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Abstract:

Introduction: Although patients with diffuse idiopathic skeletal hyperostosis (DISH) do not have low bone density, it is a
risk factor for spine fractures associated with DISH. We investigated the characteristics and bone metabolism markers of pa-
tients with DISH having low bone density to assess whether osteoporosis medication is necessary to prevent fractures.

Methods: A cross-sectional study was conducted between April 1, 2008, and March 31, 2019. The 86 patients included
were divided into two groups according to their T-scores—one group had low bone density and DISH, and the other group
did not. Group A (T-score<—1) and B (T-score>—1) data were adjusted for confounding factors and compared for differences
in age, body weight, maximum number of vertebral bodies with bony bridges between adjacent vertebrae (max VB), and
previous history (hypertension, malignant tumors, diabetes mellitus, cardiac diseases, chronic renal failure, and spinal frac-
tures). In Group A, multiple linear regression was used to investigate relationships among max VB, femur bone mineral
density (BMD), total type I procollagen N-terminal propeptide (P1NP), and tartrate-resistant acid phosphatase 5b (TRACP-5
b).

Results: Group A had 36, and Group B had 50 male patients with DISH. Patients in Group B were heavier than those in
Group A. The mean femur BMD in Group A was age-appropriate, and that in Group B was higher than the age-appropriate
femur BMD. The mean values of PINP and TRACP-5b were within the normal range. Max VB was positively correlated
with total PINP in Group A. Total PINP was significantly and positively correlated with TRACP-5b.

Conclusions: The DISH group with a T-score of <—1 was age-appropriate. The group with a T-score of >—1 had higher
BMD because of their higher body weight. The group with a T-score of <—1 had good bone metabolism and did not require
aggressive osteoporosis treatment.
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Introduction

Diffuse idiopathic skeletal hyperostosis (DISH) is a rela-
tively common clinical presentation characterized by abnor-
mal bony bridges between adjacent vertebral bodies around
the spinal joints and the peripheral or appendicular skele-
ton”. The lever arm formed bony bridges that link interverte-
bral bodies, which increases the risk of fracture after minor
trauma in patients with DISH”. Spinal fractures often cause
irreversible spinal cord injury or death with increasing
age™. In spinal fractures associated with DISH, the lever

arm is a factor in the fracture, but to date, no drugs have
been developed that can inhibit bone cross-linking. Further-
more, results from several studies suggest that bone mineral
density (BMD) is comparable or higher in patients with
DISH than in those without DISH and healthy subjects™".
By contrast, low BMD increases the risk of spinal fractures
in DISH". Another study, which utilized quantitative evalu-
ation with computed tomography (CT) to examine the con-
nection between fractures and BMD in males with DISH,
found that BMD was 25% lower in patients with DISH and
concomitant fractures than in those with DISH but without
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45,692 patients who had visited the department of orthopedic surgery
in Shimizu Hospital from April 1, 2008 to March 31, 2019

v

| 197 male were tested for BMD by DXA I

l

| CT scans of the thoracic to lumbar vertebrae and pelvis were acquired from 183 |

Exclusion criteria
1. History of hyperparathyroidism
2. Rheumatic patients

3. Steroid use
4. Drug treatment for osteoporosis
5. Bedridden patients

I 166 patients who did not meet the exclusion criteria |

l

I 93 patients was diagnosed with DISH in Resnick’ criteria |

/\

I 43 patients (T score < -1)

” 50 patients (T score > -1) |

I

| 36 patients were collected bone metabolic markers in low BMD patients in DISH |

Figure 1.

Flow chart showing patient selection and inclusion and exclusion criteria.

DISH, diffuse idiopathic skeletal hyperostosis; BMD, bone mineral density; CT, computed

tomography; DXA, dual-energy X-ray absorptiometry

vertebral fractures'. Hence, in low BMD patients with
DISH, it is important to understand bone metabolism and
whether osteoporosis treatment is needed for fracture pre-
vention. In the present study, the low bone density popula-
tion with DISH was investigated for characteristics and bone
metabolism.

