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Normal growth



INTRODUCTION

 Understanding the normal patterns of growth can 
prevent the unnecessary evaluation of children 
with acceptable normal variations in growth.

 Most healthy infants and children grow in a 
predictable fashion, following a typical pattern of 
progression in weight, length, and head 
circumference.
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Phases of growth

The infantile phase is characterized by 
rapid but decelerating growth during the 
first two years of life
The linear growth of normal infants (up to  

8 months) may move to higher or lower 
percentile due to physiologic shift from 
intrauterine influences to the child’s 
inherent growth potential.
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The childhood phase is characterized by 
growth at a relatively constant velocity of 

 
5 to  

7 cm per year
A child’s growth curve follows along the same 

channel or percentile from 2-
 

9 years of age
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NORMAL PUBERTAL GROWTH

The pubertal growth spurt in girls:
Tanner stage II and III

The pubertal growth spurt in boys :
Tanner stage III and IV

The later onset, longer duration, and 
increased velocity of the pubertal growth 
spurt in boys accounts for their taller stature 
(an average of 12 to 13 cm greater than girls)
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AGE        WT (g/day)     LENGTH (cm/mo)   HC(cm/mo)            RDA
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4 mo, birth weight is doubled
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Normal Growth velocities at different 

ages

Age Average Growth 
Velocity / Year

1st year 25cm

The Growth Velocity may fall to as low as 4cm/year just before 
the pubertal spurt

1st year 25cm
2nd year 12-13cm

3rd & 4th year 6-
 

7 cm 
5 years- till onset of puberty 5cm/year 



DENTAL DEVELOPMENT

Initial mineralization begins as early as the 2nd 
trimester and continues through 
 

3 yr of age for 
the primary  teeth and 25 yr of age for the 
permanent teeth. 
Exfoliation begins at about 
 

6 yr of age and 
continues through 12 yr of age. 
Eruption of the permanent teeth may follow 
exfoliation immediately or may lag by 4–
 

5 mo. 
The timing of dental development is poorly 
correlated with other processes of growth and 
maturation. 
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PRIMARY TEETH               AGE AT ERUPTION                               
Maxillary               Mandibular

Central incisors          6–
 

8 mo                   5–
 

7 mo
Lateral incisors           8–11 mo                7–10 mo
Cuspids (canines)      16–20 mo              16–20 mo
First molars                 10–16 mo              10–16 mo
Second molars            20–30 mo              20–30 mo

PRIMARY TEETH               AGE AT ERUPTION                               
Maxillary               Mandibular

Central incisors          6–
 

8 mo                   5–
 

7 mo
Lateral incisors           8–11 mo                7–10 mo
Cuspids (canines)      16–20 mo              16–20 mo
First molars                 10–16 mo              10–16 mo
Second molars            20–30 mo              20–30 mo



Delayed eruption is usually considered when there are no teeth 
by approximately 13 mo of age (mean + 
 

3 SD). 

Common causes include hypothyroid, hypoparathyroid, 
familial, and (the most common) idiopathic. 

Individual teeth may fail to erupt because of mechanical 
blockage (crowding, gum fibrosis)
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Causes of early exfoliation include: 
histiocytosis X
cyclic neutropenia
Leukemia
trauma
idiopathic factors
Nutritional and metabolic disturbances, prolonged 
illness, and certain medications (tetracycline) 
commonly result in discoloration or malformations 
of the dental enamel. 

A discrete line of pitting on the enamel suggests a 
time-limited insult.
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EVALUATION OF GROWTH

Measurements of length:
In children younger than two years: supine 

with infantometer.

The older child :standing position, preferably 
with a stadiometer

The height of an individual child should be 
measured at the same time of day (eg, 
morning or afternoon) at each visit if possible 
since the measurement may be greater in the 
morning than at the end of the day
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Chronological age

Height Age - The age at which the patient’s height is at the 
50th percentile. 

Bone age
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RADIOLOGIC EVALUATION OF GROWTH

 The bone age is the most important lab test in the evaluation 
of growth

 Bone age : comparing the epiphyses or shapes of bones on a 
radiograph with standards for a given age(Greulich Pyle charts 
are the most commonly used method, which examines the 
epiphyseal maturation of the hand & wrist).

