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DISCUSSION ABOUT THE LIMIT BETWEEN NORMAL THYROID AND
GOITER: MINIREVIEW

P. LANGER

Institute of Experimental Endocrinology, Slovak Academy of Sciences, 833 06 Bratislava, Slovakia

Although the goitre seems to be well defined at least from clinical point of view, it is virtually
impossible to find the precise definition of the opposite side of what should be the normal thyroid
as concerns its size, histological structure and namely the level of growth stimulation by the exter-
nal factors (such as TSH) and intrinsic tissue growth factors. Theoretically, the normal thyroid
should be able to cover the requirements of the organism for the hormone in a reasonably large
range without being stimulated to grow by any external or internal factors.

So far, the search for normal thyroid has been conducted by several ways: 1. by post mortem
thyroid weight, 2. by palpation, 3. by ultrasound. As based on post mortem thyroid weight, until
the middle of this century a typical thyroid gland was considered to be about 20-25 g with the
accepted upper normal size of 30 g, while more recent studies in iodine replete population have
reported mean weights of about 10 g and an upper normal size 20 g. According to several classifi-
cations for thyroid palpation the unpalpable thyroid should be allotted to the Grade 0 which is
defined as �normal gland�, �no goiter at all�, �absence of goiter� etc.

The first recommendation of normal thyroid volume for children and adolescents as estimated
by ultrasound has been developed by GUTEKUNST and TEICHERT (1994). However, this was later
challenged by the findings of considerable number of thyroid volumes which were higher than the
upper limit of that recommendation as found in the countries with satisfactory values of urinary
iodine (DELANGE et al. 1997). Nevertheless, recently it appeared that about 10-15 percent of adoles-
cent thyroids show increased thyroid growth rate which significantly differs from the majority and
which might be related to different tuning of molecular growth mechanism presumably of genetic
origin (TAJTAKOVA et al. 1998; LANGER et al., in press). From, this follows that a certain number of
enlarged thyroids apparently should not be included into a normal range.
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The definition of normal thyroid is still needed

From sophisticated pathophysiological view the
goiter has been defined as �slowly developing dif-
fuse or nodular enlargement of thyroid gland due to
an excessive replication of follicular epithelia with
subsequent generation of new follicles of widely dif-
fering structure and function� (STUDER 1982). An-
other more clinically adjusted definition says that
�goiter is simply an enlargement of the thyroid gland

and may result from hormonal or immunological
stimulation of gland growth or the presence of in-
flammatory, proliferative, infiltrative, or metabolic
disorders� (SIMINOSKI 1995). In contrast, it is virtual-
ly impossible to find somewhere the precise defini-
tion of the opposite side of such coin � i.e. the defi-
nition of what should be the normal thyroid as con-
cerns its size, histological structure and namely the
level of growth stimulation by the external factors
(such as TSH) and intrinsic tissue growth factors.
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Search for normal thyroid by post mortem
thyroid weight

Actually, the most objective information on the
thyroid size may be obtained by weighing the gland
after death. There are two large scale observations
on the thyroid weight in the population after 50 years
of age which was subjected to iodine deficiency for
first 3-4 decades of life. Thus, GERBER (1980) col-
lected the data from 4865 subjects of various age in
Switzerland and found that in 1949-50 (i.e. after 30
years of salt iodination) the average thyroid weight
in women over 50 was in a range of 80-90 g, while
that in men was 55-75 g. However, if they evaluated
such data from subjects of the same age as obtained
30 years later (which means that they spend the whole
life under the influence of iodized salt) the average
thyroid weight in both sexes was the same, the range
being 20-30 g which was about a half of that ob-
tained in 1949-50.

In another report from former Czecho-Slo-
vakia (SILINK and REISENAUER 1966) 2365 males and
2020 females over 50 were examined in 1958 (i.e.
after 10 years of salt iodination) and the average thy-
roid weight found was 33.69 g and 36.03 g, respec-
tively.

Furthermore, several authors from various coun-
tries reported the data on thyroid weight obtained
under not clearly defined iodine intake by the popu-
lation of the appropriate area. Thus, PANKOW et al.
(1985) reviewed 10 reports on the thyroid weight
from the literature between 1926 and 1963, among
them one from Switzerland and 9 from the United
States. The average values for what they called nor-
mal thyroid as reported in those papers ranged from
16.7 to 28.0 grams, the average female thyroid be-
ing about 3 grams less than that of males.

