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Expert consensus about the current application of bone histomorphometry
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Abstract: As a quantitative research technique of bone microstructure and bone mass bone histomorphometry ( BHMT) has been
proposed by Harold Frost an American orthopedic surgeon in 1960. For better preservation of bone microstructure undecalcified
embedding and fluorescent labeling in vivo are used to make bone tissue samples for BHMT. More than fifty-year application has
proved that BHMT is not only the most common and effective method used for the evaluation of bone turnover and bone
mineralization but also the golden standard for the evaluation of bone metabolism and mineralization. There are two common bone
histomorphometry methods. One is proposed by Harold Frost and Webster S.S. Jee a professor from the Department of Radiation
Biology the Medical College of Utah University and Sun Valley Hard Tissue Workshops ( abbreviated as BHMT nomenclature
system) . Another method is developed by the American Society for Bone and Mineral Research ( ASBMR) based on a set of
stereological techniques for bone microarchitecture measurement which was created by Dr. Parfitt in 1980. Both nomenclature
systems have their own parameters and focus and are widely used. It needs to choose the most appropriate system according to the
particular circumstances. In this paper we discuss the similarities and differences between the two bone histomorphometry methods
and introduce their main application.
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1 ( )

Table 1 Comparison of measurement parameters ( static parameter) of the cancellous bone

Dr. Frost and Jee ASBMR
3D 2D

Total tissue area T. Ar mm> Bone volume® BV B. Ar mm?
Trabecular area Th. Ar mm? Bone surface” BS B. Pm mm
Trabecular perimeter Th. Pm mm Bone interface® BI B. Bd mm

Trabecular diameter Th. Dm —k
Trabecular thickness® Th. Th Th. Wi mcm

ta 2D ;b 2D ;e ;(54) =2(BS/BV) ;d ;(58) =4(BS/BV);e 2D

2 ( )

Table 2 Comparison of measurement parameters ( dynamic parameter) of the cancellous bone

Dr. Frost and Jee ASBMR
3D 2D

Single labeled perimeter sL. Pm mm Singledabeled surface’ sLS sL. Pm mm
Double labeled perimeter dL.Pm mm Doubledabeled surface dLS dL. Pm mm
Interlabeled width  Ir. L. Wi~ pm Label thickness L. Th L. Wi mem
Osteoblast number Ob. No. No. Osteoblast number — N. Ob /mm
Osteoblast surface Ob. S mm Osteoblast surface Ob. S Ob. Pm mm
Osteoclast number Oc. No. No. Osteoclast number — N. Oc /mm?
Osteoclast surface Oc. S mm Ostroclast surface Oc. S Oc. Pm mm
Trabecular wall width ~ W. Wi mm Wall thickness W. Th W. Wi mem
Eroded perimeter Er. Pm mm Eroded surface ES E. Pm mm
Osteoid perimeter 0S mm Osteoid surface 0S 0. Pm mm

2 ( )

Table 2 Comparison of measurement parameters ( dynamic parameter) of cancellous bone

Dr. Frost and Jee ASBMR
3D 2D
Osteoid width 0. Wi pm Osteoid thickness 0. Th 0. Wi mem
Osteoid area 0. Ar mm? Osteoid volume ov 0. Ar mm?
Mineralized volume Md. V Md. Ar mm?
Void volume Vd. v Vd. Ar mm?
Fibrosis volume Fb. v Fb. Ar mm?
Canal volume?® Ca. V Ca. Ar mm®
Cell volume? " Ce. V Ce. Ar mm?
Nuclear volume' " Ne. V Nec. Ar mm?
Cytoplasmic volume® | Cy. V Cy. Ar mm?
Quiescent surface’ Qs Q. Pm mm

2 ( )

Table 2 Comparison of measurement parameters ( dynamic parameter) of cancellous bone

Dr. Frost and Jee ASBMR
3D 2D

Mineralized surface® Md. S Md. Pm mm

Mineralized thickness Md. Th Md. Wi mem

Interstitial thickness It. Th It. Wi mem
Reversal surface' Rv.S Rv. Pm
Erosion depth E. De —k
Nuclear height™ Ne. Ht —k
Cell height" Ce. ht —k
Canal radius Ca. Rd ok
Osteocyte number — N. Ot
Adipocyte number — N. Ad

Cﬁ]?(@ guide.medlive.cn

medlive.cn


http://guide.medlive.cn/
http://guide.medlive.cn/

1034 2014 9 20 9 Chin J Osteoporos September 2014 Vol 20 No.9

2 ( )

Table 2 Comparison of measurement parameters ( dynamic parameter) of cancellous bone

Dr. Frost and Jee ASBMR
3D 2D
Nuclear number' e N. Ne
Canal number — N. Ca
Seam number —_— N. Sm
Seam number — N. Sm
Erosion number — NE
Profile number — N. Pf
of () (sLl dLl) ;g ASBMR2012 ‘h
Oc.V  Oc. Ari Oc. Ne. V; | BS{ 0S + ES) ; k ES + QS; 1 ES-OC.S;m 2D
in 3D 2D o
1.2
3 ( )
Table 3 Comparison of calculation parameters ( static parameter) of the cancellous bone
Dr. Frost and Jee ASBMR
Percent

