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

Dr. Frost and Jee 4% Fl B\ iy £ 1% ASBMR Z itz 44 1k
PR P R inea LA rhCA R B4R IDFE 2D B
AR Total tissue area T. Ar mm? Bl ZURR Bone volume® BV B. Ar mm?
H/NRHR Trabecular area Th. Ar mm’ SRR Bone surface” BS B. Pm mm
/N K Trabecular perimeter Tbh. Pm mm B B Bone interface® BI B. Bd mm
7 T A B AH X S8 BN Trabecular diameter* Th. Dm —k
B IC A B NS4 NG JEE Trabecular thickness® Th. Th Th. Wi mem

a8 2D FACE WAL b 76 2D P RR A s o R B /NG ; (54) =2(BS/BV) ;d BB /N BHIR; (58) =4(BS/BV) ;e 1E 2D

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

Dr. Frost and Jee #(4% 41 P\ Al 44 1= ASBMR R SGian41E
A R B R s B HCA R P &) 3DFE 2D R FLA
HPJEK Single labeled perimeter sL. Pm mm bR FHK Singledabeled surface’ sLS sL. Pm mm
WE S i K Double labeled perimeter dL.Pm mm KR JE Doubledabeled surface’ dLS dL. Pm mm
WL N (8] Interlabeled width Ir. L. Wi pm FRic R Label thickness L.Th L. Wi mem
JCE AN i B Osteoblast number Ob. No. No. T AN A R Osteoblast number _— N. Ob /mm
SR A B Osteoblast surface Ob. S mm JRRE I INERS Osteoblast surface Ob. S Ob. Pm mm
% B 40 i Osteoclast number Oc. No. No. W 4 i Osteoclast number e N. Oc /mm?
[ NGRS Osteoclast surface Oc. S mm 05 E 40 e A Ostroclast surface Oc. S Oc. Pm mm
BNGEGERE Trabecular wall width ~ W. Wi mm E JEE Wall thickness W. Th W. Wi mem
B I A Eroded perimeter Er. Pm mm EUTERS Eroded surface ES E. Pm mm
ESEEES Osteoid perimeter 0S mm H R K Osteoid surface 0S 0. Pm mm
gR2 MFENESEEEESE) Xk
Table 2 Comparison of measurement parameters ( dynamic parameter) of cancellous bone
Dr. Frost and Jee #(4% Al B\ iy 44 1 ASBMR R Gifir 44 75
A R ES R s B A PR eI PR 3DFS 2D S B
2 5 Osteoid width 0. Wi wm 2 RS Osteoid thickness 0. Th 0. Wi mem
B =griyingal Osteoid area 0. Ar mm? KB FARM Osteoid volume (0)% 0. Ar mm?
IR A Mineralized volume Md. V Md. Ar mm?
25 PR Void volume Vd. Vv Vd. Ar mm?
YA A Fibrosis volume Fb. v Fb. Ar mm>
B T A B AR S8 HIE R Canal volume® Ca. V Ca. Ar mm?
YA LR AR Cell volume®™" Ce. V Ce. Ar mm?
YA A% AR AR Nuclear volume'" Ne. V Ne. Ar mm?
A0 A AR Cytoplasmic volume®' Cy. V Cy. Ar mm?
RIS Quiescent surface’ QS Q. Pm mm
gR2 MTHNESH(SESE) xR
Table 2 Comparison of measurement parameters ( dynamic parameter) of cancellous bone
Dr. Frost and Jee (4% A1 BAfiy 4% 1= ASBMR Z Gt 44 1k
A R BEILA R s B A R B R 3D 2D fFS B
RIALES Mineralized surface* Md. S Md. Pm mm
B4k v B Mineralized thickness Md. Th Md. Wi mem
A1) B S Interstitial thickness It. Th It. Wi mem
S T Reversal surface' Rv. S Rv. Pm
B TC A BIAH T R B4 BRSO B Erosion depth E. De —k
20 A% v Nuclear height™ Ne. Ht —k
20 i 5 Cell height" Ce. ht — K
(SR E Canal radius Ca. Rd —k
B AN A Osteocyte number —_— N. Ot
JERE ke, Adipocyte number — N. Ad
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Table 2 Comparison of measurement parameters ( dynamic parameter) of cancellous bone

