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Abstract：In lhis re~'iew artic[e，the definition and the scope of stercolcgy have been introduced and discu~ed Ster~)l y 

can he defined “three dimensional interpretation of f Lat images by c riteria of geometric probahility” i it 

sense·【】r ae：”reconstruction and the know[edge of muld dimensiona[geometrica[structures and images”in its ltlor~gen， 

era[sense ~rhether in its naFro,,1,-or brmd definition．stereology is essenti al[y an interdisciplinary branch of science about 

2D and 3D structures and images，especia[1y the three dimensional inteq
．,retadon of flat images by criteria of geomet ric 

probability Nowadays，srereology bas become an essential tool for all exFerJmemal sciontists and engit)eers who need∞ 

obtain quantitalive three dimensional micmslructural information，no rfla ter hey are working in materials~ienee．bio1． 

ogy．medicine，Or other different fie[ds On the other hand，the design ol a slereoIngical experiment is the m∞t difficult 

and mlTk~t imporlant componem of practical stereo[ogy as emphasized by many stereo[oglsts At the end of this review．fur 

ther readings of stereca[cNy and related~iences are suggested 
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关于体视学的定义、用途和方法学基本要素 

刘 国权 
北京科技大学材料科学与工程学院．北京 100083) 

摘 要：首先引八文献中体视学狭义和广义的定义及领域范围，然后举倒介绍了(狭义)体视学的用 

途。狭义地讲，体视学是由其截面或投影图像和几何概率获取三维结构定量信息的一门科学；广 

义地，则可认为体视学覆盖了与多雏结构或图像的理解、重建及定量分析有关的原理、方法、软硬件 

研究、制造及应用等所有内容。不同定义中有一点是共同的，即体视学是一门关于多雏几何结构及 

图像的边缘和交叉科学分支，是不同学科中获得三雏显微组织结构几何彤态信息的基本．T-具。本 

文引述了DeHoff教授关于体视学方法基本要素的精辟叙述，强调指出对于体视学方法及其应用， 

取样设计和操作既是极其重要，也是最容易被忽略的，应予眦高度重视。本文最后还推荐了一组与 

体视学有关的书、刊或论文，以及因特网网址和网页，供感舟趣的读者进一步查阅参考。 

关键词：体视学；图像分析；定量显微镜学；数学彤态学；随机几何；应用数学 
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1 Various Definitions of Stereology 

On May 12， 1961，the term “stereology’’veas 
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coined and the International Society for Stereology 

(1SS)was incorporated by a group of scientists and 

professo rs from various disciplines．This marked the 

establishmerit of stereolog3 as a formal science 

Different definitions of‘‘stereology’’have been 

presented in different references since then，some of 

which have been collected by the author as follows： 
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(1)IAterally，”stereology”means“the know[ 

edge of space”，a meaning which is much more gener— 

al and broad than what Hans Elias had in mind when 

he introduced the term ln 1961． 

(2)According to Hans Elias．the first president 

(1961 1967)of the IS8，“stereology is three di— 

mensional interpretation of fiat images，such as sec 

tkms and projections，by criteria of geometric proba— 

bility ⋯’slereology deals with shapes， sizes， Hum— 

bers，orientation in space and densities ” 

(3)Similarty．according to Robert T．DeHoff in 

his outstanding ()verview Lectures presenled at the 

XICS(Xth Internationa[Congress for Stereotogy) 

held in Melbourne， “stereology is the methodology 

that provides meaningful quantitative descriptions of 

the geometry of rea[1hree——dimensional glob struc 

tures from measurements that are made OH tWO——di 

mensiona[images sampled from the glob．” 

(4)In ASTM Standard E562 89，stereology is 

defined as“1he meth0ds developed to obtain inforlTla— 

tion aboul the three dimensional characteristics of 

microstructures ba蛐d upon measurements made on 

tWO dimensiona【sections through a solid materia【or 

tbeir Projection on a surface ’’W hi[e in ASTM Slan— 

dards E1245—89 and E1268 88．the term “stereo 

logical methods”is similarly described．Such standard 

practice is under the lurisdiction of the American So— 

ciety for Testing and Materials(ASTM )Committee 

E一4 on Metaltography and is the direct responsibility 

。f Subcommitlee E04 14 on Quantitative Meta[1ogra 

phy The ASTM Standards have been appropriated 

worldwide for long 

(5)According to Webster’s Dictionary，stereo[一 

ogy is“ ．a branch of science concerned with the de— 

velopment and testing of inferences about the three 

dimensional properties．． from a P,vo dimensional 

point of view ．．” 

