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ABSTRACT. Following a factor analysis, six measures of flexibility were identified that fulfilled the 
following criteria: 1) were representative of a wide range of different measures of flexibility; 2) represented 
movements that were commonly observed in sports; 3) could be measured with precision by sports-
scientists working in a standard sports-science laboratory. The six measurements were: 1) spinal-plus-
hamstring flexion; 2) hip abduction; 3) hip flexion; 4) ankle dorsi-flexion; 5) hip hyper-extension; 6) 
shoulder hyper-extension with the arms horizontal. Equipment that allows easy measurement of these 
variables is described. The reliability of various protocols for the measurement of flexibility is reported 
and, following more than ten years of experience with the technique, a definitive protocol for each of the 
six flexibility measurements is described. Descriptive statistics for the six measurements are also reported. 
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INTRODUCTION 

Flexibili ty is an impor tant componen t of 

physical fitness. Exercises intended for 

its d e v e l o p m e n t a re incorporated into mos t 

condi t ioning p r o g r a m m e s ; and all w a r m - u p 

rout ines include flexibility exercises . Good 

f l ex ib i l i ty is t h o u g h t to i m p r o v e a th l e t i c 

per formance and to reduce the risk o f sports 

i n j u r y 1 4 - 8 , a l t h o u g h d e f i n i t i v e e v i d e n c e 

concerning the latter is l ack ing 1 0 . Despite this, 

p rocedures for the assessment of flexibility 

have received relatively little attention and the 

m e t h o d s c u r r e n t l y a v a i l a b l e l a c k t h e 

s o p h i s t i c a t i o n o f t e c h n i q u e s for t h e 

measuremen t of power and strength. Many 

a s ses smen t cent res that use h igh ly refined 

measures o f strength and aerobic power rely 

u p o n a b a s i c s i t - a n d - r e a c h t e s t for an 

estimation of flexibility. It is unlikely that this 

one , s imple, measure can provide an est imate 

o f the range of mot ion o f all the m a n y jo in ts 
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in the h u m a n b o d y , espec ia l ly s ince m a n y 
jo in ts have m o r e than one m o d e of ac t ion 3 . 
T e x t b o o k s on t h e m e a s u r e m e n t o f f i tness 
d e s c r i b e t h e u s e o f s i t - a n d - r e a c h b o x e s , 
f lexiometers , t ape-measures and a variety of 
different gon iomete r s for the measu remen t of 
flexibility 6 . Flexiometers and goniometers can 
be used to measure a wide range of different 
m o v e m e n t s a n d n o r m s for t h e i r u s e a re 
a v a i l a b l e 2 ' 5 - 6 . H o w e v e r , it is g e n e r a l l y 
a c k n o w l e d g e d t h a t t h e s e i n s t r u m e n t s a re 
difficult to use with precis ion. The principle 
p r o b l e m is in p r e v e n t i n g e x t r a n e o u s 
m o v e m e n t in the subject ' s body that influence 
t h e r a n g e o f m o t i o n o f t h e j o i n t b e i n g 
m e a s u r e d 6 7 . T h i s d i f f i c u l t y r e s u l t s in 
f l e x i o m e t e r a n d g o n i o m e t r i c a s s e s s m e n t s 
being unsui table for use other than by physical 
t h e r a p i s t s a n d o t h e r s p e c i a l l y t r a i n e d 
profess ionals . T h e present paper descr ibes 
procedures for the measurement of six aspects 
of flexibility. The first is the equivalent of 
the s i t -and-reach test: the other five have been 
identified as be ing representat ive of overall 
flexibility by means of a factor ana lys i s " . 

METHODS 

The six measures of flexibility described are: 

Spinal forward flexion 
This measure is equivalent to the sit-and-
r each tes t p e r f o r m e d wi th t h e sub jec t 
s tanding instead of seated on the floor. Our 
laboratory used this test prior to the sit-
and-reach test b e c o m i n g popular and w e 
bel ieve it has a h igher reliability because 
there is less ambigui ty about the placement 
of the subjec t ' s feet. 

Groin flexibility or Hip abduct ion when 
the knees are fully flexed. 