Dr. Frost and Jee #(4% Al B\ iy 44 1 ASBMR R Gifn 4
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41 A B Nuclear number' — N. Ne
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B T A B AR S HL E 2 g Seam number — N. Sm
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Table 3 Comparison of calculation parameters (static parameter) of the cancellous bone
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Table 4 Comparison of calculation parameters ( dynamic parameter) of the cancellous bone

Dr. Frost and Jee Z{4Z A1 B\ 44 7% ASBMR % 4i i 441k
hICA R YR 5 i HEAR LR PR 5 B TEAR
JOLRK Percent labeled (dL.Pm + sL.Pm/2) o " Mineralizing )
M 5 : MS S +518
HAH perimeter % /BS x 100 CURIAEES surfaced %  (dLS +5sLS/2)/BS
R IR AES Mineral atpp"““"“ MAR  pm/d  Ir. L. Wi/interval gipyipe el af’p"““"“ MAR  mem/d I Th/Ir. L.t
rate rate
B AL HE R B 7] Mineral Lag Time MLT  day 0. Wi/MAR B AL HE R 7] M”;"”}?““”“ Mlt D 0.Th/Aj. AR
ag time
KRR Percent osteoid () b g 0 pm/Th. P x 100
ERie perimeter
2 N BE Percent osteoblast Ob.S. P p Ob. S. Pm/Th. Pm x 100 B A AT AR X SR (E Rl a3 2 ARSI B,
) A ). S. Pm o .S. Pm/Th. Pm NN i NN "
KT surface perimeter RS HCE X HHEAR M AR S 8
I‘] C =g H) K sle as .
LRI K Osteoblast Ob /mm Ob. N/Tb. Pm

RER 0k number per mm N/mm
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Table 4 Comparison of calculation parameters ( dynamic parameter) of cancellous bone

Dr. Frost and Jee #(4% [ B\ iy 44 1% ASBMR Z& Gifin 44 1k
AR B TR 5 B HRA PR YA TR 5 i EAS
T H 40 i s e Percent osteoclast  Oc. % Oc.S. Pm/
JAKA surface perimeter S.Pm Tb. Pm x 100 4 e 28 B AT G 1o 2, (BT ST ek 5 2 T B R S T 4 B g
LA R Osteoclast Oc. MRAESHOE 5 3 X R 24

[gEg ok number per mm  N/mm N/mm: Oc. N/Th. Pm

(dL.Pm + sL.Pm/) x

GRS Bone N 2 b Mineral formation MAR =
(I EFIEBR) formation rate BFR/TV  %/y MAR/1000/TV TALIE rate? MFR (MS/BS)

%365 x 100

(dL.Pm + sL.Pm/) x

I Bone formati - Bone formati
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Table 4 Comparison of calculation parameters ( dynamic parameter) of cancellous bone

Dr. Frost and Jee ##A] B\ iy £ 15 ASBMR % Zifin £
A R ES s A HHRAK A B ES €] e HHAK
Y KR longitudinal Growth Rate L.G.R  pm/d 0. Wi/MAR
HWRAWARK T 2% Percent eroded perimeter % E. Pm % E. Pm/Th. Pm x 100
IR ST RS Quiescent perimeter Q. Pm mm  Th. Pm-0. Pm<r. Pm 9 25 AR o S8
BHERK Remodeling perimeter ~ Rm. Pm mm Er. Pm + 0. Pm

Percent remodeling (Er.Pm +0.Pm)

