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Abstract

Background: Controversy exits over the role of Böhler’s angle in assessing the injury severity of displaced
intra-articular calcaneal fractures and predicting the functional outcome following internal fixation. This study aims
to investigate whether a correlation exists between Böhler’s angle and the injury severity of displaced calcaneal
fractures, and between surgical improvement of Böhler’s angle and functional outcome.

Methods: Patients treated operatively for unilateral closed displaced intra-articular calcaneal fractures from
January 1, 2004 to March 31, 2008 were identified. The Böhler’s angles of both calcaneus were measured, and the
measurement of the uninjured foot was used as its normal control. The difference in the value of Böhler’s angle
measured preoperatively or postoperatively between the angle of the injured foot and that of the contralateral
calcaneus were calculated, respectively. The change in Böhler’s angle by ratio was calculated by dividing the
difference value of Böhler’s angle between bilateral calcaneus by its normal control. The injury severity was assessed
according to Sanders classification. The functional outcomes were assessed using American Orthopaedic Foot &
Ankle Society hindfoot scores.

Results: 274 patients were included into the study with a mean follow-up duration of 71 months. According to
Sanders classification, the fracture pattern included 105 type II, 121 type III and 48 type IV fractures. According to
American Orthopaedic Foot & Ankle Society hindfoot scoring system, the excellent, good, fair and poor results were
achieved in 104, 132, 27, and 11 patients, respectively. The preoperative Böhler’s angle, difference value of Böhler’s
angle between bilateral calcaneus, and change in Böhler’s angle by ratio each has a significant correlation with
Sanders classification (rs=−0.178, P=0.003; rs=−0.174, P=0.004; rs=−0.172, P=0.005, respectively), however, is not
correlated with functional outcome individually. The three postoperative measurements were all found to have a
significant correlation with American Orthopaedic Foot & Ankle Society hindfoot scores (rs=0.223, P<0.001; rs=0.224,
P<0.001; rs=0.220, P<0.001, respectively). However, these correlations were all weak to low.

Conclusions: There was a significant correlation between preoperative Böhler’s angle and the injury severity of
displaced intra-articular calcaneal fractures, but only postoperative Böhler’s angle parameters were found to have a
significant correlation with the functional recovery.
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Background
Displaced intra-articular calcaneal fractures constitute
70% of all calcaneus fractures in adults [1-4]. Böhler’s
angle is frequently assessed when evaluating this type of
fractures on lateral plain X-ray films [5]. A number of
studies have examined the correlation between Böhler’s
angle and the functional outcome of displaced intra-
articular calcaneal fractures, but yielded mixed results
[6-14]. Some studies suggest that surgical restoration of
Böhler’s angle improves the outcome, and has a progno-
sis value of postoperative success as well as predictive
value for subtalar joint fusion [6-12]. Some indicate the
initial Böhler’s angle is highly prognostic regardless of
treatment modality [13]. However, Ibrahim et al. repor-
ted no correlation at all between Böhler’s angle and
functional outcome based upon the assessment of their
15-year follow up of a randomized controlled trial of
displaced calcaneal fractures treated conservatively ver-
sus operatively [14]. The controversy may be partially
due to the limitations of original study design and the
comparatively small sample size. Böhler’s angle varies lit-
tle between left and right foot of an individual [13], but
considerably among individuals from 25 to 40 degrees.
Given the variability of Böhler’s angle between different
individuals, we think it is an objective way to obtain the
Böhler’s angle of uninjured foot as the patient’s own nor-
mal control to assess the correlation between Böhler’s
angle and the functional outcome. Accordingly, we pro-
pose a novel way to describe Böhler’s angle with the un-
injured foot as the individual own reference. This study
will address the following questions: (1) whether there is
a correlation between Böhler’s angle and the injury
severity of displaced intra-articular calcaneal fractures;
(2) Whether surgical improvement of Böhler’s angle is
related to the functional outcome; and (3) To what
degree Böhler’s angle need to be improved to achieve a
satisfactory outcome if such correlation exists.

Methods
Between January 1, 2004 and March 31, 2008, 972
displaced intra-articular calcaneal fractures in 896 pa-
tients who were treated operatively in our department
were identified through the trauma registration system.
The inclusion criteria were: aged 18 years and above;
closed unilateral fractures; treated with surgical in-
ternal fixation; absence of polytrauma of the injured
foot; computed tomography (CT) scans performed on
the injured calcanues; and absence of severe medical
ailments. Patients with other concurrent fractures in
both lower extremities were excluded.

