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Fetal Ossification Centers as Predictors
of Gestational Age in Normal and
Abnormal Pregnancies

Banla Gentili, MO, Aleszandro Trasimeni, MO, Clavdio Gioranding, MO

The main fetal ossification centers appear ultrasonically as egg-shaped echo-
rich areas. The calcaneal and talar ossification centers are seen at the level
of the tarsus osscus, and the distal femnoral epiphyseal and proximal tibial
epiphyseal ossification centers are found at the level of the knee. Examination
uFSli‘. normal pregnancies between 20 and 40 weeks of gestation showed
that the caleaneal ossification center was detectable feom 24 weeks of ges-
tation, the talar ossification center from 26 weeks, and the distal femoral
epiphyseal and proximal tihial epiphyvseal ossification centers, from 32 and
35 wecks, respectively, Corresponding fizures found for 36 pregnancies
showing intrauterine growth retardation (ITUGR), examined between 34 amel
40 weeks of gestation, were similar for the caleaneal and talar ossification
centers but showed delays in the development of the epiphyseal ossification
centers, which were particularly striking in cases of symmetrical IUGE. The
ammiotic Fluid lecithin/sphingomyelin ratio was also evaluated in 31 normal
pregnancies between 31 and 35 weeks of gestation and was found to be =2
in every case where the distal femoral epiphyseal ossificalion center was =0
mm in diameter. Evaluation of the fetal ossification centers may be another
useful means to evaluate gestational age in late pregnancy. (Key words: fetus;
pestational age; pssification centers)

Recent technological advances in real-time ultra-
sonopraphy have greatly enhanced the discrimina-
tory powers of studies of fetal anatomy. Creat in-
terest has been shown in fetal skeletal structures:
various authors'™ have stressed the importance of
carrect identification and measurement of fetal long
bones for analysis of fetal growth in both normmal
and abnormal conditions.

Particularly relevant to owr study, a high-ampli-
tude echo originating from the fetal epiphyseal re-
gions has recently been deseribed® and correlated
with gestational age.®

Ohur studies in this field have enabled us to icden-
tify ultrasomographically in wtero all the main os-
sification centers in the fetus: the caleaneal ossifi-
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cation center {fig. 1), the talar ossification center
ifig. 2), the distal femoral epiphyseal ossification
center (fig. 3), and the proximal tibial epiphyseal
nssification center (fig. 4).

The purpose of this study has heen to describe
the method of identification of these structures,
their sonographic charscteristics in normal and ab-
normal pregnancies, and the possible practical ap-
plications in assessments of fetal maturity and ges-
tational age.

MATERIALS AND METHODS

Subjects of the study were 312 white pregnant
women undergoing sonographic examination Taez-
tween 22 and 40 weeks of pregnancy. All patients
were sure of the dates of their last menstrual pe-
riods and had had regular cveles in the months
proceding pregnancy.

Real-time ultrasound scans were carricd out with
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Figure 1 (fop feff). | pngitudinal scan of the fatal foat at 25 weeks of gestabon. The arrow mocales the calcaneal assihication
cenier.

Figure 2 (top night).  Longitudinal scan o the fatal foat at 27 weeks ol gestation. The straight arcw indicates the calcarneal
oesilication certer; the cunsed arrow indicates the talus oesfication center.

Figure 3 (boifam, leff).  Fetal bernur (F) al 38 weeks of gestation. The armow inclicates the distal fermoral epiphysel ossification
Cerier.

Figure 4 {boftarn, nght). Fetal tibia (T &t 33 weeks of gestation. The arrow indicates the proximal tibial epiphyeeal ossilication
canler
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Table 1. Detection of Fetal Ossification Centers by Weeks of Gestational Age