Hamst r ing flexibility or Hip flexion with 
the knee fully extended. 

Ca l f flexibility or Ankle dorsi-f lexion. 

Quad flexibility or Hip hyper-extens ion . 

• Shou lde r f lexibil i ty or Shou lde r hyper -

extension with the a rms horizontal . 

EQUIPMENT 

T h e s ix a s p e c t s o f f l e x i b i l i t y w e r e 
m e a s u r e d u s i n g t h e f o l l o w i n g e q u i p m e n t 
w h i c h i s i l l u s t r a t e d in i l l u s t r a t e d in 
F i g u r e 1. 

A box 300 m m high, 2 6 cm wide and 5 
cm deep to which is a t tached a scale of ength 
60 cm. This is graduated in cm and has its 
zero in the centre, at the level of the subject ' s 
feet. A b o v e the sub jec t ' s feet scores range 
from zero to - 30: be low the subjec t ' s feet 
scores are from zero to + 3 0 . This instrument 
was used for test 1. (Figure 1.1) 

A special ly cons t ruc ted semi-c i rcular , 
wooden protractor, 920 cm in diameter and with a 
central cut-out300 cm in diameter. This instrument 
was provided with a wooded base, 6 cm wide, in 
order to allow it stand up-right. T h i s in s t rument 
was used for test 2 and is i l lustrated in Figure 
1.2. 

A s p e c i a l l y c o n s t r u c t e d g o n i o m e t e r 
consis t ing of a semicircular scale 430 cm in 
d iameter and with a t ransparent arm 1 m long. 
T h e cen t r e o f t he s e m i c i r c u l a r sca le w a s 
provided with a wooden base 6 cm wide which 
(1) a l lowed the goniometer to stand upright, 
and (2) off-set the centre of the scale 9 cm 
from the surface on which the goniometer was 
placed. This instrument was used for tests 3, 
4 and 5 and is shown in Figure 1.3. 

A w o o d e d p ro t r ac to r 1500 cm by 530 
cm and c o n t a i n i n g a s e m i c i r c u l a r cu t -ou t 
4 4 0 cm in d i a m e t e r on o n e of the longer 
s ides on wh ich ze ro d e g r e e s w a s m a r k e d . 
In u s e , t h i s p r o t r a c t o r w a s m o u n t e d 
h o r i z o n t a l l y on a s t and 1.2 m a b o v e the 
g r o u n d . T h e subjec t sat on an ad jus tab le 
cha i r fac ing a w a y from the p ro t rac to r wi th 
his or her t runk in the cu t -ou t . T h e subject 
b e g a n the m e a s u r e m e n t w i t h t h e i r a r m s 
ho r i zon t a l , 1 cm from the boa rd , and in-l ine 
wi th the ze ro m a r k at t he front of the board . 
Th i s in s t rument w a s used for test 6 and is 
i l lus t ra ted in F igure 1.4. 





FIGURE 1 - DIAGRAMS OF THE EQUIPMENT DESCRIBED IN THE PAPER, ALL DIMENSION IN MM. THE 
APPARATUS SHOWN IN FIGURE 1.1 WAS USED FOR THE SPINAL FORWARD FLEXION TEST, 
THAT IN FIGURE 1.2 FOR THE GROIN FLEXIBILITY TEST AND THAT IN FIGURE 1.4 FOR 
THE SHOULDER FLEXIBILITY TEST. THE GONIOMETER SHOWN IN SHOWN IN FIGURE 1.3 
WAS USED FOR ALL OTHER MEASUREMENTS. 



