
Short stature



Definition 

• Short stature is a term applied to a child whose height is 2 standard 
deviations (SD) or more below the mean for children of that sex and 
chronologic age (and ideally of the same racial-ethnic group). This 
corresponds to a height that is below the 2.3 percentile. Short stature 
may be either a variant of normal growth or caused by a disease.



BIOLOGY OF LINEAR GROWTH 

• Normal and pathologic variations in linear growth depend on the balance 
between proliferation and senescence of chondrocytes at the growth plate. 
This process is regulated by:
• Endocrine mechanisms – Growth hormone, insulin-like growth factor 1 

(IGF-1), androgens, and thyroid hormone all stimulate chondrogenesis, 
while glucocorticoids inhibit chondrogenesis
• Proinflammatory cytokines
• Paracrine mechanisms – Including fibroblast growth factors, bone 

morphogenetic proteins, parathyroid hormone-related protein
• Cartilage extracellular matrix
• Intracellular pathways



BIOLOGY OF LINEAR GROWTH 

• In the clinical setting, these observations explain why growth 
hormone has variable effects on growth in children with short 
stature. Growth hormone is highly effective in individuals with growth 
hormone deficiency, but may also have nonspecific stimulatory 
effects on the growth plate that can partially compensate for growth 
problems due to some other molecular defects.



PHASES OF GROWTH

• Infantile phase: this under nutritional control occur in the 1st  tow 
year of life.
•Childhood phase: this under hormonal control especially growth 

hormone & thyroxin h. with nutrition also play a rule in this phase. 
•Pubertal phase: under control of GH & sex hormone acting 

synergistically and last from adolescence and onward.





APPROACH TO THE SHORT CHILD
•Measure arm span. 
•Weigh all patients.
• In infants, measure the fronto-occipital 

circumference.
• In patients in whom short-limb dwarfism is 

suspected, 
• The upper-to-lower segment ratio (US/LS) should 

be close to 1.
• The ratio is more than 1 in children with 

shortened limbs, as it is in individuals with 
hypochondroplasia or achondroplasia.



APPROACH TO THE SHORT CHILD

•Palpate for thyroid enlargement and 
firmness.
• Inspect fourth metacarpals (shortened in 

pseudohypoparathyroidism).
• Finger clinodactyly is seen in Silver-Russell 

syndrome . 
• Inspect mucous membranes for ulcerative 

stomatitis, deficiencies. Pretibial ulcerations.
•Rectal tags and clubbing.



APPROACH TO THE SHORT CHILD

•Neurologic exam: Visual field deficits often herald pituitary neoplasms.
• Renal system: Polyuria and polydipsia are important symptoms of 

hypothalamic and pituitary disorders. Chronic renal disease is a common 
cause of growth failure (GF).
• Social Participation: The growth pattern with adequate nutrition in a 

loving environment over time is critical to distinguish pathologic GF from 
normal variant short stature in such patients.
• GIT: Diarrhea, flatulence, or borborygmi (frequent, discomforting, or even 

audible peristalsis) suggest malabsorption. Vomiting can suggest an eating 
disorder or a CNS disorder.
• Cardiac disease: peripheral edema, murmurs, and cyanosis.



APPROACH TO THE SHORT CHILD

Midface: A single, central, maxillary incisor reflects a 
defect in midline facial development. A bifid uvula 
suggests the possibility of a submandibular cleft palate. 
Associated anomalies of midline structures, such as the 
pituitary gland, are common in patients with major 
midline facial anomalies.

Others: chronic diseases that may result in short stature 
include severe asthma associated with chronic steroid 
use and cystic fibrosis.



NORMAL VARIANTS OF GROWTH

Short children with normal height velocity usually have a nonpathologic 
cause of short stature also described as normal variants of growth, 
including:
• Familial short stature
•Constitutional delay of growth and puberty
• Idiopathic short stature (ISS)
• Small for gestational age infants with catch-up growth



NORMAL VARIANTS OF GROWTH

•Constitutional delay of growth and puberty: a diagnosis of exclusion
•Length and weight measurements of affected children are normal 

at birth, and growth is normal for the first 4-12 months of life.
•But they have delayed bone age and pubertal growth spurt. 

However, the eventual height will be the same as his family.
•Other family members (often 1 or both parents) may have histories 

of short stature in childhood.
•Boys with > 2 year of pubertal delay can benefit from a short 

course of testosterone therapy to hasten puberty after 14 years of 
age.



Familial vs Constitutional delay charts





NORMAL VARIANTS OF GROWTH

• Idiopathic short stature: a diagnosis of exclusion. 
•The child's height percentile is below the range predicted by the 

mid-parental height and the bone age is not delayed, but there is no 
evidence of underlying genetic, systemic, or endocrine disease 
•Although ISS may be a variant of normal growth, patients with this 

growth pattern warrant monitoring for the possibility of 
unrecognized underlying disease. 



NORMAL VARIANTS OF GROWTH

• Small for gestational age infants with catch-up growth — Most 
infants born small for gestational age (SGA) experience catch-up 
growth by two years of age, sufficient to be within the normal range 
(length above -2 SD, ie, >2.3 percentile).



