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Abstract

Background Alignment is indispensable for the foot and ankle function, especially in the hindfoot alignment. In the
preoperative planning of patients with varus or valgus deformity, the precise measurement of the hindfoot alignment
is important. A new method of photographing and measuring hindfoot alignment based on X-ray was proposed in
this study, and it was applied in the assessment of flatfoot.

Methods This study included 28 patients (40 feet) with flatfeet and 20 volunteers (40 feet) from January to December
2018.The hindfoot alignment shooting stand independently designed by our department was used to take hindfoot
alignment X-rays at 10 degree, 15 degree, 20 degree, 25 degree, and 30 degree. We measured the modified tibio-
hindfoot angle (THA) at the standard hindfoot aligment position (shooting at 20 degree) and evaluated consistency
with the van Dijk method and the modified van Dijk method. In addition, we observed the visibility of the tibiotalar
joint space from all imaging data at five projection angles and evaluated the consistency of the modified THA method
at different projection angles. The angle of hindfoot valgus of flatfoot patients was measured using the modified THA
method.

Results The mean THA in the standard hindfoot aligment view in normal people was significantly different among
the three evaluation methods (P <.001). The results from the modified THA method were significantly larger than
those from the Van Dijk method (P <.001) and modified Van Dijk method (P <.001). There was no significant difference
between the results of the modified THA method and the weightbearing CT (P=.605), and the intra- and intergroup
consistency were the highest in the modified THA group. The tibiotalar space in the normal group was visible in

all cases at 10 degree, 15 degree, and 20 degree; visible in some cases at 25 degree; and not visible in all cases at

30 degree. In the flatfoot group, the tibiotalar space was visible in all cases at 10 degree, visible in some cases at 15
degree and 20 degree, and not visible in all cases at 25 degree and 30 degree. In the normal group, the modified

THA was 4.84+1.81 degree at 10 degree, 4.96 + 1.77 degree at 15 degree, and 4.94 + 2.04 degree at 20 degree. No
significant differences were found among the three groups (P=.616). In the flatfoot group, the modified THA of 18
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groups (P=.425).

measurement can be used to evaluate hindfoot valgus.

feet, which was visible at 10 degree, 15 degree and 20 degree, was 13.58 +3.57 degree at 10 degree, 13.62+3.83
degree at 15 degree and 13.38 +4.06 degree at 20 degree. There were no significant differences among the three

Conclusions The modified THA evaluation method is simple to use and has high inter- and intragroup consistency. It
can be used to evaluate hindfoot alignment. For patients with flatfeet, the 10 degree position view and modified THA

Keywords Hindfoot alignment, Radiology measurement, Flatfoot

Introduction

Patients with congenital deformities of the foot always
have varus or valgus of the hindfoot, joint degeneration,
including traumatic ankle instability and ankle arthritis,
are also associated with abnormalities in hindfoot align-
ment [1, 2]. The key to formulating a reasonable thera-
peutic regimen is to accurately evaluate the alignment of
the hindfoot on the coronary surface [3-5]. Proposed a
radiological measurement and evaluation method asso-
ciated with hindfoot alignment in 1995 by Saltzman [6],
but the author only divided hindfoot deformities into
varus and valgus through the location where axis exten-
sion of tibia is located at the lowest point of the calca-
neus. Recently, some modified measurement methods
regarding the hindfoor view have mainly focused on the
definition of the axis of the calcaneus [7]. However, previ-
ous measurement methods were to compare the included
angle between the axis of the tibia and that of the calca-
neus, while varus or valgus subtalar joints and varus or
valgus talus possibly exist between the calcaneus and
tibia. Therefore, the previous measurement methods fail
to adequately reflect the real situation regarding varus or
valgus of the hindfoot. Burssens found a larger difference
between the measured results of hindfoot alignment with
2D CT and 3D CT [8], which were compared through
weightbearing CT. Weightbearing CT, which can provide
precise anatomical information, can serve as the “gold
standard” to measure hindfoot alignment. However, it is
necessary to purchase special weightbearing CT equip-
ment for the foot and ankle parts, and the measurement
method requires professional imaging software. There-
fore, weightbearing CT has very limited clinical applica-
tions and has been difficult to popularize.

