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The	 knowledge	 of	 the	 skeletal	 maturation	 and	 the	 stage	 of	 the	 growth	 of	 the	
patients	 seeking	 orthodontic	 treatment	 are	 of	 great	 value	 in	 planning	 efficient	
orthodontic	 therapy.	 However,	 different	 craniofacial	 structures	 of	 patient	 show	
variation	in	growth	potential.	The	routine	use	of	hand‑wrist	radiograph	for	growth	
prediction	 exposes	 the	 patient	 to	 extra	 radiation.	 Cervical	 vertebrae	 in	 the	 lateral	
cephalograph	 have	 been	 recommended	 as	 an	 alternative	 method.	 The	 pubertal	
growth	 spurt	 is	 a	 vital	 period	 in	 the	 orthodontic	 treatment	 and	 should	 be	 kept	 in	
mind	when	 planning	 orthodontic	 treatment	 in	 growing	 children.	One	 of	 the	main	
objectives	 of	 taking	 hand	 and	 wrist	 radiograph	 is	 to	 determine	 the	 amount	 of	
growth	and	get	used	of	it	in	patients	with	skeletal	discrepancy	during	adolescence.	
Further,	this	will	help	in	the	selection	of	the	appliances	required,	the	course	of	the	
treatment	and	the	retention	after	active	orthodontic	therapy.
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the	 individual	variation	of	 the	 timing	of	pubertal	 growth	
spurt.[2]	 Hence,	 chronological	 age	 cannot	 be	 considered	
as	 a	 reliable	 indicator	 for	 the	 evaluation	 of	 the	maturity	
status	 of	 a	 child.[5]	Thus,	 biological	 age	 or	 physiological	
age	was	 considered.[6]	Dental	 age	 estimation	 is	 based	on	
the	 rate	 of	 development	 and	 calcification	 of	 tooth	 buds	
and	the	progressive	sequence	of	their	eruption	in	the	oral	
cavity.	 Several	 methods	 have	 been	 developed	 to	 assess	
the	 dental	 age	 according	 to	 the	 degree	 of	 calcification	
observed	 in	 permanent	 teeth.[7‑9]	 The	 relationship	 among	
the	 chronological,	 dental,	 and	 skeletal	 ages	 is	 important	
in	 diagnosis	 and	 treatment.	 Further,	 variations	 of	 dental	
and	skeletal	ages	from	known	chronological	age	indicate	
changes	in	the	standard	growth	pattern.[10]

The	 hand	 and	 wrist	 radiograph	 help	 in	 estimating	
the	 skeletal	 age	 of	 bone	 for	 determining	 the	 physical	
maturation	status	of	the	child.[11]	The	bone	age	is	of	great	
help	 to	 the	 orthodontist	 in	 coordinating	 the	 orthodontic	

Introduction

T he	 orthodontist	 deals	 with	 growing	 children	 and	
nongrowing	 adults.	 Most	 of	 the	 information	

concerning	 growth	 are	 obtained	 from	 cephalography	
and	 hand	 and	 wrist	 radiograph.	 Greulich	 and	 Pyle[1]	
have	 published	 atlas	 of	 hand	 and	 wrist	 radiographs	 of	
normal	 healthy	 children	 from	 birth	 to	 adulthood,	 at	
every	 3‑month	 interval.	 This	 atlas	 serves	 to	 compare	
and	 indicate	 the	 skeletal	 age	 of	 the	 patient.[1]	 The	
developmental	 stage	 of	 a	 child	 can	 be	 determined	 from	
several	parameters	such	as	height,	weight,	chronological	
age,	 secondary	 sexual	 characteristics,	 skeletal	 age,	 and	
dental	 age.	 However,	 skeletal	 age	 has	 been	 considered	
the	 most	 reliable	 method	 to	 assess	 the	 developmental	
status.[2,3]

