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A B S T R A C T

In calcaneal fractures, B€ohler’s and Gissane’s angles are considered important parameters to guide treatment strat-
egy and provide prognostic information during follow-up visits. Therefore, lateral radiographs have to be accurate.
The aim of this study was to evaluate the effect of craniocaudal and posteroanterior angular variations (i.e., simulate
lower leg malposition) from the true lateral radiograph on B€ohler’s and Gissane’s angles. In this radioanatomical
study, 15 embalmed, skeletally mature, human anatomic lower limb specimens were used. Using predefined criteria,
a true lateral radiograph (i.e., 0° angular variation) was obtained. Angular variations from this true lateral radiograph
were made from −30° to +30° deviation in the craniocaudal and posteroanterior direction at 5° intervals. B€ohler’s
and Gissane angles were independently assessed by 2 experienced trauma surgeons. B€ohler’s angle decreased with
increasing caudal angular variations (maximum −4.3° deviation at −30°). With increasing of the posterior angular
variations, B€ohler’s angle increased (maximum 5.0° deviation at +30°) from the true lateral radiograph, but all devia-
tions were within the measurement error. The deviation of the angle of Gissane was most pronounced in the cranial
direction, with the mean angle decreasing by −8.8° at +30° angular variation. Varying angular obliquity in the
caudal and posteroanterior direction hardly affected Gissane’s angle. Foot malpositioning during the making of
a lateral radiograph has little influence on B€ohler’s and Gissane’s angles. If used for clinical decision-making in
initial treatment and during follow-up of calcaneal fractures, these parameters can reliably be obtained from
any lateral radiograph.
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The presence of a calcaneal fracture is based on radiologic examina-
tions, which initially consist of a lateral and an axial radiograph of the
foot (1). In case of a fracture, management can be surgical or nonopera-
tive. The decision to perform an open reduction and internal fixation is
merely based on the amount of dislocation. Although a computed
tomography scan provides better visualization of the extent of the frac-
ture, the number of fragments and their displacement, the amount of
height loss, broadening of the calcaneus and the subtalar joint congru-
ency (2,3), the decision of whether to operate is still predominantly
based on plain radiographs. Loucks and Buckley (4) and Shuler et al (5)
showed that the initial B€ohler’s angle at the time of trauma still guides
this treatment decision.

From the lateral radiograph, 2 angles are used to estimate the degree
of depression and displacement of the subtalar joint. B€ohler’s angle is
determined by drawing lines from the tip of the processus anterior calca-
nei to the most cranial point of the posterior facet and from the top of
the tuber calcanei to the most cranial point of the subtalar joint. Nor-
mally, this angle is between 25° and 40° (6) (Fig. 1A). Those with a
decreased B€ohler’s angle are more likely to undergo fracture reduction
and internal fixation to restore congruity of the posterior facet (4,7). Fur-
thermore, the angle of Gissane is used. It runs along the posterior side of
the processus anterior calcanei and the anterior side of the subtalar joint
(Fig. 1B). Normally, this angle is between 120° and 145° (8).

Research has shown that the standard lateral and axial views often
depict the main joint—the posterior facet—only partially (9). In
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Fig. 1. (A) B€ohler’s angle. (B) Gissane’s angle.

Fig. 2. Red line: posteroanterior angular variation in radiographic projections (anterior
and posterior angular variation representing respectively internal and external rotation
of the foot). Blue line: craniocaudal angular variation in radiographic projections (cranial
and caudal angular variation representing respectively valgus and varus malposition of
the foot).

A.S. De Boer et al. / The Journal of Foot & Ankle Surgery 59 (2020) 44−47 45
clinical practice, these views can be difficult to assess, especially as a
result of positioning the patient’s foot with discomfort, pain, soft tis-
sue swelling, and associated injuries. For example, varus deformity of
the foot (e.g., due to swelling) while obtaining radiographs may affect
the radiographic measurements (e.g., B€ohler’s angle decreases), which
in turn might result in opting for surgical treatment. In addition, the
expertise of the radiologic technologist influences the diagnostic value
of the lateral and axial radiographs. In the course of years, several
additional radiographs (Brod�en, Isherwood, Anthonson, and Harris
Beath) were developed to fully identify the subtalar joint (2,3). How-
ever, these radiographs are currently rarely used. If both therapeutic
decisions and prognostic information rely on B€ohler’s and Gissane
angles, the radiographic measurements should be accurate (10−13).
Inaccurate measurements could lead to inadequate treatment deci-
sions and consequently to suboptimal outcomes and disability. More-
over, reliable radiographic measurements are required to be able to
adequately compare research results. To what extent malposition of
the foot influences these quantitative radiographic parameters is
unknown.