Surgical technique and postoperative management
In the Orthopedic department of our hospital, only
two surgical methods were applied to treat displaced
intra-articular calcaneal fractures during the study
period: (1) the traditional L-shaped extended lateral
approach with fractures fixed by plate and screws, (2) a
minimally invasive approach featured an anatomic
plate and multiple compression bolts. Operation was
performed on an average of 5.7 days (range, 3–13 days)
after injury, when swelling subsided and positive wrin-
kle appeared on the hindfoot. The surgery aimed to re-
store the width, length and height of the calcaneus,
Böhler angle, the alignment of the heel bone and the
posterior articular surface with step off <3 mm.
Minimally invasive fixation technique
As described in previous reports [15,16], this mini-
mally invasive procedure started with transverse in-
sertion of one or two Steinmann pins into calcaneal
tuberosity, followed by distraction of pins to restore
primarily the length and height of the calcaneus. An-
other one or two Steinmann pins were introduced for-
ward across the fracture line for repeated percutaneous
leverage to reduce the articular surface and the height
of the calcaneus, which can help restore Böhler angle
to normal range. If satisfactory reduction was obtained,
the Steinmann pins were drilled forward to the ante-
rior part of calcaneus for provisional fixation. Then, a
3.5-cm longitudinal incision was made on the posterior
part of lateral hindfoot, and a subcutaneous tunnel was
created with a periosteal elevator. The anatomical plate
of appropriate size was inserted into the tunnel, and
then fixed with two to four (usually three) compression
bolts under intraoperative fluoroscopic control. The
nut was tightened on each screw, and integrated with
the anatomical plate as a whole, which produced tre-
mendous compressive force to reduce the width and
height of the calcaneus to the utmost extent. The distal
part of the compression bolt was broken off at the
constricted area. In cases of severe collapse, or dis-
placed, involving the center of articular surface, a small
lateral incision through the sinus tarsal could be made
to get direct access to the articular surface for an
anatomical reduction. Sometimes, additional cancel-
lous screws were used to secure the multi-fragment
fractures.
Open reduction and internal fixation technique
The L-shaped extended lateral approach was made. The
peroneal tendons and calcaneofibular ligament were
retracted to expose the fracture. The posterior facet was
elevated and the joint was reduced under direct visua-
lization. The Kirschner wires were used for temporary
fixation, followed by definitive fixation with a plate and
screws. In case of significant bone defect, the iliac bone
graft was used to fill up the defect.
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Postoperative management
All patients completed the same standardized postope-
rative rehabilitation protocol. The injured feet were not
casted or placed in a removable boot after operation.
Patients were encouraged to start non-weight-bearing
exercise, including extension and planter flexion of toes,
ankle, and subtalar joints as soon as pain can be tolerated.
Crutch-assisted walking was allowed two or three days
postoperatively. The amount of time for non-weight-
bearing was 8 weeks after operation as recommended by
Schepers et al. [17]. Partial weight bearing was started
after 8 weeks and advanced to full weight bearing, which
was allowed with radiographic evidence of fracture union,
generally at three months postoperatively. All patients
were routinely followed up at 6 weeks, 3, 6 and 12 months
after operation and then yearly. Functional outcomes were
assessed based upon American Orthopaedic Foot & Ankle
Society hindfoot score at the final follow-up.

Data collection and statistical analysis
The severity of calcaneal fractures were assessed ac-
cording to Sanders classification determined by CT
scans. The radiographs of both feet for each patient were
collected. The Böhler’s angles of both calcaneus were
measured (Figure 1) with MB-ruler on the PACS work-
station. Each measurement was taken twice by two
trained research assistants and the final measurement
was the average of the two. Any discrepancy was settled
by consensus. The difference value between Böhler’s
angle measured preoperatively or postoperatively on the
injured foot and that of the contralateral unaffected
calcaneus was calculated, respectively. The preoperative
change in Böhler’s angle by ratio was calculated by
Figure 1 The schematic drawing of the modality of
measurement of Böhler’s angle. Böhler’s angle can be measured
with the use of two intersecting lines: one drawn from anterior
process of the calcaneus to the highest part of posterior articular
surface and a second drawn from the same point of posterior
articular surface to the most superior point of tuberosity.
dividing preoperative difference value of Böhler’s angle
between bilateral calcaneus by Böhler’s angle of its nor-
mal control. Similarly, the extent of surgical restoration
of Böhler’s angle by ratio is obtained by dividing post-
operative difference value of Böhler’s angle between
bilateral calcaneus by its normal control.
The data were analyzed with SPSS 13.0 for Windows

(SPSS Inc., Chicago, IL, USA). Categorical variables were
recorded as numbers and percentiles with frequency tables.
Continuous variables were expressed as mean±standard
deviation (SD). The Mann–Whitney U test was applied to
analyze continuous variables. The correlations between
Böhler’s angle and American Orthopaedic Foot & Ankle
Society hindfoot scores, Böhler’s angle and Sanders clas-
sification, American Orthopaedic Foot & Ankle Society
hindfoot scores and Sanders classification were analyzed
with bivariate correlation (spearman’s rank correlation). To
interpret Spearman, value of rs of 0.9 to 1 indicates very
strong correlation; between 0.7 and 0.89, strong cor-
relation; between 0.5 and 0.69, moderate; between 0.3 and
0.49, moderate to low; between 0.16 and 0.29, weak to low;
and below 0.16, correlation is too low to be meaningful
[18]. A P value less than 0.05 was regarded as statistically
significant.
The study has been approved by the review board of

the Third Hospital of Hebei Medical University. The in-
vestigations have been conducted according to the prin-
ciples expressed in the Declaration of Helsinki. Signed
informed consents have been obtained from all patients.

