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ThE RElATion BETwEEn ThE CAlCAnEAl inClinATion AnglE AnD ThE EARly 
DiAgnoSiS oF FlAT FEET (Abstract): introduction. The symptomatic ftat foot is produced 
by an abnormal medial column overloading, which leads to lesions of tendons and ligaments and 
lately to bone deformity. Because the debut can be insidious and the symptoms are not always 
correlated with the severity of the disease, is important for a radiologist or orthopedist to be able 
to recognize, using anatomical and morphometrical knowledge of the foot, of the early signs of 
flat foot. objectives. The aim of the study vas assess if the calcaneal inclination angle can be used 
for early diagnosis of flat feet. Materials and methods. we included in this retrospective study 50 
patients with flat feet and 50 subjects without any pathology of the foot. The measurement were 
taken on lateral incidence x-ray images. Results. The values of the calcaneal inclination angle of 
normal subjects were significantly higher than for the patients with flat feet (20,03 ± 4.45 versus 
14.49±1.77 degrees). Conclusions. Knowledge of the morphology of the foot is very important 
to understand mobility at this level and pathological changes which may occur both in terms of 
anatomical and biomechanical. The results of this study can be used by orthopedic specialists for 
early detection of changes which may lead to flat foot, especially if we take into account that they 
can be appied to present Romanian population. Key words: FlAT FooT, CAlCAnEAl inCli-
nATion AnglE, FooT MoRPhology

INTROduCTION
Although the etiology of symptomatic flat 

foot in adult is still debated, most scholars 
agree that it is produced by abnormal medial 
column overloading which leads to weakening 
or impaired function of the tendons and liga-
ments which stabilize the medial column, lead-
ing to bone deformity clearly visible both clini-
cal and radiologically. Thus, although the initial 
factor that leads to the development of the ap-
pearance of flat foot is not well understood, it 
is clear that damage to both the dynamics and 
statics of the foot is responsible for this type of 
pathology. The severity of flat foot diagnosed 
on x-rays do not correlate strongly with symp-
toms; some cases with extensive deformities 
may be asymptomatic radiological, while other 
cases of mild deformities can be intensely symp-

tomatic. in addition, the onset is often insidi-
ous. Thus, it is important for a radiologist or 
orthopedist to be able to recognize the  early 
radiological signs, through in-depth knowledge 
of normal anatomy and last but not least the 
morphometric values measured at the level of 
the skeleton of the foot.

objectives. The aim of this study was to 
assess if the calcaneal incination angle can be 
used as a predictive factor for development or 
early diagnostic of flat feet. 

MATeRIAL ANd MeThOds. 

To show the importance of the value of cal-
caneal inclination angle in diagnosing foot flat, 
we included in this retrospective study 50 pa-
tients with flat feet and 50 subjects without any 
pathology of the foot. The measurement were 
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Calc flat.

n
Valid 50
Missing 0

Media 14.4960
Std error of the mean , 25144
Median 15.0000
MoD 15.70
STD. deviation 1.77798
Variant 3.161
Minimum 10.80
Maximum 16.70

TABlE 1

graphic 1

taken on x-ray images. The calcanel inclination 
angle is measured between calcaneal inclination 
axis and the supporting surface, on a lateral 
foot radiograph. The calcaneal inclination axis 
is measured between the inferior part of calca-
neal tuberosity and the most inferior point of 
the calcaneus at the level of calcaneocuboid 
joint (1). The results were analiysed with SPSS 
V.19. 

ResuLTs 
For the 50 patients with flat feet, the average 

value of the calcaneal inclination angle was 
14.49±1.77 degrees; the minimum value was 
10.8 and the maximum value 16.7 degrees. 
(table 1)

The aspect and distribution of the values are 
shown in graph 1.

Comparatively, the values measured in the 

case of 50 of subjects without associated pa-
thologies, have an average of 20,03 ± 4.45 
degrees, higher than in those with flat feet 
(table 2).

