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Long case R3
Short stature

- Turner’s syndrome

- Digeorge syndrome

- Pseudohypoparathyroidism

- Rickets

- Systemic diseases 

Tall stature

- Hypogonadism

- Marfan syndrome

- Gigantism

Androgen excess

- PCOS

- CAH: esp. 21OHD def

- Virilizing ACC

Gynaecomastia

- Hypogonadism

- Kennedy disease

- Feminizing ACC



Physiology of growth
Sex steroids

- Increase GH

 and IGF-1

Nutrition 

GH
Thyroid hormone

William textbook endocrinology



Physiology of growth

Puberty : Boy

Female Male

Testicular enlargement 4 mL or 2.5 cm

William textbook endocrinology



Prader orchidometer



Physiology of growth

Puberty : Girl

Female Male

Breast bud

William textbook endocrinology



Short stature

Definition

            Important information

✓Height < 2 SD below the mean age
✓Height < 3rd percentile for chronological age

✓Accurate height measurement
✓Previous growth record
✓Height velocity
✓Mid-parental height
✓Upper:Lower segment ratio
✓Bone age



Accurate height measurement

✓ Without foot wear

✓ Heels, buttocks, scapula and 
occiput touching the wall

✓ Lower border of the eye 
socket in the same 
horizontal plane as external 
auditory meatus     
(Frankfurt plane)

✓ Looking straight ahead

Harpenden stadiometer



Previous growth record

Height centile < Weight centile

Suggest endocrine causes

Not undernutrition

✓Cushing’s syndrome
✓Growth hormone deficiency
✓Hypothyroidism
✓Albright’s hereditary 
  osteodystrophy



Mid-parental height

Girl = Father’s height + Mother’s height – 13 ± 5-8 cm 

2
Boy = Father’s height + Mother’s height +13 ± 5-8 cm

2



U:L segment ratio

⚫ Lower segment = วัดจาก upper border ของ 
pubic symphysis ถงึพืน้

⚫Upper segment = Height – Lower segment

⚫ First step : Height measurement

Age      U/L segment

Birth   1.7

6 mo   1.6

1 yr   1.5

2 yr   1.4

3 yr   1.3

 4 yr   1.25

5 yr   1.2

10 yr   1.0



Arm span

⚫ วัดจากปลายนิว้กลางขา้งหนึง่ไปสูป่ลายนิว้กลางอกีขา้ง
หนึง่ เมือ่เหยยีดแขนออกไปทัง้สองขา้งขนานกบัพืน้

Boy age 10-11yr    arm span < height
Man                        arm span – height= 5.3cm

Girl age 11-14yr    arm span < height
Woman                  arm span – height = 1.2cm              

Arm span > Height 5 cm

“Eunuchoid appearance”



When to concern : short stature

⚫ Severe short stature

⚫ Poor height velocity

⚫ Dysmorphic features

⚫ Signs and symptoms of systemic illness

⚫ Height centile < MPH centile



Height measurement



Upper : Lower segment ratio

Pubic symphysis

150-75 = 75 cm
Upper : Lower = 75:75 = 1:1



Arm span

152 cm



Practical approach: Short stature
Short Stature?

Normal variant or Pathological?

Pathological

Dysmorphic feature?

Present

Proportion?

Proportionate

•Turner’s
•Noonan
•Down’s
•Digeorge

Disproportionate

•Skeletal
  dysplasia
•Rickets

Absent

Weight/Height

Increased

•Endocrine

Decreased

•Malnutrition
•Chronic illness
•Psychiatrics

Normal variant

•Familial
•Constitutional
delay growth 
and puberty
•Idiopathic
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Practical approach: Short stature
Short Stature?

Normal variant or Pathological?

Pathological

Dysmorphic feature?

Present

Proportion?

