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Objectives: To find reference data for the time of
appearance of ossification centers in carpal bones and
the lower ends of the radius and ulna in the Saudi
population. In addition, to check the sequence of
appearance of carpal bones and the relation of this
sequence to the appearance of distal epiphyses of the
radius and ulna.

Methods: A retrospective radiological study was
carried out between 2012 to 2020 at King Fahad
Hospital of the University, Al-Khobar, Saudi Arabia.
A sample of 279 hand/wrist plain radiographs of
Saudi children was analyzed.

Results: The first bones at the wrist region to appear
in Saudi children are the capitate, hamate, and distal
epiphysis of the radius, and these appear during the
first year of life. The other bones develop subsequently
at yearly intervals, and the last one to appear is the

pisiform, which arises at the end of the first decade
of life.
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Conclusion: The sequence of appearance of carpal
bones in the Saudi population is similar to what is
described in the literature. However, the time of
appearance of some of these bones is earlier than that
in other populations.

Keywords: carpal bones, Saudi children, x-ray,
ossification, radiology, radius, ulna
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Bone development starts early during the embryonic
period, but is only completed around the age of
adolescence.! Endochondral ossification is the process
by which most bones develop. This type of ossification
means that the bone is formed by the deposition of
collagen and minerals on a cartilaginous model.! Bones
vary in the time of their formation. The first location of
bone formation within the background of cartilage is
known as the primary ossification center, which usually
develops before birth, while the bony spot that appears
after birth is known as the secondary ossification center.'

Carpal bones are 8 short bones arranged in 2 rows,
each with 4 bones in the region of the wrist. From lateral
to medial, bones of the proximal row are the scaphoid,
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lunate, triquetral, and pisiform, and those of the distal
row are the trapezium, trapezoid, capitate, and hamate.?
These bones ossify in cartilage, and the earliest sign of
formation of these cartilages in the wrist region of the
developing embryo occurs during the second month of
intrauterine development.® The cartilage of the capitate
is the first to appear and that of the pisiform is the last.
As the ossification of these carpal cartilages occurs only
after birth, the carpals are still cartilaginous at the time
of birth.

Skeletal age reflects the maturity of an individual,
and skeletal age assessment is commonly used to judge
the actual age of a person. Aside from dental eruption,
of particular importance for age determination in
young children is the development of wrist bones.*
Carpal bones are useful in determining the skeletal age
of individuals and assessing their growth status.>® This
is particularly of great importance for pediatricians to
diagnose metabolic or endocrine disorders. Medico-
legally, it is necessary to estimate the bone age in case
no birth certificate has been issued.”®

Standard anatomy literature describes a specific
pattern of development of carpal bones. The first bones
to ossify are the capitate and hamate, and this occurs
during the first year of life. The triquetral is next to
appear arising during the third year of life and the lunate
appears on the fourth year of life. The scaphoid develops
in the fifth year, and the trapezium and trapezoid appear
in the sixth year. The last one to appear is the pisiform,
which occurs in the twelfth year of life.” Other literature
describes a much earlier ossification of pisiform, that is,
in the ninth year of life.> In general, the ossification of
carpal bones and other bones of the hand occurs earlier
in females than in males.

Variations occur among populations with regard
to the time of appearance of ossification centers in
different bones of the hand and wrist. The literature has
documentations for the specific time of appearance of
bones for some population types, including American
Caucasian,®  Indian,”'"  Pakistani,”>  Nigerian,"
Sudanese,'* and Western Australian."

The present study aims to investigate the time of
appearance of carpal bones in both genders of Saudi
children, and the time of ossification of distal epiphyses
of the radius and ulna. These data will form a reference
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for Saudi children and a basis to diagnose any skeletal
and developmental abnormalities.

Methods. Number of online search engines were
used by the authors to gather literature for this study,
but the main were PubMed, Web of Science, and
Summon (the search engine of the digital library at
Imam Abdulrahman Bin Faisal University).

