
Evaluation of hand function in young children
after surgery for trauma or correction of congenital
abnormality is difficult. There are no data for normal
subjects in this age range. Often the tests available
seem too detailed and too lengthy to be suitable for
the short attention span of a young child. Some clini-
cians question if reproducible results for hand dex-
terity and grip and pinch strength are obtainable in
children aged 3 to 5 years. 

A simple, rapid test would allow the testers to ana-
lyze qualitatively and quantitatively the level of in-
hand manipulation skill and the variation in abilities
among young children. The Functional Dexterity Test
(FDT), a pegboard test involving the timed placement

of relatively large pegs (4 cm � 2.2 cm) in a 16-hole
pegboard, met the requirements. The FDT can be
administered in an office setting and reliability and
validity have been established with adults.1,2

The purpose of this study was to establish refer-
ence norms, using the FDT, for 3- to 5-year-olds.
These normative data would provide a baseline for
the comparison of the therapeutic progress of chil-
dren who have undergone surgery for hand trauma
or correction of congenital hand anomalies. The data
also could be used to monitor progress chronologi-
cally over time for the same group of children. In
addition to gathering normative data on grip and
pinch strengths in 3-, 4-, and 5-years-olds, correla-
tions were determined for dexterity, strength, and
hand dominance.
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ABSTRACT: After surgery for trauma or correction of congenital
anomaly, hand function is difficult to evaluate in children because
there are no reference norms on children 3 to 5 years old. The pur-
pose of this study was to determine whether reproducible norma-
tive values for hand dexterity and grip and pinch strength could
be obtained in young children using simple tests that could be
administered quickly within the attention span of a 3- to 5-year-
old. The Functional Dexterity Test (FDT), a pegboard test vali-
dated for adults and older children, seemed to meet our require-
ments for dexterity. The FDT was administered to a convenience
sample of normal children in a prekindergarten school who were
grouped according to age: 3-year-olds (n = 17), 4-year-olds (n =
24), and 5-year-olds (n = 22). Hand dominance was determined.
The task was demonstrated by 1 of the 2 testers. The child was
asked to turn the pegs over in the pegboard without using the free
hand or balancing the peg against the chest. Both hands were
tested. Grip and pinch strengths were measured in both hands in
a consistent manner. All the children were tested with the arm at
the side and the elbow at 90°. A dynamometer was used for grip
strength and a pinch meter was used to measure key (lateral) and
tripod pinch strengths. Means and SDs were calculated for each
age group, and the dependent values of dexterity, strength, and
dominance were correlated. Dexterity and strength scores were
significantly different by age group. A good FDT score in the dom-
inant hand was predictive of a good score in the nondominant
hand. Grip and pinch strength correlated poorly with functional
dexterity. The normative values established in this study for chil-
dren in the 3- to 5-year-old range can be referenced for disability
estimates and establishing goals for children after surgery or hand
injury. 
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METHODS

A convenience sample of normal 3-year-olds (n =
17), 4-year-olds (n = 24), and 5-year-olds (n = 22), at a
prekindergarten school participated in this study. All
children were believed to be developmentally normal
by the teacher and were free from previous upper
extremity injury or congenital anomaly. A consent
form explaining the purpose of the test and the
methods involved was sent to the parents and
returned to the class teachers. The test was not
administered to children younger than 3 years old
because our pilot studies had shown that children
younger than age 3 do not have a sufficient attention
span to follow instructions and perform the tasks. All
the children were included if the parent returned the
consent form.

The FDT consists of a 16-hole wooden pegboard,
20.6 cm long and 3.7 cm deep (Figure 1A). Each peg
hole is 3 cm deep, 2.5 cm in diameter, and located 2
cm from adjacent pegholes, which are arranged in 4
rows of 4. Each peg measures 4 cm in height and 2.2

cm in diameter and has a dot marked on one side. At
the beginning of the test, the pegs were placed so that
all dots were facing up. 

Each child was tested separately in a corner of the
classroom and was made as comfortable as possible
with the testers. Each child first was asked to draw a
circle with a marker on a sheet of paper to determine
hand dominance/preference. The child was asked to
sit on a chair with the FDT pegboard on a table in
front. Heights of table and chair were appropriate for
the age group being tested. The proximal edge of the
pegboard was placed 10 cm from the edge of the
table. Two testers administered the FDT; one tester-
measured and recorded times, and the other
instructed the child and took photographs. The same
tester explained to each child that the purpose of the
test was to “magically make all the dots disappear as
fast as possible by turning the pegs over in the air”
(Figure 1 B–D). The child was instructed not to touch
the peg with the free hand and not to allow the peg
to touch the chest. The same tester showed each child
how to perform the task, then asked the child to try.
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FIGURE 1. Pegboard and dexterity manipulation in children. (A) FDT board with pegs. (B) Subject removing peg from board with fore-
arm pronated and shoulder abducted. (C) Subject successfully manipulating peg between fingers and thumb. (D) Children have difficulty
manipulating the peg in midair without supinating the forearm, as shown here.