Materials and Methods

Study design

This was a cross-sectional study conducted between April
1, 2008, and March 31, 2019. Among patients who visited
the Department of Orthopedic Surgery at Shizuoka City
Shimizu Hospital, BMD was evaluated via dual-energy X-
ray absorptiometry (GE Medical Systems Lunar, GE Health-
care, Chicago, IL, USA) in 197 male patients, and scans of
the thoracic and lumbar vertebrae and pelvis were acquired
via CT (Discovery CT 750HD, GE Healthcare, Chicago, IL,
USA) in 183 male patients. A total of 166 male patients
without a history of hyperparathyroidism or rheumatism,
steroid usage, and pharmacological treatment for osteoporo-
sis were identified through the review of medical records,
in-person interviews performed during examinations, and
telephone interviews. Among these 166 patients, 120 were
diagnosed with DISH according to Resnick’s criteria'”. After
the exclusion of patients with sacroiliac joint ankylosis
based on pelvic CT scans, there were 93 patients with
DISH. Of these, 43 patients had a T-score of <—1. In the

present study, 36 patients with available data on clinical data
and bone metabolism markers comprised Group A and 50
patients with a T-score of >—1 comprised Group B (Fig. 1).
Bone metabolic markers were evaluated in patients in Group
A.

The study’s protocol was reviewed and approved by the
Institutional Review Board of the Shizuoka City Shimizu
Hospital (approval number: 44, Date: December 7, 2018),
and informed consent was obtained from all individual par-
ticipants included in the study. All procedures were con-
ducted according to the Declaration of Helsinki.

Data collection

The medical records were used to collect data on the fol-
lowing parameters: age; body weight; maximum number of
vertebral bodies with bony bridges between adjacent verte-
brae (max VB); levels of calcium, phosphate, tartrate-
resistant acid phosphatase 5b (TRACP-5b), total type I pro-
collagen propeptide  (P1NP), 1,25-
dihydroxyvitamin D; (1,25(OH).Ds); estimated glomerular
filtration rate (eGFR); proximal femur BMD (including the
neck, head, Ward’s triangle, and greater trochanter); and in-
formation on preexisting diseases and smoking at initial ad-
mission. Bone metabolic markers in patients with fractures
were collected within 7 days from the date of injury. max
VB was calculated using measurements between the thoracic
vertebra and sacrum and on the basis of consultation among
three orthopedic surgeons. Medical conditions, including the
presence of hypertension, malignant tumors, diabetes melli-

N-terminal and
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Table 1.
ment for Confounding Factors.
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Characteristics of T-score<s—1 and T-score>—1 Group with DISH before Adjust-

T-score<—1 T-score>—1 Pvalue Reference interval
Number 36 50
Age 82.6+8 75.9+8.3 <0.05%*
Body weight (kg) 57.6£8.5 66+10.9 <0.01%**
max VB 8.9+4 5.4+4.7 n.s. 0-18
Proximal femur BMD (g/cm?) 0.7+0.1 1+0.1 <0.01%*
T-score -2+0.9 0.6+0.9 <0.01%#%*
Z-score -0.02+1.3 3.1x2 <0.01%**
Total PINP (ug/L) 73.4+38.1 n.d. n.d. 18.1-74
TRACP-5b (mU/dL) 542.8+165.1 n.d. n.d. 170-590
1,25(0OH):D; (pg/mL) 54.8+26.1 n.d. n.d. 20-60
Ca (mg/dL) 9+0.5 n.d. n.d. 8.4-10.2
P (mg/dL) 3.3+0.5 n.d. n.d. 2.5-4.5
eGFR (mL/min/1.73 m?) 59+25.1 n.d. n.d.
Hypertension 25 31 n.s.
DM 6 15 n.s.
Malignant tumor 8 6 n.s.
Cardiac diseases 8 n.s.
CRF 3 n.s.
Spinal fractures 14 1 <0.01%#%*
Smoking at initial admission 10 16 n.s.