 The left hand and wrist typically are used
 Radiographs of the knee may provide additional information 

in infants and adolescents
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RADIOLOGIC EVALUATION OF GROWTH

A bone age that is more or less than two 
standard deviations from the mean is 
considered abnormal. 
One standard deviation is approximately 10 

percent of the child's chronologic age
Bone age is delayed in children with 

constitutional growth delay, hypothyroidism, 
GH deficiency, or chronic disease, particularly 
gastrointestinal disease.
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PREDICTION  OF  ADULT  STATURE

Mid-parental height (MPH):
boys = (mother’s height+13cm)+ father’s height /
 

2 + 8cm
 girls = Mother’s height + (father’s height- 13cm)/ 2+ 8cm
 The 13 cm represents the average difference in height of 

men and women

 Bone age
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Standard Deviation Scores:
(SDS)= (x-X)/SD
x:  Child height
X: Mean height

SD:{ height at 50th percentile -height at 3th 
percentile}/2
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short stature  



Growth –promoting process requires :
Hormonal stimulation 
GH-IGF1
Sex steroids
Thyroid hormones 
Paracrine  growth factors 
Cytokines 
Caloric energy 
Amino asids 
Vitamins 
Trace metals
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IntroductIon

Short stature is a common problem

The etiology of short stature ranges from normal variants like 
familial short stature (FSS) & constitutional growth delay 
(CGD) to pathological conditions like endocrine & systemic 
disorders. 

Fortunately, the normal variants form the commoner causes and 
can be suggested by basic tools like anthropometric data and 
bone age. 
However, the distinction between normal & abnormal growth 
can be difficult at times.

Short stature is a common problem

The etiology of short stature ranges from normal variants like 
familial short stature (FSS) & constitutional growth delay 
(CGD) to pathological conditions like endocrine & systemic 
disorders. 

Fortunately, the normal variants form the commoner causes and 
can be suggested by basic tools like anthropometric data and 
bone age. 
However, the distinction between normal & abnormal growth 
can be difficult at times.



Definition of short stature:
A child is considered short if :
1- height <3rd percentile or <
 

2 SD

2- growth velocity is consistently < 25th percentile 
over 6-12 months of observation.

3- If the patient is excessively short for the mid-parental 
height, though may be within the normal percentiles.

note : 80% of children with height <3SD have pathologic Short 
Stature whereas 80% of children with height  <2SD usually 
have normal variant Short Stature.
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 Growth velocity / Height velocity :

most important aspect of assessment of Short Stature

 requires at least 
 

6 months of observation. 
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Weight-for-height
 BMI

 <5th percentile :Underweight
 5th–84th percentile : Normal weight 
 85th–94th percentile: overweight
 ≥95th percentile :Obese

 The weight-for-height typically is normal in children who have 
constitutional growth delay or familial short stature

 Children with endocrine disorders, such as Cushing's syndrome, 
growth hormone deficiency, and hypothyroidism are usually 
overweight-for-height.

 BMI
 <5th percentile :Underweight
 5th–84th percentile : Normal weight 
 85th–94th percentile: overweight
 ≥95th percentile :Obese

 The weight-for-height typically is normal in children who have 
constitutional growth delay or familial short stature

 Children with endocrine disorders, such as Cushing's syndrome, 
growth hormone deficiency, and hypothyroidism are usually 
overweight-for-height.





Upper segment/lower segment ratio

 The lower segment is measured from the top of the symphysis pubis to 
the plantar surface of the foot

 The upper segment is calculated by subtracting the lower segment from 
the child's height

 Normal ratios are as follows:
Birth          1.7 
3 years      1.33 
5 years      1.19
10 years    1.0

 The US/LS ratio is abnormal in children who have skeletal dysplasia, 
rickets, Turner syndrome, and Marfan syndrome
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Major causes of short stature:

Primary  growth abnormalities
Secondary growth disorders 
Idiopathic short stature (MOST COMMON)
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Primary  growth abnormalities:

1-Osteochondrodysplasias:Genetic transmision
Abnormalities in the size  and  shape of  bones  of  the limbs 

, spine  and /or  skull 
Radiologic abnormalities of  the  bones 

Achondroplaia,Achondrogenesis type I and II 
,Thanatrophic dysplasia,Camptomelic dysplasia

Chondroectodermal dysplasia (Ellis van Creveld)
Kniest dysplasia

2-Chromosomal   abnormalities:Turner’s syndrome ,
Down’s syndrome, Noonan’s syndrome , Russel Silver syndrome ,Seckel’s 

syndrome 

3-Intrauterine growth retardation 
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Secondary Growth Disorder:

A. Malnutrition
B. Psychosocial dwarfism
C. Chronic disease
D. Endocrine disorder

1.Hypothyroidism
2.Cushing syndrome
3.Pseudohypoparathyroidism
4.Rickets
5.GH deficiency
6.GH resistance
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GH- related growth failure

GH deficiency :
Congenital 
Isolated GH deficiency    
Combined pituitary hormone deficiency
Midline defects 
Pituitary agenesis
Anencephaly
Aquired 
Birth trauma,Tumors,Cranial radiation therapy
Trauma ,Bleeding,  infarction 
Granulomatous dis. , Infiltrative dis., Functional ( 
emotional  deprivation syndrome )
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CONGENITAL HYPOPITUITARISM

The child with hypopituitarism is usually of normal size and 
weight at birth although those with MPHD and genetic 
defects of the GH1 or GHR gene have birth lengths that 
average 

 
1 SD below the mean.

Children with severe defects in GH production or action are 
more than 

 
4 SD below the mean by 

 
1 yr of age. 

