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® Empower general practitioners to

accurately and efficiently distinguish
between normal variants of short
stature and pathological causes.

Review high-yield work up to
determine which children require
prompt referral to pediatric
endocrinology.
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_ Phases of Linear Growth: Intrauterine

s e | e | s

e Most rapid growth during lifetime (100 cm/year)

e Nutrition and maternal/fetal health are key

O Maternal factors: weight gain, systemic illness,
medications, drugs(tobacco/alcohol)

O Placental factors: twinning/infection

O Fetal factors: syndromes, chromosomal
abnormalities

O Insulinis the most important hormone

o Poorly controlled gestational diabetes => LGA

e Paternally expressed IGF-2 in the fetus/placenta are
both important in fetal growth

STAGES OF DEVELOPMENT
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~ Infancy (birth to age 2) 74

AD

Ui

e Growth remains rapid (25-50 cm/year)

e Nutrition still important from 6-9 months of life

o Then GH becomes important

e Crossing height percentiles is normal during transition

from prenatal to postnatal growth

e Growth faltering during this period can be an early sign of

constitutional delay of growth

s e | e | s
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— Childhood

AD

Ui

e Slowest and longest period of growth (5 cm/year)

e Growth hormone is the primary driver

e Shifting percentiles is abnormal during this phase
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— Final 15% of growth (8-10 cm/year)

Girls

® Accelerate at 10 years Figure B9 Puss wlocty baight curve e girs and Dok showing T increase n sretch
I slitutn |hussphl] it v et o Gnteveney (s i

® Peakof 9 cm/year at11.5years P B e R i

® Average growth of 7.5 cm growth post menarche

Boys

| ® Accelerate at 12 years

. ® Peak10cm/year at 13.5 years

]

® 97% height attained at bone age of 15 years

— Growth hormone secretion is increased by sex steroids
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' Definitions/Clarifications

* Short stature: height < - 2.0 SD (~3%tile for
age and sex)

* Growth deceleration: crossing > 2 major
percentile lines or growth velocity below

normal

— * Projected height >2 SD below MPH

suggests pathology

—— ¢ Severe short stature: <- 3.0 SD =refer
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. Lengtk Medsurement

Birth — 24 months:
Supine measurement

2-3 years and older:
Statiometer

*Shoes off
*Back of heels to wall
| ooking straight ahead
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recumbent length

longitudinal data across 6 diverse countries
identify how children should growth when
provided optimal conditions

better description of physiological growth in
infancy
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g

standing height >2 years

cross-sectional data from the US,
reference population from national
surveys from 1963-1980
observationally describes how children in
the population grow
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e Thereis a significant discontinuity between these growth

charts at this age (10%tile to <2%tile).

e Researchers at Penn State have created growth charts that

make the transition from WHO to CDC gradually and

smoothly from 2 to 5 years (single center, n=>7000).

e Just published last month (Sept 2025)
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A little bit about physiology... Fok
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GROWTH

Dr. Susie Cabrerra from Medical College Wisconsin
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STAGES OF DEVELOPMENT

~ Summary so fart ¢

ePhases of growth

olntrauterine

L olnfancy [ FUPPIIUUUI A W |
L oAdolescence - 1=———==

el ength measurements iy

*Growth charts i g
ePhysiology L
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Algprootches to short stature

How tall is the child expected to be?
When did gvowﬂ'\ deviate?
I's 9row’ch velocitg continuing to increase?

Does the child have normal weight gain?
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HISTORY!

'

I |
Birth history Chronic illness
- Weight/length —— = TNFaq, IL-1B, IL-6 act — Head trauma
(SGA?) inhibit chondrocytes
l - Complications - Malnutrition » reduced
. R otemal BRE - ::;F-L;lirtaevf:zocorticoid S a
(FAS?) - L & o
. 9% =,
- Hypoglycemia (GH - Relative GH resistance, & JL J
deficiency) possibly due to
" - Jaundice || downregulation of JAK2
(Hypothyroidism?) signaling
Medications S——— i — . .
. FELLY . Social environment
- oteroids —— - Parentalheights  _____ pgychosocial short
- timulant -

] Stimule S | Parental growth _ stature | - before age 2
(delayed height patterns (CDGP?) - Psychoscial short
veloci —— imi ——

elocity) Pubertal timing stature Il — after age 3

] - Chemotherapy | |
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PrediCtion O‘F __ ® Least dccurate!

r Adult heigk‘t ~ ® Mid parental height assumes that height is

inherited in a polygenic fashion

® Some parents don't know their height (quys

will say they're 6'0” when they're 510")

® MPH is +/- 2-2.5 inches (could be up to 4"!)

