Humeral Head Ossification Center in Congenital Heart
Disease

SUKANYA LOHITKUL, M.D.*, SUPHANEEWAN JAOVISIDHA, M.D.¥,
KRIANGSAK THONGCHAIPRASIT, M.D.**, PIMJAI SIRIWONGPAIRAT, M.D.*

Abstract

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.
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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)(1)
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
The medical records and chest radiographs
within 3 months after birth of infants who were
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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(3) were excluded. The GA was deter-
mined by ultrasonography, last menstruation period,
or Dubowitz score(10). 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(11) as the normal population for
comparison (Table 1).

Definitions

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(11),
Corrected age (40 weeks = 0)
0 1 2 3
% % % %
Term (n=218) 243 66.7 833 90.3

20.0 432 69.4

Pre-term (n=42) 24

Fig. 1.

Proximal humeral ossification center in chest radiography (arrows) recorded as “presence”.
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Fig. 2.
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; 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 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

Incidence of PHOC from chest radiography in term infant with congenital heart disease (43 cases)

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 = 0.01, 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{11)
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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Fig. 3.
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

Incidence of PHOC from chest radiography in pre-term infant with acyanotic congenital heart

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)
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