This retrospective radiological study was performed
on subjects who visited King Fahad Hospital of the
University in Al-Khobar, Saudi Arabia during the
period between 2012-2020. The study was approved by
the Institutional Review Board (IRB -UGS-2019-01-
290), and is in accordance with ethical principles stated
in the Declaration of Helsinki.'®

The present work included 279 anteroposterior plain
x-rays of the wrist or hand that fulfilled the following
criteria. Inclusion criteria are as follows: Saudi, children
(age: newborn to 14.5 years), and the radiological
examination is a normal anteroposterior x-ray of the
hand and wrist.

The exclusion criteria are as follows: non-Saudi
and the presence of skeletal anomalies (congenital
or acquired) or endocrine, metabolic, or nutritional
disorders.

Both genders were represented in the sample with
an approximate ratio of 1:1. The exact numbers are
139 boys and 140 girls. The sample was divided into
15 groups according to age (Table 1). Each age group
(except the first one) includes subjects of that specific
year + 6 months; for example, age group 2 includes
subjects as young as 19 months up to 2 years and
6 months. With regard to the first age group (newborn
and early infancy), it includes newly born children
(0 to 1 month) and children in their early infancy
period (2 to 5 months).

The x-ray films were examined digitally by using the
database of the Picture Archiving and Communication
Systems (PACS). Initially, a random sample of hand x-ray
films of Saudi children was selected by a radiologist. The
original sample had around 400 cases. Six investigators
started to examine this random sample in order to select
the cases according to the inclusion and exclusion criteria
described above. The plan was to collect more cases from
the earlier years of childhood (0 to 7 years/phase I), than
from the later years (8 to 14.5 years/phase II), because
carpal bones are expected to start ossification during this
earlier time. For each case, a form especially prepared
for this study, was filled out. The form has a section that
shows the demographic data of the child (namely, the
gender, medical record number, date of birth, date of
radiological examination, age at time of examination,

www.smj.org.sa  Saudi Med ] 2020; Vol. 41 (9) 939


http://www.smj.org.sa/index.php/smj/index

Ossification of carpal bones in Saudis ... Al-Khater et al

Table 1 - Number of cases in each age group in both genders (N=279).

Age group Age limits Age limits Number of cases
(years) (months) Male Female
Phase I
Newborn & early infancy <0.5 birth-5 3 4
1 year 05-15 6-18 22 19
2 years 1.5-25 19-30 12 11
3 years 2.5-35 31-42 8 22
4 years 3.5-4.5 43-54 12 16
5 years 45-55 55-66 13 8
6 years 5.5-6.5 67-78 9 16
7 years 6.5-7.5 79-90 17 8
Phase IT
8 years 7.5-8.5 91-102 6 6
9 years 8.5-9.5 103-114 11 9
10 years 9.5-10.5 115-126 8 4
11 years 10.5-11.5 127-138 8 7
12 years 11.5-125 139-150 3 3
13 years 12.5-13.5 151-162 3 3
14 years 13.5-14.5 163-174 4 4
Total 139 140

and reason for the radiological examination). These
data were collected from the patients’ records that
investigators had ethical access to based on the IRB
approval. The form has a table with the names of all
8 carpal bones, in addition to the distal epiphyses of
the radius and ulna. The investigators recorded whether
each of these bones is present. Ossification centers are
identified as areas of radio-opacity within radiolucent
cartilages. Next, all cases were checked by 2 radiologists
to confirm the observations from the other investigators.
The radiologists recorded their observations in the same
form and only their results were considered in this study.
In case of disagreement between the 2 radiologists, a
third radiologist was consulted and his opinion was
considered.

All collected data from 279 cases were organized in 2
master Excel sheets, one for each gender. Tables for the
final analysis of the cases were prepared to summarize
the data collected in the study as follows: i) a table
presents the age groups with the number of cases in
each group of each gender; ii) a table that summarizes
the findings related to each of the 10 bones (8 carpals
and 2 epiphyses) in each gender according to the earliest
time of appearance and the age groups at which >50%
or 100% of cases show ossification; and iii) a table that
shows the percentage of presence of each of the 10
bones in each age group in each gender. At the end, the
sequence of appearance of the 8 carpal bones (first to
last) was observed.
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Statistical analysis. To test whether ossification time
in males differs from that in the females, the statistical
analysis was performed by the Statistic Package for Social
Sciences, Windows, version 21 (IBM Corp, Armonk,
NY, USA). Statistical significance was accepted at a level
of p<0.05.

