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The objective of this study was to evaluate the ossification (visualization) of proximal 
humeral ossification center (PHOC) which may indicate bone growth in infants with acyanotic and 
cyanotic congenital heart disease (HD) compared to normal infants. The medical records and chest 
radiographs within 3 months after birth of infants who were diagnosed as congenital HD by 
echocardiography or cardiac catheterization from 1989 to 1999 were reviewed. The PHOC was 
recorded from chest radiograph as presence or absence in every one-month interval since birth. 
In all cases, the corrected age of 0 month was defined as 40 weeks post conception. We used a 
study of 260 normal Korean infants as the normal population in this study. We found that from 
67 cases enrolled in this study; 10 cases were excluded because of lack of complete medical 
records and sequential chest radiographs. In the remaining 57 cases, the average gestational age 
of the infants was 38.1 ± 2.7 weeks and the average birth weight was 2860.5 ± 597.7 grams. 
Female to male ratio was 1.28: 1. The infants were classified by gestational age as term (75.4%) 
and pre-term (24.6%). Types of congenital HD were diagnosed from echocardiogram (96.5%) and 
cardiac catheterization (3.5%) of cases; and were divided as acyanotic HD (64.9%) and cyanotic 
HD (35.1% ). The ossification of PHOC in acyanotic full-term infants at 0, 1, 2, and 3 months 
was 24.0 per cent, 32.0 per cent, 72.0 per cent and 88.0 per cent; in cyanotic full-term infants 
it was 27.8 per cent, 33.3 per cent, 77.8 per cent, and 94.4 per cent ; and in acyanotic pre-term 
infants was 8.3 per cent, 8.3 per cent, 25.0 per cent, and 41.7 per cent, respectively. There were 
2 cyanotic pre-term infants who did not show ossification of PHOC until 3 months. In full-term 
infants with both types of HD; the appearance of PHOC was significantly later than normal at 1 
month corrected age (p = 0.000002) but not significant at 0, 2, and 3 months (p > 0.05); whereas, 
in pre-term infants with acyanotic HD, the appearance was later than normal at 1, 2, and 3 months 
(p = 0.02, p = 0.01, and p = 0.0002, respectively). We concluded that the ossification of PHOC 
is significantly later than normal in pre-term infants with congenital HD, but not significant in full­
term infants with congenital HD. 

Key word : Congenital Heart Disease, Epiphysis, Humerus 

LOHITKUL S, JAOVISIDHA S, 
THONGCHAIPRASIT K, SIRIWONGPAIRAT P 
J Med Assoc Thai 2001; 84: 635-639 

* Department of Radiology, Faculty of Medicine, Ramathibodi Hospital, Mahidol University, Bangkok 10400, 
** Section of Pediatrics, Cardiology Unit, Chon Burl Hospital, Chon Burl 20000, Thailand. 



636 S. WHITKUL et aL 

Appearance of ossification center has been 
widely used as an indication of bone maturation. 
Relationship between congenital heart disease (HD), 
particularly cyanotic type, and growth retardation 
(presents as abnormalities of ossification center)Cl) 
has been documented in the literature(2-5). The 
etiology may be abnormal hemodynamics, malnu­
trition from cardiac cachexia, electrolyte imbalance 
from diuretic therapy, or early congestive heart fai­
lure. However, some discrepancies still exist. It 
was reported(2,3) that the incidence of ossification 
center of hyoid bone, as well as of the proximal 
humeral head, in the newborn period was lower in 
fatal tetralogy of Fallot (TOF) and fatal interrupted 
aortic arch than normal and nonfatal cases. Con­
trary, the incidence is increased in transposition of 
the great vessels (TGA). PHOC will be visible in 
plain radiography by at least 38 weeks GA, or more 
in almost every case, and rarely found in infants 36-
37 weeks GA (5-7). Girls have a greater tendency 
than boys to have a visible nuclei, but the diffe­
rence is not statistically significant(4,8). There was 
no difference in the pattern of ossification between 
black and white infants(9). 

