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ABSTRACT Osteoporosis is a common metabolic bone disease characterized by decreases in bone mass and density. In the
adult bone marrow, osteoblasts and adipocytes share a common precursor called mesenchymal stem cells. The

plasticity between osteoblasts and adipocytes has important implications in the etiology of bone diseases such as osteoporosis. The
pathological conditions linked to osteoporosis can change the bone marrow microenvironment and shift the mesenchymal stem cells fate
to favor adipocytes over osteoblasts, and consequently decrease bone mass. A cross-sectional study was conducted in 150 patients (124
females & 26 males) to assess the bone marrow profile in osteoporotic patients, who were diagnosed using Dual Energy X-ray
Absorptiometry (DEXA). The study was conducted in the Department of Physical Medicine & Rehabilitation, Regional Institute of Medical
Sciences, Imphal, India from February 2015 to March 2016.The study showed that the osteoporotic patients have hypocellular bone marrow.
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INTRODUCTION

Osteoporosis isacommon metabolic bone disease characterized by
decreases in bone mass and density and degradation of the bone
microstructure, resulting in fragile bones that are prone to fracture.
This processis the same for primary and secondary osteoporosis [1].
With an aging population, the incidence of osteoporosis is
increasing each year. Osteoporosis causes a higher incidence of
fractures, mortality, and morbidity, and is a serious threat to the
quality of life ofaging individuals [2].

Formation of bone tissue in the embryo and maintenance of bone
homeostasis in the adult are largely due to the activity of bone
marrow (BM) stem cells called mesenchymal stem cells (MSCs). The
dysfunction MSCs may give rise to bone diseases such as
osteoporosis [3]. As both osteoblasts and adipocytes originate from
MSCs, it is likely that predisposition of bone marrow MSCs to
adipocyte lineage at the expense of osteoblasts is a contributing
factor to the decreased bone mass. A growing body of evidence has
confirmed the reciprocal relationship between these two lineages
bothinvivoandin vitro [4-6].

A differentiation pathway of BMMSCs involves the progression from
osteogenic cells into pre-osteoblasts and finally into osteoblasts.
Once the osteoblast has formed, it can secrete several extracellular
matrix proteins to control the mineralization of bone matrix.
Therefore, the occurrence, proliferation, differentiation, and
maturation of osteoblasts are closely related to the normal growth
and development of bones, and if any one of these processes is
inhibited, a bone growth disorder results. The occurrence of
osteoporosis has a direct relationship with an increase in bone
resorption and a decrease in bone formation [7].

Physiological BM provides a suitable microenvironment for
osteogenesis and the maintenance of bone homeostasis [8].
However, with advanced age, estrogen deficiency, chronic
glucocorticoid treatment, and decreased mechanical load, BM
microenvironment changes significantly thus providing signals that
not only repress osteogenesis, but also favor adipocyte

differentiation and formation [9].

World Health Organization (WHO) classify bone mineral density
(BMD) using Dual Energy X-ray Absorptiometry (DXA) as normal -1.0
and above, osteopenia -1.0 to -2.5, osteoporosis < -2.5 and severe
osteoporosis <-2.5withfracture.

The objective of this study was to find the bone marrow activity in
osteoporotic patients.

MATERIALS & METHODS

This study was a prospective cross-sectional study done on one
hundred and fifty osteoporotic patients presenting to Department
of Physical Medicine & Rehabilitation, Regional Institute of Medical
Sciences, Imphal between February 2015 & March 2016. Approval
from Institutional Ethics Committee and written informed consent
was taken from all the patients participating in study.

Bone mineral density (BMD) of the patients was measured using
Dual Energy X-Ray Absorptiometry (DXA) scan and T-Score was used
forthe diagnosis of osteoporosis.

Those patients who were willing to sign the informed consent form,
age45yearandabove, and with T-score of <-2.5 were included.

Those patients with T-score -2.5 and more were excluded.

Data analysis was done using Statistical Package for Social Sciences
(SPSS) version 21. For descriptive statistics, mean, standard
deviationand percentage were used.

RESULTS & OBSERVATIONS

There were a total of 150 patients included in this study. The mean
age of the patients was 67.10 + 9.50 years. Among 150 patients, 26
(17.3%) were males and 124 (82.7%) were females. The youngest
was45 yearand the oldest 95 yearold.