*P<0.05, ¥**P<0.01

1,25(0OH)2D3, 1,25-dihydroxyvitamin D3; BMD, bone mineral density; Ca, calcium; CRF, chronic renal fail-

ure; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; max VB, maximum number of verte-

bral bodies with bony bridges between adjacent vertebrae; n.s., not significant; P, phosphate; P/NP, total type

I procollagen N-terminal propeptide; TRACP-5b, tartrate-resistant acid phosphatase 5b

tus, cardiac diseases, chronic renal failure, and spinal frac-
tures that could affect BMD, were also investigated.

Data evaluation

Before adjustment for confounding factors, age, body
weight, max VB, BMD-related parameters, and rates of pre-
existing diseases were compared between Groups A and B.
Additionally, age, body weight, eGFR, preexisting condi-
tions, smoking at initial admission, and presence of spinal
fractures were adjusted as confounding factors for regression
analysis. After adjustment for confounding factors, age and
body weight were compared between Groups A and B. In
Group A, dichotomized by T-score<—2.5 (osteoporosis
group) and —2.5<T-score<—1 (osteopenia group) or dichoto-
mized by a history of fracture and no history of fracture,
age, body weight, max VB, levels of Ca, P, TRACP-5b, total
PINP, and 1,25(OH).Ds; were compared. Finally, correlation
analyses were performed after adjustment for confounding
factors. Specifically, the correlation of max VB with proxi-
mal femur BMD and levels of total PINP, TRACP-5b, 1,25
(OH).D;, calcium, and phosphate were examined. Addition-
ally, the correlation of total PINP with TRACP-5b, 1,25
(OH).Ds, calcium, and phosphate were examined after ad-
justment for confounding factors.
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Statistical analysis

All data were presented as means (+standard deviations)
or numbers, and SPSS Statistics version 26 (IBM, Armonk,
NY, USA) and the statistical software R-4.0.3 (Index of/src/
base/R-4 (r-project.org)) were used for all statistical analy-
ses. Nonparametric analysis of variance with the Mann-
Whitney U and chi-square tests were used to compare be-
tween Groups A and B, osteoporosis and osteopenia groups,
and history of fracture or no history of fracture group. Re-
gression analysis and multiple linear regression analysis
were used to evaluate correlations among parameters. P-
values of <0.05 were considered to indicate statistical sig-
nificance.

Results

Table 1 shows the characteristics of 36 patients (Group A:
T-score<—1) and 50 patients (Group B: T-score>—1) in
DISH. Briefly, before adjustment, Group A was significantly
older and had a significantly lower body weight and experi-
enced more spinal fracture than Group B. After the adjust-
ment for confounding factors, the comparison of the patients
with DISH between the two groups revealed that the body
weight was lower in Group A than in Group B (Table 2).
By contrast, age was not significantly different between the



dx.doi.org/10.22603/ss11.2021-0149

Spine Surg Relat Res 2022; 6(5): 526-532

Table 2. Comparison of Weight between T-score<—1 and T-score>—1 Group

in DISH after Adjustment for Confounding Factors.

Beta 95% Cllow  95% Cl high P value
T score<—1 group in DISH -6.94 -12.5 -1.42 <0.01%#*
max VB 0.055 -0.6 0.71 0.867
Hypertension -1.47 —6.45 3.51 0.558
Malignant tumors 1.73 -4.62 8.07 0.59
DM -1.17 —6.6 4.25 0.667
CRF 2.31 -7.63 12.3 0.645
Cardiac diseases —4.85 -11.2 1.5 0.132
Spinal fractures -5.27 -13 2.44 0.178
Smoking at initial admission -1.94 -7.28 3.39 0.47

*P<0.05, **P<0.01

ClI, confidence interval; CRF, chronic renal failure; DM, diabetes mellitus; max VB, maximum

number of vertebral bodies with bony bridges between adjacent vertebrae

Table 3. Comparison with Osteoporosis and Osteopenia Patients with DISH.