The child attempted to turn over at least 1 set of pegs
with each hand. The same tester again demonstrated
how to perform the task to children who had diffi-
culty manipulating the peg and instructed each child
to “walk your fingers along the peg and then turn it
over.” Previous studies1,2 have shown that the learn-
ing effect in adults is eliminated after 1 complete trial
with the pegboard. 

The FDT was administered for the dominant hand
first and then for the nondominant hand. On comple-
tion of the test, the child was asked to stand beside the
administering tester in a straight posture with shoul-
ders adducted. Grip strength in each hand was gauged
with a standard dynamometer (Jamar; Asimow Engi-
neering, Los Angeles, CA). The handle was set to the
smallest setting. Key (lateral) and tripod pinch strength
were measured with a pinch meter (Fabrication Enter-
prises, Irvington, NY). Grip and key pinch strength
measurements were made with the elbow flexed at 90°,
the forearm in a neutral position of pronation/supina-
tion, and the wrist in the neutral position. Tripod pinch
strength was assessed with the elbow still flexed at 90°
but with the forearm completely pronated and the
wrist held at an angle of approximately 40° dorsiflex-
ion. The child was instructed to “squeeze as hard as
you can” before each single-trial measurement. The
tester stabilized the bottom of the dynamometer dur-
ing grip strength measurement.

Research Design and Data Analysis

The primary objective of this study was to deter-
mine normative values for hand dexterity, grip
strength, and pinch strength in each of 3 age groups
of pre-school children. All calculations were per-
formed using the SAS software system.3

Descriptive information was calculated as means
and SDs for each parameter in each age group. Com-
parisons between groups were made using one-way
analyses of variance. Posthoc pairwise comparisons
between age groups were performed using Student
t-tests with the Bonferroni multiple comparison crite-
ria. Inferences were considered statistically signifi-
cant for p values of 0.05 or less.

Relationships between the FDT scores and the
strength measurements, by handedness and age

group, were obtained using Pearson correlation
coefficients. Reliability of FDT values for each age
group was estimated by calculating the correlation
between the dominant and nondominant hand for
the FDT score with the Cronbach coefficient �
option.4

RESULTS

Functional Dexterity Test

Means and SDs in seconds for each of the 3 age
groups are shown in Table 1. The mean performance
was significantly different by age (p<0.01). The Cron-
bach coefficient �, a measure of test reliability, was
calculated for each of the groups and was 0.95, 0.81,
and 0.73 for the 3-, 4-, and 5-year-old groups. The cor-
relation coefficients between FDT data for dominant
and nondominant hands were 0.91, 0.70, and 0.67 for
the 3-, 4-, and 5-year-old groups, indicating that a
good score in the dominant hand predicted a good
score in the nondominant hand.

Penalties

Adult FDT test scoring assigns the following penal-
ties: 5 additional seconds for supinating or touching
the board with a peg and 10 additional seconds for
dropping a peg. Because one of our goals in doing
this research was to determine qualitative differences
in performance of the test by adults and by young
children, we recorded FDT times with the adult-
assigned penalties and without penalties. In the 5-
year-old group, 37.5% of the dominant hands and
50% of the nondominant hands were assigned penal-
ties. Of the dominant and nondominant hands in the
4-year-old group, 54% were assigned penalties. In the
3-year-old group, 41% of the dominant hands and
53% of the nondominant hands in the 3-year-old
group were assigned penalties.

The Cronbach coefficient � values (test reliability)
calculated for each of the 3 age groups with adult
penalties included are 0.65 (3-year-olds), 0.68 (4-year-
olds), and 0.50 (5-year-olds). These calculations sug-
gested that perhaps the assignment of “adult-grade”
penalties to children was inappropriate because of
the young child’s shorter attention span and dis-
tractibility. We decided to base our calculations on
the data without adult penalties and developed a
separate penalty score to identify children with fine
dexterity impairments. In our scoring system, we
assigned 5-second penalties for touching the peg
against the chest, dropping the peg, switching hands,
or using the free hand to manipulate the peg (Figure
2D). The children were not penalized for supinating
the forearm (an adult-assigned penalty) because in-
hand dexterity was not sufficiently good to prevent
supination (Figure 2 A–C).
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TABLE 1. Means and SDs for FDT in 3-, 4-,
and 5-Year-Olds

Dominant Nondominant
Hand Hand________________ ________________

Mean SD Mean SD
Age (sec) (sec) (sec) (sec)

5 33.26 5.28 38.76 9.3

4 40.97 8.51 45.59 10.17

3 48.34 13.91 51.92 12.78



Grip Strength and Pinch Strength Data

Means and SDs for grip strength, key (lateral)
pinch, and tripod pinch strengths are shown in Table
2 for the 3-, 4-, and 5-year-old age groups.