Skeletal	age	is	an	indicator	of	physiological	development	
and	is	distinct	from	the	chronological	age.	The	appearance	
and	union	of	 the	different	 skeletal	 centers	of	ossification	
follows	 a	 pattern	 and	 schedule	 from	 birth	 to	 maturity.	
The	 radiographic	 assessment	 of	 the	 bone	 provides	 a	
valuable	 criterion	 of	 an	 individual’s	 osseous	 maturation	
and	 is	 referred	 as	 the	 skeletal	 age.[4]	 The	 chronological	
age	 of	 a	 child	may	 be	 accelerated	 of	 decelerated	 due	 to	
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therapy	with	 the	growth	process.	The	 idea	of	using	hand	
and	wrist	 radiograph	 for	 determining	 the	 skeletal	 age	 is	
that;	 the	 skeleton	 in	 hand	 and	 wrist	 region	 is	 made	 of	
several	 small	 bones;	 27	 small	 bones,	 distal	 ends	 of	 long	
bones	 radius	 and	 ulna.	 The	 development	 of	 these	 bones	
from	the	appearance	of	calcification	centers	to	epiphyseal	
plate’s	 closure	 occurs	 throughout	 the	 entire	 postnatal	
growth	 period	 and	 therefore	 provides	 a	 useful	means	 of	
assessing	skeletal	maturity.[1,12]

Growth	prediction	can	be	estimated	utilizing	physiological	
parameters	which	include	the	peak	of	the	growth	velocity	
in	standing	height,	pubertal	markers,	dental	development,	
and	 radiological	 finding	 of	 skeletal	 maturation.[13]	 It	
was	 reported	 that	 the	 evaluation	 of	 skeletal	 maturation	
with	 the	 help	 of	 radiographs	 is	 considered	 to	 be	 the	
more	 reliable	 approach.	 The	 most	 preferred	 method	
is	 the	 use	 of	 hand‑wrist	 radiographs.[14‑17]	 The	 use	 of	
hand‑wrist	 radiographs	 to	 examine	 skeletal	maturity	 has	
been	 criticized	 as	 the	 patient	 is	 exposed	 to	 additional	
radiation.	 Therefore,	 analysis	 of	 the	 cervical	 spine[18]	
or	 of	 the	 frontal	 sinus[19]	 on	 lateral	 cephalographs	 was	
recommended	 as	 an	 alternative	 method.	 However,	 these	
methods	 do	 not	 give	 a	 precise	 prediction	 of	 how	 much	
growth	left.	The	hand‑wrist	radiograph	is	commonly	used	
for	 skeletal	 developmental	 assessment.[20,21]	 The	Atlas	 of	
Greulich	 and	 Pyle[1]	 is	 the	most	 frequently	 used	method	
to	 evaluate	 skeletal	 age	 from	 hand‑wrist	 radiographs.[22]	
Furthermore,	 the	 changes	 in	 the	 epiphysis	 of	 the	middle	
phalanx	 of	 the	 third	 finger	 (MP3)	 follow	 an	 orderly	
sequence.	Hägg	 and	Taranger[23]	 studied	 pubertal	 growth	
from	 the	 stages	 of	 ossification	 of	 the	middle	 phalanx	 of	
the	third	finger	of	the	hand	(MP	3	stages).

In	 orthodontic	 treatment	 planning,	 knowledge	 of	
facial	 growth	 velocity,	 and	 percentage	 of	 facial	 growth	
remains	 as	 a	 very	 important	 factor	 for	 effective	 growth	
modification	 interventions.[24]	On	 the	other	hand,	 skeletal	
maturation	 staging	 from	 the	 radiographic	 analysis	 is	 a	
widely	 used	 approach	 to	 predict	 the	 timing	 of	 pubertal	
growth,	 to	 estimate	 growth	 velocity,	 and	 to	 estimate	
the	 proportion	 of	 growth	 remaining.	 The	 beginning	 of	
ossification	 of	 adductor	 sesamoid	 has	 been	 advocated	
by	 some	 authors	 as	 a	 reliable	 indicator	 of	 the	 onset	 of	
puberty.[14,25]	 Other	 investigators	 have	 stated	 that	 the	
appearance	of	 the	hook	of	hamate	and	the	pisiform	bone	
is	also	a	good	indicator	of	the	onset	of	puberty.[26,27]	Ghai	
et	 al.[28]	 concluded	 that	 hand,	 wrist	 and	 distal	 epiphysis	
of	 the	 radius	 and	 the	 ulna	 present	 a	 great	 number	 of	
secondary	 centers	 of	 ossification	 on	 the	whole,	 and	 they	
can	 reproduce	 in	 a	 single	 radiograph.	 For	 this	 reason,	
they	are	often	chosen	as	study	centers	when	it	is	thought	
to	 determine	 the	 state	 of	 skeletal	 maturation,	 although	
other	 centers	 of	 ossification	 of	 secondary	 epiphysis	 can	

be	 used,	 such	 as	 the	 elbow	 and	 the	 tarsal	 bones.	 Some	
authors[29,30]	have	stressed	the	use	of	the	hand	radiographs	
to	 define	 the	 specific	 indicators	 of	 the	 spurt	 of	 pubertal	
growth.	 Comparison	 between	 the	 cervical	 vertebra	 and	
hand‑wrist	was	used	in	other	studies.[31‑34]