Mumber of
Gestational Age Fetuses Examined Distal Fernaral Proximal Tibial
{Weeks) (n = 285 Calcaneal Talar Epinhyseal Epipryseal
22 12 — — — —
23 14 —_ — — .
24 g 4 - - —
2 10 g — — —
26 8 3 2 — —_
e 12 12 1 — —
28 4 g 9 — —_
24 0 10 10 — —
30 15 15 13 — —_
k| 14 14 14 — —
32 T 17 17 5 -
33 19 19 149 10 ot
3 15 15 15 14 —
35 1 1 21 18 =
36 28 29 29 27 3
kT ] 25 25 23 19
18 22 22 22 22 20
33 18 18 18 17 16
a0 16 16 16 16 16

an Aloka 5500 250 seanner equipped with a 3.5-
MHz linear-array probe, freezing frame, and digital
scan converter (sound speed 1,540 misec),

In every case we first evaluated fetal growth by
measuring biparietal dizmeter, transverse thoracic
diameter, transverse abdominal diameter, and
femur and humerus lenaths. The hiometric valoes
obtained were within the normal range in 94.5 per
cent of pregnancies (293/312) that were considered
normal; the remaining 5.5 per cent of such preg-
mamcies were exeluded from the stody,

In all these normal pregnancies we curiced ot
mltiple seans at the level of the tarsus in order 1o
identity caleaneal and talar ossificalion centers and
at the level of the knes to identify distal femoral
cpiphyseal and proximal tilial epiphyseal ossifica-
hion centers.

Table 2. Characteristics of Distal Femoral Epiphyseal
Ossification Centers in 36 Cases of

Infrautering Growth Retardation (ILGR)

Diztal Femoaral Epiphysezal
Ossificztion Centers

ol

Reduced fbsent
6% (12) 5% (9)  E3.3% (15)
Symmetrical IUGR
in = 15) B.6% (1) 20% {3) 73.3% (11)
Asymmetrical 1UGR
In = 12) 20% (3] 41.8% (5) 33.0% (4)
Improving 1UGR
[n =9 B8.9% (B 11.4% (1) —

We also studied 36 fetuses hetween 34 and 40
weeks of gestation whose biometric parameters in-
dicated intrauterine growth retardation (IUGR)T: 1)
15 cases of symmetrical IUGRK; 2) nine casces of im-
proving IUCGR; 3) 12 cases of asymmetrical TUGR.
The ossification centers at the level of the knee
were examinated Lo assess eventual appearance or
growth delay.

Furthermaore, the lecithin/sphingomeylin ratio
(145) in the amniotic fluid was calenlated for 51
normally pregnant women undergoing amniocen-
tesis belween 31 and 38 weeks of gestation. In
these cases the diameter of the distal femoral
epiphyseal assification center determined before
ammniverntesis was compared with the 105 ratio and
with the placental grade of maturity.?

RESULTS

We found that the fetal ossification centers be-
come visible at different gestational ages: hefore 24
weeks they are nol detectable; the caleaneal ossi-
fication center is detectable from 24 weeks: the
talar ossification center, from 26 weeks: the distal
femoral epiphyseal ossification center, from 32
weeks: and the proximal tibial epiphyseal ossifica-
tion center, from 36 weeks, In table 1 we list, week
by week, the numbers of cases ohserved and those
in which the various ossification centers were de-
e,

In fetuses affected by TUGR (tables 2 and 3) we
found that 1) the distal femaoral epiphyseal ossifi-
cation center was absent in 41,6 per cent, reduced
25 per cent, normal in only 33.3 per cent of cases,
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Table 3. Characteristics of Proximal Tibial Epiphyseal
Osgification Canters in 31 Cazes of
Intrautering Growth Retardation (IUGE)

JOUFMNAL OF ULTHASCOUMD 1M MEDICINE

Proximal Tebial Epiphysaal
Ossification Centers

MNormal Raduced Ahsent
20.8% (8] 22.5% (7} 91.6% (16)

Symmetrical |UGA

(n = 13} — T.P% 1) 92.3% (12)
Asymmeetrical ILGR

(n = 10) 20% (2) 4% (4 40% (4)
Impraving IUGR

(n = 8) 8% (6) 25% (2) =

2} the proximal tibial epiphyseal ossilication centler
was absent in 516 per cent, reduecd in 225 per
cent, and normal in onlv 238 per cent of cases; 3)
the ahsences of both of these epiphyseal ossification
centers were more frequent in symmetrical TUGH
{73.3 per cent and 923 per cent of cases, eS|
tively) while normal srowth of these centers was
more frequent in improving TUGE (55,9 per cent
and TH per cent of cases, respectively).