Proportionate

•Turner’s
•Noonan
•Down’s
•Digeorge

Disproportionate

•Skeletal
  dysplasia
•Rickets

Absent

Weight/Height

Increased

•Endocrine

Decreased

•Malnutrition
•Chronic illness
•Psychiatrics



Disproportionate

Short Limbs
-Skeletal 
 dysplasia

- Rickets

Short Trunk
- Scoliosis

Rickets Achondroplasia

U>L L>U



Proportionate

Prenatal Onset
- IUGR
- Syndromes

- Chromosome dis

Postnatal Onset
- Malnutrition
- Chronic disease

- Drugs
- Psychological
- Endocrine 
  disease



Proportionate

Prenatal Onset
- IUGR
- Syndromes

- Chromosome dis

Postnatal Onset
- Malnutrition
- Chronic disease

- Drugs
- Psychological
- Endocrine 
  disease

Turner 
syndrome

Noonan 
syndrome

Digeorge 
syndrome



Turner’s syndrome

✓ Important cause of short 
stature in girls and 
primary amenorrhea in 
young women

✓ Loss of part or all of an X-
chromosome

https://encrypted-tbn0.gstatic.com/images?q=tbn:ANd9GcQ9d6G5gqZJ8rFOjaATWE7B1dM2hcObV5Xf52tYWDdV7huBTQ8_
Karyotype: 45 X
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Turner’s syndrome: Karyotype

⚫ 1:2,500-5,000 female live births

⚫ Karyotype: the only method of confirming TS 
diagnosis



Turner’s syndrome



Clinical features of Turner’s syndrome

Primary: elevated FSH,LH and low E2



Turner’s syndrome

⚫ Cardiac abnormalies

⚫Other abnormalities

✓ Hypothyroidism

✓ Osteoporosis

✓ Insulin resistance & T2DM

✓ Kidney abnormalities

✓ Hearing loss



Turner’s syndrome

Always think of turner syndrome in any girl with short 
stature regardless of the presence of stigmata

Consider karyotypingConsider karyotyping



Indications for genetic testing to diagnose TS

Gravholt CH. Eur J Endocrinol. 2024 Jun 5;190(6):G53-G151. 



Noonan syndrome

⚫ Autosomal dominant that 
affects both males and 
females

⚫ One of the most common 
genetic syndromes 
associated with congenital 
heart disease



Noonan syndrome: features



Noonan syndrome

Characteristic Turner’s 
syndrome

Noonan’s 
syndrome

Incidence

2nd sex 
characteristic

Webbed neck

IQ

Family history

CVS

Chromosomal 
study

1:1500-2500 
female live birth

No/Incomplete

Posterior

Normal

Positive

Coarction of aorta

Bicuspid AV

45,x/mosaic

1:1000-2500 live 
birth

Normal

Anterior

Mild MR

AD

PS, HOCM, PDA, 
ASD, VSD

46,XY   46,XX



Digeorge syndrome

⚫ 22q11.2 deletion syndrome

⚫ The features of this 
syndrome vary widely

⚫ Features : CATCH-22

   Cardiac abnormality 
(especially TOF)
Abnormal facies
Thymic aplasia
Cleft palate
Hypoparathyroidism

Facial abnormalities: 
Hypertelorism
Micrognathia
short philtrum with fish-mouth 
appearance
antimongoloid slant
telecanthus

Otolaryngic
low-set ears, with defective pinna
cleft palate



Case presentation

A 24-year-old man
Presented with 

refractory seizure 

Total calcium 6.8 mg/dL
Phosphorus 4.9 mg/dL
Serum Cr 0.85 mg/dL



Approach to hypocalcemia

Hypocalcemia

Serum phosphorus

• Phosphorus loading 

• Hypomagnesemia

• Hypoparathyroidism

  - postsurgical(neck)

• Chronic renal failure

• Hypoparathyroidism

   - hereditary 

   - infiltrative disease

• Pseudohypoparathyroid

• Critical illness : 

   gram negative sepsis 

• Acute pancreatitis

• Massive Blood 

   transfusion

• Malabsorption

• Osteoblastic metastasis

• Hungry bone syndrome   

  after parathyroidectomy

• Vitamin D deficiency

• Malabsorption

• Medication : Phenytoin

    

High serum phosphorus Normal serum phosphorus Low serum phosphorus 

Acute

Chronic
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A 24-year-old man
Presented with 

refractory seizure 
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Back to this patient

Chronic hypocalcemia with hyperphosphatemia

• Chronic renal failure

• Hypoparathyroidism
   - hereditary 
   - infiltrative disease
• Pseudohypoparathyroidism