In addition, MORTENSEN et al. (1955) from Mayo
Clinic found the weight of a great majority of 821
thyroids between 20 and 40 g. AGERBAEK (1974) in
Denmark reported the average weight of 25.5 g in
156 males and 22.9 g in 61 females. BERGHOUT (1987)
reviewed the thyroid weight indicated in five funda-
mental textbooks published in 1973-85 which ranged
between 15 and 30 g, while DEGROOT and STANBURY

(1986) in their textbook indicated normal weight of
15-20 g. At the same time, SOLOMON (1986) reported
that �one generally estimates normal male gland at

15-20 g and the normal female gland at 20-25 g�. In
addition, MATOVINOVIC (1983) in his review indicat-
ed 20-25 g as normal thyroid weight.

Theoretically, the normal thyroid should be able
to cover the requirements of the organism for the
hormone in a reasonably large range without being
stimulated to grow by any external or internal fac-
tors.

Thus, such thyroid should be of normal size. Such
conditions are very likely to be reached under opti-
mal iodine intake existing for several generations or
at least since early childhood (in this respect the re-
quirement of a regular daily optimal intake should
be stressed) which may be the case in such countries
like Japan, Iceland or perhaps some small Pacific
islands. Such view may be supported by the report
of SIGURJONSSON (1961) who found in Iceland the
average thyroid weight of 14 g in men and 11.6 g in
women. PANKOW et al. (1985) reported the data from
1400 normal thyroids taken at autopsy in state of
Washington between 1979 and 1981 showing the
average weight of 16.4 g for 20-29 year old males,
18.5 g for 30-69 year old males and 14.4 g for 20-
69 year old females. It appears that the values re-
ported in last two papers are remarkably lower than
the previous ones. Thus, considering the high iodine
intake in the US namely during last 3-4 decades, these
values together may be considered as close to what
may be called the normal thyroid.

Thus, until the middle of this century a typical
thyroid gland was considered to be about 20-25
g with the accepted upper normal size of 30 g, while
more recent studies in iodine replete population have
reported mean weights of about 10 g and an upper
normal size 20 g.

Considering the specific weight of the thyroid tis-
sue of about 1 g, such view on the normal limit of
thyroid size may be supported even by several ultra-
sonographic data which will be presented bellow.
Actualy, the correlation of the ultrasound assessments
of thyroid weight with true gland weight was found
to be very close (r=0.88 to 1.00) by TANNAHILL et al.
(1978), BERGHOUT et al. (1988) and HEGEDUS (1990).

Search for normal thyroid size by palpation

Until the early eighties, the size of the thyroid in
vivo has been evaluated exclusively by palpation.
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From such point of view several classifications of
thyroid size were suggested (reviewed by THILLY et
al. 1980). The common feature of such classifica-
tions is that the unpalpable thyroid is being allotted
to the Grade 0 which, by various authors, is defined
as �normal gland�, �no goiter at all�, �absence of
goiter� etc.

In contrast, goiter Grade I is defined as �visible
goiter�, �visibly enlarged�, �visible with head in
normal position� etc. Thus, using the palpation, the
main problem to be solved appears to consist in de-
fining at which degree of thyroid enlargement there
may be sufficient pathological alteration of the gland
justifying to speak about goiter, as defined e.g. by
STUDER (see above). Nevertheless, from epidemio-
logical view the distinction between Grade 0 and
Grade I is still unsettled. On one hand, some small
thyroid hypertrophies are considered not to have suf-
ficient pathological significance to be classified as
goiter, but they should not be recorded as normal.
On the other hand, several classification systems (in-
cluding that of WHO) ask to record all palpable thy-
roids as goiter. From these and other reasons HEGE-
DUS et al. (1990) stated �we do not believe that pal-
pation of the thyroid as an estimate of its size can be
used in goitre epidemiology studies�.

