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SUMMARY
Background. The purpose of the study was to describe the most sensitive and specif-
ic radiological parameter to diagnose symptomatic adult acquired flatfeet deformity 
(AAFD) with weight bearing radiographs in Indian population. 
Methods. A retrospective study was conducted in which 50 consecutive patients with 
100 flat feet were included at department of orthopedics from August 2021 to October 
2022. Amongst them, 32 were bilateral (64 feet) and 18 were unilateral (18 flat feet and 
18 normal feet) flat feet. 
Results. Out of these 50 subjects, 32 (64%) had bilateral flat feet, 18 (36%) were 
unilateral (11 left foot and 7 right foot). Out of 50 patients (100 feet), 24 had symptoms 
on left foot, whereas 26 had symptoms on right foot (total number of symptomatic 
patients were 50). Amongst our study population (50 subjects), 23 (46%) patients did 
not have any co-morbidities. 18 (36%) patients had type 2 diabetes, 5 (10%) patients 
had hypertension, 3 (6%) patients were associated with hypothyroidism and one indi-
vidual (2%) showed psychiatric disorder. The talar 1st metatarsal angle in lateral view, 
talar uncoverage angle and the talar 1st metatarsal angle in anteroposterior (AP) view, 
were found to be statistically significant.
Conclusions. Three radiologic parameters-talar 1st metatarsal angle in lateral view and 
talar uncoverage angle and talar-1st metatarsal angle in anteroposterior view can be the 
most relevant radiological parameters in the assessment of AAFD in Indian popula-
tion. We also conclude that the talar uncoverage angle has a higher sensitivity of 82% 
to predict symptomatic flat foot in adults.
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BACKGROUND
Painful, AAFD is a common condition, which is also known 
as pes plano-valgus, pes planus, or lateral peri-talar sublux-
ation. The deformity involves “shortening” of the later-
al column, plantar inclination of the talar head, and lateral 
peri-talar subluxation of the navicular bone (1). Dysfunc-

tion of the posterior tibial tendon is a most common pathol-
ogy to cause AAFD, associated with collapse of the medial 
longitudinal arch, subtalar joint eversion, forefoot abduction 
at the talonavicular joint, and hindfoot valgus (1, 2). AAFD 
can be diagnosed by multiple modalities and one of the most 
common method is clinical evaluation supported by plain 
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weight bearing radiographs, which is reliable and affordable 
(3). Younger et al. (4), in his study, the ‘radiographic assess-
ment of adult flatfoot’ states that a few selective radiographic 
parameters can be used as a diagnostic tool for flat foot defor-
mity in adults. Among the several radiographic parameters, 
few parameters like calcaneal pitch angle, arch angle, talar 
first metatarsal angle, lateral talar 1st metatarsal angle, talar 
inclination angle and the navicular index are of significance 
as described by Khan et al. (2). MRI can be considered as the 
gold standard for detecting posterior tibial tendon dysfunc-
tion and can be used to get a three-dimensional image of the 
foot and thereby accurately diagnose AAFD. But the advan-
tages of using simple lateral radiograph of foot to diagnose 
flatfoot cannot be discredited as it is fast, low cost and simple 
to perform (5). The present study is relevant, as there is no 
study till date to our knowledge, which describes most sensi-
tive and specific radiological parameter to diagnose symp-
tomatic AAFD in Indian population. The present study aims 
to identify and define the most relevant radiological parame-
ter for assessment of AAFD.

MATERIALS AND METHODS
Patients, presented with AAFD to outpatient department of 
orthopedics of our institution were chosen for the study. The 
inclusion criteria were adult patients with AAFD between the 
age of 18 to 70 years. This research included fifty patients, 
among them, 33 (66%) were female and 17 (44%) were male. 
Database, including demography, clinical symptoms were 
identified. Patients presented with pain, commonly had poste-
rior tibial tendon dysfunction which was diagnosed clinical-
ly and confirmed by ultrasonogram. The patients with previ-
ous surgeries of foot and ankle, with pre-existing congenital/
developmental/metabolic deformities of foot and ankle, and 
patients with rheumatoid arthritis or osteoarthritis and Char-
cot arthropathy involving the lower limb joints were exclud-
ed. Weight bearing plain radiographic views, antero-posterior 
(AP) and lateral were taken, with patient standing on straight 
knee, with the hands resting on railings and the opposite foot 
non-weight bearing for both the views (4).
After obtaining the radiographs in digital format with picture 
archiving and communication system version 4 (PACS), the 
patients identity information was cropped, the contrast and 
brightness were optimized, and the measurements were 
performed as per the description by Younger et al. (4) and 
Chadha et al. (6). The standard normal radiological values 
were considered from the study done by Flores et al. (7). 

