Hoffmann reflex, the Babin-

ski reflex, and the deep tendon reﬂex of the patellar tendon

~.was gathered;by, an expenenced orthopedrc, surgeon. The

‘Hoffmann reflex was elicited with the hand in a neutral posi-
‘tion by flicking the distal phalanx of the middle finger and

“observing flexion of the distal phalanx of the thumb [7.8].
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The Babinski reflex was elicited by firmly sweeping from the
lateral part of the sole to the base of the toes with a pointed
end of a reflex hammer and observing the hallux extensor re-
sponse [9.10]. Hyperreflexia of the patellar tendon, a positive
Hoffmann reflex, and a positive Babinski reflex were defined
as aggravation on both sides. A myelopathic sign was de-
fined as the presence of hyperreflexia of the patellar tendon,
Hoffmann reﬂex, or Babinski reflex.

Measurements of CSC diameter and canal-to-body ratio
on radiographs

All subjects also underwent lateral radiography with
their neck in the neutral position. They were told by an
X-ray technician to look straight ahead in a relaxed posi-
tion. The radiographic data were scanned and calibrated
using the ruler, which was put on the film. The sagittal spi-
nal canal diameter at the C5 level was measured as the
shortest distance from the midpoint between the vertebral
body’s superior and inferior end plates to the spinolaminar
line. The canal-to-body ratio (CBR) was obtained by divid-
ing the diameter of the spinal canal by that of the vertebral
body to assess the tightness of the spinal canal and also to
eliminate the magnification effect of radiographs.

Magnetic resonance imaging

An MRI scan of the cervical spine was obtained for each
participant using a 1.5-T Excelart imaging system (Toshiba,
Tokyo, Japan). All scans were taken in the supine position,
except for participants with a rounded back, who used a trian-
gular pillow under their heads and knees. The imaging proto-
col included a sagittal ‘T2-weighted fast spin-echo pulse
sequence (repetition time: 4,000 ms; echo time: 120 ms; and
field of view: 300 x 320 mm) and an axial T2-weighted fast
spin-echo pulse sequence (repetition time: 4,000 ms; echo
time: 120 ms; and field of view: 180 x 180 mm).

MRI measures

Midsagittal T2-weighted images- were assessed by an
experienced -orthopedic surgeon (Keiji Nagata), who was
blinded to participants’ clinical status.

Evaluation of cervical cord compression

Cervical cord compression was defined as compression
with an anterior and/or a posterior component. of the spinal
cord [6]. Cervical cord compression was evaluated at each
intervertebral level from C2-C3 to C7-T1.

Evaluation of signal intensity of the spinal cord

Increased signal intensity was defined as a high-intensity
area in contrast with the adjacent isointensity portion of
the spinal cord [11]. The ISI was evaluated in the area from
C2 to T1. o
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Measurement of spinal cord diameter

The spinal cord diameter was measured manually at the
midpoint of the C5 vertebral body level using the imaging
software OsiriX (http://www.osirix-viewer.com/).

Definition of clinical CM

Myelopathy is defined clinically by the presence of mye-
lopathic signs (eg, the Hoffmann reflex, hyperreflexia of the
patellar tendon, and the Babinski reflex), usually accompa-
nied by bilateral sensory deficits or sensory level and bow-
el/bladder symptoms. Among participants with myelopathic
signs, cervical cord compression was the essential condition
for diagnosing CM.

Statistical analyses

A comparison of baseline characteristics between sexes
was performed using the Student ¢ test. Differences in the
CSC diameter, vertebral body, spinal cord, and CBR among
men and women were determined using the Student ¢ test.
One-way analysis of variance was used to evaluate the differ-
ences in CSC diameter, vertebral body, spinal cord, and CBR
among different age groups. The chi-square test was used to
assess the presence of ISI among different age groups.

For categorical data, the chi-square test was used to assess
the presence of significant differences among different
diameters of the CSC. For continuous outcomes, the analysis
of variance test was used to assess differences among differ-
ent diameters of the CSC. In addition, to determine the asso-
ciation of ISI, CSC diameter, and CBR with cervical cord
compression and CM, logistic regression analysis was
used after overall adjustment for age, sex, and BMI. All stat-
istical tests were performed at a significance level of .05

(two-sided). Data analyses were performed using JMP,

version 8 (SAS Institute, Inc, Cary, NC, USA).

Results
Characteristics of the participants

The baseline characteristics of the 977 participants,
including data for anthropometric measurements and phys-
ical performance, are listed in Table 1. There was no

Table 1

Characteristics of men and women participating in the present study
Characteristic Men - Women

N 319 640

Age, y 67.3+13.8 65.9+13.3
Height, cm 164.6+7.2%% 151.6*7.2
Weight, kg 64.4+11.6%* 53.0x£9.4
Body mass index, kg/m® 23.7+3.4% 23.1+3.7
Grip strength, kg 37.9£9.1%* 23.9*5.9

Note: - Significantly different from women by the Student ¢ test
(*p<.01; **p<.001).
Values are the mean=standard deviation.
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Table 2
Radiographic and MRI measures stratified by gender and age strata

Radiographic measures .- MRI measures .

