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ABSTRACT

Height-measuring techniques were evaluated for accuracy and reproducibility between

observers and devices. The measuring stick method and the Harpenden Stadiometer method of

measurement were compared using standard measuring techniques. The results show that
*

height varies with time of day, but that the measuring device used makes no difference on 

mean height measurements done on an individual by one observer or by more than one

observer.



TABLE OF CONTENTS

INTRODUCTION AND LITERATURE REVIEW...............................................................1

MATERIALS AND METHODS.............................................................................................3

RESULTS................................................................................................................................ 6

DISCUSSION AND CONCLUSIONS.................................................................................. 9

LITERATURE CITED.......................................................................................................... 12

APPENDIXES

I ................................................................................................................................... 13
II .................................................................................................................................. 14
III .................................................................................................................................15

CHART FOR CONVERTING MEASURING STICK FRACTIONS TO DECIMALS.... 18

LIST OF ILLUSTRATIONS.................................................................................................. ii

♦

i



LIST OF ILLUSTRATIONS

Fig. 2 Average daily standard deviations in height over a 10-day period..................... 7

Fig. 3 Average standard deviations obtained for six individuals of varying height 
d measured by three observers.................................................................................7

Fig. 4 Comparison of the average standard deviations in height, obtained by three
observers, using the Stadiometer and the measuring stick................................. 7

Fig. 5 Comparison of the average standard deviations recorded on two different
Stadiometers and two different measuring sticks............................................... 8

Fig. 6 How to position a patient for measuring height with a Stadiometer or a
measuring stick.................................................................................................... 16

Fig. 7 Correct position for raised toes before measuring height................................... 16

Fig. 8 Lining up the ear and eye for correct head position during height measuring.. 17

Fig. 9 Correct shoulder position when measuring height...............................................17

e

Fig. 1 Average percent height loss of 17 people over an 8-hr period............................ 6

ii



INTRODUCTION AND LITERATURE REVIEW

In various types of research from osteoporosis to growth in children,

researchers from around the world are using the Stadiometer to measure height. The

Harpenden Stadiometer manufacturer has stated that diurnal variation is a concern but

does not list any sources of variation. Also, some researchers, La Franchi (1991) for

example, have used different devices as well as different observers in height-specific

studies in order to accommodate patients who cannot attend the central height

measuring center. Do the time of day, observer and device used make a difference in

the mean height recorded? Researchers at an osteoporosis conference in early 1994

found themselves wondering about these very questions (Personal communication, Dr.

M. McClung, Osteoporosis Research Center, Portland, OR).

The time of day at which measurements are taken has also concerned scientists

because of diurnal variation. During research into changes in height, as much as 20

mm have been reported (Strickland and Shearing, 1972). The measuring stick and

triangle method dates back further than the Stadiometer, but does not come with a

measuring protocol; therefore, the researcher is uncertain if the observer is

accommodating for any diurnal variation that may occur. The Harpenden Stadiometer 

protocol takes into consideration this loss in height with the use of pressure 

techniques and a combination of stretching and deep breathing. The Stadiometer 

pressure technique works to counteract diurnal variation and may reduce height loss to 

less than 4.6 mm a day (Whitehouse, et al., 1974).
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No studies have been published that compare the reproducibility of the mean

heights recorded by the Stadiometer and the measuring stick devices, or a comparison

of the measurements obtained using both devices. The lack of information has left

scientists to wonder whether or not the simple, inexpensive measuring-stick method is

as accurate as the considerably more expensive Stadiometer.

Another concern of scientists is the reproducibility of both devices by different 

observers. When using a measuring stick and triangle, the observer must line up the 

edge of the triangle on the subject's head with the lines of the measuring stick in order

to read the measurement to the nearest sixteenth of an inch. The angle from which the

observer is looking becomes a factor.