In the 31 cases of normal pregmancies in which
the LSS ratio in the amniotie fluid was calealated
and eompared with the diameter of the distal fem-
oral t'|‘ri|'r|'l'!.-':-'|.|:':l] oasilication ey ler ;l,nq] with 1,|;|_.
cental grade of maturity, we found a corrvelation
hetween these parameters. There was o progres-
sive inerease in the pereentage values of LS =32
concomitant with the growth of the sssification
cenler. When the diameter of the distal femoral
epiphyseal ossification center was =6 mm, L/5 was
=2 in every case (table 4y in addition, when pla-
cental maturity was grade 3, LS was =2 in every
case (table 3.

DISCUSETON

The fetal ossification centers appear ultrasono-
graphically as echo-rich, grossly ecgpshaped areas
well detectable in the femoral and tibial epiphvses
amel ab the level of the tarsus (caleaneal and talar
ossitication centers). The median longitudinal scan
is best for identifving thie ltter two ossification cen-
ters, In this sean these two ossification centers, al-
though hoth are identifishle, cannot alwavs be seen
in their |arg1:.~.'t dimmeters. Therefore, to obtain a
correct biometric evaluation, after these ossifica-
tion centers are identified, it is necessary to do
multiple scans to determine their largest diame-
ters.

The ossification centers at the level of the knee
are more easily detectable because of their location
om the same plane where the messurement of the
corresponding long bone is carried out. Even here,

however, evaluation of the lareest diameter re-
fuires |!|'|||.|Ii|'|-]v ST,

Comsidering the technical difficultics related o
this kind of measurement, we helieve it is prefoer
able in the first weeks atter the appesrance of the
ossification centers to repaort only their presence or
absence; it s appropriate to make biometric eval-
uations in millimeters only when the centers are at
least 3 mm in diameter.

We have demonstrated that the caleaneal is the
first visibile ossificalion cenler, appearing al thes enad
of the twentv-tourth week of gestation: from 26
weeks we started to observe the alare ossification
center, After 28 weeks both were detectable in
every case in which the fetal position allowed cor-
rect visnalization of the foot, These centers grow
until term, often assuming a polvhedral aspect, the
caleaneal ossificalion center Ihl_‘il'lj_’" of greater di-
mension than the talar.

Until 32-33 weeks of gestational age no other
ossification center appears; from that aze on the
distal femoral epiphyseal ossification center starts
to hecome visible, and it is scen in 945 per cent
of normal pregnancies {1538/ 1468) from 34 weeks Lll
term, From 36 weeks the proximal tibial epiphyvseal
ossification conter is detectable at the knee level
It ean be seen from 37 weels until term in 87,6 per
cent of normal pregnancies (7151},

These data obilained ]:-:u 1||I:r'.|'u::|11::|;_';r<|],|-|‘:3,' dir not
substantially differ from those found by other in-
vestigators in :‘:L-rlil:lgrii]'hhi:"" g .'HI::II:II:?EF:IIJ]'”{-"-" e
arnamations.

Biometric evaluations of fetal pssilication cenbers
carried oul at ternn have shown diameters of 13-
16 mm for the caleaneal center, 9—12 mm for the
talar, and 69 mon and 4-6 mm for the distal fem-
oral and proximal tibial epiphyseal centers, respec
tively.

It is not difficult to identify the caleaneal and
talar ossification centers wnbil the st bewo months
of pregnancy, when the fetal attitude, the reduction
of ammniotic fluid, and fetal movements oflen inler-
fere with ecumination of the foot, [dentification of
the distal femoral and proximal tibial epiphysesl
ossification centbers is EARIET, Toesgpnse the }11[.;,\' knes
is mearly abways detectable even in the last weeks
of pregnancy.