Serum creatinine 0.85
http://previews.123rf.com/images/pixxart/pixxart1104/pixxart110400005/9388378-Cartoon-character-with-check-boxes-Stock-Vector-true-false.jpg
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Hypoparathyroidism vs PseudohypoPTH

Serum calcium Serum phosphorus PTH level

Hypoparathyroidism

PseudohypoPTH

Resistance to PTH action

AHO features

Short stature, obesity

Rounded face, 

Short 4th MCP

Hypoparathyroidism



Back to this patient

Chronic hypocalcemia with hyperphosphatemia

• Chronic renal failure

• Hypoparathyroidism
   - hereditary 
   - infiltrative disease
• Pseudohypoparathyroidism

Serum creatinine 0.85
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PTH 5.32 pg/mL 
(10-60)

Image result for hypoparathyroidism
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Hypoparathyroidism : Causes

Image result for parathyroid gland cartoon

1. Genetic syndromes: Digeorge syndrome

    PTH gene mutation

2. Autoimmune disorders: isolated, APS1

3. Infiltrative disease: Hemochromatosis, 

    Wilson disease, metastatic cancer

4. Post surgery, irridiation

5. Hypomagnesemia

https://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiiqPmDitrQAhWBv48KHVYHAH8QjRwIBw&url=http://iheartguts.com/blogs/meet-the-guts/14680237-parathyroid-gland-gland-slam&bvm=bv.139782543,d.c2I&psig=AFQjCNG8FurXMohOdwIYPvbBQbmyNDp2WQ&ust=1480925032251122


A thorough history taking and 
physical examination 

Developmental delay and mild mental retardation

History of Chronic otitis media with left 
mastoiditis S/P mastoidectomy: CMI defect

Abnormal facies: long face, bulbous nose,

                         low set ear, small earlobes

Chronic hypoparathyroidism: onset since birth

Chromosome 22q11.2 deletion syn

      Velocardiofacial syndrome

      DiGeorge syndrome



Proportionate

Prenatal Onset
- IUGR
- Syndromes

- Chromosome dis

Postnatal Onset
- Malnutrition
- Chronic disease

- Drugs
- Psychological
- Endocrine 
  diseaseEndocrine diseases: เตีย้+อว้น

Cushing 
syndrome

Congenital 
hypothyroid

Isolated GH 
deficiency

Albright’s hereditary 
osteodystrophy



Albright’s Hereditary Osteodystrophy

⚫ A lack or responsiveness to PTH

   ( PTH resistance)

   Low cal, High Po4, High PTH

⚫ Short stature, Short 4th, 5th MCP, 
round face, mild mental 
retardation 

⚫ PseudohypoPTH type 1A

 and pseudopseudohypoPTH



Albright’s Hereditary Osteodystrophy

Knuckle-dimple sign
Short 4th, 5th MCP



Proportionate: Endocrine disease
Endocrine disease: เตีย้+อว้น

Cushing 
syndrome

Congenital 
hypothyroid

Isolated GH 
deficiency

✓Signs of cushing 
syndrome

✓84% thyroid 
  agenesis
✓ Mental retardation
✓ Cretinous features

✓Decreased growth  
   rate after the age of  
   6 months
✓ Small voice, 
   frontal bossing
✓ younger-appearance   
 than chronological age



Proportionate

Prenatal Onset
- IUGR
- Syndromes

- Chromosome dis

Postnatal Onset
- Malnutrition
- Chronic disease

- Drugs
- Psychological
- Endocrine 
  disease

Weight for Height

Weight for Height

Undernutrition
 Systemic illness

-RS: Asthma
-CVS: Congenital heart disease
-GI: Malabsorption
-Renal: RTA, renal failure
-Neuro: Brain tumors
-Hemato: Thalassemia
-Autoimmune diseases

เตีย้+ผอม

เตีย้+อว้น



Endocrine involvement in thalassemia 

Endocrine complications Recommendations

Short stature Monitor height and weight 

Delayed puberty Monitor pubertal progression 

Low bone mass BMD

Vitamin D deficiency 25-OHD every 6 months 

Glucose intolerance and DM FPG or OGTT annually 

Hypothyroidism TFT annually 

Adrenal insufficiency Serum cortisol 

Hypoparathyroidism Calcium, phosphate, and PTH 

annually 

Thai Guidelines for the Management of Anemia and Thalassemia



192 cm

190 cm

Tall stature



Tall stature

Definition

            Important information

✓Height > 2 SD above the mean age
✓Height > 2 SD above mid-parental height

✓Accurate height measurement
✓Previous growth record
✓Height velocity
✓Mid-parental height
✓Upper:Lower segment ratio
✓Bone age
✓Secondary sex characteristics