PROCEDURE 

P r e l i m i n a r y i n v e s t i g a t i o n s i n t o 
re l iabi l i ty ind ica t ed tha t m e a s u r e m e n t s of 
flexibil i ty w e r e often ex t r emely inaccura te -
errors of ± 20 to 3 0 % were c o m m o n when 

The starting position for each measurement 
of f lexibi l i ty w a s prec ise ly def ined and 
s tandardised. For example : "subject in the 
anatomical position and lying supine on a 
firm surface". 
T h e m o v e m e n t t o b e m e a s u r e d w a s 
precisely defined. This usually involved 
specifying an ana tomica l land-mark that 
moved and an axis of rotation that remained 
stat ionary, eg "hipflexion with the knee in 

the measurements were carried out by a single 
observer , and could be twice this w h e n more 
than one observer w a s involved. Reliabi l i ty 
w a s found to improve to acceptab le levels 
with the fo l lowing p recau t ions . (Tab le 1). 

full extension, measured by means of the 
angular movement of the superior condyl 
of the fibula about the axis of the greater 
trochanter of the femur". 
Mark ing the fo l lowing ana tomica l land
marks facilitated accurate measuremen t of 
the defined movemen t s : acromion process 
of the scapula , greater t rochan te r of the 
femur, the patella or patella tendon, superior 
head of the fibula, lateral malleolus. 



The subject w a s a l lowed to m o v e freely 
wi thout res is tance from kit or any other 
constraint . 

Al l m o v e m e n t s in t h e s u b j e c t ' s b o d y , 
except that be ing measured dur ing the test, 
was e l iminated. This precaut ion is crucial 
if flexibility is to be measured accurately 
as ex t raneous m o v e m e n t is p robably the 
m a j o r s o u r c e o f i n a c c u r a c y . A s l igh t 
f lexion o f the sub jec t ' s knee dur ing the 
spinal or h a m s t r i n g f lexibi l i ty tes ts can 
increase the scores by be tween 10 and 30 
per cent. A l lowing the subjec t ' s spine to 
rotate and one hip to rise, dur ing the quad 
f l e x i b i l i t y t e s t c a n d o u b l e t h e s c o r e 
obta ined. Var ious w a y s of e l imina t ing 
extraneous motion were investigated during 
the study: a) the use of straps to maintain 
the subject in the starting posi t ion; b) the 
use of micro-swi tches to detect mot ion; c) 
careful observat ion of the subject in order 
to ensure that extraneous movement did not 
take place. 

The a m o u n t of w a r m - u p or prior exercise 
under taken by the subject w a s carefully 
control led. 

The kit worn by the subject was selected in 
order to a l low: a) the subject freedom of 
m o v e m e n t ; b ) t h e o b s e r v e r to see t h e 

m o v e m e n t e x e c u t e d and the c h a n g e in 
posit ion of the anatomical land-marks ; c) 
the tester to observe all o ther parts of the 
subjec t ' s body in order to be able to detect 
any extraneous movemen t . 

RESULTS 

The first row of Table 1 indicates the 
reproducibility of the flexibility measurements 
as carried out by an exper ienced observer on 
subjects wea r ing s w i m - w e a r or gymnas t i c s 
leotards . U n d e r these cond i t ions the 9 5 % 
confidence limits of all six measurements was 
a little less that ± 1 0 % of the mean score. Row 
t w o o f t h e t a b l e i n d i c a t e s t h a t w h e n the 
subjects wore normal games kit the reliability 
o f a l l t h e m e a s u r e m e n t s e x c e p t a n k l e 
flexibility decl ined significantly. The change 
was particularly large in the case of three tests: 
h a m s t r i n g f lexibi l i ty , q u a d f lexibi l i ty and 
shoulder flexibility. The difference is due to 
the subject ' s kit h iding ext raneous m o v e m e n t 
that was thus not detected and which caused a 
reduction in reliability. 

Row 3 of the table shows that the use of 
straps to reduce extraneous movement of the 
subject was not par t icular ly successful . In 
contrast, the use of micro-switches (row 4) was 
as successful as having the movement controlled 
by an experienced observer. (Table 2) . 