Search for normal thyroid volume by
ultrasound

However, within a recent decade such problems
have been seriously challenged by ultrasonographic
volumetry as described by RASMUSSEN and HJORT

(1974) and namely by BRUNN et al. (1981). One of
the first papers turning attention to the problem of
discrepancy between the thyroid size obtained by
simple palpation and ultrasound was perhaps that by
OLBRICHT et al. (1985) who examined by ultrasound
the volume of non-palpable thyroids in 217 men and
325 women and found the range from 5 to 40 ml
with maximum frequency between 10 and 25 ml.
Today such discrepancy between the data obtained
by weighing or palpation on one side and by ultra-
sonography on the other is well known and general-
ly accepted (GUTEKUNST et al. 1986; HEGEDUS 1990).

The main conclusion to be drawn from these and
other findings to be presented bellow is that the up-
per limit of normal thyroid volume should be shifted

down and more or less deeply into the range of what
was used to be called �unpalpable thyroid�.

If we take the above presumption on the normal
thyroid existing only in the territories with long-term
and regularly optimal iodine intake, we should first
consider the sonographic data from such countries.
Thus, in Japan YOKOYAMA et al. (1986) found the av-
erage thyroid volume in adults about 10 ml which
was similar to that reported by UEDA (1990) for Jap-
anese adolescents over 160 cm of body height. More-
over, about the same volume in adults was reported
by BERGHOUT et al. (1987) from non-iodine deficient
area of Netherlands (average of 12.7 ml in 25 men
and 8.7 ml in 25 women) and by GUTEKUNST et al.
(1986) from Sweden (average of 11.1 ml in man and
7.7. ml in women out of a total of 303 subjects). In
Slovakia, TAJTAKOVA and LANGER (unpublished) found
median thyroid volume of 10.4 ml in 558 adult wom-
en (age 21 to 74 years) and no difference between
these of 21-40 years of age (median 10.7 ml, N=218)
and 41-74 years of age (median 10.3 ml, N=340).
Such values are very close to those presented above
which were found by weighing the thyroid in Ice-
land (SIGURJONSSON 1961) and USA (PANKOW et al.
1985).

It may be suggested that such thyroid size is pre-
sumably approaching to what might be defined as
normal thyroid for the species homo sapiens.

Male and female thyroid

One of the special problems to be discussed seems
to be the relationship between the thyroid size and
sex which appears to be still a matter of controversy.
Actualy, several recent reports showed larger thyroids
in adult men than in adult women as estimated by
sonography. Such reports originated mostly from
iodine sufficient countries like Japan, Denmark,
Sweden and Netherlands (YOKOYAMA et al. 1986;
HEGEDUS et al. 1983, 1990; GUTEKUNST 1986; BERG-
HOUT et al. 1987; resp.), but also from the countries
with marginally deficient iodine intake such as
former West Germany (OLBRICHT et al. 1985; STRUVE

and HINRICHS 1989).
In contrast, there are extensive observations

on thyroid weights in adults subjected to iodine de-
ficiency for a majority of their life (for more details
see above) definitely showing larger thyroids in wom-
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en than in men either in Switzerland (GERBER 1980)
or in former Czecho-Slovakia (SILINK and REISENAU-
ER 1966).

In addition, even some recent ultrasound data
showed larger thyroids in adolescent girls than in boys
in some areas of iodine deficient former West Ger-
many (LEISNER et al. 1985; GUTEKUNST et al. 1985;
MUELLER-LEISSE et al. 1988; MENKEN et al. 1992) and
Poland (GOLKOWSKI et al. 1993). Finally, there are still
some general opinions about the female thyroid be-
ing larger than the male one (e.g. SOLOMON 1986; see
above) which are apparently reflecting the past ex-
perience obtained during the period of prevailing
iodine deficiency in a majority of countries.

Our recent data from iodine replete Slovakia
(TAJTAKOVA and LANGER, unpublished) showed no dif-
ference in mean values of thyroid volume between
13 year old boys (4.47 ml/m2 of body surface; N =
346) and girls (4.19 ml/m2; N = 411) as well as be-
tween 17 year old boys (4.80 ml/m2; N = 260) and
girls (4.94 ml/m2; N = 372). Similar data showing
the same thyroid volume in boys and girls

aged 6-14 years were reported from the area of
mild iodine deficiency in Italy (VITTI et al. 1994)
and from northern Finland (TAKALO et al. 1991). In
mild iodine deficient South Tirol (northern Italy)
OBERHOFER et al. (1992) found slightly higher thy-
roid volume in girls between 10 and 13 years of age,
but they examined different subjects in each age
group. Only slightly higher thyroid volumes in girls
were observed in iodine replete Sweden (GUTEKUNST

et al. 1985) and recently in Berlin after the normal-
ization of iodine supply (LIESENKOETTER et al. 1997).