For boys: [mother’s height + 5 inches] + father’s height / 2

For girls: [father’s height — 5 inches] + mother’s height / 2

s s | H =
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Phgsical exam - upper segment to lower segment ratio

Upper segment

Males

Fema;ea ....................

ubic symphysis

U/L BODY RATIO

Lower segment

0 1 2 3 4 6 8 7 8 9 10 1 12 18 14 i6 18 17

(Y. ) &) Wal e
2 i T

B (SN TAT AN ~ eUs:LS
AVAVEVRYE! ! ) *Birth 1.70 (Greatest ratio)

Imo.(fetel) 5mo. Newborm 2yr Gyr. 1Zyr 25 yr. - S——

Figure 1-15. Changes in body proportions fromsecond @ P (o) S't Mb e r‘t ~ 1 O
fetal month to adulthood. (From Robbins W], et al: <
Growth. New Haven, CT, Yale University Press, 1928,

by permission of the publisher.)
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Bone Age X-Rady

~+ Compavres 9rowﬂ'\ centers

¢ Girls grow until bone dge of 15

(epiphyses) with standards of

same sex

* Boys grow until bone age of 18

uihallha Bk alhe Sl

A i
4 ¥ “- 2 o
~

bones
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Using the growth chart + bone age

mIc—Hep—®

“IO-m=

2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20
Ty

Published May 30, 2000 (modified 11/21/00)
SOURCE: Developed by the National Center for Health Statistics in collaboration with
the National Center for Chronic Disease Prevention and Health Promotion (2000) il
tp: ol SAFER + HEALTHIER+
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BoneXpert

Adult Height Predictor V3.1
Powered by www.BoneXpert.com

Name Pikachu

@ Male O Female

Caucasian European North

Popuiation Height 181.0 cm

Bone Age 9
Age 12
Height 145
Father's Height 180
Mother's Height 170

) show BHIMCI

Automated bone age assessments

Did you know that bene age can be automatically measured from children's hand X-ray with BoneXpert?

o Contact BoneXpert

Bone Age SDS -274
APHV 145+09 y
cm AHP (x-ray) 1800+ 35 cm
cm AHP (parental) 1818+59 cm
cm AHP (x+p) I 1803+31 ‘ cm l

User Manual Copy data into URL

200

190

180

170

160

150

140

130

120

110

® 2025 Visiana
Version 3.1
Switch to version 2.23

_Height 14.5 years

180.3 cm

15.0

125

100 75
5.0
90 4
25
& 2 4 6 3 10 12 14 16 18 20

Age

SLIDESMANIA.COM



Phgsicotl exam

— * Abnormal facies (frontal bossing, low set ears, micro/macrocephaly)
— * Clinodactyly

* Shortened 4™ metacarpal (AHO), café au lait spots (McCune Albright)
* Madelung deformity (SHOX deficiency, Turner syndrome)

| » Body asymmetry + macrocephaly + trlangular facies (Russell-Silver)
— ¢ Pubertal staging L

Clinodactyly

mlhulhaBballalls
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~ Summadry par‘t [l

* Questions to ask on history

* The potential inaccuracy of MPH
* Physical exam findings
* Upper segment:lower segment ratio

* Physical exam clues

_* Boneage

 Growth chart + bone age

— * Bone Xpert
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Differential diagnosis of short stature

Variations of normal

- Familial/genetic
short stature

- Constitutional
delay of growth and
puberty

SGA
- SGA at birth without
catch up growth by age 2

Chronic illness

Hormone disorder

- GH deficiency

- Hypothyroidism
- Cortisol excess

Medications

Steroids
Stimulants
Cancer treatment

Chromosomal/syndrome

association

_____ Skeletal Dysplasia

SLIDESMANIA.COM




Familial short stature

PHYSICAL GROWTH

AGE |YEARS)

e Child of shorter than average parents o o o
— @ Parallels the growth curve N | | .i.:_

e Height velocity and bone age are within the ‘ = cigey  -f
normal range for familial potential A== Boneage\/ @& |
® Bone age = chronologic age ] .
e Final height expected to be below average d ESES =t |