JBL By B - 0
FEERA K perimeter % Rm. Pm & /Th. Pm x 100
HIY Formation period Fp day W. Wi/MAR HIHI  Formation period FP W. Th/Aj. AR
ELAei] Resorption period RP day FP x Er. Pm/0. Pm e Resorption period ~ Rs. P FP % (0c.S/08)"
GRk4 WEHHESH(SESEO xE
Table 4 Comparison of calculation parameters ( dynamic parameter) of cancellous bone
Dr. Frost and Jee #3574 A1 & 15 ASBMR % i 4 1
g R E3 1} G HHRAR AR LA fre Hf E VAN
Bk Quiescent period [0)3 day FP x Q. Pm/0. Pm Er1k3 Quiescent period Qp FP # (QS/08)
[egiineis Remodeling period ~ Rm.P  day EP +RP HEEM Remodeling period”  Rm. P FP * (ES +08)/0S
R Activation frequency  Act. F eyele/Yr 1/(Rm.P +Q.P) x365 G Activation frequency” Ac.f N/y (1/Tt. P)
559 5 ST R 28 bt R Total period* TP ” FP * (BS/08)
HW R Bone resorption rate? BRs. R £, ASBMR 2012 i
WALZER WA Mineral lag time Mt Day 0. Wi/MAR WALZER WA Mineralization lag time  Mlt 0.Th/Aj. AR
e FUSAR ] Osteoid maturation time  Omt 0. Th/MAR"
gk4 MEHITAESE(IESE) X LR
Table 4 Comparison of calculation parameters ( dynamic parameter) of cancellous bone
Dr. Frost and Jee #(4% 41 BA iy 4% 15 ASBMR R G4 ik
TR SECATE 5 S R PR YA TR 5 LA IFRA
[Eguz3 ] Reversal period Rv.P FP * (ES-0c.S)/08
BT B SR 22 2 B4 2 i BMU life span Sg(or o) P ASBMR 2012 i
REXF UL Adjusted apposition rate’ Aj. AR mem/ d MAR * (MS/08S)
o q ZIRYLHURIE R ;/BS TEA R v HA B I 4 AL 7 2 AT R HT (WL ASBMR 2012 i) 58 28 2‘%%@E@$i@{ﬁ-tﬁ%

FE RS AT AR B9 25, 5 0 T A A9 S (AR 25 s u — A TE IR 6 A9 7 % , & B ASBMR 2012 Hﬁqﬂ‘frlﬁﬁ Fr1ksen(45)Fl(J ;v Rs.
P+Rv. P +FP;w Rm. P+ QP;x 1/Tt. Pyy 76 2D o, J2 5015 A9 58 B8 IS B 74007 LR AR 00 (R oA p il i 2 = SERERR LA 4/ &'%U\
1.2,
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Table 5 Comparison of measurement parameters (statm parameter) of the cortical bone

Dr. Frost and Jee #4571\ fiv & = ASBMR R 4ifiv & i

hCA R AR Gined LA g R E3 <1} DS 2DREE L&A
B SR Total tissue area T. Ar mm> BT T AT N S5
B S T AR Marrow area Ma. Ar mm” BB I A AR Marrow volume Ma. V Ma. Ar mm?
(RN ATERS Periosteal perimeter P-Pm mm BT SR R 5 5
E RS Endocortical perimeter E-Pm mm
/N R R Minimum cortical width Mini. Ct. Wi mm Je SR Cortical thicknessy Ct. Th Ct. Wi mem
B B AL A TR Porosity area ICPo. Ar mm?
T RAL R Porosity perimeter 1CPo. Pm mm
BRI A /N R AR Marrow Trabecular area Ma. Th. Ar mm? BT B S5
BREENE/NEEK Marrow Trabecular perimeter ~ Ma. Th. Pm mm
®6 PFENESH(SHESH) XM
Table 6 Comparison of measurement parameters ( dynamic parameter) of the cortical bone
Dr. Frost and Jee (4% M BAfir 44 ASBMR Z 5t fin 44 %
HCA R B R finea G A
3 R YA R 3D 55 2D 55 EEDS
FbRic R Signal labeled perimeter P-sL. Pm mm
=N IR RFRIC K Double labeled perimeter P-sdL. Pm mm 55 E S B8R, AT
XUARC ] #E Interlabeled width Pdn. L. Wi wm
PABRIC K Signal labeled perimeter E-sL. Pm mm
hRidJE K Double labeled perimeter E-sdL. Pm mm
oy S K ic ] H Interlabeled width E-n. L. Wi wm
B iWERN Osteoid perimeter E-O. Pm mm S S B8O RS
EH BT Osteoid width E-0. Wi mm
T 1 40 B A Osteoclast number Oc. N No.
T P 440 Y O e ] 4 Osreoclast surface perimeter Oc. S mm
B I AR K Eroded perimeter Er. Pm mm

