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Background: Flatfoot is practically diagnosed by physical examination, radiographs, or footprint. Talar first-metatarsal
angle on aweight-bearing lateral radiograph provides an accurate measurement for the diagnosis of flatfoot and is frequently
used by foot and ankle specialists. Staheli Index is also considered as a reliable method. However, there is no information of
the sensitivity and specificity of this index compared to the talar-first metatarsal angle for the diagnosis of flatfoot.
Objective: To evaluate the usefulness of the Staheli Index on Harris mat footprint for the diagnosis of flatfoot.

Material and Method: The weight-bearing lateral radiographs were obtained from 157 patients (314 feet). The radiographs
were examined for the talar-first metatarsal angle. Harris mat footprint was also obtained from each participant for the
measurement of the Staheli Index. The sensitivity and specificity of the Staheli Index was calculated using the talar-first
metatarsal angle as a gold standard. ROC curve was also performed to determine the cut-off point of the Staheli Index.
Interobserver and intra-observer reliability was also tested.

Results: The cut-off point of the Staheli Index at 0.77 revealed the sensitivity of 70.2% and specificity of 73 %, and the accuracy
value was 72% for the detection of flatfoot compared to the talar-first metatarsal angle. There was no significant difference
of the area under the ROC curves performed by two physicians was found. The area under the ROC curves showed no
difference when performed at two different times by the same physician.

Conclusion: The Staheli Index obtained from the Harris mat footprint could be considered as the screening or diagnostic

method for flatfoot.
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Flatfoot is one of the frequently encountered
orthopedic conditions in both children and adult
population. Prevalence of flatfoot varied among
different groups. For example, Harris and Beath
identified flatfeet in approximately 23% of 3,600 recruits
in the Royal Canadian Army®. Tareco et al found the
prevalence of flatfoot at 6 % in patients with no history
of foot problems using the single leg stance footprint@.
Michelson et al showed that the prevalence of flatfoot
in 196 athletes was 15% using Harris mat footprints®.
Mosca showed the prevalence of 23% in 3,619 adults®.
In Thailand, information of flatfoot including the
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prevalence is lacking. Flatfoot was identified as the
significant risk of injuries in athletes® and military
training®. This condition may show potential for other
abnormalities such as twisted big toe (Hallux valgus)®©.

To date, there is no consensus on clinical or
radiographic criteria for defining a flatfoot. However,
diagnosis of flatfoot in the outpatient department is
practically carried out using patients’ information,
physical examination, and radiographic evaluation. A
few radiographic measurements have been used to
evaluate flatfoot™®, Among these, talar-first metatarsal
angle is one of the most familiar and useful
measurements for flatfoot using a weight-bearing lateral
radiograph®. The talar-first metatarsal angle, defined
by Meary®, is the angle formed between the long axis
of the talus and first metatarsal on a weight-bearing
lateral view. Flatfoot is considered when the measured
talar-first metatarsal angle is greater than 4° convex
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downward. However, the radiograph based methods
may not be inconvenient in some situations, for
instance, overcrowded clinics or community settings.
Alternatively, a few non-radiograph methods such as a
footprint ration have been used as a predictive method
for flatfoot. Measurement of footprint using Staheli
Index is considered as a reliable method for evaluation
of flatfoot®. It has been used in both research and
clinic settings because this method is easy to perform
in less time and low cost®19. However, there was no
comparative study between the non-radiographic and
radiographic methods in order to determine its
sensitivity and specificity.

The present study aimed to determine the
sensitivity and specificity of the measurement of
footprint using Staheli Index for the evaluation of
flatfoot compared to the radiographic method, the talar-
first metatarsal angle using a weight-bearing lateral
radiograph.