After blinding and assigning the random numbers, intra and 
interobserver error was determined using 10 radiographs 
viewed on two occasions by two observers (fellowship trained 
foot and ankle surgeon and musculoskeletal radiologist).

The 82 flatfeet from our subjects were compared with the 18 
normal feet. These 18 normal feet were from the unilateral 
flatfoot patients of our study group. This means that, these 
18 patients were having flat foot only one side and on the 
other side, there was no flat feet (table I).

Table I. Patient details.

Gender Frequency Percent
Female 33 66.0
Male 17 44.0

Deformity
Bilateral flatfoot 32 64.0
Left flatfoot only 11 22.0

Right flatfoot only 7 14.0

Data analysis
Data obtained was stored and analyzed using the statistical 
package for Social Sciences Software (SPSS) version v 21.0 
IBM corporation (SPSS Inc., Chicago, Illinois). Descriptive 
statistics were used to describe epidemiological variables 
such as age, gender, comorbidities (like hypertension, diabe-
tes), side of symptomatic foot. Independent t-test was used 
to compare independent variables including, the radiologi-
cal parameters for the assessment of flatfoot. A P-value of 
< 0.05 was considered significant. For the correlation 
of the radiological parameters between symptomatic and 
asymptomatic flatfeet, Spearman’s correlation coefficient 
was used. P-value of < 0.05 and area under the ROC curve 
of more than 0.6 was considered statistically significant.
This present study has the approval of our Institutional Ethics 
Committee, and it is in accordance with the international ethical 
standards, as per the opinion of Padulo et al. (8). Before start-
ing the present study, the approval was obtained from Kastur-
ba Medical College and Kasturba Hospital Institutional Ethics 
Committee (Registration number ECR/146/Inst/KA2013/
RR-19; DHR Registration No.EC/NEW/INST/2019/374; 
reference number IEC:399/2021; date of approval: April 14, 
2021). Since, the present study is a retrospective analysis of the 
data, signed informed consent to participate  and consent to 
publish from the patients are not applicable. 

RESULTS
The total number of symptomatic patients in this study 
were 50. Among them, 32 (64%) had bilateral pes planus, 
11 (22%) had left side flatfoot and 7 (14%) had right side 
flat foot (table I). Overall 100 feet, 24 had left side symp-
toms, and 26 had right side symptoms. Out of 50 subjects, 
23 (46%) of the subjects did not have any co-morbidities. 
Type 2 diabetes 18 (36%) was the most common co-mor-
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bidity followed by hypertension 5 (10%), hypothyroidism 3 
(6%) and psychiatric disorder 1 (2%) (table II).

Table II. Distribution of subjects based on the symptomatic 
side and co-morbidities.

Symptomatic side Frequency
Left 24

Right 26
Total number of symptomatic feet 50

Co-morbidities
Type 2 DM 18

Hypertensive 5
Hypothyroid 3

Psychiatric disorder 1

Comparing different angles and heights, 
between flatfoot and normal foot in our study 
population 
After the assessment of all the radiological parameters, it was 
observed, that the lateral talar 1st metatarsal angle (figure 1), 
the talar 1st metatarsal angle (figure 2) and talar uncoverage 
angle (figure 3) AP view were found to be statistically signif-
icant (p < 0.05) (table III).

Sensitivity, and specificity amongst the 
statistically significant three radiological 
parameters 
With respect to lateral talar-1st metatarsal angle, at a cut-off 
value of 13.2250°, the sensitivity and specificity was 58% 
and 70%, respectively. With respect to talar-uncoverage 
angle, at a cut-off value of 10.055°, the sensitivity and spec-
ificity was 82% and 60%, respectively. With respect to talar 
1st metatarsal angle in AP view, at a cut-off value of 8.64°, 
the sensitivity and specificity was 76% and 62% respective-
ly (table IV). 