— @ Tx:Reassurance b egaes
4 I=SSSSSS=c=s , 4

SEES L 3
EES PZBZE B
e s, 5
;=
A L ||
,'7//‘/_, ! . I ! i
25 JSESES
{ | AGE (YEARS)

NCHS PERCENTILES* N f : =

SLIDESMANIA.COM Susan R. Rose et al. Pediatrics in Review 2005;26:410-420



Constitutional Growth delay

Hereditary growth variant
* Male:Female 5:1

® Size at birth normal
® Growth slows between 12 - 24 months
® Growth velocity normal after 3 years

¢ Falls further away from curve at average time of puberty
* Delayed pubertal changes

® Delayed bone age
* Height for bone age is at the target height

¢ Consider course of testosterone or estrogen if puberty is
delayed and there is increased psychosocial stress

SLIDESMANIA.COM

BOYS: 2 TO 18 YEARS
PHYSICAL GROWTH
NCHS PERCENTILES®

Adjusted Height
percentile based

¢ onbone age
U
o-®
+ vl//'/ ¥ r
Eee e
.{_/.,f","’- ! . ! i
: ,/',_ ! . e s t
.,,.,"/‘ . | | AGE (YEARS)
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_ Small for Gestational Age

* Birth weight <10% percentile for gestational age
<2.5kg for term baby

* Many syndromes encompass SGA in their
features

— ¢ 85% of children with [UGR catch up in the first 6-
I 12 months

_* Canuse growth hormone if child fails to have
_ catch-up growth by age 2
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4O Chronic llIness

O

Primary nutritional deficiency

y ° Cardiac N Severe chronic illness
— ¢ Pulmonary =
* CF, Asthma (steroid use) — | staTure f,f'"'r
¢ GI-Malabsorption, IBD a fﬁ,f”“' oot
I * 50% of kids with Crohn Disease have decrease HV prior f,f' e e’
to symptoms o %ﬁ,-* "

| ® Celiac: can have short stature without obvious Gl a __/ p
[ symptoms R ,

* Renal ff/ i
i ® Chronic renal failure, renal tubular acidosis 1 f,,f":f,_.// ol

* Malnutrition/eating disorders b Ll
IS = jér!;b"” k¥ WEIGHT

®* Growth chart: low weight for height/BMI N - Gk IVERIE:

 * Bone age: delayed

SLIDESMANIA.COM Susan R. Rose et al. Pediatrics in Review 2005;26:410-420



Birth to 36 months: Girls NAME

~ Growth Hormone Defncuency HEESEESEEESnEn
T EEESERESEESE R SESERRERREEEs>r o noe
L e B e
] . : . . = EERN Rd RESHSE SR> 0r o2 apoar Zous FeH R
. * Congenital: Normal size at birth, slowingintoddler ... = [~~~ > = ° "
age, slow growth velocity e /// // =
— * Genetic, congenital malformations S L L e ey
= :;Z:—ss////;' /// /5/ : ';/2‘2;12—:28é
21 o i e =
* Bone age often 50% of the CA or less B e --//;-///;;;i e
|| A RN % ia- cat i e
— ° Symptoms S ///// E=Eeeee NI ]
—+ Hypoglycemia (newborn or fasting) MEEE A g
. . T_m__s W Date Age | Weight | Length | Head Circ.
| « Micropenis st
T:: _3c%

* Associated physical features
— « Cherubic, midface hypoplasia, midline facial
| defects, looks younger than real age

* Acquired
« Head trauma, infection, tumor, radiation
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| Growth Hormone - IGF-l Axis |

et GH

" GHR mutation =
Laron syndrome -
. small face, saddle
nasal brio(ge, high
pitched voice

! IGFIR IGF-1 defect -
SGA without catch up 9row‘t|'\ |
IRS-
l Normal labs (IGF-1), IGF-BP3,
- GH l
\ Variable degree of

9row’c|f\/o(e|o\5 in o(evelolomen’c _

E
— NORMAL BASAL GH! msr{‘/ /
ERK1/2 | l

STAT-5alb ERK1/2 l PI3K

*ETAT-EI:I { |
- Stat5B mutation :

Severe postno\tal

9rowﬂf\ failure + : PR
| immune oljsregulo\’cion : Transcriptional Regulation

i

GROWTH
IGF-1 deficiency

Prenatal growth failure

Microcephalg
SNHL
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2 to 20 years: Boys
Stature-for-age and Weight-for-age percentiles