The	 purpose	 of	 hand	 and	 wrist	 radiograph	 analysis	 is	
to	 determine	 parameters	 such	 as	 patient’s	 skeletal	 age,	
the	 amount	 of	 growth	 left	 and	 to	 determine	 whether	
to	 use	 functional	 appliance	 or	 to	 wait	 until	 growth	
ceased	 and	 performed	 extraction	 or	 surgery.	 Bjork	 and	
Helm[2]	 used	 four	 stages	 of	 bone	 maturation,	 all	 found	
at	 five	 anatomical	 sites	 located	 on	 the	 thumb,	 second	
finger,	 third	 finger,	 and	 radius.	 However,	 eight	 discrete	
adolescent	skeletal	maturity	indicators	covering	the	entire	
period	of	adolescent	development	are	found	on	these	five	
sites	 [Figures	 1	 and	 2].	 On	 the	 other	 hand,	 Fishman[20]	
used	 eleven	 indicators	 covering	 the	 entire	 period	 of	
development.	 The	 sequence	 of	 ossification	 progresses	
through	four	stages;	A‑Width	of	the	epiphysis	equal	to	the	
width	 of	 the	 Diaphysis.	 B‑Sesamoid	 ossification	 (small	
calcified	bone	at	the	Thumb)	C‑Capping	Stage.	D‑Fusion	
stage.	The	objective	of	this	review	is	to	give	an	overview	
of	 the	current	methods	of	skeletal	age	assessment	and	 to	
highlight	 the	 simple	method	of	 hand‑wrist	 radiograph	 as	
an	indicator	using	Bjork	system.

Materials	and	Methods
hand and wrist radiograph

The	 skeleton	 of	 the	 hand	 and	 wrist	 is	 made	 of	 the	
following	[Figure	2]:
1.	 Distal	 ends	 of	 long	 bones	 of	 the	 forearm	

(radius	and	ulna)
2.	 Carpals
3.	 Metacarpals
4.	 Phalanges.

The	main	components	of	hand	and	wrist	are	as	follows:
1.	 Joint	 between	 radius	 and	 navicular	 (Scaphoid)	

bones	(radiocarpal	joint)
2.	 Joint	 between	 the	 trapezium	 and	 first	 metacarpal	

bones	(carpometacarpal	joint)
3.	 First	metacarpophalangeal	joint
4.	 Interphalangeal	joint	of	the	thumb
5.	 Proximal	interphalangeal	joint
6.	 Middle	inter‑phalangeal	joint
7.	 Distal	interphalangeal	joint.

Each	 phalange	 consists	 of	 epiphysis	 and	 diaphysis.	 The	
development	 of	 the	 epiphysis	 and	 diaphysis	 of	 growing	
child	 not	 only	 differs	 in	 the	 timing	 of	 the	 maturational	
events	(width,	ossification,	capping,	and	fusion	[Figure	3]	
but	 also	 in	 the	 sequence	 of	 these	 events.	 On	 the	 other,	
the	 development	 stage	 has	 considerable	 influence	 on	
orthodontic	diagnosis	and	treatment	planning.
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2.	 Ossification	 of	 adductor	 sesamoid	 located	 at	 the	
thumb(S) [Figure	4c]

3.	 Capping	 of	 epiphysis	 located	 at	 a‑,	 middle	 phalanx	
of	the	third	finger	(MP3	Cap)	[Figure	4d]

4.	 Fusion	of	epiphysis	and	diaphysis	located	at
a.	 Distal	phalanx	third	finger	fusion	(DP3F)
b.	 Proximal	phalanx	third	finger	fusion	(PP3F)
c.	 Middle	phalanx	of	third	finger	fusion	(MP3F)
d.	 Radius	(R),	[Figure	4e‑h].