Arm span

⚫ วัดจากปลายนิว้กลางขา้งหนึง่ไปสูป่ลายนิว้กลางอกีขา้ง
หนึง่ เมือ่เหยยีดแขนออกไปทัง้สองขา้งขนานกบัพืน้

Boy age 10-11yr    arm span < height
Man                        arm span – height= 5.3cm

Girl age 11-14yr    arm span < height
Woman                  arm span – height = 1.2cm              

https://o.quizlet.com/i/VjKixGWEwwyKIS9jfV0m3Q_m.jpghttps://encrypted-tbn3.gstatic.com/images?q=tbn:ANd9GcQUpY309Zr7NquwLieH8yI4DCSl5IejUrcqQ2nYWiPH4gqkPAcMbg

Arm span > Height 5 cm --> suspected eunuchoid appearance
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Tall stature

Hypogonadism
Marfan 

syndrome

Gigantism



Male hypogonadism : Definition

⚫ A decrease in either of the two major functions of the testes: 

– sperm production 

– testosterone production

⚫ Can result from disease

– Testis (Primary hypogonadism)

– Pituitary or Hypothalamus (Secondary hypogonadism)

Primary
hypogonadism

Secondary 
hypogonadism

Testosterone 
And/or sperm 
count

Low Subnormal/Low

FSH/LH High Normal/Low



Symptoms 

⚫ Primary or secondary hypogonadism

– Primary (testis): มอีาการของ testosterone deficiency อย่าง
เดยีว

– Secondary (Pituitary) : มอีาการของ testosterone deficiency 
ร่วมกบัขาด hormone อืน่ ๆ ดว้ย เชน่ thyroid, cortisol, GH

⚫ Prepubertal onset or postpubertal onset

– Prepubertal : enuchoidism or enuchoid habitus

– Postpubertal : 

⚫ normal pubertal maturation, normal body proportion, 
normal voice and temporal hair recession 

⚫ decreased hair distribution,  libido, impotence, 
infertility,  muscle strength, soft testis, gynaecomastia



Prepubertal vs. Postpubertal onset

Prepubertal onset Postpubertal onset

Symptoms No pubertal development

Delayed puberty 

Sexual symptoms 

- Decreased libido 

- Erectile dysfunction 

Non-specific symptoms

- Decreased energy, weakness, 

decreased physical performance

- Hot flushes, sweating

- Poor memory and concentration

- Minimal trauma fracture, height loss

↓ shaving frequency 

Signs

Eunuchoid body proportion Present Absent

Facial, axillary, pubic, body 

hair 

No-sparse Decreased

Gynecomastia Present or absent Present or absent

Penis Small Normal 

Testis Small,

cryptorchidism 

Shrinking testes 

(longstanding hypogonadism) 

Voice High-pitched Normal voice pitch



Measurement of body proportion 

⚫ Normal 

– Upper: lower segment = 0.9-1

– Arm span exceeds height < 5 
cm 

⚫ Eunuchoid body proportion 

– Upper: lower segment <0.9

– Arm span > height ≥ 5 cm

– Prepubertal onset of 
hypogonadism 

– Marfan syndrome 

Fernandes JA. Cambridge University Press. 

Williams Textbook of Endocrinology 14th Edition. 



Primary hypogonadism

⚫ Prepubertal onset

– Klinefelter’s syndrome

⚫ Postpubertal onset

– Mumps orchitis

– Autoimmune orchitis

– Trauma, radiation, surgery

GnRH

Testosterone

LH, FSH



Secondary hypogonadism

Prepubertal onset Postpubertal onset

•Kallmann’s syndrome
•Idiopathic 
hypogonadotropic 
hypogonadism
•Pituitary tumor 
(Craniopharyngioma)
•Uremia
•Severe systemic illness
•Cranial radiation
•Hyperprolactinemia 

•Acquired idiopathic 
hypogonadotropic 
hypogonadism
•Pituitary macroadenoma
•Uremia
•Severe systemic illness
•Cranial radiation
•Hyperprolactinemia
•Hemochromatosis
•Cushing’s syndrome
•Cirrhosis
•Morbid obesity



Genital examination

Figure from Nieschlag. Andrology 2010 based on Marshall and Tanner 1970.