Results. Age groups, number of cases and gender.
The total number of cases examined in this study was
279 with an approximate male-to-female ratio of 1:1.
Table 1 shows the number of cases in each age group
for each gender. Approximately 74% of the female cases
and 69% of the male cases were in the first phase of
childhood (first 7 years of life).

Time of appearance of ossification centers. The
raw data of all male and female cases were organized
in master tables. From these master tables, the time of
appearance of the bones was extracted. Figures 1-3 show
representative examples of the hand/wrist radiographs
from male and female cases in different age groups

Carpal bones. Table 2 presents the percentage of
presence of the carpal bones in each age group of both
genders. Clearly, no carpal bone is present in the age
group of newborn and early infancy (Figures 1A & 1B).
This age group contained children of up to 3 months
(for girls) or 4 months (for boys), and up to this age no
carpal bone was present.

The capitate and hamate were the first carpal bones
to ossify. These bones started ossification, in both
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genders, during age group of one with 100% of cases
showing ossification (Figures 1C & 1D). The youngest
children in this group were approximately 6 months for
boys and 8 months for girls, and both showed these 2
bones.

The triquetral likewise started to appear during
age group of one but in only one-fifth of the cases.
This finding is valid for both genders. Subsequent age
groups showed a gradual increase in the percentage of
appearance of this bone, which is more pronounced in
the girls. At age group 3, approximately 73% of cases in
girls and 50% of cases in boys have this bone ossified.

Figure 2 shows examples of male and female cases
with the presence of triquetral at age groups 2 and 3
for the female, but only at age group 3 for the male. All
cases of age group 5 had the triquetral bone ossified in
both genders.

The lunate started to appear in age group 2, in both
genders. However, this bone was more prominent in the
girls, in which more than 25% of the cases have the
lunate bone, compared to only around 8% of the boys.
This difference between boys and girls was also obvious
in age groups 3, 4, and 5. However, in age group 6,
almost no difference between the 2 genders was found
because more than 80% of the cases have the lunate.
At age group 7, all cases in both genders showed this
bone. Figure 2D shows an example of a female case with
lunate at age group 3. Figure 3 shows examples of the
presence of this bone in both genders at age groups 6
(Figures 3A & 3B) and 9 (Figures 3C & 3D).

The scaphoid bone appeared in age group 3 in
only a minority of girls (4.5%) but not yet in boys. A
substantial increase in the presence of this bone occurred

Figure 1 - Hand x-ray of newborns and children of age group one. Plain
anteroposterior x-ray of hand and wrist of A&B) 2 newborns
and C&D) 2 children of age group one. A: male- 5 days; B:
female- 1 day. No carpal bones or distal epiphyses of radius
and ulna are present in these 2 newborns. C: male- 13 months;
D: female- 13 months. Note the capitate (c) and hamate (h) in
both radiographs (C&D). The distal epiphysis of radius (r) is
present in the female radiograph (D).

Figure 2 - Hand x-ray of children of age groups 2 and 3. Plain
anteroposterior x-ray of hand and wrist of 4 children of age
groups A&B) 2 and C&D) 3. A: male- 24 months; B: female-
24 months. Note the presence of capitate (c), hamate (h) and
distal epiphysis of radius (r) in both radiographs (A&B). The
female radiograph (B) also has the triquetral (). C: male- 3
years; D: female- 3 years. Note the presence of capitate (c),
hamate (h), triquetral (t) and distal epiphysis of radius (r) in
both radiographs (C&D). The female radiograph in (D) also
has the lunate (I).
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Figure 3 - Hand x-ray of children of age groups 6 and 9. Plain
anteroposterior x-ray of hand and wrist of 4 children of age
groups A&B) 6 and C&D) 9. A: male- 6 years and 5 months;
B: female- 6 years and 6 months. Note the presence of all 8
carpal bones (except the pisiform) and the distal epiphyses of
radius and ulna in A&B. C: male- 8 years and 11 months; D:
female- 9 years and 6 months. Note the presence of all 8 carpal
bones and the distal epiphyses of radius and ulna in C&D.

in subsequent age groups of the girls (44% in age group
4 and 75% in age groups 5 and 6). All cases of girls
showed this bone by age group 7. In boys, the earliest
time of appearance of the scaphoid is in age group 4,
with only 8% of the cases showing this bone. Starting
from age group 0, a clear increase in the appearance of
this bone occurred until all cases showed ossification by
age group 10. Examples of cases with the ossification of
scaphoid in both genders are shown in Figure 3.