Figure 1. Lateral view, weight bearing radiograph, showing 
lateral talar 1st metatarsal angle (Meary angle). It is the angle 
created by drawing lines along the axis of the talus bone and 
the first metatarsal. These axes are normally parallel, but in this 
subject with AAFD radiograph it is showing an angle of 9.32°.

Figure 2. Anteroposterior (AP) view, weight bearing radio-
graph, showing AP talar 1st metatarsal angle. It is the angle 
created by drawing lines along the axis of the talus bone and 
the first metatarsal. Normally talar axis is angled slightly later-
al to the axis of the 1st metatarsal shaft (13), but here talar axis 
is making an angle of 22.06°to that of 1st metatarsal axis.

Figure 3. Anteroposterior (AP) view, weight bearing radio-
graph, showing talar-uncoverage angle. It is the angle creat-
ed by articular surface of talar head and articular surface of 
proximal navicular bone. Normally they are parallel. In the 
present radiograph it is making an angle of 6.83°.

The comparison of relevant radiological parameters of foot 
alignment for the assessment of AAFD in our study with the 
standard is represented in table V.



303Muscles, Ligaments and Tendons Journal 2024;14 (2)

Yuvraj Gowtham Krishna, Hitesh Shah, Monappa Aroor Naik, Et Al.

Table V. Comparison of relevant radiological parameters of foot alignment for the assessment of AAFD in our study with the 

standard. 
Radiological

view Radiological metric Construction Normal (7) Abnormal Our 
study (mean) P-value

Lateral
Talar-first 

metatarsal angle

Angle between the long axis of the 
talus and the long axis of the first 

metatarsal
0° (parallel)

Mild: > 4 
Moderate: > 15

 Severe: > 30
Pes planus: < 18

15.16° 0.001

Antero-posterior
Talar 

un-coverage angle

Angle between the articular 
surface of the talar head and the 

articular sur- face of the proximal 
navicular bone

0° (parallel) Pes planus: > 7 15.77° 0.000

Antero-posterior
AP talar 1st 

metatarsal angle

Line drawn along the long 
axis of the talus, extended into 

the forefoot, its orientation 
compared with that of the first 

metatarsal shaft

0° (parallel)
Mild: > 4

 Moderate: > 15
 Severe: > 30

12.61° 0.000

Table III. Comparing different angles and heights between flatfoot and normal foot in our study population. 

Group n Mean Standard deviation Median P-value
Calcaneal 

pitch angle
Flatfoot 82 14.05° 4.80 14.30°

0.556
Normal 18 13.43° 6.00 13.02°

Lateral talar-1st 
metatarsal angle

Flatfoot 82 15.16° 6.56 13.67°
0.001

Normal 18 10.68° 5.16 10.61°

Medial 
column height

Flatfoot 82 1.52 0.29 1.50
0.159

Normal 18 1.59 0.25 1.58
5th metatarsal 

medial 
cuneiform height

Flatfoot 82 0.44 0.21 0.42
0.450

Normal 18 0.41 0.16 0.38

Lateral 
column height

Flatfoot 82 1.31 0.40 1.41
0.874

Normal 18 1.34 0.33 1.40

Talar 
un-coverage angle

Flatfoot 82 15.77° 7.58 14.67°
0.000

Normal 18 10.23° 7.47 6.76°

Calcaneo fifth 
metatarsal angle

Flatfoot 82 160.94° 6.46 161.57°
0.959

Normal 82 161.03° 6.53 163.02°

AP talar 1st 

metatarsal angle
Flatfoot 82 12.61° 5.26 11.73°

0.000
Normal 18 9.00° 4.25 7.83°

Table IV. Cut-off value, sensitivity, and specificity of lateral talar-1st metatarsal angle, talar un-coverage angle and AP talar 1st 
metatarsal angle.