Puberty: >3 mL 
Normal adult size: 15-25 
mL

Testicular volume 
Orchidometer

Tanner staging of 
genitalia (G) and pubic 

Hair (P)

• Normal: rubbery – 
slightly firm  

• Soft: 2 hypogonadism
• Firm: Klinefelter 

syndrome 
• Hard: malignancy

Testicular consistency 



Laboratory tests in male hypogonadism

Testosterone
Morning 7.00-10.00 am, fasting 

Normal serum T
3.0-10.0 ng/mL 

(300-1000 ng/dL)

Androgen deficiency 
Total T < 264 ng/dL (2018) 

> 1 measurements

Semen analysis

Azoospermia No sperm

Oligozoosper
mia

Sperm concentration 
< 16 million/mL

6th edition of WHO laboratory manual, 2021.



Hypogonadism 

Hyposmia/anosmia

Hypogonadotropic hypogonadism

Normosmia

Isolated 

hypogonadotropic hypogonadism 

Multiple 

pituitary hormone deficiency

Kallmann syndrome

Low or normal LH low THigh LH low T

Other pituitary hormones, esp. Prolactin

MRI pituitary

Normal Abnormal

Normosmic hypogonadotropic
hypogonadism

High LH high T

Hypergonadotropic hypogonadism Androgen resistance

Kennedy disease

(Bulbospinal muscular atrophy)

Karyotype 



What is the most likely diagnosis?

47XXY Klinefelter’s syndrome



Klinefelter’s syndrome



Klinefelter’s syndrome

Abnormal finding %

Infertility
Small testis
Gynecomastia
Less pubic hair
Less facial hair

Low testosterone level

High Gn level
Small penis

99 – 100
99 – 100

50 -75
30 – 60
60 – 80
65 – 85

90 – 100
10 – 25 



Characteristics of KS



⚫ Tall stature, Infertile 

   LH <0.5

   FSH <0.5

   testosterone <0.025

   Anosmia

⚫What is the most 
likely diagnosis?

Kallmann syndrome
 Isolated Hypogonadotrophic 

Hypogonadism





MRI: Kallman syndrome



Klinefelter Kallmann
Inheritance - Most (2/3) : sporadic 

(new mutation) , others : 
AD, AR, X-linked

Gynecomastia Common Rare (usu s/e of 
androgen replacement)

Testis Small, firm Small, rubbery or 
atrophic

Stature Normal – tall
Long leg

Normal 
No pubertal growth spurt 

Long arms and legs

Gn levels High Usually undetectable

GnRH test LH response Hyperresponse at 
puberty

Prepubertal or no 
response 

Plasma gonadal steroids Low or normal Low

Olfaction Normal Anosmia or hyposmia



Klinefelter Kallmann

Incidence 1:1,000 live male birth 1: 10,000 in male
1:50000 in female

Karyotype 47XXY or variants
-48 XXXY

-46XY, 46 XXY mosaicism
-46XX male

Normal

Associated 
congenital 
anomalies

Midline facial defect, red-
green color blindness, 

urogenital tract anomalies, 
synkinesis, neurosensory 

hearing loss

Intellectual function Many with impairment
Psychosocial abnormality 

marked lack of insight
poor judgment 

impaired ability to learn 
from adverse experience
Deficit in the ability to 

sustain attention



Klinefelter Kallmann
Morbidities and 
mortality

Pulmonary diseases
chronic bronchitis
Bronchiectasis
emphysema  
Cancers
germ cell tumors 
(particularly extragonadal 
tumors involving the 
mediastinum) 
breast cancer 
possibly non-Hodgkin 

lymphoma 
varicose veins, leading to 
leg ulcers 

SLE, probably due to the 
extra X chromosome 
Diabetes mellitus

Congenital heart 
diseases
Neuropsychiatric 
problems 
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