Those with less severe deficiencies grow at rates below the 
25% for age and gradually diverge from normal height 
percentiles. 
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Infants with congenital defects of the pituitary or 
hypothalamus usually present with neonatal 
emergencies such as apnea, cyanosis, or severe 
hypoglycemia with or without seizures.

Microphallus in boys provides an additional diagnostic 
clue. Deficiency of GH may be accompanied by 
hypoadrenalism and hypothyroidism. 

Prolonged neonatal jaundice is common. It involves 
elevation of conjugated and unconjugated bilirubin and 
may be mistaken for neonatal hepatitis.
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ACQUIRED HYPOPITUITARISM
The child initially is normal. 
Atrophy of the adrenal cortex, thyroid, and gonads results in loss of weight, 

asthenia, sensitivity to cold, mental torpor, and absence of sweating. 
Sexual maturation fails to take place or regresses. atrophy of the gonads and 

genital tract with amenorrhea and loss of pubic and axillary hair. 
There is a tendency to hypoglycemia. 
Growth slows dramatically. 
Diabetes insipidus may be present early but tends to improve 

spontaneously as the anterior pituitary is progressively destroyed.

The child initially is normal. 
Atrophy of the adrenal cortex, thyroid, and gonads results in loss of weight, 

asthenia, sensitivity to cold, mental torpor, and absence of sweating. 
Sexual maturation fails to take place or regresses. atrophy of the gonads and 

genital tract with amenorrhea and loss of pubic and axillary hair. 
There is a tendency to hypoglycemia. 
Growth slows dramatically. 
Diabetes insipidus may be present early but tends to improve 

spontaneously as the anterior pituitary is progressively destroyed.



ACQUIRED HYPOPITUITARISM
If the lesion is an expanding tumor, symptoms such as headache, vomiting, 

visual disturbances, pathologic sleep patterns, decreased school 
performance, seizures, polyuria, and growth failure may occur. 

Slowing of growth may antedate neurologic signs and symptoms, especially 
with craniopharyngiomas, but symptoms of hormonal deficit account for 
only 10% of presenting complaints. 

Evidence of pituitary insufficiency may first appear after surgical 
intervention. 

In children with craniopharyngiomas, visual field defects, optic atrophy, 
papilledema, and cranial nerve palsy are common.
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Idiopathic Short Stature

A .familial (genetic, intrinsic) short stature

B.Constitutional delay of growth and maturation

C.Heterozygous defects of the GH receptor
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B.Constitutional delay of growth and maturation
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Normal variant of Short Stature

short for general population but is normal for the 
family pedigree. 
The birth length tends to be small. 
The child’s projected adult height falls within the 
mid parental height range. 
The bone age & growth velocity are normal.
Growth proceeds along a channel below but 
parallel to the 3rd percentile curve.
The final height of such a child will be short.

Familial short stature (FSS) 

short for general population but is normal for the 
family pedigree. 
The birth length tends to be small. 
The child’s projected adult height falls within the 
mid parental height range. 
The bone age & growth velocity are normal.
Growth proceeds along a channel below but 
parallel to the 3rd percentile curve.
The final height of such a child will be short.





Normal variant of Short Stature

Constitutional growth delay (CGD)

The bone age is delayed & corresponds to the height age.
The birth length is normal but typically slows down to fall below 

5th percentile in the first three years of life. 

Although puberty is delayed, the final adult height and sexual 
development are normal.

There is often a family history of father being short as a child & 
experiencing a late pubertal spurt. 

Constitutional growth delay (CGD)

The bone age is delayed & corresponds to the height age.
The birth length is normal but typically slows down to fall below 

5th percentile in the first three years of life. 

Although puberty is delayed, the final adult height and sexual 
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Criteria for constitutional delay of growth and  
maturation 

No  history of  systemic illness
Normal nutrition 
Normal  physical examination 
Normal  thyroid and  GH  levels 
Normal lab tests
Height at or  below the  3rd percentile , but  with  annual  
growth  rate  above the 5th percentile for age  
Delayed puberty 
Delayed  bone   age 
Normal predicted adult height 

No  history of  systemic illness
Normal nutrition 
Normal  physical examination 
Normal  thyroid and  GH  levels 
Normal lab tests
Height at or  below the  3rd percentile , but  with  annual  
growth  rate  above the 5th percentile for age  
Delayed puberty 
Delayed  bone   age 
Normal predicted adult height 



Salient features of Normal Variant Short Stature

FSSFSS CGDCGD

SexSex -- Commoner in boysCommoner in boys

Birth HeightBirth Height LessLess NormalNormal

Family HistoryFamily History History of short History of short 
stature stature ––positivepositive