(6)According to the New Shorter Oxford Eng 

lish Dictionary(Vol 2，1993，P 3052)or the Oxford 

English Dictionary(2nd edition，1989)，stereology is 

“tbe science of the reconstruction of three dimen— 

siohal structures from two dimensional sections of 

them ”Related words like stereo[ogical(a．j，stereo 

logically(adv)，and stereo[ogist 

senled in this dictionary． 

(7)C Vyvyan Howard，the president(1992 

1996)of 1：he ISS and also the president(1996 

1998)of the Royal Microscopical Society (UK)． 

simpty referred“stereology’’as“geo metrical quanlifi— 

cation ln 3】)．” 

(8)According lO Roger E Miles’multi di 

mensions i：lea， Ewa[d R W eibel considered it too 

narrow the definition of only relating 3D structure to 

2D measul~?menls，and modified it as：“slereology is 

a body of mathematica{methods relating ”一dimen 

sional parameters defining the structure 1o S——dimen 

siona【measurements obtainable OH sections of the 

structure” However， in most practical applications 

of stereology．one still has 1hal 3 and 1 or 

2．W eibel and Mdes served as the presidents of the 

ISS in 1968—1971 and 1984—1987，respectively 

In sulnmary．stereology can be defined as“three 

dimensi,．,nal interpretation of flat images by crileria 

of geomet~ic probability” in ils narrow sense，or as 

“ reconstru-：tion and the knowledge of multi dimen 

siona[geometrical structures and images”in its more 

general sense The latter includes not only the recon— 

struction and visualization of the 3D images itsetf，but 

also that of any information and properties of the 

structures and images． Considering the interdisci 

plinary Ha：ure of stereology and the rapid develop 

ment of computer aided image technology，the tat— 

ter definition is preferred to by the present author and 

the Chinese Society for Stereo[ogy(CSS) Thus，the 

scope of stereology is extended to related branches of 

applied mathematics，quantitative microscopy，quan— 

tilative fractography，image acquisition，image trans 

formation and processing，image analysis，3D recon— 

struction,3D imaging，3D mod eling，direct explo 

ration in 3D structure， mathematical morphology， 

stochastic geometry，pattern recognition，CT 【com· 

puterized tomography)， MRI(magnetic resonance 

imaging)，fractal images，and many o1her related ar— 

aS ． 

2 Selected Application Examples of Stereolo- 
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Stereology has become an essential tool for a L L 

experimema】scientists and engineers who need to ob— 

rain quantitative three dimensional mjcr。sH’uctural 

information，no matter they are working in materials 

science，biology．medicine，or other different fields． 

The fo Llowings are only E．ome selected examp[es of 

stereo[ogy 

2．1 Quantitative metall0grap in materials sei- 

enee 

Stereo[ogical methods and image analysis have 

been widely used in materials science and engineering 

(MSE)， especial【y in quantitative meta1]ography 

The follows are only fcw exantples： 

(1)1)etermining volunle fraction by systematic 

~]anual point count(ASTM Standard E562 89) 

(2)Determining inclusion content ol stee]and 

otber melals by automatic image analysis(ASTM 

Standard E1245～89) 

(3)Obtaining JK inclusion ratings using auto— 

matic image analysis(ASTM E1 122) 

(4),&．sessing the degree of banding or orienta 

tion of mlcrostructure (AsTM Standard E1268 

88)． 

(5) Determining average grain size (ASTM 

Standard E¨2 88) 

(6)Evaluating the microstructure of graphite in 

iron casting(ASTM J~2．46) 

(7)Determining average grain size using semi 

automatic and automatic image analysis(ASTM Stan— 

dard E1382 91) 

(8)Characterizing duplex grain sizes(ASTM 

Standard El18l一87) 

(9)Stereologically based image analysis Ior 

characterizing second phase consthuents(a proposal 

to ISO．reference No 【so／TC 17／SC 7 N 479) 

(10)Applications in porous materials and pow— 

der metallurgy： common porous materials include 

concrete，paper，ceramics with natural or artificially 

～created pores，clays，porous semiconductors，chro 

motography materials， and natural materials like 

coral，bone，sponges，rocks，and shells，all of which 

have pores in them Thus，the amount，the size and 

its distributions。 shapes and topolog)’
， spatial }oca 

tions and patterns of pores need and can be quanti ta— 

dvely characterized by using stereo]ogy， combined 

with image analysis， mathematical morphology，3D 

modeling or even fractal geometry sometimes， 

(1 1)Applications in understanding basic ideas in 

physical meta1]urgy：different definitions of disioca 

tion density． 

It s aould be emphasized that the ASTM stan— 

dards are among the most authorized and well 

known in materials science and engineering(MSE) 