Osteoporosis group

Osteopenia group

(T-score<—2.5) (=2.5<T-scores—1) Pvalue Reference interval
Number 8 28
Age 84.1£7.6 82.3+8.1 n.s.
Body weight (kg) 54.2+8.6 58.6+8.2 n.s.
max VB 10.8+1.6 8.3+4.3 <0.05* 0-18
Proximal femur BMD (g/cm?) 0.5+£0.05 0.75+0.06 <0.01%**
T-score -3.3+£0.3 0.33+1.2 <0.01**
Z-score -1.3+0.9 0.33%1.2 <0.01**
Total PINP (ug/L) 99.8+38.4 65.8+34.6 <0.05* 18.1-74
TRACP-5b (mU/dL) 571.8+170.6 534.6+162.7 n.s. 170-590
1,25(0H):Ds (pg/mL) 34.7£9.9 60+26.5 <0.01** 20-60
Ca (mg/dL) 8.8+0.5 9+0.5 n.s. 8.4-10.2
P (mg/dL) 3.5+0.5 3.3+0.5 n.s. 2.5-4.5

*P<0.05, **P<0.01

1,25(0OH)2D3, 1,25-dihydroxyvitamin D3; BMD, bone mineral density; Ca, calcium; max VB, maximum number of vertebral

bodies with bony bridges between adjacent vertebrae; n.s., not significant; P, phosphate; PINP, total type I procollagen N-ter-

minal propeptide; TRACP-5b, tartrate-resistant acid phosphatase Sb

two groups after adjustment. In Group A, a comparison be-
tween osteopenia and osteoporosis groups showed that max
VB and total PINP were higher and 1,25(OH).D; was lower
in the osteoporosis group (Table 3). When comparing frac-
ture and nonfracture groups, max VB and PINP were also
significantly higher and 1,25(OH).D; significantly
lower. Nevertheless, there was no significant difference in
femur proximal BMD between the two groups (Table 4).
The association of max VB with bone metabolic markers

was

indicated that max VB was significantly correlated with total
PINP (Table 5). By contrast, significant associations were
not observed between max VB and other markers. Total P1
NP had a significant and positive correlation with TRACP-
5b and a marginally negative, albeit statistically not signifi-
cant, correlation with 1,25(OH).D; (Table 6). Nevertheless,
total PINP was not significantly correlated with calcium or
phosphate.

Discussion

Patients with DISH in this study were approximately 80
years old, and because of their advanced age and age-related
changes, their bone density decreased. In the results compar-
ing the two groups, dichotomized by T-score, patients in
Group B were significantly heavier than those in Group A,
although the study population was limited to males and
those with rare diseases that affect BMD were excluded be-
fore adjustment and the data were further adjusted for con-
founding factors that affect BMD. There have been several
reports on the relationship between body weight and bone
density, and generally, the heavier the body weight, the
greater the bone density'™'”. Also, reportedly, DISH patients
are heavier partly because of metabolic abnormalities such
as the presence of type II diabetes'”. Growth hormone, insu-
lin, or insulin-like growth factor was present in DISH, and
they target the chondrocytes and mesenchymal cells in the
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Table 4. Comparison with Spinal Fracture Group and No Spinal Fracture Group in Group A.

Spinal fracture group  No spinal fracture group P value  Reference interval
Number 14 22
Age 81.8+8.6 84+6.7 n.s.
Body weight (kg) 59.3+8.6 55+7.4 n.s.
max VB 7.2+3.5 11.4+3.4 <0.05* 0-18
Proximal femur BMD (g/cm?) 0.7+0.1 0.68+0.13 n.s.
T-score -1.9+0.9 -2+0.9 n.s.
Z-score -0.3£0.7 0.5+1.7 n.s.
Total PINP (ug/L) 71.2+42.1 76.9+30.6 <0.05%* 18.1-74
TRACP-5b (mU/dL) 535.1£140.2 555+197.6 n.s. 170-590
1,25(0OH)2D; (pg/mL) 59.3+25.9 48.4+25.2 <0.01%* 20-60
Ca (mg/dL) 9+0.5 9+0.4 n.s. 8.4-10.2
P (mg/dL) 3.4+0.5 3.3+x0.5 n.s. 2.5-4.5