Delayed puberty Delayed puberty 
especially in fatherespecially in father

Family HistoryFamily History History of short History of short 
stature stature ––positivepositive

Delayed puberty Delayed puberty 
especially in fatherespecially in father

Growth Growth 
VelocityVelocity

NormalNormal Growth Velocity normal Growth Velocity normal 
for bone agefor bone age

Bone AgeBone Age NormalNormal Slight delay / BA = HASlight delay / BA = HA

Final adult Final adult 
heightheight

ShortShort NormalNormal



Classification Classification 
of causes of of causes of 

short statureshort stature





History: 

Length , weight and head circumference at birth 
The final (or current) heights and weights of parents, 
siblings, and grandparents.
Prior growth pattern 
Pubertal timing in first degree relatives
Dietary history 
Activity , exercise
Social
Review of systems

Length , weight and head circumference at birth 
The final (or current) heights and weights of parents, 
siblings, and grandparents.
Prior growth pattern 
Pubertal timing in first degree relatives
Dietary history 
Activity , exercise
Social
Review of systems



Birth HistoryBirth History Low birth weight Low birth weight IUGR, dysmorphic IUGR, dysmorphic 
syndromessyndromes

Birth asphyxia, breech Birth asphyxia, breech 

presentation, Neonatal presentation, Neonatal 
hypoglycemia, hypoglycemia, icterusicterus

Growth Hormone Growth Hormone 
DeficiencyDeficiency

Dietary HistoryDietary History Poor protein caloric Poor protein caloric 
intake intake 

Malnutrition / RicketsMalnutrition / RicketsDietary HistoryDietary History Poor protein caloric Poor protein caloric 
intake intake 

Malnutrition / RicketsMalnutrition / Rickets

Family HistoryFamily History Short stature in sibs/ Short stature in sibs/ 
parents/cousins parents/cousins 

FSSFSS

Delayed puberty Delayed puberty CGDCGD

PsychosocialPsychosocial Emotional problems Emotional problems Psychosocial dwarfismPsychosocial dwarfism



Are there any specific stigmata/ clues on history 

& examination?

HISTORY  ETIOLOGY 

History at 
Presentation 

Fever, weight loss, anorexia Chronic infection

Chronic diarrhea/ bulky frothy stools Malabsorption

Dyspnea, cough, cyanosis Asthma, TB, CHD

Headache/ vomiting/ diplopia
Early morning nausea/polyuria

Intracranial tumors 
(Craniopharyngioma) 

Polyuria, polydipsia Diabetes insipidus, 
mellitus, RTA 

Weight gain, obesity Cushing’s syndrome 

Constipation, delayed milestones, 
lethargy 

Hypothyroidism 



Physical examination:

Height 
Weight 
Fronto – occipital circumference
Dysmorphic features 
Body segments
Systemic exam

Height 
Weight 
Fronto – occipital circumference
Dysmorphic features 
Body segments
Systemic exam





Lab tests:

CBC R/O Anemia and  hematologic disorders 
ESR  R/O IBD and  other  inflamatory diseases 

Electrolytes  - calcium – phosphate 
Renal function tests 

T
 

4 –TSH


Anti endomyseal Abs 

Anti transglutaminase  IgG
Total serum IgA
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diagnosis of GH deficiency
The diagnosis of GH deficiency is suspected in children with moderate to 

severe postnatal growth failure. 
Criteria for growth failure :

height below the 1% for age and sex, 
or height more than 

 
2 SD below sex-adjusted mid-parent height. 

Acquired GH deficiency can occur at any age; when it is of acute onset, 
height may be within the normal range. 

A strong clinical suspicion is important in establishing the diagnosis. 

The diagnosis of GH deficiency is suspected in children with moderate to 
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Criteria for growth failure :
height below the 1% for age and sex, 
or height more than 

 
2 SD below sex-adjusted mid-parent height. 
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than chronological age normal values.

Values in the upper part of the normal range for age effectively 
exclude GH deficiency.

IGF-I values in normally growing children and those with 
hypopituitarism overlap during infancy and early childhood.
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absent or low levels of GH in response to 
stimulation. 

A variety of provocative tests have been 
devised that rapidly increase the level of 
GH in normal children. 

These include administration of insulin, 
arginine, clonidine, or glucagon..
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Evaluating the pituitary

In addition to establishing the diagnosis of GH deficiency, it 
is necessary to examine other pituitary functions.

Levels of TSH, thyroxine (T4), ACTH, cortisol, 
gonadotropins, and gonadal steroids may provide 
evidence of other pituitary hormonal deficiencies.

Perform MRI, with particular emphasis on hypothalamic 
pituitary anatomy.
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THANK  YOU

ANY QUESTION ?