fields 1-hus，through the efforts of materials scien 

fists and engineers worldwide，application of stereo 

logical nethodology have been already introduced into 

laboratoIy routine and extensively standardized tn the 

MSE fields． Facilities to support such standardized 

app Lication of stereology have become available easily 

nowada}。s． However， i'~ore advanced stereological 

methodology are not we]【known even in the M SE 

fields．Definitely 1urther efforts should be made not 

only by materials scientists and engineers，but aim by 

those create nev~and better methodology and facili 

t1es 

2．2 Quantitative morphology in biology 'and 

medicine 

No,vadays，stereology has found even more ex 

tensive application in biology and madidne studies 

For example， unbiased stereology is now being re 

quested for nerve celt counts in neurotoxico[ogy by the 

US FDA and demanded by many Journals before ac 

ceptanc~ of studies and articles 

2．3 Combination with CT (computerized tnmo· 

grapgy)and M R1(magnetic resonance imagingj 

M any image processing and anatysis systems 

have been developed for further usage of secrional im 

ages ob mined by USlFtg CT and MRI techniques For 

example the 3DVIEWN1X system (USA)，ANAL— 

YSE s、rstem (USA)，Voxel Man system (Ger 

many)，and the Window NT based 3D imaging 

and an．aLysis system devetoped by the Academy of 

Ch】na． 

2．4 Applications in agriculture 
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In agriculture，srereological methods may be ap 

plied for numerous purposes such as： 

(1)Quantifying microstructure in vegetables 

(2)Quantifying organs in animal bodies 

(3)Quantifying spraing in potatoes 

(4)Estimating length of plant roots． 

(5)Quantifying regions in agricultural fields． 

(6)Quantifying the open space structure in gr 

ass swards 

2．5 Other application examples 

Applications of stereology can also be found in 

geoscience，in the measurement of：faults in rocks， 

pores in soils，mineral grains in rock，biological tis 

sue，and many other science and technology fields 

3 The Fundam ental Component of the Stere- 

ology M ethodology 

As undemtood by the present author，the follow— 

ing descriptions(quoted directly from R T DeHoff) 

are referred to the traditional or narrow definition of 

stereology 

3．1 Features 

The structure of the glob of matter is composed 

of sets of specific features(particles，surfaces，inter 

faces，lines，edges，points，．．) 

3．2 Properties 

Each feature has one or more geometric proper 

ties which can be measured．The goal of the exercise 

is the quantitative estimation of these geometric prop— 

erties 

3．3 Probes 

The gtob is sampled with a set of geometric 

probes — points，lines，planes，volumes一，on which 

observations and measurements are made． 

3．4 Events 

The pr0bes interact with specific features in the 

structure to produce events to be observed (point 

probe lies in feature，line probe intersects boundary， 

plane probe transects particle，． ) 

3．5 M easurem ents 

Some attribute of each of the observed events of 

interest is measured．In most cases this is a simple 

count of thl_number of events observed 

3．6 Analysis 

A nleE n and standard deviation of the distribu— 

tion of measured values in the sample is computed If 

the sample design is valid，the mean will provide an 

unbised estimate for the expected value of the mea— 

surement for the population of probes 

3．7 Relationship 

The fundamental equations of stereo[ogy relate 

the expected values of specific measurements on an 

appropriate probe set to a corresponding geometric 

property in the three dimensional glob 

3．8 Design 

Each kind of probe has a specific population in 

the space occupied by the probe．The choice of the 

subset of probes in this population to be examined for 

measurement constitutes the design of the stereologi 

cal experiment 

The design of a stereological experiment， by 

which is nleanr the set of choices that are made for 

the selectk，n of orientations and positions of the fields 

Io be observed and measured，Is the most difficult and 

most impo ：ctanI compo nent of practical stereology．An 

improper design could lead to the expenditure of a 

great deal of effort to produce very precise estimates 

of wrong numbers 

For more details，the readers may refer to the 

following suggested literature，especially those recent 

publications 

4 Some M ore W ords 

As mentioned in section 3，most of the standard 

stereology measurements of volume， surface area， 

cul~ve length， curvature densities， are simple point 

counting 2pon correct sampling the po pulation， no 

need of any expensive instruments Even ∞，there 

still exist serious problems in research and application 

of stereo k—gY As also po inted OUt by Bente Pakken— 

berg(the president of the ISS，1995 1999)，most 

applied scientists have only a remote knowledge re— 

garding  the field of applied mathematics and even the 

stereolog}． Thus， countless hours are still spent in 

laboratori s to obtain based quantitative information 
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of rea[3D structures based on 2D profi[e analysis It 

is of great importance to let the people know those 

available methodology and faci[ities in order to make 

al【the scientific resu[ts va[idity and unbiased On the 

other hand，it is also important to make more effi— 

dent, inexpensive， and ease— to—he understood 

methods available In this point of view，scientific so 

cieties ltke the ISS and the CSS should be more active 

than anytime before 

5 Selected References to Stereology and Re· 

lated Science 

(1)S A Sahykov．Stereometric Meta[1ogra 

phy 1st Edn，1948；2nd Edn，1958(in Russian， 

Mo~ow)．3rd Edn，1970(in Russian，Moscow)and 

1 974(in German，Leipzig) 