TABLE 2 - ZERO ORDER CORRELATION MATRIX FOR THE MEASURES OF FLEXIBILITY AS 
MEASURED ON 32 ELITE GAELIC FOOTBALLERS. DATA ADAPTED FROM WATSON 9 

S P I N A L GROIN HAMSTRING Q U A D CALF S H O U L D E R 
FLEXIBILITY FLEXIBILITY FLEXIBILITY FLEXIBILITY FLEXIBILITY FLEXIBILITY 

1 

Groin 0.4127* I 
Flexibility 

Hamstring 0.7490* 0.2924 I 
Flexibility 

Calf -0.0852 0.2926 -0.0658 I 
Flexibility 

Quad 0.4726* 0.3469 0.4077 0.2856 1 
Flexibility 

Shoulder 0.3129 0.5601* 0.2004 0.3134 0.2752 
Flexibility 

* Correlation coefficient significantly different from zero (P < 0.05) 



If the subjects were a l lowed to w a r m - u p 
before hav ing their flexibility measured their 
scores increased; but in an unpredictable way, 
so that the reliability of the measuremen t was 
reduced. This result suggests that it is better 
to take flexibil i ty m e a s u r e m e n t s wi thou t a 
w a r m - u p or previous exercise. T h e procedure 
appears to be perfectly safe: it has been used 
in our laboratory for 12 years wi thout a single 
mishap due to injury. 

The last t w o rows of Table 1 show how 
inaccurate flexibility measuremen t s can be if 
adequate precaut ions are not taken. 

Table 2 is a zero-order correlation matrix 
of t h e s ix v a r i a b l e s . T h e r e l a t i v e l y h i g h 
co r re l a t ion b e t w e e n sp ina l f lexibi l i ty and 
hamstr ing flexibility (0 .7490) is due to the fact 
that hamst r ing length influences the score on 
the former test. The next highest correlation 
( 0 . 5 6 0 1 ) i n d i c a t e s o n l y 3 6 % o f c o m m o n 
var iance and confi rms that these measures of 
flexibility are largely independent of each 

DISCUSSION 

T h e r e su l t s o f th i s s t u d y s h o w s tha t 
m e a s u r e m e n t s o f f l e x i b i l i t y a r e l e s s 
reproduc ib le than those of other aspects of 
fitness such as aerobic and anaerobic power 
a n d s k i n f o l d t h i c k n e s s e s 8 . G r e a t c a r e is 
necessary if flexibility is to be measured with 
a precision that produces results that are not 
mis leading . The six measures of flexibility 
described in this paper are largely independent 
of each other and are useful indicators of the 
flexibility factors isolated in an earlier s tudy" . 
T h e p r o t o c o l fo r t h e i r m e a s u r e m e n t is 
summar i sed be low. 

General precautions 

• F l e x i b i l i t y s h o u l d b e m e a s u r e d in a 
laboratory by an experienced observer w h o 
has a sound knowledge of physiological 
m e a s u r e m e n t a n d t h e c o n t r o l o f 
m e a s u r e m e n t e r r o r . A s s e s s m e n t s b y 
u n q u a l i f i e d i n d i v i d u a l s s h o u l d be 

d iscouraged as they have been shown to 
be mis leading. 

• T h e e q u i p m e n t d e s c r i b e d in th i s pape r 
should be used to take the measurements . 

• The subject should be measured prior to 
any previous exercise and wi thout a warm-
up. This procedure improves reliability and 
wi l l a l l o w t h e s u b j e c t ' s r e s u l t s to be 
c o m p a r e d wi th t hose p u b l i s h e d in th is 
paper. 

• The subject should be measured wear ing 
t ight- f i t t ing, but compl i an t , r ac ing - type 
s w i m - w e a r o r a g y m n a s t i c s l e o t a r d . 
Excessive amoun t s of kit make it difficult 
to detect ext raneous m o v e m e n t and lead to 
a substantial deterioration in reliability. 

• F l e s h - m a r k s s h o u l d be p l a c e d on t h e 
fol lowing locations: ac romion process of 
the scapula, greater trochanter of the femur, 
the patella or patella tendon, superior head 
of the fibula, lateral mal leolus . 

• T h e subject should be instructed not to j e rk 
dur ing the tests and that they are required 
to hold the final posit ion for 5 seconds . 

Spinal forward flexion 

• The subject begins this test standing upright 
on the spinal flexibility box with his or her 
feet together and their toes touch ing the 
scale on the front of the box. The subject ' s 
hands should be together with the two index 
fingers parallel and fully ex tended . The 
thumbs should be locked. 

• The subject reaches forward and touches 
the scale on the front of the box, as far down 
as possible . 