Following	 the	 diagram	 in	 Figure	 5	 and	 6,	 the	 skeletal	
age	 can	 be	 determined.	 The	 following	 steps	 should	 be	
followed	 depending	 on	 the	 presence	 of	 the	 Sesamoid	
Bone	 (S)	 in	 the	 hand	 and	wrist	 radiograph	 to	 determine	
the	skeletal	maturity	stage	in	hand	and	wrist	radiograph.

The	first	 step	 is	 to	 look	 for	 both	 the	Sesamoid	 bone	 (S)	
and	 fusion	 of	 the	 epiphysis	 and	 diaphysis	 of	 the	 third	
finger	at	the	distal	site	(DP3F).

The	second	step:	If	the	Sesamoid	bone	(S)	is	not	present.	
Look	 for	 the	 width	 of	 the	 epiphysis	 and	 diaphysis	 of	
the	proximal	phalanx	of	 the	 second	finger	 (PP2).	 If	 they	
are	 equal,	 then	 look	 for	 the	 width	 of	 the	 epiphysis	 and	
diaphysis	in	the	middle	of	the	third	finger	(MP3).	If	they	
are	 not	 equal,	 then	 the	 patient	 is	 in	 (PP2)	 stage,	 but	 if	
they	are	equal,	then	the	patient	is	in	(MP3)	stage.

The	 third	 step:	 If	 the	Sesamoid	bone	 (S)	 is	 present	 look	
at	 the	 third	 finger	 in	 the	 distal	 site,	 if	 there	 is	 fusion	 or	
not?
•	 If	 there	 is	 no	 fusion	 between	 the	 epiphysis	

and	 diaphysis,	 then	 the	 patient	 in	 the	 capping	
stage	(MP3Cap)	stage

•	 If	 there	 is	 fusion	 in	 the	 distal	 site	 and	 no	 fusion	 in	
the	proximal	and	middle	site	of	 the	 third	finger,	 then	
the	patient	is	in	(DP3F)

•	 If	 there	 is	 fusion	 in	 the	 distal	 site,	 then	 look	 at	 the	
proximal	 site	 of	 the	 third	 finger	 and	 also	 at	 the	
middle	 site,	 if	 there	 is	 no	 fusion	 in	 the	 middle	 site,	
then	the	patient	is	in	the	(PP3F)	stage

•	 However	 if	 there	 is	 fusion	 in	 the	distal	and	proximal	
and	middle	 sites	 of	 the	 third	 finger	 but	 no	 fusion	 in	
the	radius,	then	the	patient	is	in	the	(MP3F)	stage

•	 If	 there	 is	 fusion	 in	 the	 radius	bone,	 then	 the	patient	
is	 in	Radius	stage	(R)	where	most	of	the	growth	was	
utilized.

Discussion
Understanding	 the	 growth	 of	 the	 oro‑facial	 region	 is	
important	when	 planning	 orthodontic	 treatment.	 Skeletal	
maturation	 is	 an	 integral	 part	 of	 individual	 patterns	 of	
growth	 and	 development.	 Variation	 in	 the	 maturation	
status	 is	 closely	 associated	 with	 deviation	 in	 the	 timing	
and	 magnitude	 of	 growth.	 Due	 to	 individual	 variation	

Figure	1:	Growth	sites	in	hand	and	wrist

Figure	2:	Anatomy	of	the	skeleton	of	the	hand	and	wrist

Figure	3:	Radiographic	identification	of	skeletal	maturity	indicators

In	 Bjork	 system,	 the	 developmental	 maturity	 indicators	
are	in	the	following	order	[Figure	4]:
1.	 Width	of	epiphysis	as	wide	as	diaphysis	located	at:

a.	 Proximal	phalanx	of	the	second	finger	(PP2)
b.	 Middle	 phalanx	 of	 the	 third	 finger	 (MP3)	

[Figure	4a	and	b].
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Figure	4:		Skeletal	maturity	indicators	according	to	Bjork.	(a)	Epiphysis	equal	in	width	to	diaphysis	second	finger	(b)	Epiphysis	equal	in	width	to	
diaphysis	third	finger	(c)	Appearance	of	adductor	sesamoid	of	the	thumb	(d)	Capping	in	the	middle	of	third	finger	(e)	Fusion	of	epiphysis	and	diaphysis	
in	the	distal	of	third	finger	(f)	Fusion	of	epiphysis	and	diaphysis	in	the	proximal	of	third	finger	(g)	Fusion	of	epiphysis	and	diaphysis	in	the	middle	of	
third	finger	(h)	Fusion	of	the	radius