The present study was undertaken to evaluate and compare measurements by

two different devices and to determine the effect that time of day, observer and location

have on the height measurements.
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MATERIALS AND METHODS

The height-measuring devices tested were the Harpenden Stadiometer and the

measuring stick and triangle. The Stadiometer is a direct reading instrument. The

counter reads in mm over a range of 600 to 2100. The Stadiometer is a wall-mounted
a

device made of light alloy with a wooden head-board fixed to a metal carriage that

moves freely on ball-bearing rollers. The complete instrument is 232 cm tall and

weighs 12.7 kg, making it suitable only for a permanent measurement location. The

manufacturer suggests that a 0.5-kg weight be placed on the head-board when

measuring to assure that the board is as close to the scalp as possible.

The second method of measuring involves a wall-mounted measuring stick. The

measuring stick can be read over a range of 0 to 95 in., in sixteenths of an in. The 

triangle, made of clear, light-weight plastic, is placed on the patient's head so that one 

edge of the triangle is flat against the measuring stick and a perpendicular edge is flat

against the patient's scalp.

The devices were calibrated prior to all measurements. A pilot study was

conducted in order to determine appropriate sample size. A group of 10 people was 

• measured 10 times using the standard procedures found in Appendixes II and III for the

Stadiometer and for the measuring stick respectively. An analysis of error was 

performed followed by Bonferroni analysis of correction. These data were then used in 

the modified sample size equation, n = (Za/D)2, where Z is the t-stat 1.96 for a 95 

percent confidence level, and a is the standard deviation of the population. D is the
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smallest height difference desired for this study.

Stadiometer: n= [(1.96)(3)/4]2 =2 

Measuring Stick: n= [(1,96)(5)/4]2 =6

The following procedures were performed :

A. To determine the effect of appointment time on height, a group of 17 people was

measured by one measurer five times during one day with the Harpenden Stadiometer.

The first measurements were taken between 7:55 and 8:05 am. The second

measurements were taken between 9:55 and 10:05 am. The third measurements were

taken between 11:55 am and 12:05 pm. The fourth measurements were taken between

3:55 and 4:05 pm.

B. To determine the reproducibility and the consistency in the measurements obtained

between devices over a period of 10 days, a group of 11 people was measured five

times with each machine on each day. One observer did all the measuring. Each subject

was measured at the same time every day. The time chosen was not important but

keeping that time constant was.

C. To determine the reproducibility and the consistency of the measurements obtained

• between observers, six people, (two less then 5 ft 5 in., two more then 5 ft 5 in. but

less than 6 ft 0 in. and two more over 6 ft 0 in.) were measured by each of the three

volunteers. The observers were all given the same measuring procedures including a 

conversion chart for the measuring sticks which divided each in. into sixteenths.
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D. To determine the reproducibility and the consistency of the measurements obtained

from both devices in two different locations, a group of 10 people was measured by

one person on two different Stadiometers and two different measuring sticks. Each

person was measured six times with each device.

Each observer in A-D above followed the procedures outlined in Appendixes II

and III.

All data was analyzed using a combination of statistical tests:

1. Two tailed t-test with equal variance: This test evaluates whether the data collected

from two small samples is significantly different. For my purposes two tailed t-tests 

were performed with a significance level of 5 percent. This test allowed me to say,

with a 95 percent confidence level, that the null hypothesis was correct.

2. Standard deviation: This deviation compares the variation that occurs in a set of

data.

3. Coefficient of variation : This coefficient depicts the size of the standard deviation

relative to its mean in a percent, allowing the comparison of the relative variations in a

person's height.
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RESULTS

A. In a pool of 17 people measured with the Stadiometer there was a mean loss of 0.5

percent total height during an 8-hr period between 7:55 am and 3:55 pm. The 8-hr

span gave a P value of 1.5 E-ll. According to Dr. K. Faulkner (Personal

communication, statistical expert at the Osteoporosis Research Center, Portland, OR),

a P value equal to 0.5 or less indicates a significant statistical difference in the data.

The percent change in height during each 2-hr period is plotted in Fig. 1.