• T h e s u b j e c t ' s k n e e s m u s t r e m a i n fully 
e x t e n d e d t h r o u g h o u t t h e t e s t . T h i s 
precaut ion is vital as even small degrees of 
flexion can have a considerable influence 
on the result of the test. 

Groin flexibility or Hip abduction when the 
subject's knee fully flexed 

• The subject sits with his or her back against 



a vertical wall . He or she flexes their knees 
and hips and pulls their heels as close to 
the i r b o d y as poss ib l e . T h e ank les are 
inverted so that the soles of the two feet 
are in contact . 

• The subjec t g r ips his or her ank les and 
gent ly pushed their knees apart with their 
e lbows . 

• The angle be tween the centre of the patella 
(mean of left and right) and the vertical is 
measured as the subjec t ' s score. 

Hamstring flexibility or Hip flexion with the 
knee fully extended 

• The subject begins the test lying supine on 
a firm surface, his or her a rms by their sides 
with pa lms facing downward . The subject 
s h o u l d b e i n s t r u c t e d t o l ie p e r f e c t l y 
symmetrical ly with both heels, buttocks and 
shoulders in contact with the surface. 

• The subject is instructed to raise one leg 
and thigh by flexing at the hip. The knee 
m u s t r e m a i n fu l ly f l e x e d d u r i n g t h i s 
m o v e m e n t . Th i s p recau t ion is of grea t 
impor tance as even small amounts of knee 
flexion will increase the score. 

• T h e g o n i o m e t e r is u sed to m e a s u r e the 
a n k l e m a d e by t w o l ines : a) a l ine d r a w n 
f r o m t h e g r e a t e r t r o c h a n t e r t o t h e 
p r o x i m a l h e a d o f the f ibula , and b) the 
h o r i z o n t a l . 

Calf flexibility or Ankle dorsi-flexion 

• The subject begins the test s tanding with 
his or her feet together and both heels in 
contact with the floor. 

• The subject dorsi-f lexes his or her ankles 
as m u c h as poss ib le , a lso f lexing at the 
knees in order to maintain balance. 

• T h e g o n i o m e t e r is used to m e a s u r e the 
angle made by t w o lines: a) a line drawn 
from the proximal head of the fibula to the 
lateral mal leolus , and b) the vertical. 

Quad flexibility or Hip hyper-extension 

• The subject begins the test lying prone on 
a firm surface, a rms by his or her sides with 
the pa lms facing u p w a r d s . The subject 
s h o u l d b e i n s t r u c t e d t o l ie p e r f e c t l y 
symmetr ica l ly with both feet, knees and 
anter ior iliac sp ines in con tac t wi th the 
surface. 

• T h e subjec t ra ises one th igh by hype r -
e x t e n d i n g t h e h i p - j o i n t . D u r i n g t h i s 
movement the subject 's legs and trunk must 
remain symmetr ica l . N o rotat ion of the 
sp ine is a l lowed and both an te r io r iliac 
c res t s m u s t r e m a i n in c o n t a c t wi th the 
surface on which the subject is lying. This 
precaution is essential and is it important 
that the observer be in a posi t ion to check 
that the subject ' s hips remain level. 

• T h e g o n i o m e t e r is used to m e a s u r e the 
ankle made by two lines: a) a line drawn 
from the greater t rochanter to the proximal 
head of the fibula, and b) the horizontal . 

Shoulder flexibility or Shoulder hyper-
extension with the arms horizontal 

The subject sits upr igh t in an chai r with 
h i s o r h e r s p i n e s t r a i g h t , h e a d l o o k i n g 
s t ra igh t fo rward , and b u t t o c k s , u p p e r back 
and back of head in c o n t a c t wi th a ver t ica l 
up r igh t . His or her a r m s are s t ra igh t out 
f rom t h e s h o u l d e r s a n d 1 c m a b o v e the 
m e a s u r i n g boa rd . T h e s u b j e c t ' s p a l m s face 
d o w n w a r d s . 