RECORD #

Mother's Stature

12 13 14 15 16 17 18 19 20

cm]

SE=== Res SN

— 1901

Hypothyroidism

=75 1804

=901 1854

e e e s

31754

T e e

——* | growth velocity

* Bone dge delayed
. Sjmp’coms

— Fa‘tigue
— Late teeth
— Constiloo\tion

|| — Drj skin
— — High cholesterol

— Delayed puber’tg

*To Calculate BMI: Waight (kg) + Stature {cm) + Stature (em) x 10,000
or Weight (Ib) + Stature (in) + Stature (in) x 708

=T 14704

=10 661

o2
o0
s8]
561

TR resistance
FT4/FT3 high
Normal TSH

mIuc-Hp-H®

541

|50

F504
Fle

~* 1 Weight for height/BMI

Hyperthyroid picture
+ growth failure

48
461,15
44
Fazd
a0
—387. -
Lagd
Ve
|30
|30

=i 56780107115 —E st 1657

1604

F160:
E155

4 é?““;”*(\\\Q”'”"”'

1554-

+150-

1509

U UANN
NN

F145

F140:

1054230

1004220

k135

RSN

4954210

130

NN NN

BedNSNEE

AN

154100

NN TN

_60'_
L704
604
_50_
e
304

Tra resistance
T4 low
Borderline high T3

-“IO=m=S

b

Lo
35480

30

I 05

S0

SN
NN e

———+15
=10

EESSTEAD

Normal/high TSH

2 8 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Published May 30, 2000 (modified 11,21/00)
SOURCE: Develaped by the National Center for Health Statistics in collaboration with

isease Prevention and Health Promotion (2000)

nnnnnnnnnnnnnnnnnnnnnnn

Growth failure,
delayed dentition
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=3 CUSHING SYNDROME (CORTISOL EXCESS)

2 to 20 years: Boys NAME

Stature-for-age and Weight-for-age percentiles

RECORD #

12 13 14 15 16 17 18 19 20

e e e 1| AGE (YEARS) [~ 70|
; $ - ; - + —+1904
i s T e S R
- e s
AT ko ad 2
=L f ;i I ; f 1804 20
f"/_/ e
*To Calculate BMI: Waight (kg) + Stature (cm) + Stature {cm) x 10,000 : // : e 170:58_
or Weight (Ib) + Stature (in) + Stature (in) x 703 1 / + + T f o .
/ AN A AT 66
in fem1—3=—4——5=—6—-7——8=-9=F 10711 /}///'/// s 1651 ]
I S — ////,//;/ S e e T s
0 s ,/,//// S S e e e
el A
BaERrE===SS=S2S AN L L L L L sl
L 54 e P AAAA
e e e —F1004220q
misEpSSESSSREESrZ 7o ar7 SSSSESSEEEESESER TS o W
Bk EEES RV ES P/ 77 #d o7 SHSESSESESEEESES e sy
ReETpE===== %/:’f/fﬁ? —+ A T 1190
o AT | e e T
BasTplE=== }/":Z;/ - A s
e R W 777 %7 4 S W R 1 i WS 7 67 5 b= 5l Rl P8 S g
ot A P A e
selo L P A A e el
ootaot A A e
oebes A L LA et Ll
o4 VL L L T oL AL £ 00-
80 AN T T 4541
=304 A ',4 —= 404901
Jeg S Co=S==ESEEESC/ZeZciSEiPaE 551
MEIe========c2% /f/c/} = aof 7]
R BE R R 22 o gt~ gl o0
s+ | | o | | =501
o | e | : 29F 0]
R I e == : 157
BEE - --__-cSESE=E=E f: 301
EETEEEE " AGE (YEARS)= ke T

Published May 30, 2000 imodified 11/21,/00)

SOURCE: Developed by the National Center for Health Stafistics in collaboration with
the National Center for Chronic Disease Prevention and Health Promotion (2000
httpwww. cde.govigrowthcharts

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

“IO-mS

_ @ Adrenal or pituitary tumor n
'1:— ® Exogenous steroids —
——— ® Symptoms —a
i — o Excessweight gain =
- ]:_ o Poor linear growth —
|| o Hypertension .
= o Moon facies i
:] o Buffalo hump
N o Purple striae §
[ o Easy bruising B
_]:_ o Delayed puberty B
. — @ Linear growth deceleration + weight gain —E
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Skeletal Dysplasia

o Skeletal abnormality associated with

disproportionate growth

o Shorter limbs

o o TUpper to lower segment ratio

May not show up in infomcy
Bone age congruent with chronologic age
Growth hormone beneficial in some conditions