Recently a cluster of 3265 children aged 6-15
years from four European countries (European Thy-
romobil Study) considered to be iodine replete as
based on a single urinary iodide estimation in all of
them has been evaluated and significantly higher
values were found in girls between 9 and 14 years of
age (DELANGE et al. 1997). Comparing these data with
ours as obtained in iodine replete Slovakia (TAJTAK-
OVA and LANGER, unpublished), it may be suggested
that the whole cluster defined above from a single
urinary iodine estimation may not originate from
definitely iodine replete areas.

From the above observations it may be suggested
that the female thyroid tends to be smaller than the
male one under relatively sufficient iodine intake,

while it appears to be more vividly responding to
either absolute or relative (puberty, pregnancy) io-
dine deficiency under which it tends to become larg-
er than that of males.

Fundamentals on thyroid growth

Several recent comprehensive reviews by DUMONT

et al. (1991, 1992) showed the complex role of nu-
merous tissue growth factors, local hormones, cy-
tokines, oncogenes, neurotransmitters etc. in the pro-
liferation and differentiation of thyrocytes and thus
in thyroid growth. In spite of some previous tempo-
rary doubts the decisive role of pituitary TSH (in
cooperation with insulin, IGF, EGF and other growth
factors) in the stimulation of thyroid growth via sev-
eral cell proliferation cascades (from hormone re-
ceptor to adenylate cyclase, tyrosine protein kinase
or phospholipase C) appears to be well defined and
conclusively demonstrated. In contrast, the thyroid
growth is known to be inhibited by iodine (DUGRIL-
LON et al. 1990).

 In addition, it should be kept in mind that the thy-
roid cells are polyclonal and functionally heteroge-
nous (Studer and Ramelli, 1982) which generates an
individual growth program and widely varying bas-
al and TSH stimulated cAMP activity of different
clones (HUBER et al. 1990). This further results in
a fine tuning of the activity of whole gland by re-
sponding of more and more clones to the increasing
level of TSH.

Some fractions of cells with shorter cell cycle may
generate progenies that tend to overgrow their neigh-
boring cells. In nonneoplastic endocrine hyperpla-
sia such as iodine deficiency goiter these processes
may be accelerated by systemically acted growth-
promoting factors. In such progenies, the chances
for the acquisition of various mutations are increas-
ing with shorter interdivision times (STUDER and
DERWAHL 1995).

Finally, the problem of autoimmunity and thyroid
growth cannot be overlooked in some thyroid abnor-
malities (DREXHAGE 1996). This concept is currently
based on the findings of IgG fractions of Graves sera
that are capable to stimulate thyrocyte proliferation
in vivo and in vitro by stimulating 2nd messenger
cascades other than cAMP. Since such antibodies to
the TSH-receptor are polyclonal, there is increasing
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evidence that some of their varieties are against dis-
tinct isoforms of TSH-receptor coupled to distinct
G proteins. These findings support possible partici-
pation of such interrelations in influencing the thy-
roid growth mechanism.