(2)M G Kenda[1 and P A P Moran Geomet 

rica1 Probability．I ondon：Charles Griffin，1963． 

(3)E R Weibe【and H Elias Quantitative 

M ethods in Morphology Berlin： Springer Verlag， 

1967 

(4)R T．DeHoff and F．N Rhines Quantita 

rive Microscopy New York：McGraw Hill，1968． 

(5)E．E Underwood．Quantitative Stereo[ogy 

Reading，Mass．：Addison Ⅵ esley，1970． 

(6)E．R Wetbe[ Stereo[ogical Methods Vo1． 

1：Practical Methods for Biological Morphometry 

I ondon：Academie Press，1979． 

(7)E．R W eibe[ Stereotogical Methods．V。l 

2： Theoretica【 Foundations Imndon： Academlc 

Press，1980 

(8)D Stoyan，W．S Kendall and J Mecke． 

Stochastic Geometry and Its Applications(2nd Edn) 

Chiehester：W iley，1 995 

(9)Y Yu and G．Ltu：Stereo[ogy-- Principle 

and Applications of Quantitative Analysis of Struc 

tures Beijiikg：Metatlurgical Industry Press，1989 

(jn Chinese) 

(10)H Shen and Z Shen PracticaI Bio Stere— 

ology Techniques Guangzhoo ：Zhongshan Universi— 

ty Press，1 991(in Chinese) 

(11)K．J．Kurzydlowski and B．Ra[ph the 

Quantitat ve Description of the Microstructure of M a— 

teriMs New York and London：CRC Press，1995 

(12)C V Howard and M．G Reed：Unhiased 

Stereology —— Three——Dimensional Measurement in 

M icroscopy， Oxford： BI()s So ientific Publishers， 

1998． 

(13)Y．Cui．Image Processing and Ana1vsls— 

Mathematical Morphology M ethods and Applications． 

Beijing：Science Press，2000(in Chinese)． 

(14、D Raabe Computationa[Materials Sci 

ence～ The Simutation of Materia[s Micmstructures 

and Properties．Weinhelm：W iley—VCH，1998 

(1 5：For Reviews of Recent Developments and 

Applications,One Can Refer to Chinese Society for 

Stereology：Chinese Journal of Stereology and Image 

Analysis．1—2(1996)：pp 94 111(in Chinese) 

(16、i G Liu．Invited Review：Apptied Stereolo— 

gY in M aterials Science and Engineering J． Mi 

cr~xseopy Oxford(UK)．171(1993)，Part 1，pp 

57 68 

(17}R．T DeH。ff Probm，Populations，Sam— 

pies．Measurements and Relations in Stereology Im— 

age AnalFsis and Stereology，19(2000)：pp 1 8 

(18)z Yang，et ai．Caveat ontheErrorAna[y— 

sis for Stereological Estimates，ibld 9—13 

6 Some UsefuI lnternationaI and Domestie 

Scientific Journals 

(1}Journal of Microscopy．Oxford，UK ISSN 

0022 2720 The journal is the principal publication 

of the P,oval M icroseopica[Society and the officia【 

journal of the International Society for Stereology 

(2) Aeta Stereologica． Ljubtjana， Slovenia 

ISSN 1580～3139．The official lournN of the Inter— 

nat[onal Society for Stereo[ogy(fimt appeared in 

1982)．Its name has been changed to Image Analysis 

and Ste reo[ogy from volume 19， No 1 (March 

2000)． 

(3)Chinese Journal of Stereology and Image 

Analysis．Beijing，China ISSN 1007 1482 The 

off[cia1 journal of the Chinese Society for Stereology 
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4 结论 

(1)ICP时最主要的胎盘组织形态学异常是绒 

毛间腔狭窄及合体结节增多。绒毛问腔狭窄可能是 

由 r绒毛间质水肿、胎儿毛细血管扩张所致。 

(2)ICP胎盘组织形态学异常与血中甘胆酸水 

平升高对绒毛组织的不良作用有直接关系， 

(3)ICP胎盘组织形态学异常与胎儿预后不 良 

有关，绒毛问腔狭窄可能是导致宫内缺氧的原因之 
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