Predictor Value Sensitivity Specificity Area P-value
Asymptotic 95%CI

Lower bound Upper bound
Lateral talar-1st 
metatarsal angle

13.2250° 58% 70% 0.697 0.001 0.596 0.799

Talar un-coverage 
angle (AP view)

10.0550° 82% 60% 0.729 0.000 0.628 0.830

Talar 1st metatarsal 
angle (AP view)

8.6400° 76% 62% 0.704 0.000 0.600 0.807
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DISCUSSION
The present study aimed to identify the most common 
radiological parameter to define AAFD and also the most 
sensitive and specific radiological parameter to diagnose 
symptomatic flatfoot with plain radiographs. Though 
multiple radiological parameters can be measured, there 
is no specific radiographical parameter to define and diag-
nose AAFD amongst Indian population. In a study done 
by Vulcano et al. (9), on approach to treatment of AAFD, 
states that the peak age of presentation was 55 years and 
women were more commonly affected than men. In our 
study it was observed that the mean age of presentation 
is 49 years, which is lesser than the mean age reported by 
Vulcano et al. (9). However, in our study too, females were 
more commonly affected than males (66 and 44 percent 
respectively). In a study done by Goss et al. (10), on natural 
history of flatfoot reconstructions in AAFD, over a period 
of 14-year, it was found that among 321 patients, 13.7% 
had diabetes and 3.7% had rheumatoid arthritis associated 
with AAFD. In our study it was found that, 36% of patients 
had type 2 diabetes mellitus and 10 percent had hyperten-
sion. In the present study, we found the mean value of 
calcaneal pitch angle in the AAFD was higher (14.05 ± 
4.80), which was statistically non- significant (p = 0.5). In a 
study done by Lo et al. (11), among young Taiwanese male 
military recruits, states that, the calcaneal pitch angle with a 
cut off value of 12.06° was the best predictor of AAFD. In 
contrast to the above study, we found, the lateral-talar 1st 
metatarsal angle, talar uncoverage angle and the talar-1st 
metatarsal angle in AP view were more specific in diagnos-
ing AAFD. However, our study includes a wider age group 
and both genders. 
In our study, we found that the lateral talar 1st-metatarsal 
angle (Meary’s angle), with a P-value of 0.001 with the mean 
value of (15.16 ± 6.56) on AAFD compared to normal feet 
(10.68 ± 5.16), which was correlating with a study done by 
Lebel and Karasik (12), who had also evaluated weight bear-
ing lateral radiographs in 30 patients with surgically prov-
en posterior tibial tendon tear induced AAFD with tenosy-
novitis, found that the lateral talar 1st-metatarsal angle was 
increased in 47% of patients. Lalevée et al. (13), also report-
ed that Meary’s angle was significantly higher (p = 0.037) in 
case of AAFD with posterior tibial tendon deficit. In our 
study, the medial column height with a P-value of 0.159, and 
the mean value (1.59 ± 0.25) was higher in the normal side, 
in comparison to side with AAFD. However, this had no 
significance in diagnosing AAFD. This result was compara-
ble to study done by Kang et al. (14), who had studied the 
lateral and medial column lengths in patients with AAFD 
and found that there was no statistical significance with the 