Table 4. Correlation Between Diameters of Distal Femoral
Epiphyseal Dssification Centers (DFE) and Lecilhing
Sphingomyelin Ratios (L8} in 51 Cases

Distal Fermoral Epiphwseal

Ossification Cenfers LS =< 2 LS=2
Undetectable (n = 12) 10 (83%) 2 (17%)
Digmeter < 3 mm {n = 10) 5 (50%) 5 (50%)
Miameter = 3 mm < & mm

in =158 1(7%) 14 (93%)
Diameter = § mm {n = 14) — 14 {100%)
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The finding of sonographic paramelers that can
be correlated with fotal pulmonic maturity is VY
mnteresting,

In 1979, Grannuwm et al, sugmgested that the orade
of plicental maturity could be used a5 an ultraso-
nographic predictor of o) maturity, showing that
grade 3 placents was always sssociated with 105
= 2.* However, a grade 3 placenta is usually de-
tectable only near or affer term, and thus the olin-
ical utility of this ultrasonic parameter is limited,

Instead, therefore, we examined the utility of the
dizmeter of the distal femoral epiphyieal ossifien-
tion center ax an ultrasonographic predictor of
tetal maturity, having noticed that all normal preg-
mancies in which this dismeter was =6 mm hagd
LS =2 ‘

I comparing the paossibilities of fetal maturity
evaluation offered v these two senegraphic indi-
cators, we found that: 1) the distql Temoral epipph-
vieal ossification cen ter measurement led ko a
greater number of correct diagnoses of maturily
14, compared with ten when oeade of placental
maturity was considered); and 2) the former al-
lowed s 1o diagnose mturity earlier (from 33
weesks of Preguancy,

I TUGR tetuses we found a delay in the ap-
pearance or an absence of the distal teinoral epiph-
vseal ossification center in 66,6 per conl of cases
and of the proximal tibial epiphyseal vssification
center in 74.1 per cent of cases, Although the
number of cases of TUGR i this study was small
our preliminary data seem o provide evidenee of
it more marked delay in the appearance of the distal
femoral and prosimal tibial epiphyseal ossification
venters aecording to (e severity of TUGK, The
greatest retardation of ossification cenber srowtl
wits observed in cases of symmetrical IUCE, with
less marked srowth compromise in asymmetrical
IWER, while m improving TUGE we found devel.
opment of the ossification centers in the lower
limits of the normal range.

We have demonstrated that the ossification cen-
ters are cdetectable at different specific gestational
ages. This developmental feature can be wseful in
the assessment of feta) malurity in the last weelks
of pregnaney, when biparietal diameter and meq-
surements of long hones provide too wide a rimre
of prediction for a feasible evaluaticn. f

For example, in a cise of uncertain gestational
age in which the biparietal diameter iz B.5 em,
femur length is 6.9 e, and bumerus length is 5.9
em, fetal gestational age, considering the standared

Table 5. Correlation Between Placantal Maturity and
Lecithin/Sphingomyelin Ratigs (L) in 51 Cases

Placental Maturily L =2 L§=2
Grade 1 (n = 14) B (57%) B (43%)
Grade 2 [n - ) & (30 18 {70%)
Grade 3 {n = 109 — 10/0100%)
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Figures.  Distal femcral (0F) and presimal tibial (FT) apiphy:
=eal ossfficalion certers as an ad in the determinalion o
uncerain gestational age in the last wesks ol Rregnancy

deviations of these parameters, could be 34 weeks
* 20 days ifig. 5}, Examination of the ossification
centers al the level of the knee o determine the
presence or absence of the distal femoral and [pron-
irmal tilial eniphivseal essifioation centers, will lead
us to the following considerat ioms: 1) if both these
ossification centers are ahsent. gestational age i
less than 32 weeks; 2) if the bermer is present while
the latter is still ahsent gestational age is hetween
42 and 36 weeks; 30 0F boll are present gestationl
age i more than 36 weeks,

In conclusion, we think that somographic eval.
ation of fetal ossification centers ol only provides
turther information about fital anatomy. bat alsg
cam 8il a role of elineal importance: it can be used
to evaluate fital maturity, lo identify TUGK, and,
in the last weeks of pregnancy, bo assess sestation-
al ame,
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