PATHOLOGIC CAUSES OF SHORT STATURE 

The hallmark of most pathologic causes of short stature is low growth 
velocity. Systemic disorders or processes with secondary effects on 
growth:
•Undernutrition
•Glucocorticoid therapy
•Gastrointestinal disease — Children with growth failure resulting 

from gastrointestinal disease tend to have a greater deficit in weight 
than height (ie, they are underweight-for-height) in contrast to those 
with endocrine disorders, who are often overweight-for-height 





PATHOLOGIC CAUSES OF SHORT STATURE 

•Rheumatologic disease — Childhood rheumatologic diseases, 
especially systemic juvenile idiopathic arthritis, are frequently 
associated with growth retardation [28]. This may be a consequence 
of the proinflammatory cytokines associated with disease activity and 
is also caused by the highdose glucocorticoids that are often used for 
treatment 
•Chronic kidney disease
•Cancer — Children with cancer may grow poorly before diagnosis 

because of poor food intake, nausea, vomiting, and increased caloric 
utilization.



PATHOLOGIC CAUSES OF SHORT STATURE 

•Pulmonary disease — Cystic fibrosis is both a pulmonary and 
gastrointestinal disease. Growth failure in children with this disorder 
may be caused by multiple mechanisms, including poor food intake, 
maldigestion or malabsorption, chronic infection, and increased 
energy requirements (work of breathing)
•Cardiac disease 
• Immunologic disease — HIV infection is associated with growth 

failure. Mechanisms include anorexia, malabsorption, diarrhea, 
severe infections, and failure of one or more major organ systems 



PATHOLOGIC CAUSES OF SHORT STATURE 

•Metabolic diseases — Growth failure is common in children and 
adolescents with many of the inborn disorders of metabolism. Among 
acquired metabolic diseases, the most common is type 1 diabetes 
mellitus. In the past, type 1 diabetes mellitus was an important cause 
of short stature and attenuated growth because of caloric deficit 
resulting from severe glucosuria 
•Endocrine causes of short stature — Primary endocrine disorders 

with effects on growth are uncommon but are important to identify 
because they can be treated (table 2).



PATHOLOGIC CAUSES OF SHORT STATURE 

•Genetic diseases with primary effects on growth
•Turner syndrome — is an important consideration in girls with short 

stature, and especially growth failure, because shortness may be the 
presenting feature of the syndrome
• SHOX gene variants — (short stature homeobox)- containing gene on 

the X chromosome cause a syndrome in which the primary 
manifestation is short stature, which tends to be more severe in girls
•Prader-Willi syndrome



PATHOLOGIC CAUSES OF SHORT STATURE 

•Genetic diseases with primary effects on growth
•Noonan syndrome 
• Silver-Russell syndrome —also known as Russell-Silver syndrome is 

characterized by severe IUGR and postnatal growth retardation with 
a prominent forehead, triangular face, downturned corners of the 
mouth, and body asymmetry (hemihypertrophy)
• Skeletal dysplasias/growth plate abnormalities — Skeletal dysplasias 

associated with short stature are caused by inherited defects in 
cartilage/bone development and are often associated with 
disproportionate short stature (with limbs disproportionately short 
for the trunk or vice versa).



Other causes of short stature 
that may be pathologic 
• Idiopathic short stature (ISS) – Some individuals with apparent ISS 

may have underlying disorders that are pathologic but not diagnosed 
during a standard evaluation. If the short stature is severe, these 
patients warrant a detailed evaluation and ongoing monitoring for 
the possibility of subclinical underlying systemic disease. These 
patients may also be candidates for growth hormone therapy.



• Small for gestational age (SGA)– Approximately 10 percent of infants 
born SGA fail to experience catch-up growth sufficient to be within 
the normal range by two years of age. This growth pattern is more 
likely in those with severe SGA and can be considered pathologic, 
although the underlying mechanisms are unclear and likely vary. 
Multigene sequencing analysis of SGA children with isolated short 
stature may be able to identify a pathogenic or likely pathogenic 
genetic variant in 15 percent of patients [88]. Children with persistent 
short stature after ages two to four years may benefit from growth 
hormone therapy.

Other causes of short stature 
that may be pathologic 



Treatment 
•The recommended dose of hGH is 0.18-0.3 mg/kg/wk during 

childhood.
•Recombinant GH is administered subcutaneously in 6 or 7 divided 

doses.. Maximal response to GH occurs in the 1st yr of treatment.
•Concurrent treatment with GH and a gonadotropin-releasing 

hormone (GnRH) agonist has been used in the hope that interruption 
of puberty will delay epiphyseal fusion and prolong growth. 
•  Criteria for stopping treatment include a decision by the patient that 

he or she is tall enough, a growth rate <1 inch/yr, and a bone age >14 
yr in girls and >16 yr in boys.
•Recombinant IGF-1 is approved for use in the United States. It is given 

subcutaneously twice a day. 



Complication of Growth Hormone 
Treatment 
• Some children developed leukemia
•Pseudo tumor cerebri
• Slipped capital femoral epiphysis.
•Gynecomastia .
•Worsening of scoliosis.
• Increase in total body water during the 1st 2 wk of treatment
• Increase the risk of type 2 diabetes.
•Creutzfeldt-Jakob (CJ) disease for at least 10-20 yr after therapy and 

the development of antibodies to GH.



Indications of growth hormone
•1- Growth hormone deficiency  and pan hypopitiutarism. 
•2- Chronic renal failure.
•3- Turner syndrome.
•4- Prader-Willi syndrome.  
•5- Noonan syndrome.
•6- Idiopathic short stature.



Thank you