%Th. Ar % Th. Ar/T. Ar x 100 BV/TV
Trabecular area

Trabecular thick Th. Th pm (2000/1.199)

«(BV/BS) Trabecular width ~ Th. Wi~ um (BV/TV) /Th.N
Trabecular (1.199/2) Trabecular : »
mumber Th-N-n/mm % (BS/TV) WO IN afmm (BV/TV) /Th. Th
Trabecular - (2000/1. 199) Trabecular ,
separation th. Sp pm x( TV-BV) /BS separation Tb. Sp pm (1/Th.N) ~Tb. Th
p ASBMR2012

3 1@ ( ) . @ ( Th. Sp) :

(Tb. N) :
4 ( )
Table 4 Comparison of calculation parameters ( dynamic parameter) of the cancellous bone
Dr. Frost and Jee ASBMR
Percent labeled (dL.Pm + sL.Pm/2) Mineralizing i
[ 0] T
perimeter % /BS x 100 e MS % (LS +s1S/2) /BS

Mineral apposition 3y \p /d Te L. Wi/interval Mineral apposition 3\ g om/d Ir Th/le Lt

rate rate
Mineral Lag Time ~ MLT  day 0. Wi/MAR Mineralization D 0.Th/Aj. AR
° ’ lag time

Percent osteoi
ercent osteoid 0 b g 0. Pm/Th. Pm x 100
perlmeler

Percent osteoblast "6 b gy Ohy S Pm/Th. P x 100 2

surface perimeter

Osteoblast Ob.
number per mm N/mm

n/mm Ob. N/Th. Pm
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4 (

)

Table 4 Comparison of calculation parameters ( dynamic parameter) of cancellous bone

Dr. Frost and Jee

ASBMR

Percent osteoclast  Oc. P Oc. S. Pm/
surface perimeter S. Pm ¢ Th. Pm x 100 2
Osteoclast = Oc. ) 0. N/Th. P
number per mm  N/mm
(dL.Pm + sL.Pm/) x . . .
, Mineral forms x
Vo ?:.’”e o BFR/TV %y MAR /1000 /TV neret omation - yer ( “&’;?B 9
ormation rate %365 x 100 rate
. (dL.Pm + sL.Pm/) x . .
rme Bone fi t
( ) flone f_"im‘““’" BFR/BV % /y MAR/1000/BV one OmIEHON - BrR same'
rae X365 x 100 rate
Bone formation pm/  (dL.Pm + sL.Pm/)
( ) rate BFR/BS dx100 x MAR/1000/BS x 100
4 ( )
Table 4 Comparison of calculation parameters ( dynamic parameter) of cancellous bone
Dr. Frost and Jee ASBMR
longitudinal Growth Rate L.G.R pm/d 0. Wi/MAR
Percent eroded perimeter % E. Pm % E. Pm/Th. Pm x 100
Quiescent perimeter Q. Pm mm  Th. Pm-0. Pm—¥Er. Pm
Remodeling perimeter ~ Rm. Pm mm Er. Pm + 0. Pm
Percent remodeling o ( Er. Pm + 0. Pm)
perimeter % ftm. Pm % /Th. Pm x 100
Formation period Fp day W. Wi/MAR Formation period FP W.Th/Aj. AR
Resorption period RP day FP x Er. Pm/0. Pm Resorption period ~ Rs. P FP* ( Oc.S/0S) "
4 ( )
Table 4 Comparison of calculation parameters ( dynamic parameter) of cancellous bone
Dr. Frost and Jee ASBMR
Quiescent period QP day FP xQ.Pm/0. Pm Quiescent period Qp FP* (1QS/0S)
Remodeling period ~ Rm. P day EP +RP Remodeling period®  Rm. P FP * (ES +08S) /0S8
Activation frequency  Act. F cycle/Yr 1/( Rm.P +Q.P) x365 Activation frequency" Ac.f Nly (1/Te.P)
Total period* Tt. P FP* ( BS/08)
Bone resorption rate! BRs. R ASBMR 2012
Mineral lag time Mlt Day 0. Wi/MAR Mineralization lag time ~ Mlt 0.Th/Aj. AR
Osteoid maturation time Omt 0. Th/MAR"
4 ( )

Table 4 Comparison of calculation parameters ( dynamic parameter) of cancellous bone

Dr. Frost and Jee

ASBMR

Reversal period Rv. P FP * ( ES -0c.S) /0S
BMU life span Sg( or @) ASBMR 2012
Adjusted apposition rate®  Aj. AR mem/d MAR* ( MS/0S)
i q ; /BS T ( ASBMR 2012 );s it
Tu ASBMR 2012 Eriksen( 45) ;v Rs.
P+Rv.P+FP;w Rm. P+QP;x 1/Tt. P;y 2D = 4/m
1.2,
. %
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5 ( )
Table 5 Comparison of measurement parameters ( static parameter) of the cortical bone
Dr. Frost and Jee ASBMR
3D 2D

Total tissue area T. Ar mm?