The pattern of appearance of trapezium and
trapezoid in the girls is almost similar to that of the
scaphoid, with the percentage of appearance of these 2
bones at age group 3 higher than that of the scaphoid.
In the boys, the pattern of appearance of trapezium is
the same as that of scaphoid, but trapezoid appeared at
group 5, which is one age group later than for scaphoid
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and trapezium. The subsequent pattern of appearance
of trapezoid is comparable to that of the other 2 bones.

The pisiform is the last to appear in both genders.
It started to appear at age group 7 in girls but only
at age group 9 in boys, and examples are shown in
Figures 3C & 3D. All cases showed ossification of this
bone at age group 10 in girls and 14 years in boys.

Distal epiphyses of radius and ulna. The percentage of
appearance of the distal epiphyses of the radius and ulna
in all age groups of both genders is presented in Table 2.
The distal epiphysis of the radius appeared much earlier
than that of the ulna, and this development is valid in
both genders. For radius, the distal epiphysis started
to appear from age group 1 in boys and gitls, but the
percentage was higher in girls (Figure 1D). The youngest
age at which this bone appeared in girls was 13 months
but, surprisingly, 6 months in boys. All female cases
showed the distal epiphysis of the radius at age group
3 and male cases at age group 4. Regarding the distal
epiphysis of the ulna, it appeared much earlier in girls at
age group 3 but only at age group 6 in boys (Figure 3A).
The youngest age at which this bone appeared in girls
was 2 years and 7 months, but in boys, it was 6 years
and 2 months. All female cases showed distal epiphysis
of the ulna by 8 years old and male by 10 years old.

Difference in ossification time between male and
female cases. Using the Chi-square test, there was a
significance association difference between male and
female in the pisiform at 95% (p=0.011), but all other
bones had no significance association at 95% (p>0.05).
The exact p values for the other bones are as follows:
capitate (0.709), hamate (0.709), triquetral (0.557),
lunate (0.164), scaphoid (0. 367), trapezium (0.208),
trapezoid (0.433), radial epiphysis (0.099), and ulnar
epiphysis (0.655).

Sequence of appearance of bones. Table 3 shows the
time of appearance of bones in the wrist region in both
genders. It presents the earliest time of appearance and the
time when >50% or 100% of cases showed ossification.
From this table, the sequence of appearance of bones is
predicted from the earliest time of appearance; if this is
the same as the previous bone, then consideration will
be given to the times when >50% and 100% of cases
showed ossification. Therefore, the sequence is regarded
as follows.

Carpal bones. In both genders, capitate and
hamate are the first carpal bones to appear, followed
by triquetral, and then by lunate. In females, the next
development is the concomitant appearance of 3 bones,
namely, scaphoid, trapezium and trapezoid. However,
in males, scaphoid and trapezium appear together
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Table 2 - Percentage of presence of carpal bones/distal epiphyses (DE) of radius and ulna in each age group (years) of each gender.

Age Capitate Hamate Triquetral Lunate Scaphoid Trapezium  Trapezoid  Pisiform DE of DE of
group radius ulna