Material and Method

The present study protocol was approved
by the Ethical Committee of the Royal Thai Army
Medical Department. The patients who visited the
Outpatient Clinic of the Department of Orthopedics,
Phramongkutklao Hospital were consecutively asked
to participate in this study. Inclusion criteria included
1) patients age15-80 years old and 2) those who agreed
to participate in the study and gave written informed
consent. Exclusion criteria included 1) patients who
had a broken foot or anklebone in the past 6 months, 2)
those who underwent orthopedic surgery of the foot
or ankle in the past 6 months, and 3) those who had a
disease or disorder of the foot or ankle including
rheumatologic diseases, arthritis and a diabetic foot.
Written informed consent was obtained from all
participants.

Methods for evaluation of flatfoot

Both feet of each subject were examined for
flatfoot using the talar-first metatarsal angle, a
radiographic method and Staheli Index on Harris mat
footprint. The talar-first metatarsal angle was used as
the gold standard for the measurement of flatfoot. This
angle was calculated from the longitudinal axis of the
talus (halfway point between the superior and inferior
surfaces of the talus at the middle of the talus and the
neck of the talus) which was the line across the lateral
longitudinal axis of the first metatarsal (mid-diaphyseal
reference points). The normal value was between -4°
and +4°®, These weight-bearing lateral radiographs
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were measured using Goniometer by the foot and ankle
specialists.

The Harris mat footprint method was then
performed in all subjects®®. Staheli Index is the ratio of
the minimal distance in the mid-foot region to the
maximal distance in the rear-foot region (Fig. 1)@, Each
distance was measured by a vernier caliper.
Measurement of foot area for the calculation of Staheli
Index was carried out twice with the interval of 1 month
to determine the intra-observer reliability. Two different
physicians who had never met or examined the parti-
cipants before in order to determine the interobserver
reliability also performed the measurement.

Statistical analysis

The talar-first metatarsal angle, a radiographic
method was used as the gold standard. The sensitivity
and specificity with 95% CI of Staheli Index was
determined. Receiver Operating Characteristic (ROC)
curves was generated using STATA/MP 12.

Results

Demographic data of all 157 participants are
shown in Table 1. Among these participants, 97 (61.8%)
were female. The average age was 33.1+15.9 and range

Fig. 1  Staheli Index, ratio of the minimal distance in the
midfoot region to the maximal distance in the

rearfoot region, CD/EF.
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18-79 years old. The average weight and height was
63.1+14.6 kg and 163.1+9.2 cm, respectively. The average
BMI was 23.7+4.8 kg/cm?. A total of 314 feet were
included for the radiographic evaluation, the talar-first
metatarsal angle method. This method indicated flatfoot
in 114 feet (36.3%). All feet were underwent the Harris
mat footprint for the calculation of Staheli Index. This
method showed flatfoot in 134 feet (42.7%). Compared
to the talar-first metatarsal angle method, sensitivity
and specificity of the Staheli Index was 70.2% and 73%,
respectively (Table2). Positive predictive value was
59.7%, while, negative predictive value was 81.1%.
Fig. 2 showed the ROC curve for the Staheli
Index compared to the talar-first metatarsal angle method
measured by two physicians. A point on the ROC curve
was selected as a cut-off point to give the appropriate
value of sensitivity and specificity. When the authors

Table 1. Demographic data of the 157 articipants for the
evaluation of flatfoot

n (%)
Age (years), mean + SD 33.1+15.9
<20 18 (11.5)
20-29 72 (45.9)
30-39 10 (6.4)
40-49 23 (14.6)
50-59 25(15.9)
60-69 5(3.2)
70+ 4 (2.5)
Sex
Male 60 (38.2)
Female 97 (61.8)
Body weight (kg), mean + SD 63.1+14.6
Height (cm), Mean + SD 163.1+9.2
Body mass index (BMI), Mean + SD 23.7+4.8
Underweight 4 (2.5)
Normal 82 (52.2)
Overweight 1 26 (16.6)
Overweight 2 35 (22.3)
Obesity 10 (6.4)

used a cut-off point of 0.77, the sensitivity and
specificity of the Staheli Index was 70.2% (95% ClI: 60.9-
78.4) and 73% (95% ClI: 66.3-79.0), respectively. The
accuracy of this test was 72%. The area under the ROC
curve was 0.7882. Fig. 2 also showed the evaluation of
intra-observer and interobserver reliability. There was
no significant difference of the area under the ROC
curve determined by two different physicians (p =
0.338). In addition, the area under the ROC curve
determined by one physician at different time point
showed no statistical difference (p = 0.328).