Table 1 Data associated with patients in the flatfoot group and
volunteer group

Flatfoot group Volunteer P
(n=28) group (n=28) value
Cases 40 40
Age 364+9.6 335+6.7 0.251
Sex (male/female) 17/11 12/7 0.866
Side (left/right) 22/18 20/20 0.654
BMI (kg/mz) 274+36 253439 0.061

BMI, body mass index

Accordingly, regarding the relationship between the
tibia and hindfoot, namely, the relationship between the
tibia and subtalar complex, it is still necessary to find for
an X-ray measurement method of hindfoot alignment
with accuracy, simplicity, efficiency and high consistency.
Therefore, X-rays from the hindfoot alignment loca-
tion need to clearly display the talus dome joint surface.
Traditional photographic methods can display the talus
dome joint surface in normal persons but frequently fail
to display the talus dome joint surface in patients with
flatfoot or talipes cavus due to changes in the arch; there-
fore, hindfoot alignment fails to be accurately evaluated.
The photographic methods were modified in the pres-
ent study. A new method to measure hindfoot alignment
was proposed based on X-ray scans, and the reliability of
the measurement method and its application to patients
with flatfoot were assessed as follows. The research was
approved by the ethics committee of our hospital.

Materials and methods

General materials

Twenty-eight patients (40 feet) with flatfoot deformity
diagnosed in our hospital from January 2018 to Decem-
ber 2020 were included in this research, including 17
males and 11 females with an average age was 36.41+9.6
years and an average BMI of 27.4+3.6 kg/m?. There were
20 volunteers (40 feet), including 12 males and 8 females
with an average age was 33.5+6.7 years and an average
BMI of 25.3%3.9 kg/m? There were no significant differ-
ences in age, sex, side or BMI between groups (Table 1).
All the patients and volunteers underwent photography
of hindfoot alignment on the hindfoot alignment photog-
raphy frame autonomously designed by our department,
as well as X-ray scans of adem position with weightbear-
ing on the foot. All imaging data were used in the subse-
quent measurements.

Inclusion and exclusion criteria

The inclusion criteria for those with flatfoot deformity
were as follows: ® adult flatfoot deformity with hind
valgus and interior longitudinal arch declination; @
Meary’s angle on the X-ray in the lateral position of the
weightbearing foot<5 degree; ® lateral or bilateral flat-
foot deformity; and @ voluntary participation and all the
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imaging data available. The inclusion criteria for volun-
teers were as follows: @ normal adult volunteer without
deformity for feet clinically confirmed by physical exami-
nation; and @ Meary’s angle on the X-ray in the lateral
position of the weightbearing foot less than +4 degree.

Both groups use the same exclusion criteria. The
exclusion criteria were as follows: @ ankle with relevant
trauma or surgical history; @ ankle joint degeneration
diseases including osteoarthritis, rheumatoid arthritis,
Charcot osteoarthropathy, or gout arthritis; ® conscious-
ness and cognitive disorder or serious mental disease and
failure to cooperate during the examination; and @ pre-
paring for pregnancy or pregnancy.

Design of the photography frame and photographic
method for hindfoot alignment

A small card slot was established, and a removeable board
was designed for placement on the first baftle based on
the premeasured angle position through a photographic
frame for hindfoot alignment that was autonomously
designed by our department and corresponded to one
of five insertion angles of the X-ray imaging board (10
degree, 15 degree, 20 degree, 25 degree and 30 degree);
the insertion port of the X-ray imaging board was in the
center of the second standing board. Patients stood on
the second board when being photographed, with feet
parallel to each other and appropriately aligned to the
imaging board. The X-ray bulb tube was appropriately
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aligned to the midpoint of the bilateral ankle joint liga-
ture and vertical to the imaging board (Fig. 1). All the
included patients and volunteers were photographed
with five groups of X-ray scans of hindfoot alignment
location at 10 degree- 30 degree.

Method to measure hindfoot alignment position

The modified measurement method of the tibia-hindfoot
angle (THA) was used, with the following specific mea-
sures: @ tibia axis: the ligature of the midpoints of the
bilateral cortical bone of the tibia at 5 and 15 cm above
the distal end joint surface of the tibia; ® hind axis: the
ligature of the midpoint of the talus dome joint and the
midpoint of the ligature of the bilateral cortical bone at
the place more than 7 mm above the lowest point of the
calcaneus. The included angle between the tibia axis and
hind axis was measured as the modified THA (Fig. 2A).