Marrow area Ma. Ar mm? Marrow volume Ma. V Ma. Ar mm?
Periosteal perimeter P-Pm mm
Endocortical perimeter E-Pm mm

Minimum cortical width Mini. Ct. Wi mm Cortical thicknessy Ct. Th Ct. Wi mem
Porosity area ICPo. Ar mm?
Porosity perimeter ICPo. Pm mm
Marrow Trabecular area Ma. Th. Ar mm?
Marrow Trabecular perimeter ~ Ma. Th. Pm mm

6 ( )

Table 6 Comparison of measurement parameters ( dynamic parameter) of the cortical bone

Dr. Frost and Jee ASBMR
3D 2D

Signal labeled perimeter P-sL. Pm mm
Double labeled perimeter P-sdL. Pm mm
Interlabeled width P-n. L. Wi pm
Signal labeled perimeter E-sL. Pm mm
Double labeled perimeter E-sdL. Pm mm
Interlabeled width E-dn. L. Wi pm
Osteoid perimeter E-O. Pm mm
Osteoid width E-O. Wi mm
Osteoclast number Oc. N No.
Osreoclast surface perimeter Oc. S mm
Eroded perimeter Er. Pm mm

5.6

7 ( )

Table 7 Comparison of calculation parameters ( static parameter) of the cortical bone

Dr. Frost and Jee ASBMR
Cortical area Ct. Ar mm? T. Ar-Ma. Ar
Percent cortical area % Ct. Ar % Ct. Ar/T. Ar x 100
Cortical bone area Ct. B. Ar mm? Ct. ArC. Po. Ar
Percemt cortical bone area % Ct. B. Ar % Ct. B. Ar/T. Ar x 100
Percent marrow area % Ma. Ar % Ma. Ar/T. Ar x 100
Marrow space area Ma. S. Ar mm? Ma. Ar-Ma. Th. Ar
percenr marrow space area % Ma. S. Ar % Ma. S. Ar/T. Ar x 100
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8 ( )

Table 8 Comparison of calculation parameters ( dynamic parameter) of the cortical bone

Dr. Frost and Jee ASBMR

( P-dL. Pm + PsL. Pm/2)

D, - o o, P D, 0
Percent labeled perimeter % P-L. Pm % P, Pm x 100
Mineral apposition rate P-MAR pm/d Pr. L. Wi/Interval
. - P-L. Pm x P-MAR
Bone formation rate PBFR/BS  pm/d x100 IP. P x 100
_— . ( E-dL. Pm + E=sL. Pm/2) /
Percent labeled perimeter % E-L. Pm % E-Pm x 100
Mineral apposition rate E-MAR pm/d Edr. L. Wi/Interval
. E-L. Pm x EMAR/
Bone formation rate EBFR/BS  pum/d x100 EPm x 100
Percent osteoid
. E-%0.Pm % 0. Pm/E-Pm x 100
perimeter
8 ( )
Table 8 Comparison of calculation parameters ( dynamic parameter) of cortical bone
Dr. Frost and Jee ASBMR
Percent eroded perimeter % Er. Pm % Er. Pm/E¥m x 100
Osteoclast number per mm ~ Oc. N/mm N/mm Oc. No/Th. Pm

Percent Osteoclast 0c. S. Pm % Oc.S.Pm/Th. Pm x 100

surface perimeter

Mineralization Lag Time E-MLT d E-O. Wi/E-MAR

: Ot Osteocyt( e) ( ic)

3 ASBMR
3.2.4 Table 3( ASBMR2012 )
3.1 87 Distance erosion depth Number
12 o adipocyte number Node number
3.2 12 terminus number.
3.2.1 @D 3.2.5 D
( L.T
) - @
. @ o ASBMR
(Tr.Z) o o
2 3( ASBMR 2012 3.2.6
) o o Parfitt and
( pQCT) colleagues
o o MS/BS
o BFR
3.2.2 o
“ov” 3.2.7 @D
ov o 0.Th >12.5mem  MLT >100 . @
3.2.3 Table 1{( ASBMR2012 ) X

3 © Ad Adipocyte; N Number of N

sampling units; y Yearo
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3.2.8
FP( a +) ~

MAR o
3.2.9 87 o
3.2.10 o
MAR
4
o BMD Micro-CT
MAR N ;
o MS/BS
MS/BS o
MAR MS/BS BMD Micro-CT
. MAR o
(0.3mem/d 0. 1mem/d) MAR N o Dr.
Frost and Jee
. ( ASBMR)
MAR o
MAR
[ )]
MAR o
MAR 1 . M.
MAR Shen H shen ZY. Practical technology of biological stereology

: BFR
MAR
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