New therdpies on the horizon for
dchondroplasia

ik BBl By
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(Not'so) Common syndromes

(that would take mul'ti!ole lectures to cover)

Turner syndrome

Russell Silver syndrome

Noonan syndrome

Prader-Willi syndrome

Pseudohypoparathyroidism/Albright

hereditary osteodystrophy

- N s e A | e
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FDA Approved Indications for GH Treatment

Growth hormone Growth delaj

deficiency Turner associated with

Chronic Renal

Pituil;c:;igcif:cy in : Sv no{rome : lnsufficiencg
olo{ul‘ts ] | |
—  Prader Willi — lo{ior)o\’[kic
SGA [ syndrome Short

Stature

N o | e | A | (e
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Disproportionate growth (skeletal
dysplasia)

Downward crossing of height percentile
after 2 years of age

Growth velocity below the 3" percentile (-
2 SDS) for at least 1 year

Height percentile less than 3" percentile
(-2 SDS), especially if height %tile is less
than MPH

SGA without catch up growth by age 2-4
Any girl with unexplained short stature
(possible Turner)

s s | H =
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s s | H =

Verify measurements, calculate GV
Calculate MPH and compare projected
height

Bone age (we’ll read it!)

Labs:

* Karyotype if female
 TSH, Free T4 (not reflex!)
* Growth factors (IGF-1, IGF-BP3)

* Screening for chronic illness: Celiac
(IgA, Ttg-IGA), Renal (BMP), IBD (ESR)

SLIDESMANIA.COM



Summary

— @ Chronicillness

e Variations of normal — Familial/Genetic short

stature, CDGP .
e SGA without catch up growth | |

— o Endocrine specials — GH deficiency, resistance, ——

hypothyroidism, cortisol excess

e Skeletal dysplasia

e Common syndromes - Turner, Russell-Silver,

[ Noonan, Prader-Willi, AHO _u

SLIDESMANIA.COM
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- Referral Algorithm: Short Stature Criteria for Patients 2 Years and Older

Less than 3 percentile for height?

OR

= Decrease in growth velocity less than Boys aged greater :

4 cm growth for greater than 1 year? YES than 14 years OR YES Bone age reqqlrgd
| OR * girls aged greater » (completed within

Greater than or equal to 3 standard than 12 years the past 6 months)
— deviations below expected height

based on mid-parental height?* l NO l
NO l 1. Obtain short stature Boy bone age result is 16

— diagnostics** NO years or more

No Endocrinology referral

- ¢ . S
| indicated: if significant concern for 2. Refer to Endocrinology Girl bog:;ii ::(s)t:;t is 14
organic etiology, consider ordering 3. Send results to y
short stature diagnostics** Endocrinology YES
or placing an eConsult
* Find the mid-parental height **Short stature diagnostics Please inform the family that there is
1. Mid-parental height calculator: * Bone age (if not already done) nothing we will be able to do to affect
http://medcalc3000.com/HeightPotential.htm + CBC ‘e €i :
2. Plot the mid-parental height at the 18 years of age mark + Electrolytes, glucose, BUN, creatinine :he .‘ihi.ld s final a.dult helgth' If. the
| 3 San What Favaentlic that16 « DRt amily is requesting specialist input,
4. |s the child growing at that current percentile? « TSH, free T4 consider placing an eConsult. It is,
5. If the child is 3 or more standard deviations (or + IGF-1, IGFBP3 though, very important that the family

—— channels) below the expected height, an endocrinology
appointment is appropriate. fe. If the mid-parental

Tissue transglutaminase IgA, total IgA understand in advance that medical
treatment impacting height is not

height at 18 years of age falls on the 75% and child is Please note: May also consider z >
currently growing at the 10%, an endocrinology obtaining if significant parental p:SSIble oncz th.e bone ageff's
assessment is appropriate. concern for organic etiology advanced and will not be offered.

Seattle Childrens Endocrine Referral: Short Stature Criteria for Patients >2 Years

Scan for more
Iinformation
on eConsults.

Revised 04 2024

HOsPITAL + RESEARCH « FounpaTion  www.seattlechildrens.org/clinics/endocrinology/refer-a-patient
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