The purpose of this study was to evaluate 
the ossification (visualization) of the PHOC which 
may indicate bone maturation, in infants with acya­
notic and cyanotic congenital HD compared to nor­
mal infants. 

SUBJECTS AND METHOD 
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diagnosed as congenital HD by echocardiography 
or cardiac catheterization from 1989 to 1999 were 
reviewed. Patients having medical records of mus­
culoskeletal and endocrine disorders affecting bone 
maturation(5) were excluded. The GA was deter­
mined by ultrasonography, last menstruation period, 
or Dubowitz score(lO). In all cases, the corrected 
age of 0 month was defined as 40 weeks post con­
ception. The PHOC was recorded from chest radio­
graphs as presence or absence in every one-month 
interval since birth (Fig. 1). The range of chest 
radiography records defined 41-44 weeks, 45-48 
weeks, and 49-52 weeks corrected age as 1, 2, and 
3 months, respectively. This study used 260 normal 
Korean infants(ll) as the normal population for 
comparison (Table 1 ). 

Defmitions 
Cyanotic heart disease is defined as con­

genital HD with right to left shunt lesion identified 
by echocardiogram or cardiac catheterization, and 
having hypoxia (deoxyhemoglobin > 5% or oxygen 

Table 1. Incidence of proximal humeral ossification 
center in 260 normal infants(ll). 

Corrected age (40 weeks= 0) 
0 I 2 3 
% % % % 

The medical records and chest radiographs Term (n=218) 24.3 

within 3 months after birth of infants who were Pre-term (n=42) 2·4 
66.7 
20.0 

83 .3 
43.2 

90.3 
69.4 

----~--------------------------

Fig. 1. Proximal humeral ossification center in chest radiography (arrows) recorded as "presence". 
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0 normal 
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mlccH 

Omo. I mo. 2mo. 3mo. 

* P value = 0.000002 at 1 mo. of corrected age in acyanotic congenital heart disease (ACH) and cyanotic con­
genital 'heart disease (CCH). 

Fig. 2. Incidence of PHOC from chest radiography in term infant with congenital heart disease (43 cases) 
compared to normal. 

saturation < 90%) i.e,, d-TGA, truncus arteriosus, 
TOF, total anomalous of pulmonary venous return 
(TA-PVR) etc_ Acyanotic heart disease: Congenital 
HD with shunt lesion or obstructive lesion can be 
identified by echocardiogram or cardiac catheteri­
zation i.e., atrial septal defect, ventricular septal 
defect, patent ductus arteriosus, pulmonary steno­
sis, co-arctation of aorta, etc. 

RESULT 
From 67 cases enrolled in this study; I 0 

cases were excluded because of lack of complete 
medical records and sequential chest radiographs. 
In the remaining 57 cases, the average gestational 
age of infants was 38.1 ± 2.7 weeks and the 
average birth weight was 2860.5 ± 597.7 grams. 
Female to male ratio was 1 -28 : 1. The infants were 
classified by gestational age as term (75.4%) and 
pre-term (24.6% ). None of them had musculoske­
letal syndrome or endocrine disease that would 
affect bone growth. Types of congenital HD were 
diagnosed from echocardiogram (96.5%) and cardiac 
catheterization (3.5%) of cases; and were divided as 
acyanotic HD (64.9%) and cyanotic HD (35.1% ). 
The ossification of PHOC in acyanotic full-term 
infants at 0, 1, 2, and 3 months was 24.0 per cent, 
32.0 per cent, 72.0 per cent and 88.0 per cent ; in 

cyanotic full-term infants was 27.8 per cent, 33.3 
per cent, 77.8 per cent, and 94.4 per cent ; and in 
acyanotic pre-term infants was 8.3 per cent, 8.3 per 
cent, 25.0 per cent, and 41.7 per cent, respectively. 
We had 2 cyanotic pre-term infants in our study 
(one had d-TGA and another had double outlets 
of the right ventricle); they did not show ossifica­
tion of PHOC until 3 month corrected age. In full­
term infants with HD, the appearance of PHOC is 
significantly later than normal at 1 month corrected 
age (p = 0.000002), but not significant at 0, 2, and 
3 months (p > 0.05) (Fig. 2); whereas, in pre-term 
infants with acyanotic HD, the appearance was 
later than normal at 1, 2, and 3 months (p = 0.02, 
p = O.Dl, and p = 0.0002, respectively) (Fig. 3). 