The meanT-score of L,was-2.501+0.390, L,was -3.641+0.751,L,was
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-2.658+0.214, L, was -3.667+0.859, L,L, was -2.595+0.008, dual
femur neck left -3.522+0.811, dual femur neck right -3.507+0.767,
dual femur total left -3.537+0.749 and dual femur total right -
3.483+0.670.(Table 1)

Table 1.MeanT-Score

Site | L, L L, L, |L,L, |Dual|Dual | Dual | Dual
femur|femur|{femur|femur|
neck | neck | total | total

left |right| left |right

Mean|-2.991(-3.641/-2.658]-3.667|-2.595|-3.522|-3.507|-3.537|-3.483
(SD) {(0.390(0.751((0.214(0.859](0.008(0.811{(0.767(0.749)((0.670

) ) ) ) ) ) ) )

The consistency of bone as denoted by resistance during the bone
marrow biopsy were normal in 45 (30%) patients, soft in 102(68%)
and hard in 3(2%) only. It was normocellular in 14(9.3%),
hypocellular in 105(70%) and hypercellular in 31(20.7%) patients.
Predominently micronormoblast in 15(10%), followed by
normoblastin 124(82.7%) and megaloblastin 11(7.3%).(Table 2)

Table 2: Descriptive analysis of bone marrow

Consistency Cellularity Erythropoeisis
N (%) N (%) N (%)

Normal| 45(30) [Normocell| 14(9.3) | Predominently | 15(10)
ular Micronormoblast

Soft |102(68) |Hypocellul[ 105(70)| Predominently |124(82.7)
ar Normoblast

Hard 3(20 |Hypercellu|31(20.7)| Predominently | 11(7.3)
lar Megaloblast

The leucopoiesis of the bone marrow showed that promyelocyte
was low in 49(32.7%), normal in 86(57.3%) and high in 15(10%) of
the patients. Myelocyte was normal in 94(62.7%), high in 56(37.3%)
and none with low. Metamyelocyte was normal in 86(58.7%), high in
62(41.3%) and the patient with low metamyelocyte was nil.
Neutrophiland band forms were low in 4(2.7%), normal in 65(43.3%)
and high in 81(54%). Lymphocyte was low in 40(26.7%), normal in
98(65.3%) and high in 12(8%). Blastocyte was low in 125(83.3%) and
normal in 25(16.7%) patients. Eosinophil was normal in 126(84%),
high in 24(16%) and there was none with low count of
eosinophil(Table 3).

Table 3: Descriptive analysis of leucopoiesis
Rang|Promye| Myeloc| Meta- | Neutro | Lymph [Blastocy|Eosino,

e |locyte| yte |[Myeloc| phil | ocyte te phil
N (%) [ N(%) | yte [ N(%) | N(%) | N(%) [N (%)

N (%)
Low |49(32.7) O 0 4(2.7) 40(26.7)[125(83.3) 0

Norm|86(57.3)|94(62.7)(86(58.7)[65(43.3)|98(65.3)| 25(16.7) |126(84),
al

High | 15(10) |56(37.3)[62(41.3)| 81(54) | 12(8) 0

24(16)

Megakaryopoiesis was adequate in all 150(100%) patients and
myloid:erythroid ratio was within the normal range (normal 2:1-4:1)
inallthe patients (Table 4).

Table 4: Megakaryopoiesis and Myloid:Erythroid ratio

Megakaryopoiesis N (%) Myloid:Erythroid Ratio N (%)

Reduced 0 Normal 150(100)
Adequate 150 (100) | Erythroid Hyperplasia 0
Hyperplasia 0 Myloid Hyperplasia 0

Plasma cells were normal (0-2%) in 119 (79.3%) and increased in 31 (
20.7%) patients and there were no abnormal cells like malignant
cells for lymphoma etc. and other cells like acid fast bacilli and fungi
innone of the patients (Table 5).

Table 5: Plasma cells, Abnormal cells, Other cells

Plasma Cells Abnormal Cells Other Cells
N (%) N (%) N (%)
Normal | 119(79.3) | Absent | 150(100) | Absent | 150(100)
Increased| 31(20.7) | Present 0 Present 0
DISCUSSION

Osteoporosis is a common metabolic disorder. It commonly affects
the elderly, especially post-menopausal women. It is a disease in
which both organic and inorganic components of bone are
deficient, resulting in a decrease in the total bone mass. The
osteoporosis may be symptomless and may be found only by
chance. Hence, it may remain largely symptomatic until the
occurrence of a catastrophic event, like a fracture of vertebra, hip or
othersite.

Although osteoporosis is not traditionally considered a disease of
vascular origin, recent reports provide indirect evidence of a link
between vascular disease and low BMD. For example, BaggerYZ et al
[10]in their study on the radiographic measure of aorta calcification
found that aorta calcification is an independent predictor of
proximal femoral osteoporosis. And Laroche M et al [11] also found
that the peripheral vascular disease is independently associated
with reduced femoral neck BMD.

Recent studies have expanded the understanding of the function of
BM adipose tissue as an endocrine organ capable of secreting
different factors to regulate bone metabolism. In a study done by
Dong X et al [12] showed that osteoblastic differentiation in vitro is
inhibited in adipocyte-conditioned media or when co-cultured
with adipocytes indicating the negative effect of adipocyte-
secreted factors on osteoblastogenesis.

Yeung DK et al [9] in their study on 53 women to evaluate vertebral
fat content, and to determine whether bone density correlates with
fat contentin postmenopausal women found that excessive fat was
found in osteoporotic BM.