The aims of this study were to evaluate the effect of craniocaudal
and posteroanterior angular variation in 2-dimensional, lateral radio-
graphs on both B€ohler’s angle and the Gissane’s angle.
Methods

Fifteen AnubiFiXTM embalmed, human anatomic specimens of the leg (including at
least 10 cm proximal from the knee) were used. All specimens were from persons with a
known age of 18 years or older (mean 87 § 9 years). Specimens were excluded if an osse-
ous anomaly or a deformity affecting anatomy of the hindfoot was present. Specimens
with visible scarring suggesting previous injury, with visible or known previous fractures
in the hindfoot or midfoot or with prosthetic or fixation material in situ in the ankle,
hindfoot, or midfoot, were excluded as well. Radiographs of the foot were made to
exclude any osseous pathology of preexisting disease or trauma. Age, sex, side, and pres-
ence of evident preexistent (traumatic) injuries in the foot and/or ankle region were
noted as demographic characteristics.

The embalming method AnubiFiXTM combines long-term high-quality embalming of
human bodies with almost normal flexibility and plasticity. The body can be kept opera-
tional as long as conventionally embalmed human specimens (14). All measurements
were performed in the anatomic dissection room at Erasmus MC (Department of Anat-
omy and Neurosciences).
Lateral Radiographs

The anatomic specimens were positioned on a radiolucent table resting on the lateral
femur condyle, the lateral malleolus, and the lateral foot edge (metatarsal-phalangeal
fifth articulation) and with the tibiotalar joint in plantigrade position. All radiographs
were made using a C-arm (SIEMENS Arcadis Orbic 3D�; SIEMENS, Munich, Germany,
manufactured November 2013, Model No. 08079233, Serial No. 7140) to obtain radio-
graphs. The C-arm was positioned exactly perpendicular to the axis of the tibia. Radio-
graphs were made in automatic mode by using 56 kV and 0.4 mA as exposure values. A
series of freehand, lateral 2-dimensional radiographs were made by an experienced
radiologic technologist (L.V.). The mediolateral projection was centered on the middle of
the calcaneus, 3 cm caudal and 1 cm posterior of the medial malleolus. The true lateral
radiograph or neutral position (i.e., 0° angular variation) had to meet the following
criteria: (1) 90° dorsiflexion of the foot, (2) calcaneus depicted in its entirety, (3) lateral
malleolus projected posteriorly of the medial malleolus, (4) an open projected subtalar
joint, (5) no double contours in the posterior talocalcaneal facet, and (6) base of the fifth
metatarsal depicted in profile. The position of the leg and/or C-arm was adapted until a
perfect lateral view was available.
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With this image as a starting point, angular variations with 5° intervals were made
from +30° to −30° deviation in a craniocaudal and posteroanterior direction (Fig. 2).
Cranial and caudal angular variation represent, respectively, valgus and varus malposition
of the foot. Variation in the anterior direction represents internal rotation and variaton in
the posterior direction represents external rotation. Angular variations toward a posterior
or cranial direction were given a connotation of “+”; variations toward the anterior and
caudal direction were considered as “−.”

B€ohler’s angle and Gissane’s angle were measured in all radiographs independently
by 2 trauma surgeons who are experienced in the surgical and nonoperative treatment of
calcaneal fractures (D.D.H. and M.H.J.V.), with an open-source Digital Imaging and Com-
munications in Medicine compliant viewer (RadiAnt DICOM Viewer 1.9.14; Medixant,
Poznan, Poland). Angles were averaged between the observers, and the angular deviation
from the neutral position (0°) was calculated for each radiograph, by dividing the
observed measurement from the true lateral (neutral) radiograph. A negative deviation
means a smaller observed angle pertaining to the true lateral; a positive deviation is a
greater observed angle.

Analysis

Descriptive analysis was performed for each 5° angular variation radiograph. The
mean B€ohler’s angle and Gissane’s angle (as well as the calculated deviation) were
determined with standard deviation, because all data were normally distributed (tested
with a Shapiro-Wilk test). Figures were composed in GraphPad Prism 5 Software Inc.
Fig. 3. Scatter dot plot and box-whiskers plot with mean and 95% confidence interval depicte
and posteroanterior direction. (A, B) B€ohler’s angles. (C, D) Gissane’s angles.
Results

Twelve of the 15 specimens were from male donors. Eleven right
feet and 4 left feet were used. An example of some radiographs with
angular variations in the posteroanterior and craniocaudal direction are
shown in the Supplemental Figure.

B€ohler’s angle deviated from the true lateral radiograph in both
cranial and, most explicit, caudal directions (Fig. 3A). At increasing
angular variation in the caudal direction, B€ohler’s angle decreased by
a maximum of 4.3° at −30° deviation. From −15° on, the 95% confi-
dence interval (CI) did not include 0°. With 95% CIs consistently
spanning 0°, indicating no significant difference, B€ohler’s angle was
only marginally affected by angular variation in the cranial direction
(maximum 2.0°).