DISCUSSION 
In congenital HD, chest radiography is an 

important and frequently performed investigation 
which also renders visualization of PHOC. This 
detection represents bone maturation. Kim et al(ll) 
reported that a normal pre-term infant has delayed 
bone maturation compared to a term infant in the 
same corrected age. In our study, the pre-term 
infant with congenital HD also had delayed bone 
maturation compared to normal. PHOC can be 
an early detection of delayed bone maturation in 
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0 normal 

El:JACH 
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* P value = 0.02, 0.01, 0.0002 at 1, 2 and 3 months corrected age, respectively, in pre-term acyanotic con­
genital heart disease (ACH). 

Fig. 3. Incidence of PHOC from chest radiography in pre-term infant with acyanotic congenital heart 
disease (14 cases) compared to normal. 

infants with congenital HD, and results in early 
therapeutic decision to decrease severity of growth 
retardation in this group of patients. In addition, 
evaluation of PHOC in chest radiography can 
obviate the cost of investigation for standard bone 
age radiography and can decrease radiation expo­
sure to the infants. 

The limitation of this study was due to 
a small number of pre-term infants with cyanotic 
HD (2 in 57 cases), resulting in this subgroup not 

being well evaluated. Another limitation was this 
being a retrospective study, we did not have the 
chest film of exact timing i.e., 1 month or 2 month 
corrected age. We had to evaluate the film in the 
range of time (i.e., 41-44 weeks = 1 month, etc.). 

We concluded that the ossification of 
PHOC is significantly later than normal in pre-term 
infants with acyanotic congenital HD, but not 
significant in full-term infants with both cyanotic 
and acyanotic congenital HD. 

(Received for publication on July 7, 2000) 

REFERENCES 
I. 

2. 

Sinden AA, Sutphen J. Growth and nutrition. In: 
Emmanourtdies GC, Rimenscneider TA, Allen 
HD, Gutgesell HP eds. Moss and Adums Heart 
Disease in Infants, Children and Adolescents. 
5lhed, Baltimore: Williams and Wilkins 1995: 
366-74. 
Well TR, Landing BH, Senac MO Jr, et a!. 
Ossification center of the hyoid bone in complete 
transposition of great vessels, Ivemark asplenia 
syndrome, and Down's syndrome with congenital 
heart disease: correlation with humeral capital 

3. 

4. 

5. 

epiphysis. Br J Radio! 1986; 59: 1069-72. 
Well TR, Gilsanz V, Senac MO Jr, et al. Ossifi­
cation center of the hyoid bone in DiGeorge syn­
drome and tetralogy of Fallot. Br J Radio! 1986; 
59: 1065-8. 
Kuhns LR, Sherman MP, Paznanski AK, et a!. 
HLimeral head and coracoid ossification in the 
new born. Pediatr Radiol1973; 107: 145-9. 
Kuhns LR, Finnstrom 0. New standard of ossifi­
cation of the newborn. Pediatr Radio! 1976; 110: 
655-60. 



Vol. 84 No.5 HUMERAL HEAD OSSIFICATION CENTER IN CONGENITAL HEART DISEASE 639 

6. 

7. 

8. 