 The difference between the two groups is 
statistically significant. (p value ≤0,01).

 dIsCussIONs
The study’s limits are represented by the fact 

that all the subjects investigated live in urban 
areas and wear shoes throughout the daily ac-
tivities, whether professional or recreational, 
which deprives us of observing the influence 
of wearing shoes versus barefoot upon the di-
mensions of the foot. Another limit of the study 
is represented by the fact that we have not 
taken into account for each topic type of foot-
wear used (flat, platform soles, heel, sole and 
heel dimensions, shape of the shoe tip), which 
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Calc. Norm.
n Valid 50

Missing 0
Media 20.0300
Std error of the mean , 62992
Median 19.5500
MoD 19.40
STD. deviation 4.45422
Variant 19.840
Minimum 18.00
Maximum 35.10

TABlE 2

fig. 1. Case 1-flat feet

fig. 2. Case 2-flat feet
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influence the results measurements. Also we 
did not take into account the type of activity 
and profession of individuals included in the 
study, though, from the professional point of 
view, all graduated college or university, which 
excludes the existence of physical activities that 
require a high degree of effort on a long period 
of time, which could influence the appearance 
and dimensions of the foot. however, the results 
are suggestive for the adult population in urban 
areas of Romania in the current period and can 
be used as a standard for this group. 

influences exerted by various environmental 
factors were researched over time, but the re-
sults are not consistent with respect to the de-
gree of their influence on the individual vari-
ability. Thus, in the study of D ‘Aout et al. 
(2009) (2), there wasn’t a statistically signifi-
cant difference between the dimensions of the 
navicular bone in individuals who wore shoes 
towards those who went barefeet. however, the 
authors noted that the plantar pressure and sur-
face contact with the soil of the foot were dif-
ferent in the two groups. The study’s conclusion 
was that specific modern human leg stiffness 
can be influenced by the type of shoes specific 
for developed countries (closed shoe). of course, 
errors can occur when footprint is used to ap-
proximate the appearance of foot skeleton. 
wearing and Cooper (3-5) have been found for 
example that obesity may be associated with a 
greater plantar contact surface with the ground, 
but without a modification of the dimensions 
of the plantar arches. 

The results obtained here are similar to 
those in other studies (6,7). The normal values 
for this angle are between 20 and 30 degrees, 
and for flat foot below 20 degrees. 

The interest for this study is expressed pri-
marily by specialists in orthopaedics and Trau-
matology which could diagnose more easily and 
early pathologies affecting the normal anatomy 
and morphometry of the foot , such as pes 

planus or flat feet. 
in the case of modern man, two types of foot 

were described: one adapted for propulsion 
and the other for bearing the weigth. This idea 
was formulated by Morton (7). 

Propulsion force is achieved primarily by 
sural triceps (8). The literature was described 
the impairment of plantar flexion of the forefoot 
and abduction the foot while walking, in pa-
tients with dysfunction of the tendon of the 
tibialis posterior. given that the muscle damage 
is known, it can make regular checks which 
include measurement of inclination angle of 
calcaneus, just before the appearance of clinical 
symptoms or morphological changes visible on 
x-ray. 

in further studies, we could propose  a re-
gression equation which, using calcaneal incli-
nation angle, can test with a high specificity 
and sensitivity the risk of one individual to 
evolve toward flat feet with clinical manifesta-
tions and functional impairment of the the foot. 
At the same time, one could introduce a screen-
ing protocol based on these measurements, and 
in case of abnormal values, to apply the regres-
sion equation mentioned above. Such a protocol 
could be implemented easily because the X-ray 
investigation is simple and relatively inexpen-
sive. 

CONCLusIONs
Knowledge of the morphology of the foot is 

very important to understand mobility at this 
level and pathological changes which may occur 
both in terms of anatomical and biomechanical. 
Based on the observations highlighted the  in 
apes skeletons (9-11), we can affirm that the 
morphology of the foot of the hominid is vari-
able, and if the variability is manifested in 
modern human, the consequences are impor-
tant, sometimes severe. The study can be used 
by orthopedic specialist because they are adapt-
ed to the actual population of Romania. 
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