Figure	5:	The	growth	curve

Figure	6:		Determination	of		the	skeletal	maturity	stage	from		hand	and	
wrist	radiograph

in	 timing,	 duration,	 and	 velocity	 of	 growth,	 skeletal	 age	
assessment	 is	 essential	 in	 formulating	 viable	 orthodontic	
treatment	 plans.[35]	 Clinical	 decisions	 regarding	 the	
use	 of	 extra‑oral	 traction	 forces,	 functional	 appliances,	
extraction	versus	nonextraction	treatment	or	orthognathic	
surgery	are	at	least	based	on	growth	considerations.[36]

Every	 growing	 child	 matures	 differently	 and	 several	
methods	 were	 proposed	 as	 maturity	 indicators.	 Among	
these	are	the	chronological	age;[37]	dental	eruption;	dental	
calcification	stages;[38‑41]	Hand	and	wrist[2,42]	as	well	as	the	
height;[29]	weight;[37]	sexual	maturation;[23]	Frontal	sinus;[19]	
and	the	Cervical	vertebrae;[43]	and	recently	biomarkers.[44]	
Bacettee	 et	 al.[45]	 and	 other	 researchers[46,47]	 introduced	
the	 cervical	 vertebral	 maturation	 method	 [CVM]).	
This	 method	 has	 gained	 popularity	 in	 recent	 years.	 The	
method	 is	 based	 on	 the	morphological	 characteristics	 of	
the	 cervical	 vertebrae	 at	 different	 developmental	 stages.	
These	 stages	 are	 correlated	 with	 different	 growth	 rates	
in	 facial	 structures.	 Further,	 the	 CVM	 method	 cover	
the	 entire	 circumpubertal	 period	 for	 both	 genders	 by	
covering	 all	 significant	 phases	 in	 craniofacial	 growth	
during	 adolescence	and	young	adulthood.	 It	 is	 important	
to	identify	the	maximum	growth	spurt	in	growing	child.

Hand	 and	 wrist	 radiographic	 examination	 can	 give	
accurate	 bone	 age	 (skeletal	 age)	 picture.	 The	 hand	
and	 wrist	 were	 used	 because	 it	 is	 easy	 to	 locate	 the	
different	developmental	 stages	 and	ossification	centers	
which	 will	 give	 accurate	 skeletal	 age	 compared	 to	
chronological	 age	 as	 it	 is	 frequently	 accelerated	
or	 decelerated	 and	 it	 is	 technically	 simple	 to	 make	
radiograph.[48]	 Every	 method	 mentioned	 above	 has	 its	
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own	advantages,	disadvantages,	and	limitation	over	the	
other	 methods.	 However,	 more	 research	 is	 needed	 to	
find	 the	best	method	 to	assess	 the	maturity	of	 subjects	
seeking	 orthodontic	 treatment.	 This	 review	 presents	
details	 of	 the	 hand	 and	 wrist	 method	 introduced	 by	
Bjork	 which	 is	 simple	 and	 easy	 to	 use	 with	 minimal	
radiographs.

Conclusion
The	 knowledge	 of	 the	 growth	 and	 skeletal	 maturation	
stage	 of	 the	 orthodontics	 patients	 are	 of	 great	 value	 for	
selecting	 the	 efficient	 orthodontic	 therapy.	 However,	
different	craniofacial	 structures	of	patient	 show	variation	
in	 growth	 potential.	 The	 routine	 use	 of	 hand‑wrist	
radiographs	 for	 growth	 prediction	 exposes	 the	 patient	
to	 additional	 radiation.	 Evaluation	 using	 lateral	
cephalographs	 has	 been	 recommended	 as	 alternative	
method.	The	pubertal	growth	spurt	is	a	vital	period	in	the	
orthodontic	 treatment	 and	 should	 be	 kept	 in	mind	when	
planning	 orthodontic	 treatment	 in	 growing	 children.	
One	 of	 the	main	 objectives	 is	 to	make	 use	 of	 growth	 in	
patients	 with	 skeletal	 discrepancy	 during	 adolescence.	
This	 will	 influence	 the	 selection	 of	 the	 appliances,	 the	
course	of	the	treatment	and	the	retention	after	the	therapy.
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