medial column height when comparing patients with flat-
foot and normal foot with a mean value of 1.08 cm.
In our study, the radiographic parameter, 5th metatarsal to 
medial cuneiform height was higher in the side with flatfoot 
(0.44 ± 0.21) than the normal side (0.41 ± 0.16). However, 
this measurement was found with no statistical significance. 
This was comparable to the study done Younger et al. (4), 
who also found that the 5th metatarsal to medial cuneiform 
height with a (P-value of < 0.0001) was significant to diag-
nose AAFD. The lateral column height, in our study with a 
P-value of 0.16 on the right side and 0.22 on the left side had 
no significance in diagnosing AAFD or predicting the symp-
toms. These results were correlating with an observation by 
Kang et al. (14), who did a study amongst 85 feet having 
AAFD and they concluded that the lateral column height 
was not a statistically significant parameter. This conclusion 
was similar to our study. Based on these findings it is evident 
that, the lateral column height is not an accurate predic-
tor of AAFD.
The talar uncoverage angle also known as the talo-navicular 
coverage angle. In our study, we found that this radiographic 
measurement was statistically significant parameter and the 
mean talar uncoverage angle was higher in AAFD (15.77 ± 
7.58) compared to normal foot (10.23 ± 7.47). The differ-
ence in talar uncoverage angle was also found to be signifi-
cant statistically (P-value < 0.05). The talar uncoverage angle 
had a sensitivity of 82% which was higher amongst all the 
radiological parameters measured. This shows that the talar 
uncoverage angle can be used as a screening tool in outpa-
tients, to predict AAFD due to its high sensitivity. Filardi et 
al. (15) states that talonavicular uncoverage angle of great-
er than 7° indicates, lateral talar subluxation and forefoot 
abduction. This parameter can be a reliable diagnostic tool in 
patients with AAFD. Moreover, this observation is correlat-
ing with our study, as even our mean value of talar uncover-
age angle in flatfoot patients was more than 7°. Knutson et 
al. (16) identified the relevant radiographic measures which 
were correlating with the articular coverage areas of clini-
cal interest, possibly aiding to the better quantification of 
progressive collapsing foot deformity. 
In our study, the mean value of calcaneo-fifth metatarsal 
angle was lower in flat foot (160.094 ± 6.53) in comparison 
to normal foot (161.93 ± 6.53), which was not significant 
statistically (P-value > 0.05). This result was in accordance 
with the study by Younger et al. (4), who also found that the 
calcaneo fifth metatarsal angle is not significant. Hence, we 
can conclude that the calcaneo-fifth metatarsal angle is not 
a reliable parameter in diagnosing the AAFD. In our study, 
the mean value of talar 1st metatarsal angle, measured in 
AP view, was higher in flatfoot (12.61 ± 5.26) compared to 
normal foot (9.00 ± 4.25). The difference in talar 1st meta-
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tarsal angle was found to be significant statistically (P-value 
< 0.05). This observation was similar to the study done by 
Younger et al. (4). 
A cross-sectional study conducted in Spanish population, 
estimated the prevalence of flatfoot as 26.62% in the patients 
over the age of 40, with a higher incidence in older patients 
(17). In another Japanese study (18), there was identical 
results in comparison to the Spanish study as there was a 
prevalence of 26.5% in patients aged 60 and above. Howev-
er, these patients were neither hospitalized nor disabled and 
were performing their regular activities (18). Almaawi  et 
al. (19) used three different footprint parameters, Clark’s 
angle, Chippaux-Smirak index, and Staheli index in Saudi 
Arabian population to define the foot arch. They were 
able to observe wide variations between the results of each 
parameter in their study. However, the Chippaux-Smirak 
and Staheli indices exhibited a significant concordance in 
diagnosing the flatfoot with kappa value > 0.8 and P-val-
ue < 0.05. In Indian population, a cross-sectional study 
(20) was done with 500 healthy participants, who were 
aged between 18-21 years and the flatfoot prevalence were 
determined as 13.6%. In males, it was 12.8% and 14.4% in 
females (20). The difference in frequency of prevalence in 
these studies with respect to Indian population is due to the 
fact that the authors used different methods. 
There are few clinical studies (20-23), which are available 
in the literature about the flatfoot in Indian population. 
Rao and Joseph (23) observed a higher prevalence (8.6%) 
of flatfoot in Indian children, who used closed shoe foot-
wear. This was higher with respect to the children who were 
predominantly using the sandals or barefooted. Sachithan-
andam and Joseph (22) observed an association between 
the duration of footwear usage and the flatfootness. Howev-
er, the literature search did not reveal radiological studies 
with respect to the clinical diagnosis of the AAFD in Indi-
an population. Hence, this aspect is being highlighted in 

the title and the abstract of this research. This radiological 
study is novel in the scientific literature and can be further 
performed in the other population as well. The data of this 
study can be considered as a morphological database for the 
Indian population. 

CONCLUSIONS
From our study we can conclude that, three radiolog-
ic parameters, the talar 1st metatarsal angle (lateral view), 
talar uncoverage angle (AP view) and the talar-1st metatar-
sal angle (AP view) can be used as a reliable diagnostic tool 
to diagnose AAFD in Indian population. We also conclude 
that the talar uncoverage angle certainly has a higher sensi-
tivity of 82% to predict the symptomatic AAFD.
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