5.6 FITH) R E ) B o
BN ESEEEAL,

B SE, SN
X8 T A SR B A I Y

ﬁ% SR =4ESBUG P TR R A
S5H4) g

RT BRETASH(EESE) MR

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

&K
(i

Dr. Frost and Jee #4711 B\ 44 i ASBMR ZGidi 4 1%
hXARR AR lined LA HREANX MXARE KA S B HREAS
B BUE AR Cortical area Ct. Ar mm? T. Ar-Ma. Ar
B BRI B 28 Percent cortical area % Ct. Ar % Ct. Ar/T. Arx 100
W 7 B T AR Cortical bone area Ct. B. Ar mm? Ct. ArdC. Po. Ar
R BT T AL Percemt cortical bone area % Ct. B. Ar % Ct. B. Ar/T. Arx 100 BT B X R B8
BB T AR 7T K Percent marrow area % Ma. Ar % Ma. Ar/T. Ar x 100
B ] i T AR Marrow space area Ma. S. Ar mm? Ma. Ar-Ma. Th. Ar
R percenr marrow space area % Ma.S.Ar % Ma. S. Ar/T. Ar x 100
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Table 8 Comparison of calculation parameters ( dynamic parameter) of the cortical bone

Dr. Frost and Jee #¥Z A b\ iy £ 15

ASBMR R % fin 44 1%

A R ESE il LA AR HXAR XA S R HFRAK
— , P-dL. Pm + P=sL. Pm/2 y
FRicJEHK H 240 Percent labeled perimeter % P-L. Pm % ( /PmPJr ;100 m/2) 50 FE S8R, A
. Pm
HOMERm B TTRE Mineral apposition rate P-MAR pm/d Pr. L. Wi/Interval
§ PL. Pm x P-MAR
ALY ati ’
ERIAIES Bone formation rate PBFR/BS  pum/d x 100 /P Pm x 100
- " , . E-L. Pm + E=sL. Pm/2
PRICE K 40 Percent labeled perimeter % E-L. Pm % (E-dL.Pm + E-sL. Pm/2)/
E-m x 100
s W ALIiE Mineral apposition rate E-MAR pwm/d Er. L. Wi/Interval SR SRR T
T S E-L. Pm x E-MAR/
ESIANES Bone formation rate E-BFR/BS  pm/d x 100 EPm x 100
" Percent osteoid
REFAEASE T O pegotm @ 0. Pm/E-Pm x 100
perimeter
ZR8 KBHIHESE(IESHO X HE
Table 8 Comparison of calculation parameters ( dynamic parameter) of cortical bone
Dr. Frost and Jee #(H 1A i 44 i: ASBMR R4t 4k
A B ES €4 e A HRAK WXAR AR 55 B HFRAK
LU ENER R Percent eroded perimeter % Er. Pm % Er. Pm/E-Pm x 100
(5= Q1G] TR Osteoclast number per mm ~ Oc. N/mm N/mm Oc. No/Th. Pm
L o R ) %
PRI o e Percent Osteoclast = ¢ p g 00,5, Pu/Th. P x 100 SRR SRR, TR
surface perimeter
T ALIER B[] Mineralization Lag Time E-MLT d E-O0. Wi/E-MAR

3 ASBMR R & iEFAN MR X 31

3.1 87 WRAEA | AR 22 1 — SeME & v A
W, 12 M E B S R AR

3.2 12 W B T S A

3.2.1  FEGIE IR ARERGAR T, 48 1 Ok
BTS2m0 X 43 R A0 B )2 (9, R 280K sl
2 A0 H AR XA 38 AR A1 Rz )2 b P R o
AT S 2 AR ERILIR 2 ZUR X AW, QT2 4%
(SR IR S SRy =X VAR B8 N = L N D = 2 ke
[ P X (T, Z) WU AR NEEAE . B H
HITCIE S i 5, 1 2 A& 3 (£ UL ASBMR 2012
JR LD ) Fr s H O DX 3, 3 R 3 T 18 0
S B 5 4 R AP R E i (pQCT) GOk fifk ke
XA, 3 PR 7 i mRE AT LA 188 U 3 R AR
AR AH 8 A A IR S
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