*P<0.05, **#P<0.01

1,25(0OH)2D3, 1,25-dihydroxyvitamin D3; BMD, bone mineral density; Ca, calcium; max VB, maximum number of vertebral bodies

with bony bridges between adjacent vertebrae; n.s., not significant; P, phosphate; PINP, total type I procollagen N-terminal propep-

tide; TRACP-5b, tartrate-resistant acid phosphatase Sb

Table 5. Correlation of max VB with Bone Metabolic Markers after Adjust-

ing for Confounding Factors.

Beta 95% Cllow  95% Clhigh P value
PINP 4.2 0.22 8.2 <0.05*
Age 1.1 -0.7 2.9 0.2
Weight 0.26 -1.5 2 0.8
eGFR -0.06 -0.57 0.45 0.8
Hypertension -10 -38 18 0.5
Malignant tumors -12 —43 20 0.4
DM 11 =23 45 0.5
Cardiac diseases 14 -16 45 0.3
Spinal fractures -19 =50 11 0.2
Smoking at initial admission 23 -11 57 0.2

*P<0.05, ¥*P<0.01

CI, confidence interval; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; max

VB, maximum number of vertebral bodies with bony bridges between adjacent vertebrae;

PINP, total type I procollagen N-terminal propeptide

uncalcified portion of the enthesis; proliferation of these cell
types results in new bone formation'”. One of the reasons
for the inconsistent results in the past reports of high or no
change in bone density in DISH is that weight is not in-
cluded as a confounding factor™'”. In this study, the mean Z-
score for Group A was 0.02, which is appropriate for age,
whereas the mean for Group B was 3.1, which is high.
There has been little debate regarding whether a group of
DISH patients with T-score<—1 need osteoporosis treatment
just because they are age-appropriate. When the osteopenia
and osteoporosis groups were compared, only eight patients
had osteoporosis and most of them had osteopenia'. This
difference in BMD between the two groups was attributable
to the difference in max VB, as reported in a previous paper.
The osteopenia group had a higher BMD because of a
smaller max VB, and the osteoporosis group had a smaller
BMD because of a larger max VB.
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Nonetheless, given that DISH patients with lower bone
density have a higher risk of fracture, understanding the
bone metabolism in DISH may help to determine whether
osteoporosis treatment is necessary.

There are several reports on bone metabolism markers in
DISH, but there is still no consensus'***”. In discussing
bone metabolism in DISH, factors that affect bone metabo-
lism markers must be excluded. The assumption is that con-
founding factors affecting bone metabolic markers should be
eliminated. Age, renal function, history of hyperparathyroid-
ism, rheumatism, and history of steroid and osteoporosis
medication use have been reported as factors affecting PINP
and TRACP-5b™?". Thus, in the present study, we excluded
patients fulfilling these criteria on the basis of the review of
medical records and subsequent telephone interviews. Bone
metabolic markers have also been reported to fluctuate after
fracture, not increasing until 1 week after fracture but re-
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Table 6. Correlation of PINP with Bone Metabolic Markers after Adjustment for Confounding Factors.

TRACP-5b 1,25(0OH);D;
Beta 95% Cllow  95% Clhigh P value Beta 95% Cllow  95% Cl high P value
PINP 22 0.65 3.8 <0.01**  -0.25 -0.52 0.01 0.06
Age -0.55 -8.3 7.2 0.9 0.81 -0.48 2.1 0.2
Weight -7.3 -15 0.04 0.051 0.36 -0.87 1.6 0.5
eGFR —-0.05 22 2.1 >0.9 0.01 -0.4 0.42 >0.9
Hypertension -36 -155 82 0.5 -12 -33 9.5 0.3
Malignant tumors —48 -179 84 0.5 16 —6.6 38 0.2
DM 84 -59 227 0.2 -8.2 =32 16 0.5
Cardiac diseases —46 —-175 83 0.5 -8.1 =30 14 0.5
Spinal fractures -6.8 -119 105 >0.9 =73 =27 12 0.4
Smoking at initial admission -104 -245 37 0.14 =20 —45 52 0.11