Control measures using the traditional method with three
methods to measure hindfoot alignment

Standard traditional method X-ray scans from 20 volun-
teers with 40 feet, namely, X-ray hindfoot alignment posi-
tions at the 20 degree projection position, were taken as
the research object. The angle of hindfoot alignment was
measured by the modified THA measurement method,
the van Dijk method, and the modified van Dijk method
(Fig. 2). The between-group consistency and intragroup
consistency for the three measurement methods were
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Fig. 1 Modified photographic method for hindfoot alignment location
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Fig. 2 Three methods to measure hindfoot alignment. a Modified method to measure tibio-hindfoot angle and the included angle between the axis of
the tibia and that of the hindfoot. b Van Dijk method to measure hindfoot alignment and the included angle between the axis of the tibia and that of the
calcaneus (the ligature of the midpoints were 7 and 20 mm above the lowest point of the calcaneus). ¢ Modified van Dijk method to measure hindfoot
alignment and the included angle between the axis of tibia and that of the calcaneus (the ligature of the midpoints were 7 and 40 mm above the lowest
point of the calcaneus)

evaluated. The differences among the three measured
results were compared, which were also compared with
the THA results using weightbearing CT reported by
Burssens [8].

Visibility of tibiotalar joint space under different
photographic angles

X-ray scans for hindfoot alignment using five projec-
tion angles for the patients with flatfoot and normal vol-
unteers were included, and an evaluation and statistical
analysis of visibility of the tibiotalar joint was performed;
that is, when all talus domes were clear and visible, this
was defined as the tibiotalar joint space being visible
(Fig. 3).

Consistency of modified THA under different projection
angles

X-ray scans associated with all the visible tibiotalar joint
spaces of the patients with flatfoot and normal volun-
teers were measured by the modified THA measure-
ment method, and the consistency of THA in the flatfoot

patient group and normal volunteer group under differ-
ent projection angles was evaluated.

Statistical analysis

Statistical analysis was performed with SPSS version 18.0
(SPSS Inc., Chicago, IL). Between-group and intragroup
consistency was analyzed through the intraclass correla-
tion coefficient (ICC) [9]. These correlations were catego-
rized as follows: ICC<0.4, bad; 0.4<ICC<0.59, qualified;
0.6<ICC<0.74, good; and ICC>0.74, excellent. A P value
less than 0.05 was considered to be a significant differ-
ence. All results are displayed as the meantstandard
deviation.

Results

Control research with three methods to measure hindfoot
alignment

The angles of hindfoot alignment by three measurement
methods and between-group and intragroup ICC results
are shown in Table 2. The angles of hindfoot alignment
by the three measurement methods were significantly
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Fig. 3 a-e X-ray scans of the hindfoot alignment position of normal volunteers at 10 degree, 15 degree, 20 degree, 25 degree and 30 degree. f-j X-ray
scans of the hindfoot alignment position of patients with flatfoot at 10 degree, 15 degree, 20 degree, 25 degree and 30 degree

Table 2 Evaluation of the results of hindfoot alignment by
different methods for the standard Saltzman location (n=40)

Mean SD Inter- Intra-
group  group
ICC ICC
Modified tibio-hindfoot angle 494 205 0941 0.928
Van Dijk method 290 1.03 0.798 0.776
Modified van Dijk method 329 148 0834 0.855

ICC, intraclass correlation coefficient

different (P<.001). Further between-group compari-
sons showed that the result measured by modified THA
was significantly greater than that measured by the van
Dijk method (P<.001) and modified van Dijk method
(P<.001). The results of the three groups were com-
pared with the result (THA=4.60+3.70) of hindfoot
alignment for normal persons measured by weightbear-
ing CT. There was no significant difference between
the result measured by the modified THA put forward

by the present research and the result measured by
weightbearing CT (P=.605), and the results obtained
using the van Dijk method (P=.006) and modified van
Dijk method (P=.038) were significantly lower than the
result measured by modified CT. Based on these results,
between-group ICC and intragroup ICC with the three
measurement methods were excellent, and the consis-
tency of the modified THA measurement method pro-
posed in this research was the best.