M F M F M F M F M F M F M F M F M F M F
N &I
1 100 100 100 100 22.7 2I.1 31.8 57.9
2 100 100 100 100 25 364 83 273 75.0 91
3 100 100 100 100 50 727 63.6 4.5 18.2 13.6 87.5 100 9.1
4 100 100 100 100 75 93.8 16.7 563 83 43.8 83 438 37.5 100 100 125
5 100 100 100 100 100 100 46.2 75 7.7 75 77 75 154 75 100 100 25.0
6 100 100 100 100 889 100 889 81.3 44.4 75 444 75 556 625 100 100 333 375
7 100 100 100 100 100 100 100 100 94.1 100 94.1 100 94.1 100 25 100 100 529 875
8 100 100 100 100 100 100 100 100 83.3 100 83.3 100 66.7 100 333 100 100 66.7 100
9 100 100 100 100 100 100 100 100 81.8 100 81.8 100 81.8 100 182 66.7 100 100 81.8 100
10 100 100 100 100 100 100 100 100 100 100 100 100 100 100 37.5 100 100 100 100 100
11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 25 100 100 100 100 100
12 100 100 100 100 100 100 100 100 100 100 100 100 100 100 66.7 100 100 100 100 100
13 100 100 100 100 100 100 100 100 100 100 100 100 100 100 66.7 100 100 100 100 100
14 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Values are presented as percentage (%). M: male, F:

female, N & I: newborn and early infancy

Table 3 - Time of appearance of carpal bones and distal epiphyses of radius and ulna in both genders.

Region/ name of The earliest time of The age group at which The age group at which
the bone appearance 250% of the cases 100% of the cases
(age group) showed ossification showed ossification
F M F M F M
Carpals
Capitate 1 1 1 1 1 1
Hamate 1 1 1 1 1 1
Triquetral 1 1 3 3 5 5
Lunate 2 2 3 6 7 7
Scaphoid 3 4 5 7 7 10
Trapezium 3 4 5 7 7 10
Trapezoid 3 5 5 6 7 10
Pisiform 7 9 9 12 10 14
Distal epiphysis
Radius 1 1 1 2 3 4
Ulna 3 6 7 7 8 10

M: male, F: female

followed by trapezoid. The last bone to ossify in both
genders is the pisiform.

Distal epiphyses of radius and wulna. The distal
epiphysis of radius appears before that of ulna and this
order is valid for both genders.

Discussion. The interest in investigating the
ossification of carpal bones started a long time ago,
from the start of the last century.!” Many studies
from different populations published data pertaining
to time of ossification of carpal bones. The current

study is the first to present the time and sequence of
appearance of bones in the wrist region of the Saudi
population. Knowing this skeletal feature is important
for diagnosing developmental abnormalities in Saudi
children. Previously, diagnosing such conditions
depended on comparison with records of other nations,
usually American Caucasian or European. This study
can be used as a reference to confirm any suspicious
developmental abnormality in Saudi children.

The main finding in this study is that carpal
bones start to ossify in the first year of life, starting
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approximately at the age of 6 months. This ossification
of carpal bones starts with the capitate and hamate.
Following this, other bones appear at variable intervals
starting from triquetral followed by lunate, then
scaphoid, trapezium and trapezoid (but in males,
trapezoid arises after scaphoid and trapezium), and
lastly the pisiform. This study shows that the latest time
by which all carpal bones are ossified in Saudi females
is 10 years, but this time is much later in Saudi males
at 14 years. The other finding in this study is related
to the time of ossification of distal epiphyses of radius
and ulna. This development is found to be as early as
one year in males and females for the distal epiphysis of
radius, but that of ulna starts to ossify only at 3 years in
females and 6 years in males. The latest times by which
the distal epiphysis of radius is ossified in Saudi females
is 3 years and 4 years in males. However, these ages are
later for the distal epiphysis of ulna, which are 8 years in
females and 10 years in males.

Shortage of cases in specific age groups, especially
the newborns and early infancy period were considered
one of the limitations. Owing to the scarcity of normal
newborns sent for radiological examination, it was
impossible to collect more cases in this group. However,
3 girls and 4 boys gave us an indication of the status of
bones at this early age.

As previously mentioned, more cases in phase I of
childhood were included in the study because carpal
bones are expected to start ossification during this time.
The original plan was to examine an approximately
equal number of cases in each age group for each phase,
but again this was not practical as this depended on the
availability of cases for a specific age group.

In general, descriptions in the literature are in
accordance with regard to the sequence of appearance
of the ossification centers of carpal bones found in this
study, that s, the capitate and hamate are the firstand the
pisiform is the last. There is also an agreement with the
order of the other 5 bones: triquetral, lunate, scaphoid,
trapezium, and trapezoid. However, a slight difference
is observed with regard to the time of appearance of
these bones.