Time span (hr.)

Fig. 1. Average percent height loss of 17 
people over an 8-hr period

B. Out of the pool of 11 people measured over a 10-day period, the Stadiometer

showed a mean standard deviation of 1.23 mm while the measuring stick showed a

mean standard deviation of 1.52 mm (Fig.2). The P value for the 10-day period was 

0.15. If day one was excluded, the mean standard deviation for the Stadiometer is 1.22 

mm and that for the measuring stick was 1.36 mm. The P value for the 9-day period

was 0.25.
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Fig. 2. Average daily standard deviation 
in height over a 10-day period

Fig.3. Average standard deviations 
obtained for six individuals of varying 
height measured by three observers

C. Fig. 3 shows the standard deviations in the height of people measured by three 

different observers at a specific time with both the Stadiometer and the measuring stick. 

The P value was 0 when two different devices were used by different observers (Fig.

4).

Fig.4. Comparison of the average 
standard deviations in height obtained by 
three observers using the Stadiometer and 
the measuring stick
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D. Fig. 5 shows the results of measuring people with two different measuring sticks

and two different Stadiometers. The P values for the measuring sticks were 0.27 and

the P value of the Stadiometers was 0.37.

Fig. 5. Comparison of the average 
standard deviations recorded on two 
different Stadiometers and two different 
measuring sticks
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DISCUSSION AND CONCLUSIONS

The pilot study showed that in order to obtain a 95 percent confidence level, each

person must be measured two times with the Stadiometer and six times with the measuring

stick. To decrease the chance of error even further, six measurements were taken for each

person on each of the two measuring devices throughout the study. The Harpenden

Stadiometer decreases possible error with the use of a counter that shows the height in

mm, therefore increasing its reproducibility and the precision of the number recorded by

different observers.

The main observations of this study were as follow

A) Over an 8-hr period, starting at approximately 8 am, a person loses 0.5% of

his/her total height. This means that a person measuring 2013 mm (6 ft 7 in.) would lose 

10 mm of height, and a person measuring 1560 mm (5 ft 1 in.) would lose about 8 mm.

In this study, each person lost height at a different rate with the greatest rate of height loss 

occurring between 7 am and 9 am. By the afternoon each person's rate of height loss

began to level off. This height loss is known as diurnal variation. According to Dr. M.

McClung (Personal communication), diurnal variation is thought to be caused by the

settling of the vertebral disks and the tiring of back muscles as the day goes on.

The P value for the change in height over a day was shown to be 1.5 E-ll.

This P value is statistically significant and shows that appointment time is an 

important factor in the height of the patient and should, therefore, be taken into 

consideration in both research and clinical settings. This P value also shows that the
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breathing and stretching techniques in the Stadiometer procedure do not reverse the 

effects of diurnal variation enough to make the percent height change statistically

insignificant. For now, the only way to circumvent diurnal variations is the scheduling

of the same appointment time for every visit.

B) There was no significant change in height detected over a period of 10 days,

when the person was measured at the same time each day. The greatest difference in

the standard deviations between the Stadiometer and the measuring stick occurred on

the first day. This difference, even though statistically insignificant, is thought to have

occurred as a result of the observer's lack of experience with reading the measuring

stick. The standard deviations were greater for the measuring stick six out of the 10

days. Therefore, either device can be used to measure height accurately, but the

Stadiometer shows less variance in its results.

C) No statistically significant differences in height occurred when individuals

were measured by different observers. While observing the measurers, I noted that the

reading of the measuring stick, especially when the patient was taller than the

observer, was more difficult than reading the Stadiometer. All observers were given

the same procedure but were not equally diligent in following it. Some observers 

forgot to have the patients put their heels together or raise their toes, but these changes

did not make a significant difference in the overall heights recorded.