Correlation Between Functional Dexterity Test
Data and Grip and Pinch Strength

The correlation coefficients for dominant and non-
dominant hands between the FDT and grip strength,
key pinch strength, and tripod pinch strength for the
3-year-olds are shown in Table 3. 

DISCUSSION

When objects are moved in space by the arms and
hands acting together, the movements are extrinsic.
These actions produce power grip and are less
refined than the fine and manipulative intrinsic hand
movements required for the fingers to act together in

a coordinated manner to translate the object within
the hand itself. Grip and pinch strength can be rela-
tively independent of precision handling. Lands-
meer5 and Napier6 believed that strength and preci-
sion maneuvers were independent of each other, with
strength movements being static and precision move-
ments dynamic. Our findings confirmed the qualita-
tive observations of these investigators that dexterity
was independent of strength. 

In-hand manipulation refers to the process of using
one hand to adjust an object for effective object place-
ment in that hand before use, placement, or release.7

During in-hand manipulation, the object remains in
the hand being used and usually does not come in
contact with a surface. The age range during which
the greatest number of in-hand manipulation skills
seems to emerge is 2 to 2.5 years; most of these skills
are developed by age 3 years.8,9 The hand features
necessary for a prehensile manipulative grip are (1)
abduction and pronation of the thumb, (2) curved
distal transverse palmar arch, and (3) distal location
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FIGURE 2. Penalty positions. (A) Subject with forearm pronated, turning from pronation to supination and attempting to adjust peg
between fingers, thumb, and metacarpophalangeal joint area. Because so many children supinated the forearm, we did not penalize them,
although it is an adult-assigned penalty. (B, C) Another subject grasps peg between fingers and thumb and attempts to reposition it in
midair, but the subject cannot without forearm supination. (D) Subject stabilizes peg against his chest to help him turn it over and so
accrues the appropriate penalty.



of contact—the object being held must be in contact
with the palmar surface of the distal phalanges of the
digits.10,11 Although Weiss and Flatt were able to
define clearly the deficiencies that would limit pre-
hensile manipulation, adequate testing for dexterity
and manipulations were yet forthcoming.10,11

A variety of objective standardized tests are avail-
able for evaluating hand dexterity function. The Jeb-
sen test is well known. This test evaluates activities of
daily living.12 For the age range of interest, a test
needed to be short enough to sustain the interest of a
child as young as 3. Miles Breslin and Exner13 evalu-
ated the In-Hand Manipulation Test. Other dexterity
tests that meet the criteria include the Rosenbusch
Test of Finger Dexterity14 and the FDT.1,2 Both of
these tests introduce the element of speed to evalua-
tion of interdigital manipulation and translation, and
the manipulated object size is not too large for the
hand of a small child. The FDT can be administered
readily in a small clinical office, does not require a
complex scoring system or sophisticated equipment,
and is brief enough to sustain the attention of a child.

Grip and pinch strength norms have been deter-
mined for children as young as 5 years old using the
Jamar dynamometer and the Preston pinch
gauge.15,16 Although some investigators have modi-
fied dynamometers because they thought these
instruments were too heavy for children17,18 (e.g.,
using a squeeze bulb such as the Martin Vigorime-
ter19 or a sphygmomanometer20 for testing smaller
children), in this study a standard and readily avail-

able dynamometer and pinch meter were used. Prior
investigators21 had established that pinch strength
could be determined reliably in children age 5 to 13
years using standard equipment (pinch meter) and
that there was a direct correlation between pinch
strength and age and that this correlation corre-
sponded to the increase in hand size. The
dynamometer was set on the smaller grip size for our
simple test; body position was standardized, and the
weight of the device was supported by the tester. We
thought that results obtained were reliable. The data
were measured in pounds rather than in mm Hg,
enabling future comparisons with the established
norms in the older child.

A 9-hole peg test has been used to evaluate hand
functional dexterity in children ages 5 through 10.22

With this test, pegs are removed from the board and
put into a container. In that test, the pegs are only 0.25
inches in diameter, a size that might be a little too
small and so challenge the dexterity of a younger
child (the pegs in our 16-hole test are 2.2 cm in diam-
eter, that is, almost 1 inch in diameter). We believe that
taking each peg out of its hole, turning it over, and
replacing it is a truer test of in-hand manipulation and
dexterity. The peg needs to be grasped in a prehensile
manner between fingers and thumb, then passed into
the palm of the hand. The FDT incorporates all the
elements of dexterity—it assesses the speed of inter-
digital object manipulation and translation. 