The comparison with other studies will be based on
the population type. Compared to Indian children,”!"
Saudis have a similar pattern of ossification time in
terms of the capitate and hamate. However, all other
carpal bones, except the pisiform, appear at an earlier
time in Saudi children. The pisiform in Saudi males has
a similar starting appearance time as in Indians but may
not appear until the 14th year of age in Saudis, whereas
this bone is ossified in Indians by 12 years. The pisiform
bone in Saudi females starts to ossify at 7 years, which
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is earlier than the pisiform in Indian females, where
this bone starts to ossify only at 10 years. With regard
to Pakistani children, the Saudis showed a later time
of appearance of capitate and hamate, which occur at
the age of one month in the Pakistanis."> However, the
other bones develop at an earlier time in the Saudis.
The results of this study are comparable to those
described in American studies, though the capitate and
hamate appear a bit earlier in Americans.®'® As for the
Sudanese, Alsharif et al'* conducted a small study that
included 26 male and 22 female Sudanese infants and
toddlers. They reported ossification of the capitate and
hamate as early as 2 months in females and 3 months in
males.* This finding indicates that these 2 bones arise
at a later age in Saudi children, though the small sample
size in the present study may not be enough to provide
a correct conclusion.

The sequence of appearance of bones described in this
study is also in accordance with that generally described
in anatomy textbooks or by specific studies on different
populations. This study showed that the ossification
of these bones occurs earlier in females than in males.
However, the difference between males and females was
significant only for the pisiform. This difference was
also documented in American,®'® Pakistani,'> Western
Australian,” Indian,”"" Sudanese,' and Argentinian®
children.

An important further step that the current study
formed a basis for, is to check whether skeletal age of
Saudi children matches the chronological age. Skeletal
age is a term used to describe the state of maturation of
bones as seen in radiographs.” Researchers used several
methods to analyze the skeletal age of individuals. The
most popular method by Greulich and Pyle (G&P) uses
the atlas.® Another method is Tanner and Whitehouse
method, which depends on a scoring technique and
needs a trained observer.?! More recently, digital methods
(computer-aided-diagnosis methods) have been reported
to estimate the skeletal age.”’* Example of these digital
methods is the one developed by Cameriere et al** who
described a formula based on the ratio between the area
of carpal bones and the total area of carpal bones and
distal epiphyses of radius and ulna.®**2¢ Estimation of
skeletal age using MRI or ultrasonography of hand and
wrist has been also reported.”””” The atlas by G&P
contains standard normal radiographs of the left hand
of children, and these are presented according to age
and gender. Number of studies investigated whether
radiographs of children of various populations correlate
with those described by G&XP.#° There were no studies
for the Saudi population. Accordingly, pediatricians
and radiologists in Saudi Arabia are still using the data


http://www.smj.org.sa/index.php/smj/index

Ossification of carpal bones in Saudis ... A-Kbater et al

of American Caucasian population (from G&P atlas)
to estimate the chronological age from hand x-rays.
Therefore, it would be more appropriate to have a study
that compares Saudi data with those in G&P atlas.

This study can be used as a reference for determining
the skeletal age of the Saudi population. The results can
guide and facilitate the assessment of growth disorders
due to diseases that affect the growth process as well
as influence the management of pediatric orthopedic
disorders in the Saudi population.

Study limitations. A potential limitation of this
study is that the results may not be generalized to
represent all Saudi children. This is because of the
relatively small sample size due to the limited number
of cases available in the hospital during the period of
2012 to 2020. Therefore, to represent the skeletal age
of the population correctly, a larger study should be
conducted involving different hospitals in various cities
of the kingdom.

In conclusion, this study documented that carpal
bones in Saudi children appear in an orderly manner
similar to what is described in the literature, starting
with the capitate and hamate and ending with the
pisiform. Furthermore, ossification of the distal
epiphysis of radius preceded that of ulna. A slight
difference with regard to the timing of appearance of
the bones between Saudis and other populations was
found. As in the other nations, ossification in females
occurs before that in males.
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