The lack of statistically significant variation in the numbers obtained by

different observers using different measuring techniques could be explained by the fact 

that a mean height of all their measurements was taken. In all but one instance, the
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Stadiometer showed a smaller standard deviation in height measurements than the

measuring stick method when several observers were involved. Yet this difference was

not statistically significant. All observers, as well as all those being measured, agreed

that the Stadiometer was a faster and easier way of measuring. The difficulty with the

measuring stick is the lining up of the numbers on the measuring stick with the triangle

placed on the head of the person being measured.

D) Both the Stadiometer and the measuring stick methods of measuring height 

are comparable and give accurate height measurements regardless of their locations

when the machines are calibrated correctly.

In conclusion, appointment time needs to be considered as a factor in height 

studies and in clinics. Diurnal variation plays an important role in the height results 

and scheduling is the only way to avoid this phenomenon. The measuring of

individuals by different observers, even when there are small changes in the procedure,

does not cause a significant change in height measurements, but the Stadiometer is

easier to read. Therefore, either device can be used to measure height accurately, but

the Stadiometer shows less variance in its results between observers and only requires

an average of two measurements rather than six with the measuring stick for accuracy.

11



LITERATURE CITED

Kramer, J. G.1980. Korperlangenanderungen durch druckabhangige
Flussigkeitsverschiebungen im Zwischenwirbelaschnitt. Z. Orthop.118:161-164.

La Franchi, S. et al. 1991. Constitutional delay of growth: expected versus final adult 
height. Pediatrics. 87:82-7.

Strickland and Shearing. 1972. Diurnal height variation in children. J. of Ped. 
80:1023-10:25.

Whitehouse, R. H. et al. 1974. Diurnal variation in stature and sitting height in 12-14 
year old boys. Ann. Human Biol. 1:103-106.

*

12



APPENDIX I

STANDARD PROCEDURE FOR CALIBRATING A PERMANENTLY
WALL-MOUNTED STADIOMETER

Stadiometer should be calibrated at 
the beginning of every week. 
Calibration is easy to do and takes less 
than 5 min.

A. CHECKING THE COUNTER
Using the 600-mm spacing rod 
provided, position the Stadiometer on 
the wall so that the head-board just 
touches the rod when held upright from 
the floor.

If when measuring the height of the 
600-mm calibrating rod, the value on 
the counter reads less than 599 mm or 
greater than 601 mm the counter must 
be adjusted.

B. ADJUSTING THE COUNTER

Remove the counter from the 
instrument and adjust the counter by 
hand to read 600 mm.

Put the counter back on the head-board 
with the head-board still in place above 
the rod.

Move the head-board all the way up to 
see that the counter is working.

Remeasure the height of the rod; it 
should now read 600 mm (+/-1 mm).
If not, the counter may need to be replaced
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APPENDIX II

STANDARD PROCEDURE FOR HEIGHT MEASUREMENT USING A
PERMANENTLY WALL-MOUNTED STADIOMETER

Stadiometer should be calibrated weekly.
-See Appendix I for calibrating instructions.

A. Ask the patient to remove his/her shoes and coat or jacket (if any)
-Thin socks need not be removed.
-Wigs or hairpieces which cover the top of the head should be removed.

B. Position patient by the Stadiometer with
-Heels, buttocks and scapulae in contact with the vertical backboard of the 
Stadiometer. When there is a spinal deformity which prevents the shoulder from 
touching the Stadiometer, the most posterior (dorsal) part of the back should lightly 
touch the Stadiometer (Fig. 6).
-Heels should be together and flat on the floor. To insure this position, ask the 
patient to raise his/her toes briefly and to put them back down (Fig. 7).

C. Ask patient to stand up as straight as possible
-Make sure that the upper junction of the ear and scalp and the posterior angle of 

the eye line up horizontally, parallel to the floor (Fig. 8).
-Make sure that the patient's heels are flat on the floor.
-The head should not be tilted sideways.

D. Move the Stadiometer head-block slowly down so that it rests on the patient's
scalp and
-place the 0.5-kg weight on head-board.
-Instruct the patient to take a deep breath, hold it, relax and exhale. Make 
sure that the patient does not slouch nor raise his/her shoulders up high when 
exhaling (Fig. 9).