Needlman RD. Growth and development. In : 
Nelson HE, Behrman RE, Kliegman RM, Arvin 9. 
AM eds. Nelson Textbook of Pediatrics. 151hed, 
Philadelphia: WB Saunders 1996: 38-44. 
Tachdjian MO. Introduction; radiology and other 10. 
diagnostic tools. In : Tachdjian Pediatric Ortho­
pedics. 200ed, Philadelphia: WB Saunders 1990: 
59-67. II. 
Lemperg R, Liliequist B. Appearance of the 
ossification center in the proximal humeral 
epiphysis of newborn children. Acta Radio! 

(Diag) 1972; 12: 76-80. 
Christie A. Prevalence and distribution of ossifi­
cation centers in the newborn infant. Am J Dis 
Child 1941; 61: 471-82. 
Dubowitz LM, Dubowitz V. Clinical assess­
ment of gestational age in the newborn infant. J 
Pediatr 1970; 77: 1-10. 
Kim SC, Lee Y, Kim I. The difference of the 
appearance of proximal humeral epiphysis 
ossification center in the preterm and full-term 
infants. Radiology 1997; 205: 386. 

.I ...1~ .. t ".'1 • ...1 ... n11Ln\JI~U~ll.:J ossification center 'YI"'1UUU~ll.:Jn1::~n"uLL~U Utiu1!JL\Jin'YI~ 

hfll1'1l~LLfiri1L ilflL YitJunuLtim..Jn~ 

'fn~'lJ'lJl fiVn(;)f)iV, W.lJ. *, 'ft1'iJn·HlJ L'lflf]~~j. W.lJ. *, 

m~mrfni mwim.h::&n5, w.u. **, wJ..J?OJ ~j;>JFflwf"lf, w.u. * 

nl1Ln~:zt1..1'lleN ossification center ( OC) L uu'llm..J~otml::nl1L~'U t~'li1N1::'U'U hmm::~n~~ 1~~..tl1 ULuh•:: 

~"llnmwrh~f~i'l'li1:N~1l 1u'llru::L~tnnuL~nvh1111'1ilhLLtilrilLu~":;Mfum1cil~mwf~i'lu1l~1l~LL~lti1l~ 1 LL~:: oc 
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L Yi~unuL~nun~ L Yl1l"l:: 1~1-n~~m~m•::m1L~'U t~'li1J~1::uu 11'11~m::~n t~~ h.l~1l~ril~mwf~i'l'll1l~~1l ~~"l::.Yn1 "11L~n 
~1l~M-lu-l~i'ILL~::i"1fil1-D'-ll~L~~:ztu M¥nm1AmnLL'U'Utl1l1..1"\1~~t~~m1"lLI'11l::'r1mw1~i'l'll1l~U1l~LL~::'Yl'Um1..1Ll'lf1::Lu~u 
'll!l~tJ'thm~nYliJT 11'1l-i'lhLLtilrilLUmf~LL'U'Uy\j"1LL~:; 1J.JiJmm1{;)lL~~l LL~:;uuYinnl1Lii~:z1'1..1'll1l~ OC oQ-hiJ"\111l1l-J"lln 

mwcil~f~i'ltJ1l~ t~mLti~mwf~flU1l~.yjiJ1J~1l1lnLU1..1 4 'lfl~1llQfi1l 0, 1, 2 LL~:; 3 L~1l1..1 t~~ril"\11..1~ll1llQ1'111rl 40 

ffu~l'r1Lvhnu o L~1l1..1 e<~m1?lmnwu1l11..1~l1..1l"Utj'th~ 57 1l~Yliimwf~i'li'11'U~l~'lf•~Ju m1Ln~:ztu'llm oc 
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'll1l~ oc if..,uii~m~ 3 L~!lu L~m:ne<~m1Am~lmLtJ1~uLYi~unu'll1l~~'ll1l~L~mm~~un~Yl~w~wri1l"U"\1Ul~l~"l5m1 . ~ 

Lnu'llm.J~Lu~n~ru::L~~•nuwu-ll 1uL~nl'11uril...,u~YliH11'1l-i'l1"l~~LLuuYliiLL~~ll-Jilmm1v1lL~m m1Ln~:ztu'll1l~ oc d 
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