Wang C et al [13] in their review on the differentiation of bone
marrow mesenchymal stem cells concluded that although
osteoporosis has a variety of causes, the most basic and direct
mechanism is decreased osteogenic differentiation and increased
adipogenic differentiation in the bone marrow. With age, the
microenvironment in the bone marrow cavity changes, increasing
the number of fat cells and inhibiting bone formation. During this
process, adipose tissue gradually replaces bone tissue, leading to
osteoporosis.

The fat content or adipogenesis is reflected by hypocellularity in the
bone marrow.The adipocyte proportion of bone marrow is inversely
related to bone formation in osteoporosis.[14]

CONCLUSION

The study shows predominantly normoblast in 82.7% (124) and
hypocellular in 70% (105) of the patients respectively. The
leucopoiesis shows promyelocyte in 57.3% (86), myelocyte in 62.7%
(94), metamyelocyte in 58.7% (86), lymphocyte in 65.3% (98) and
eosinopjil in 84% (126) and all were within normal range, whereas
neutrophil was high in 54% (81) and low blastocyte in 83.3% (125).
The study also shows adequate megakaryopoiesis and normal
myloid:erythroid ratio in all the patients. Plasma cells were within
the normal range in 79.3% (119) and increased in 20.7% (31). There
were no any abnormal cell like malignant cells for lymphoma etc
and other cellslike acid fast bacilliand fungiin none of the patients.

REFERENCES

1. Raisz, LG. (2005). Pathogenesis of osteoporosis: Concepts, conflicts, and prospects. Journal of Clinical
Investigations, 115,3318-3325.

2. Cole, ZA., Dennison, EM., Cooper, C. (2008). Osteoporosis epidemiology update. Current
Rheumatology Report, 10,92-96.
Li, J., Liu, X., Zuo, B,, Zhang, L. (2016). The role of bone marrow microenvironment in governing the
balance between osteoblastogenesis and adipogenesis. Aging and disease, 7,514-525.

4. Bennett, JH., Joyner, CJ., Triffit, JT,, Owen, ME. Adipocytic cells cultured from marrow have osteogenic
potential. Journal of Cell Science, 99, 131-9.

5. Beresford, JN., Bennett, JH., Devlin, C, Leboy, PS., Owen, ME. (1992). Evidence for an inverse
relationship between the differentiation of adipocytic and osteogenic cells in rat marrow stromal cell

114 %= GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS



F:4.547 | IC Value 80.26 NE-2017 « ISSN No 2277

cultures. Journal of Cell Science, 102,341-51.

6. Muruganandan, S., Roman, AA,, Sinal, CJ. (2009). Adipocyte differentiation of bone marrow-derived
mesenchymal stem cells: Cross talk with the osteoblastogenic program. Cellular and Molecular Life
Sciences, 66, 236-253.

7. Boufker, H., Lagneaux, L., Najar, M. (2010). The Srcinhibitor dasatinib acceler-ates the differentiation of
human bone marrow-derived mesenchymal stro-mal cells into osteoblasts. BMC Cancer, 10,298.

8. Stein, GS., Lian, JB. (1993). Molecular mechanisms mediating proliferation/differentiation
interrelationships during progressive development of the osteoblast phenotype. Endocrine Review,
14,424-442.

9. Yeung, DK, Griffith, JF,, Antonio, GE., Lee, FK., Woo, J., Leung, PC. (2005). Osteoporosis is associated with
increased marrow fat content and decreased marrow fat unsaturation: A proton MR spectroscopy
study. Journal of Magnetic Resonance Imaging, 22, 279-285.

10.  Bagger, YZ, Tanko, LB,, Alexandersen, P, Qin, G., Christiansen, C. (2006). Prospective Epidemiological
Risk Factors Study Group: Radiographic measure of aorta calcification is a site-specific predictor of
bonelossand fracture risk at the hip. Journal of Internal Medicine, 259, 598-605.

11.  Laroche, M., Moulinier, L., Leger, P, Lefebvre, D., Mazieres, B, Boccalon, H. (2003). Bone mineral
decrease in the leg with unilateral chronic occlusive arterial disease. Clinical and Experimental
Rheumatology, 21,103-106.

12.  Dong, X, Bi, L, He, S., Meng, G., Wei, B,, Jia, S. (2014). FFAs-ROS-ERK/P38 pathway plays a key role in
adipocyte lipotoxicity on ostoeblastsin co-culture. Biochimie, 101, 123-31.

13. Wang, C, Meng, H,, Wang, X., Zhao, C, Peng, J., Wang, Y. (2016). Differentiation of Bone Marrow
Mesenchymal Stem Cells in Osteoblasts and Adipocytes and its Role in Treatment of Osteoporosis.
Medical Science Monitor, 22,226-233.

14.  Verma, S., Rajaratnam, JH,, Denton, J., Hoyland, JA,, Byers, RJ. (2002). Adipocytic proportion of bone
marrow is inversely related to bone formation in osteoporosis. Journal of Clinical Pathology, 55,
693-698.

GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS = 115



	Page 1
	Page 2
	Page 3