E. The height should now be read from the measuring stick to the nearest mm and
recorded

F. The 0.5-kg weight should be taken off the head-board and the patient should be 
asked to step away from the Stadiometer
-The measurement procedures from step B to F should be repeated twice.
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APPENDIX III

STANDARD PROCEDURE FOR HEIGHT MEASUREMENT USING A
PERMANENTLY WALL-MOUNTED MEASURING STICK AND TRIANGLE

A. Ask the patient to remove his/her shoes and coat or jacket (if any)
-Thin socks need not be removed.
-Wigs or hairpieces which cover the top of the head should also be removed.

B. Position patient by the measuring stick with
-Heels, buttocks and scapulae in contact with the vertical backboard of the meter 
stick—when there is a spinal deformity which prevents the shoulder from touching 
the Stadiometer, the most posterior (dorsal) part of the back should lightly touch 
the measuring stick (Fig. 6).
-Heels should be together and flat on the floor—to insure this position, ask the 
patient to raise his/her toes briefly off the floor then back down (Fig. 7).

C. Ask patient to stand up as straight as possible
-Make sure that the upper junction of the ear and scalp and the posterior angle 
of the eye line up horizontally, parallel to the floor (Fig. 8).
-Make sure that the patient's heels are flat on the floor.
-The head should not be tilted sideways.

D. Instruct the patient to take a deep breath, hold it, and stand up straight
-The patient should then relax and exhale
-make sure that the patient does not slouch or raise his/her shoulders up high 
when exhaling (Fig. 9).

E. Place the triangle on the patient's scalp parallel to the ground and flat on the
measuring stick
-The height should now be read off the measuring stick to the nearest completed 
millimeter and recorded.
It is very important that the triangle line up with the numbers on the 
measuring stick
A CHART FOR CONVERTING FRACTIONS TO DECIMALS IS PROVIDED 
AT THE END OF THE APPENDIXES

F. The patient should be asked to step away from the Stadiometer
-The measurement procedures from step B to F should be repeated six times.
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(l)Hee/s, buttocks and scapulae in contact with the vertical backboard of the
meter stick. (2)when there is a spinal deformity which prevents the shoulder from 
touching the Stadiometer, the most posterior (dorsal) part of the back should lightly touch 
the Stadiometer. (3)Heavy-set people may not be able to place heels against the 
Stadiometer without losing their balance and falling forward. In these types cases it is 
best to have them place their heels together and as close to the Stadiometer/wall as 
possible, thus allowing the dorsal part of the back to come as close to the
Stadiometer/wall as possible.

t

Fig. 6. How to position a patient for measuring height with a 
Stadiometer or a measuring stick

This is an important step because it prevents patients from standing on their toes when 
they are being measured. It is also important to have the patient put his/her toes back 
down.

Fig. 7. Correct position for raised toes before measuring height
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Make sure that the upper junction of the ear and scalp and the posterior angle of the eye 
line up horizontally parallel to the floor.

Fig. 8. Lining up the ear and eye 
for correct head position during 
height measuring

Make sure that the patient does not slouch or raise his/her shoulders up high when 
exhaling

(l)Correct (2)Incorrect

Fig. 9. Correct shoulder position when 
measuring height
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CHART FOR CONVERTING MEASURING STICK FRACTIONS TO 
DECIMALS:

SIXTEENTHS EIGHTS QUARTERS DECIMALS

1/16 .0625

2/16 1/8 .125

3/16 .1875

4/16 2/8 1/4 .25

5/16 .3125

6/16 3/8 .375

7/16 .4375

8/16 4/8 2/4 .5

9/16 .5625

10/16 5/8 .625

11/16 .6875

12/16 6/8 3/4 .75

13/16 .8125

14/16 7/8 .875

15/16 .9375

16/16 8/8 4/4
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