In our study, we used drawing ability to establish
hand preference. From a functional perspective, chil-
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TABLE 2. Means and SDs of Grip Strength, Key Pinch Strength, and Tripod Pinch Strength for Dominant and
Nondominant Hands in 3-, 4-, and 5-Year-Olds

Dominant Hand Nondominant Hand___________________________________ ___________________________________
Grip Key Pinch Tripod Pinch Grip Key Pinch Tripod Pinch

Age (lb) (lb) (lb) (lb) (lb) (lb)

5
Mean 10.75 7.29 5.72 10.02 7.34 5.42
SD 3.4 2.04 1.59 3.79 2.24 1.51

4
Mean 7.83 5.83 4.96 7.63 5.67 4.78
SD 2.53 1.39 1.57 2.69 1.39 1.19

3
Mean 6.53 5.13 4.30 6.13 5.07 4.17
SD 2.70 1.49 0.75 3.96 1.24 1.14

TABLE 3. Correlation Coefficients Between FDT and Each of Grip Strength, Key Pinch Strength and Tripod Pinch
Strength in Dominant and Nondominant Hands in 3-, 4-, and 5-Year-Olds

Dominant Hand Nondominant Hand___________________________________ ___________________________________
Grip Key Pinch Tripod Pinch Grip Key Pinch Tripod Pinch

Age (lb) (lb) (lb) (lb) (lb) (lb)

5 –0.10 –0.23 –0.34 –0.13 –0.33 –0.49

4 0.27 0.16 0.01 0.01 0.01 –0.12

3 –0.44 –0.04 –0.11 –0.28 –0.15 0.15



dren need a preferred dominant hand so that one
hand acts in an assistive capacity and the other in a
more active role in bimanual activities. Establishment
of dominance seems to correlate with development of
tripod pencil grasp (4 years), and we appreciate that
ambidexterity is common in 3-year-olds and may
persist to 8 years.23 In our study, all children showed
a clear distinction, however, between one hand and
the other in ability and preference when asked to
draw a circle. For our study purposes, this provided
a convenient way of indicating hand preference.

Based on the results of our study, some suggestions
for improving the administration of the test are in
order. Because of the short attention span in the tar-
geted age group, the testing process should be
accomplished as quickly as possible. Two testers
should administer the test; one tester measures time
and performs other tasks (i.e., taking photographs),
and another communicates directly with the child.
This separation of tester duties helps concentrate the
child’s attention on accomplishing the task. Children
in this age range have the ability to focus even in the
presence of other children who are not directly dis-
tracting them. A completely quiet room may be too
different from the child’s normal environment and
may bias performance. Finally, we think it is critical
that visual and verbal clues be used to coach the child
to completion of the task. In the case of the 3- and
4-year-olds, it may be necessary to repeat the instruc-
tions and the demonstration more than once before
the child is able to reproduce the necessary manipu-
lations to complete the task.

Using the FDT, this study establishes preliminary
normative data for in-hand dexterity in the 3- to 5-
year-old age groups. The test is simple and reliable
and can be performed quickly in any office or school
setting. The FDT provides qualitative and quantita-
tive data on dexterity and is most helpful in follow-
ing improvements in functional status in children
recovering from corrective surgery for congenital or
traumatic hand problems, allowing for improvement
that would occur naturally with maturation. The FDT
allows the tester to observe the child’s ability to
process instructions and to perform the necessary
tasks. The test also can be referenced for normal chil-
dren, identifying impairments in dexterity according
to developmental milestones; it establishes a baseline
by which improvements in dexterity can be followed
as the child gets older.

The low values of the correlation coefficients sug-
gest that FDT values are not correlated with grip or
pinch strength. It is of interest that the factors gov-
erning dexterity and strength are independent. A
child may be strong by virtue of his or her intrinsic
and extrinsic muscles, but such strength does not
translate into sophistication and fine control of move-
ment. In this study, normative data for grip and pinch
strength and dexterity have been established in 3- to

5-year-olds, an age range at which hand problems
typically are corrected, and the probability of
improvement is said to be high.24

We believe that the FDT is a useful test for quanti-
tating manual dexterity in children. It is easy to
administer and is well suited to the normal short
attention span of young children. In our study, we
made some modifications to the adult system of
penalties. Using these modifications, we determined
values for nondominant and dominant hands in nor-
mal children in the 3-, 4-, and 5-year age groups. We
believe that these normal values can be used to com-
pare with values of children who had surgical correc-
tion for congenital hand anomalies or after trauma
and to monitor progressive improvement in these
patients as they mature.
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