Adolescent goitre as a possible background of
thyroid disorders in adulthood

It is well known that the thyroid during the child-
hood and adolescence is growing together with the
organism. However, the question appears which
growth rate would be still physiological and where
should be the threshold of pathological growth. Ac-
tualy, GUTEKUNST and TEICHERT (1993) obtained ul-
trasound data from children and adolescents with
optimal iodine intake and indicated 50 and 97 per-
centile limits of what they called normal thyroid vol-
ume. This appears to be a first sophisticated attempt
to delineate the normal thyroid, although it might be
not definitely confirmed and accepted in the future.
Actualy, the upper limit of their data which are now
called �Gutekunst norm� has been recently chal-
lenged by the group conducting European Thyromo-
bil Study (DELANGE et al. 1997). In brief, in 12 Euro-
pean countries they examined thyroid volume by ul-
trasound in 7599 schoolchildren and iodine in 5709
urine samples. From such amount of data, they se-
lected a cluster of 3265 children from 23 sites locat-
ed in Netherlands, Slovakia, Austria and France
where the median urinary iodine was at least 10 g/dl
in groups of at least 50 children each and claimed
the thyroid volume in these sites to be normal. After
computing the thyroid volumes for individual age
groups between 6 and 15 years, they claimed such
thyroid volumes to be normal. Since the 97 percen-
tile of the obtained data was higher than the previ-
ous �Gutekunst norm�, they suggested to increase
the level of 97th percentile by 2-5 ml depending on
the age. This conclusion was apparently based on
the presumption that all thyroids in adolescents rep-
resent a single compact homogenous group. How-
ever, recently it appeared that a certain number (i.e.
at least about 10-15 percent) of adolescent thyroids
shows increased thyroid growth rate which signifi-
cantly differs from the majority and which might be
related to different tuning of molecular growth mech-
anism presumably of genetic origin (TAJTAKOVA et al.

1998; LANGER et al., in press). From, this follows that
the adolescent thyroids do not represent any homog-
enous group and thus it may be suggested that
a certain number of enlarged thyroids should not be
included into a normal range.

Recently, several reports accumulated on the ul-
trasound findings namely in children 13 years old
from various countries which show the long-term
effects of the iodine intake and complex antithyroid
influences perhaps much better than any other ex-
amination (e.g single estimation of urinary iodine
etc.). Thus, the average thyroid volume in the coun-
tries with optimal iodine intake such as Sweden
(GUTEKUNST et al. 1985 � 224 cases), Japan (UEDA

1990 � 45 cases) or Slovakia (LANGER et al. � 702
cases) and city of Berlin (LIESENKOETTER et al. 1997)
was 4-5 ml, while in those with marginally deficient
such as Finland (TAKALO et al. 1994 � 76 cases), Bel-
gium (CHANOINE et al. 1991 � 32 cases), Austria
(OBERHOFER et al. 1992 � about 100 cases) and some
areas of Italy (AGHINI-LOMBARDI et al. 1997 � several
hundred cases) was about 7 ml.

In addition, in some countries with clearly defi-
cient iodine intake, at least until recently, the thyroid
volume in the same age group was 7-12 ml (e.g. in
Germany; several papers reviewed by MENKEN et al.
1992 � about 2500 cases), former East Germany
(MENG and SCHINDLER 1997 � 207 cases), Poland
(GOLKOWSKI 1993 � several thousand cases) Hunga-
ry (SZECSENYI-NAGY et al. 1992 � 183 cases) and some
areas of Italy (AGHINI-LOMBARDI et al. 1997 � num-
ber of cases for 13 year old unknown).

The above data show that the long-term influence
of different iodine intake results in considerable dif-
ferences in thyroid volume as early as in childhood.
It should be recalled that iodine is known as impor-
tant intrathyroidal modulator of TSH effect on the
growth and endocytosis which is increasing under
iodine deficiency and vice versa (STUDER and RA-
MELLI 1982; PISAREV 1985).

From this follows that the effective iodine pro-
phylaxis should be predominantly applied since ear-
ly childhood with the special aim to keep molecular
growth mechanisms quiet and thus to prevent the
expression of appropriate growth factors which is
under TSH control. Actualy, at the level of serum
thyroxine below 5 mg/dl the level of TSH in the eu-
thyroid subjects below 15 years of age was about
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twice as high as that in those between 16 and 25 years
(DELANGE 1985). It has been also reported that the
iodine prophylaxis, if applied after adolescence, does
not reverse the hyperplastic changes in the thyroid
any more (CORREA 1980). From this viewpoint it ap-
pears that the molecular background of various thy-
roid disorders manifesting themselves in adult age
may originate during childhood and adolescence, if
the activity of local growth factors is being inappro-
priately stimulated and, in contrast, that the best
chance to counteract the pathological thyroid growth
and thus to prevent a certain percentage of thyroid
disorders is particularly during that period of life.
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