At +30° angular variation in the posterior direction, B€ohler’s
angle increased from 0.3° at +10° to a maximum 5° increase (Fig. 3B).
However, in the anterior direction (toward −30°), the maximum
deviation was only marginal, 1.3°, and the 95% CI consistently
contained 0°.
d. Averaged radiographic parameters with angular variation in the craniocaudal direction
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In the craniocaudal direction, the deviation of Gissane’s angle is
most pronounced in the cranial direction (toward +30°), with the
mean angle decreasing to −8.8° at +30° angular variation (Fig. 3C).
Gissane‘s angle was hardly affected by deviation in the caudal direc-
tion (toward −30°); all 95% CIs spanned 0°.

Varying angular obliquity in the posteroanterior direction (Fig. 3D)
did not evidently affect Gissane’s angle, with a maximum decrease in
Gissane’s angle of 3.3° in the anterior direction and 2.9° in the posterior
direction.

Discussion

Radiographic parameters (i.e., B€ohler’s angle and Gissane’s angle)
are both therapeutic as prognostic values in the preoperative and post-
operative assessments. Surgeons should be aware that the accuracy of
radiographs, and hence radiographic measurements, can be influenced
by multiple factors. The aim of this study was to evaluate the effect of
craniocaudal and posteroanterior angular variations from lateral radio-
graphs on B€ohler’s angle and Gissane’s angle. The data showed that
B€ohler’s angle most explicitly decreased with increasing caudal angular
variations and increased with increasing posterior angular variations.
Gissane’s angle decreased most pronounced with increasing cranial
angular variation.

To our knowledge, only 1 study described the influence of obliquity
on accuracy (15). The observed B€ohler’s angle reported by Gonzalez et al
(15) deviated with a maximum of 7° (in the anterior direction; at 10°
and 15° angular variation) of the perfect lateral image. This study showed
similar results concerning observed B€ohler’s angles; B€ohler’s angle devi-
ated a maximum of 5° from the true lateral radiograph. Gonzalez et al
(15) reported a measurement error for B€ohler’s angle of 6°.

Furthermore, in their study, the orthopedic surgeons’ ability to accu-
rately measure B€ohler’s angle significantly decreased with increasing
obliquity of the lateral radiograph (15). Both observers in this study
also experienced more difficulty in finding anatomic landmarks, in par-
ticular for Gissane’s angle, with increasing angular variations (mostly
from 20° deviation onward), often because of double contours in the
posterior talocalcaneal facet and overprojection of different osseous
structures (e.g., sustentaculum tali). For example, visualization of the
processus anterior calcanei is crucial to determine B€ohler’s angle, which
could be difficult after increasing angular variation.

Despite the difference in angles after angular variations, all mean
B€ohler’s angles were within Gonzalez et al’s (15) measurement error of
6° (95% CI: −4° to 15°). To our knowledge, the measurement error of
Gissane’s angle has not been established in the literature.

In contrast to Gonzalez et al (15), we did not use metallic markers to
mark the relevant anatomical structures. We tried to mimic the normal
clinical situation as much as possible and such markers are not used in
common clinical practice.

In daily practice at an emergency department, radiographs are pro-
duced with a conventional tube with a diverging radiation beam. This
differs from a 3-dimensional C-arm−based imaging device, as used in
this study, which produces an exact parallel radiation beam. Because
the C-arm−based imaging device is a portable unit, applicability of
results theoretically might be different for overhead or standing radio-
graphs. Although a parallel beam produces more reliable images, it is
unlikely that these differences influence the deviation in B€ohler’s and
Gissane’s angles with increasing angular obliquity from the true lateral
radiograph.
B€ohler’s and Gissane’s angles were measured in all radiographs
independently by 2 trauma surgeons. Radiographs were not random-
ized before review; this is a limitation of this study. However, despite
our appreciation of the limitations, potential bias is reduced as much as
possible because radiographs were reviewed in multiple settings and
several radiographs were reviewed repeatedly as controls and to prevent
inconsistencies.

A methodologic strength of the current study is the use of 15 ana-
tomic specimen to rule out anatomic variation as much as possible,
whereas Gonzalez et al (15) used only 1 anatomic specimen. A total of
1680 radiographic measurements were obtained in all specimens by
the 2 observers, more than double the amount of measurements that
Gonzalez et al (15) reported.

In conclusion, in this study, inaccurate radiographs are simulated
using standardized angular variations up to 30° from the true lateral
radiograph. B€ohler’s angle decreased with increasing caudal and
increased with increasing posterior angular variations. Gissane’s angle
decreased with increasing cranial angular variation. However, the
error due to inaccuracy in clinical practice does not appear to be suffi-
cient to influence reliable decision-making.
Supplementary Materials

Supplementary material associated with this article can be found in
the online version at https://doi.org/10.1053/j.jfas.2019.02.004.
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