T h e s u b j e c t m o v e s h i s o r h e r a r m s 
backwards as far as possible. Whi le doing this 
the but tocks, upper back and the back of head 
m u s t r e m a i n in c o n t a c t w i t h t h e ve r t i ca l 
upright; a rms must not be raised or lowered 
and must remain 1 cm from the measur ing 
board. The subject ' s a rms and shoulders must 
n o t r o t a t e a n d t h e h e a d m u s t n o t m o v e 
forwards or backwards . 

. The angle that the subjec t ' s a rms make 
with the front of the board (mean of right and 
left) is recorded as the subjec t ' s score. 

Scores on theses tests for selected groups 
of subjects are shown in Table 3 . 



TABLE 3 FLEXIBILITY SCORES OF SELECTED GROUPS OF SUBJECTS (MEAN + SD) 

S P I N A L HIP HIP FLEXION A N K L E HIP HYPER- S H O U L D E R 

FLEXION A B D U C T I O N ( D E G R E E S ) D O S I - F L E X I O N E X T E N S I O N H Y P E R - E X T E N S I O N 

( C M ) ( D E G R E E S ) H A M S T R I N G ( D E G R E E S ) ( D E G R E E S ) ( D E G R E E S ) 

S P I N A L GROIN FLEXIBILITY A N K L E Q U A D S H O U L D E R 

FLEXIBILITY FLEXIBILITY FLEXIBILITY FLEXIBILITY FLEXIBILITY 

Untrained 

subjects 
-7.8 ± 10.4 45 .3 ± 7 . 2 64.7 ± 10.6 28.3 ± 8 . 3 15.3 ± 8 . 3 16.7 ± 9 . 5 

Elite 

swimmers 
4.2 ± 7.7 59.2 ± 6 . 4 75 .2 ± 9 . 6 35.8 ± 5.1 30.2 ± 8 . 2 42 .8 ± 5 . 3 

Elite Gaelic 

footballers 
2.5 ± 5 . 2 54.4 ± 6 . 6 72.1 ± 8.1 33.8 ± 4 . 6 23.3 ± 7 . 3 27.5 ± 7.6 

Sports 

scholarship 12.0 ± 7.2 62 .3 ± 6 . 9 82.3 ± 9 . 5 38.6 ± 5 . 6 35.2 ± 10.1 35.1 ± 9 . 4 
holders 

Olympic 

gymnasts 
18.1 ± 6 . 2 68. 8 ± 7 . 2 108 ± 9.1 42 .2 ± 6 . 6 45 .6 ± 7 . 8 50.3 ± 7 . 8 

Schoolboys 

aged 15 to 18 
-2.4 ± 9 . 8 57.6 ± 8.0 72.0 ± 10.5 38.4 ± 8 . 2 23.5 ± 7 . 7 22.4 ± 8.5 

WATSON, A.W.S. Desenvolvimento e avaliação de procedimentos para estimação válida e confiável 
da flexibilidade de atletas. Rev. Fisioter. Univ. São Paulo., v. 4, n. 2, p. 66-75, jul. / dez., 1997. 

RESUMO: Para acompanhar a evolução da flexibilidade, foram identificadas seis medidas que 
preeenchessem totalmente os seguintes critérios: 1) fosse representativa de ampla faixa de diferentes 
formas de mensurações de flexibilidade; 2) refletissem movimentos comumente observados no esporte; 
3) pudesse ser medido com precisão por pesquisadores que trabalhassem em laboratório padronizado da 
ciência esportiva. As seis medidas foram: 1) flexão de tronco com alongamento dos isquiotibiais; 2) 
abdução do quadril; 3) flexão do quadril; 4) dorsi-flexão do tornozelo; 5) hiperextensão do quadril; 6) 
hiperextensão de ombro com os braços na horizontal. Foram descritos os equipamentos que permitiram 
fácil mensuração dessas variáveis. A confiabilidade de vários protocolos para a mensuração da 
flexibilidade é relatada e, após mais de dez anos de experiências com a técnica, foi descrito um protocolo 
definitivo para cada uma das seis medidas descritas. Também foi relatada a estatística descritiva para as 
seis medidas de flexibilidade. 

DESCRITORES: Flexibilidade. Avaliação de desempenho. Esportes. 
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