*P<0.05, ** P<0.01

1,25(0OH)2D3, 1,25-dihydroxyvitamin D3; CI, confidence interval; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; PINP, total type I pro-

collagen N-terminal propeptide; TRACP-5b, tartrate-resistant acid phosphatase 5Sb

maining elevated up to 1 year thereafter”””. Information on
bone metabolic markers was collected during the initial ex-
amination of patients with DISH within 7 days from the
date of fracture, indicating that these data were collected
during the inflammatory phase of fracture healing. We be-
lieve that any effects of changes in bone metabolic markers
after fracture on the results were minimal for two reasons.
First, the samples were collected before the elevation of
bone metabolism markers. Second, the presence of spinal
fractures was considered to be a confounding factor in our
analyses. The mean value of PINP in Group A was slightly
high, but the individual values varied. This made it difficult
to interpret DISH in terms of bone metabolism. One of the
reasons may be that DISH is defined as a single population
with few to many bone cross-links regardless of the number
of cross-links'”
to result from ectopic ossification, in which the anterolateral
ligament between adjacent vertebrae becomes an osteo-
phyte®™. Several mechanisms, including the involvement of
mesenchymal and osteoblastic progenitor cells, have been
proposed for ectopic ossification®
basic studies, one hypothesis is that the number of bony
cross-links may affect osteoblastic performance. Thus, we
thought that max VB could be an index for bone formation,
and this index was adopted in this study. In the result, multi-
ple linear regression analysis revealed that max VB was sig-
nificantly correlated with PINP, suggesting that high max
VB might indicate a stronger degree of ossification. The
mean value of TRACP-5b was also within the normal range,
and there was no excessive bone resorption. Although
TRACP-5b did not correlate with max VB, PINP was also
in turn correlated with increased TRACP-5b levels, indicat-
ing compensatory bone resorption occurs with bone forma-
tion and good bone metabolic turnover. There was no sig-
nificant difference in femur BMD when compared between
groups with and without a history of spinal fracture, and
max VB was significantly greater in the fracture group, indi-
cating that lever arm instead of low BMD is the main cause

. The formation of bony bridges is suggested

. From these clinical and

of fracture risk in DISH. Thus, the use of osteoporosis drugs
for fracture prevention should be used with full considera-
tion of their disadvantages. The use of bone resorption in-
hibitors, such as bisphosphonate, in patients who do not
have excessively high bone resorption markers may not be
appropriate given the risk of atypical femoral fractures. In-
creasing bone density by increasing bone formation is one
way to do this; nevertheless, Hamano et al. reported that the
intermittent administration of teriparatide in twy mice had a
strong effect on the trabecular bone; the treatment not only
increased the amount of trabecular bone but also improved
the trabecular structure. By contrast, because of its potent
osteogenic effect, teriparatide might augment osteogenic le-
sions, such as ectopic ossification and spinal ankylosis™.
Thus, we did not feel the need for administering aggressive
osteoporosis treatment to patients with DISH.

The retrospective study design and small sample size are
major limitations of the present study. Only bedridden pa-
tients were barred from activity, which was not thoroughly
investigated. The effect of the number of second and third
longest continuous vertebral bone bridges was not consid-
ered. Additionally, this study does not represent all patients
with DISH because it was conducted in the normal course
of care and bone metabolism markers were measured in pa-
tients with osteopenia or osteoporosis with T-score<—1.
Thus, prospective studies with larger sample sizes should be
performed to corroborate the findings of the present study.

BMD of DISH patients was divided into two groups ac-
cording to their T-scores, and the DISH group with T-score
<-1 was age-appropriate. Conversely, the group with T-score
>1 tended to have higher BMD than their age, which was
because of their higher body weight. Although low bone
density is a risk factor for spine fracture, the T-score<—1
group has good bone metabolism and may not require ag-
gressive osteoporosis treatment.
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