Visibility of the tibiotalar joint under different
photographic angles

The visibility of the tibiotalar joint in the two groups of
subjects was as follows: flatfoot group: all were visible
at 10 degree, 32 feet could be seen at 15 degree, 18 feet
could be seen at 20 degree, and none of them could be
seen at 25 degree and 30 degree; normal volunteer group:
all of them could be seen at 10 degree, 15 degree and 20
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Fig. 4 Visibility of the tibiotalar joint across the five projection angles for the flatfoot group and normal group

Table 3 Modified THA values based on different projection

angles

Mean sD P-value
Normal 10° (n=40) 524 1.82 0616
Normal 15° (n=40) 5.11 1.77
Normal 20° (n=40) 494 2.05
Flatfoot 10° (n=40) 1341 364 0.425*
Flatfoot 15° (n=40) 12.52 294
Flatfoot 20° (n=40) 10.38 1.29

* Refers to the comparison of results from visible tibiotalar joints for 18 feet at
10° 15°and 20°

degree, 28 feet could be seen at 25 degree, and none of
them could be seen at 30 degree (Fig. 4).

Consistency of the modified THA based on different
projection angles

Visible imaging data of the tibiotalar joint space for the
flatfoot group and normal group at 10 degree, 15 degree
and 20 degree were extracted from the five hindfoot
alignment results and measured by the modified THA
method (Table 3). In the volunteer group, THA at 10
degree was 4.84+1.81 degree, THA at 15 degree was
4.96%1.77 degree, and THA at 20 degree was 4.94+2.04
degree. There were no significant differences across
the results from these three angles (P=.616). Tibiota-
lar joints of 18 patients in the flatfoot group were vis-
ible at 10 degree, 15 degree and 20 degree. For these 18
patients, THA at 10 degree was 13.58+3.57 degree, THA
at 15 degree was 13.621+3.83 degree, and THA at 20
degree was 13.38+4.06 degree. There were no significant

differences among the results from these three angles
(P=.425).

Discussion

The ankle joint and tibiotalar joint are the core struc-
tures that accomplish complicated hindfoot movement
[2]. Varus and valgus tibiotalar joints frequently result in
abnormalities of hindfoot alignment, causing changes in
weightbearing position, which will cause clinical symp-
toms such as pain. The evaluation of hindfoot alignment
includes a clinical physical examination and imaging
evaluation. However, when clinical physical examina-
tions are performed, serious inconsistencies exists among
ankle surgeons with extensive experience, due to large
differences between observers [10, 11]. Therefore, accu-
rate evaluation of hindfoot alignment is still assisted by
imaging examinations [12]. Many investigations have
focused on determining an accurate method to evalu-
ate hindfoot alignment allowing the accurate correction
of hindfoot deformity to normal anatomical alignment
through surgery. Therefore, there is a significant cor-
relation between accurate imaging evaluation and clini-
cal results [13, 14]. Identifying X-ray photography and
measurement methods that truly reflect the hindfoot
alignment situation can result in good evaluation regard-
ing the degree of deformity. Many anatomical signs and
angles reported in many studies accurately display the
relationship between the axis of the tibia and the axis
of the calcaneus, as well as real hindfoot alignment [5,
6, 15-18]. However, imaging evaluation related to hind-
foot alignment is very complicated. It has been reported
that the 2D mode of X-ray scans limits the accuracy of
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hindfoot alignment measurements, and accurate evalua-
tion of hindfoot alignment is hindered by the complicated
anatomy of the tibiotalar joint [19, 20]. In all the current
methods to measure hindfoot alignment by X-ray scans,
the extension of the ligature from two selected points
above the tibiotalar joint surface is selected as the axis of
the tibia. However, for patients with abnormal hindfoot
alignment, such as patients with flatfoot, the traditional
hindfoot view fails to photograph the ankle joint in some
patients due to bone overlap, which limits the accuracy
of measurement of the tibia axis (Fig. 5). Additionally,
the hindfoot is traditionally defined as the complex of the
talus and calcaneus, so evaluation of hindfoot alignment
in traditional methods is supposed to simultaneously
consider the possible influence of the accuracy of the
varus or valgus subtalar joint and varus or valgus talus.
Another divergence originates from the lack of a stan-
dardized measurement method for accurate evaluation
in the evaluation of hindfoot alignment [12]. Reilingh
[5] reported that different reference points and mea-
surement methods have been used for the evaluation
of hindfoot alignment, and the long axis position of the
calcaneus was more reliable. Dagneaux [7] compared
many modified measurement methods and proposed
that the modified van Dijk method should be used for
measuring real hindfoot alignment. However, the tibio-
talar joint is difficult to observe using various previously
available methods for patients with abnormal hindfoot
alignment, and it is very hard to use the same bone sign
for alignment measurement making it difficult to evalu-
ate. Although various modified photographic and mea-
surement methods of hindfoot alignment have been
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extensively described, especially for evaluations based on
X-ray scans, there are large divergences in clinical appli-
cations. Most patients with abnormal hindfoot alignment
are hard to evaluate by the current reported methods
[10, 19]. Larger measurement errors were caused by
inconsistent photography angles or errors in localization
when relevant imaging materials were measured [21, 22],
which causes difficulty in clinical application. Regarding
the modified photographic method and measurement
method of hindfoot alignment proposed on the present
research, the anatomical location of the new measure-
ment method is clear and stable, and the drawing lines
for the tibia axis and hindfoot axis is simple and reliable,
with high repeatability. Therefore, the between-group
and intragroup consistency of the measured results with
the new measurement method were higher than those for
the existing measurement methods. CT and 3D recon-
struction can clearly reveal the detailed bone structure of
the ankle and hindfoot but only provide the anatomical
structure of the skeleton [1, 23, 24]. In the non-weight-
bearing situation, the relationship between the ankle and
hindfoot bone joint is completely different from that in
the normal weightbearing situation. Therefore, the evalu-
ation of hindfoot alignment while weightbearing is cru-
cial for patients with hindfoot deformities.?* Burssens®
measured hindfoot alignment by weightbearing CT and
proposed a method to measure hindfoot alignment by
weightbearing CT. The method can be used to accurately
evaluate the relationship between the anatomical form
and skeleton of the hindfoot in weightbearing human, so
it can serve as the “Gold Standard” for evaluating hind-
foot alignment. However, this technology is currently