Discussion

Radiographic parameters such as talar-first
metatarsal angle, calcaneal pitch and talo-navicular
coverage angle have been used to evaluate the flatfoot
since a few studies showed they could discriminate
flatfoot from normal foot™*1%) Among these
parameters, the talar-first metatarsal angle on weight-
bearing lateral radiograph has been commonly used
since increased talar-first metatarsal angle is one of the
most discriminating measurements. Hence, this
parameter was used as the gold standard in the present
study. The prevalence of flatfoot diagnosed by the
talar-first metatarsal angle was 36.3%, which was rather
high compared to a few previous studies®. This could
be due to the selective study population from
Orthopedic Clinic.

Although a few studies showed a correlation
between radiographic parameters and footprint
measurement®?, the present study is the first to
compare the Staheli Index and the talar-first metatarsal
angle for the diagnosis of flatfoot in terms of sensitivity
and specificity. Our study showed that the Staheli Index
on the Harris mat footprint was 70.2% sensitive and
73% specific for the diagnosis of flatfoot compared to
the radiographic method, the talar-first metatarsal angle
measuring on a weight-bearing lateral radiograph. Our
information supports a few recent studies showing the
usefulness of the Staheli Index for the diagnosis of

Table 2. Detection of flatfoot by the Staheli Index on Harris mat footprint compared to the talar-first metatarsal angle

method
Detection method staheli index at 0.77 Talar-first metatarsal angle method Total
Positive Negative
Positive 54 134
Negative 34 146 180
Total 114 200 314
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Fig. 2 ROC curve for staheli index method compared to

Talar-first metatarsal angle method.

asymptomatic and symptomatic flatfoot®**",

According to the ROC curve, it was found
that the appropriate cut-off point of 0.77 would give
the sensitivity at 70.2% and the specificity at 73%. The
accuracy was 72%. However, if the cut-off point of 0.3
is used, the sensitivity would be increased to 98.3%.
This should be a good candidate method for screening
of flatfoot in the field. Then the diagnosis has to be
confirmed by other techniques since its specificity was
as low as 4.0%. In contrast, if the cut-off point was 1.0,
the specificity would be as high as 98.0%, the sensitivity
would be equal to 45.6%. This could be helpful for the
evaluation of flatfoot in the clinical settings.

Since radiographic evaluation for flatfoot
may not be suitable in some situations such as an
epidemiological survey of a large population. In
addition, a recent study showed that the measurement
of the talar-first metatarsal angle had the lowest
interobserver reliability among 6 radiographic
measurements for flatfoot. This might be due to the
decision on important anatomical marks. The reliability
was also shown to depend on physician’s experience®®,
In the present study, the author showed that the
measurement of Staheli Index on the Harris mat footprint
was reproducible. The measurement was performed by
the 1 physician, two times (intra-observer reliability)
and no statistically significant differences were found.
Results of the measured Staheli Index of 2 physicians
were also compared (interobserver reliability). Again,
no statistically significant differences were found.

The Staheli Index originally validated in young
people so that it was suitable to preliminarily conduct
the study in the young population with normal BMI
like ours. False positive result of the Staheli Index might
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occur in overweight or adults who have more excessive
soft tissue. Thus, validation of the Staheli Index in these
populations should be further conducted.

Conclusion

Results from the present study demonstrated
that measurement of the Staheli index on the Harris mat
footprint is useful and convenient for the evaluation of
flatfeet. This method is also simple, easy, inexpensive
and reproducible.
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