Diameter

Diameter of : :
cervical spinal  Canal-to-  Increased signal  of spinal
Age strata  canal (mm) body ratio. . intensity, N (%) cord (mm)
Men
Overall - 14.8%1.3 . 0.82+0.12 15(4.6): ~ 16:9%0.9
<80y o 182013 0.862£0.09.-:2(5.2). - 713208
50-59.y 14.8%1.7 . .. . 0.85:0.13  4(6.9) 7.1£0.9
60-69y 14.9%1.2 ) 0.82%0.11 3 (4 5) . 6.9£0.7
70-79y  148*12 0.82+0.11 223" 6.9%0.8
=80y 144%1.1 0.79x0.12 4 (5.5 1 6.6%£09
“Women d ; rirets L
Overall  14.1%1.2 0.92+0.13 11 (1.7) 6.8+0.9
<50y [4.5%13 0.99:0.14 1 (1.1) 6.9%0.9
50-59y 14.4*13 0.960.12 1 (0.0) 7.0+0.7
60-69y 14.1%1.1 091£0.12 0 6.8%0.8
S 70-79y 139x11 . 0.89+0.12 6 (3.5) 6.8+0.9
=80y  13.8%1.0  086x0.12 3(25) 67209

Note: Otherwnse mdxcated values are 1nean+standard devxanon for
each age strata m men and women

significant difference in age between sexes. Height, weight,
and BMI were signiﬁcantly,higher in men than in women.

Age and sex dzjferences of cse dzameter CBR ISI and
‘spmal cord dzameter :

idi llStS the age-related dlfferences in. dlametexs
of the CSC,Tthe CBR. on radiograph, ISI, and. spinal cord
‘diameter on MRI in.men and women among different age
-groups. The CSC diameter was significantly narrower with
age in women (p<.0001). In men, the CSC diameter had a
- tendency to be narrower with age, but it was not significantly
different in women. The mean diameter of the CSC was not
significantly different between men and women. The diame-
ter of the vertebral body was significantly higher in men and
women with increasing age (p<<.0001). The mean CBR in
men and women was 0.82 and 0.92, respectively,: and it
was significantly higher in women than in men at the C5 ver-
tebral level. The CBR was significantly lower with increas-
ing age in both sexes (men, p=.0004; women: p<.0001).
_The prevalence of IS in all part1c1pants was 2.7% (4.6%
in men and 1. 7% in women) and was swmﬁcanﬂy higher in
men than in women (p=.007). The prevalence of ISI
was not significantly different with age between: sexes.
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between different CSC diameters were found with 1espect
to CCI‘VICdl cord compression (p<.0001), ISI (p<. 0001)
and %pmal cord diameter (p< 0001), except for ISI in wom-
en. The prevalence of cerv1cal cord compression, ISI, ‘and
CM in subjects with a CSC dlametex less than 13 mm
was 61. 9%, 23. 8%, and 4 8% in men respectlvely Mean—
while, the prevalence of cervical cord compression, 18I,
and CM among female subjects with a CSC diameter less
than 13 mm was 33.3%, 1.9%, and 11.1%, respectively.
Multiple logistic regression analysis was performed to esti-
mate the predictive factors for CM in MRI and radiographic
measurements after adjustment for age, sex, and BMI
(an e 4). As an overall result ISI, CSC diameter, and
CBR were 31gn1ﬁcant predlctlve factors for CM (p<.01).
There was a positive association between cervical cord
Compressmn and spinal cord diameter, Whereas spinal cord

diameter itself was not a 51gn1ﬁcant predictive factor

for CM.

‘Discussion

The present study is the first population-based study to
clarify the normal value of the diameter of the CSC and
its association with cervmal cord compresswn, ISI, and
CM in Japanese men and women. We clarified that the
CSC diameter was: narrower: with- age in both :men and
women in the population-based cohort. The prevalence of
the clinical CM was significantly higher in the narrower
CSC. group. Furthermore;. in the logistic: model, the CSC
diameter was a significant predictive factor for clinical CM.

In this study, the CSC and vertebral body diameters were

- measured using plain radiographs because the posterior lon-

- gitudinal ligament could not be distinguished from the Veﬂe—

bral body on :MRI. There have been several reports-on the
diameter of the CSC. Porteretal. [ 1 2] reported that canal size
did not appear to change significantly with biomechanical
stress and aging. Meanwhile, Goto et al. [3] and Kato et al.
[4] reported that the younger generation (younger than 40

years of age) had a statistically wider CSC. Our result was

The -diameter: of the spinal cord was significantly.lower ,

with increasing age in both sexes (men, p=.0012; women,
p=.0068). The mean diameter of the spinal cord was not
significantly different between men and women.

Prevalence of MRI measures and CM among dzﬁ‘erent
dlameters of the CSC

Anthropometnc measures such as CSC dlameter were
found to be s1gn1ﬁcantly different accordmg to age
(Table 3). Regarding MRI measures, significant differences

consistent with the latter reports. Why do younger persons
have a wider CSC than elderly persons? There are two pos-
sible reasons for the differences in CSC diameter between
generations. First, the CSC diameter becomes narrower with
aging. A CSC with a small diameter is primarily a develop-

‘mental and not a degenerative phenomenon. However, Huku-

“da and‘Kojima [1 ’%’I’repoftéd that the diameter of the vertebral
' body was wider in older people compared with younger peo-

ple. Those morphologic changes of the vertebral component
may affect the diameter of the CSC. Second, the changes in
Japanese eating habits and physique in the past few decades
may have contributed to the changes in the diameter of the
CSC. The variation of CSC dlameter w1th dlfferent genera-

"tlon may be a limited phenomenon in Japan. However, we
believe the results prompt future investigations into the var-
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ious factors affecting the CSC dimensions, apart from aging.