Fig. 5 56-year-old female, adult-acquisition flatfoot. a The foot longitudinal arch collapse. b Tibiotalar joint space can be seen using 10 degree hindfoot
alignment photography. ¢ The tibiotalar joint failed to be observed using traditional method (20 degree) hindfoot view photography
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hard to carry out on a large scale because weightbearing
CT machines are very expensive with limited applica-
tion ranges, and accurate measurements are assisted by
digital orthopedics software. Therefore, X-ray scans are
the most extensively used imaging examination method.
Based on the measurement method proposed in the pres-
ent research, the results of normal persons measured by
the modified THA and the results measured by Burs-
sens [8] through weightbearing CT were compared, and
no significant differences were found. Compared with
expensive photography equipment, as well as the com-
plicated measurement method, the modified THA pho-
tography and measurement method proposed by the
research is simpler and more practical and easily pro-
moted and applied clinically.

However, this research has some limitations. For exam-
ple, the real angle of hindfoot alignment of the patients
included in this research is unknown without weight-
bearing CT, and the research results were only compared
with the weightbearing CT results reported in other
studies, which could possibly influence the accuracy of
results. However, the angles of hindfoot alignment evalu-
ated by weightbearing CT reported by Burssens [8] were
obtained from normal persons. In this research, evalua-
tions were performed through clinical examinations and
X-ray scans of the adem position of the weightbearing
foot and the ankle joint in the normal control group to
eliminate the existence of abnormal ankle alignment.
Therefore, comparability exists among the included per-
sons. Additionally, the research only evaluated the appli-
cation of the modified THA measurement method to
patients with flatfoot, without evaluating patients with
cavus/varus foot. Accordingly, these populations can be
evaluated in future studies.

Conclusions

Accurately evaluating hindfoot alignment is very impor-
tant for surgery preparation for patients with abnormal
hindfoot alignment in the clinic. Some disadvantages of
measurement and evaluation methods based on X-ray
scans exist, with difficulty in evaluating patients with
serious hindfoot deformities. Consequently, a modi-
fied method was used to measure hindfoot alignment.
The modified THA measurement is simple to perform,
with higher between-group and intragroup consistency,
and it can be used to accurately evaluate hindfoot align-
ment. For patients with flatfoot, the modified THA mea-
surement method with photography from the 10 degree
location can be used to accurately evaluate the degree of
hindfoot valgus.
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