Results
328 patients with 328 displaced intra-articular calcaneal
fractures met the inclusion criteria. Among them, 274 pa-
tients were available for follow up with a mean duration of
71 months (range, 48–99 months). There were 231 males
and 43 females, with an average age of 38.5 years (range,
18–69 years). The injury mechanisms included a fall from
a height in 145 patients, a traffic injury in 62, a crush
injury in 51, and a sprain in 16. According to Sanders clas-
sification, the fracture pattern included 105 type II, 121
type III and 48 type IV fractures. According to American
Orthopaedic Foot & Ankle Society hindfoot score, the
functional outcomes were excellent in 104 patients
(37.96%), good in 132 (48.18%), fair in 27 (9.85%), and
poor in 11 (4.01%) (Table 1). Soft tissue complications
were reported in 32 patients, including 13 patients with
superficial infection, 5 wound edge necrosis, 2 deep infec-
tion, 3 sural nerve injury, 4 medial plantar nerve injury,
and 7 with restricted movement of flexor hallucis longus
tendons (2 with concurrent medial plantar nerve injury).
Superficial infection and wound edge necrosis were re-
solved by dressing changes. Deep infection extended to
the level of hardware in both patients, which required
hardware removal. Hardware removal and neurolysis was



Table 1 The American Orthopaedic Foot & Ankle Society scores and Sanders classification

Sanders classification American Orthopaedic Foot & Ankle Society score

Excellent (n, %) Good (n, %) Fair (n, %) Poor (n, %)

II 55 45 4 1

III 43 64 9 5

IV 6 23 14 5

Total 104 (37.96) 132 (48.18) 27 (9.85) 11 (4.01)

Su et al. BMC Surgery 2013, 13:40 Page 4 of 8
http://www.biomedcentral.com/1471-2482/13/40
done on 2 patients with sural nerve injury at 12 weeks
after operation, and marked symptom relieve was achieved
postoperatively. Five out of the seven patients with re-
stricted movement of flexor hallucis longus tendons had
pain and tenderness due to the compression bolts passing
above the tendons. Hardware was removed and the symp-
toms were alleviated significantly.
The pre- and post- operative lateral X-ray films of the

injured feet were collected in all 274 patients. The X-ray
films of the uninjured feet were taken in 106 patients
preoperatively and in 168 patients at follow-ups. The
average values of the three preoperative measurements
(Böhler’s angle, difference value of Böhler’s angle bet-
ween bilateral calcaneus and change in Böhler’s angle by
ratio) were 6.36 degrees (range, -30-32 degrees), -25.42
degrees (range, -62-0 degrees), and −0.80 (range, -1.94-0),
respectively. The average values of the three postoperative
measurements (Böhler’s angle, difference value of
Böhler’s angle between bilateral calcaneus and change in
Böhler’s angle by ratio) were 28.17 degrees (range, 0–60
degrees), -3.62 degrees (range, -28-22 degrees), and −0.10
(range, -1-0.58), respectively. For patients who achieved
excellent or good results based on American Orthopaedic
Foot & Ankle Society hindfoot score, the three postopera-
tive measurements were 28.89±7.24 degrees (range, 9–46
degrees), -2.83±8.05 degrees (range, -23-18 degrees), and
0.08±0.26 (range, -0.72-0.82), respectively.
Table 2 The correlation between Böhler’s angle, the differenc
the change in Böhler’s angle by ratio and the injury severity

Correlation

Preoperative Böhler’s angle

The difference value of Böhler’s angle between bilatera

The change in Böhler’s angle by ratio

Preoperative Böhler’s angle

The difference value of Böhler’s angle between bilatera

The change in Böhler’s angle by ratio

Postoperative Böhler’s angle

The difference value of Böhler’s angle between bilatera

The change in Böhler’s angle by ratio

Note: The functional outcomes were assessed using American Orthopaedic Foot &
The three preoperative measurements were all found to
have a significant correlation with Sanders classification
(rs=−0.178, P=0.003; rs=−0.174, P=0.004; rs=−0.172,
P=0.005, respectively) (Table 2). Interestingly, we found
that none of the three preoperative measurements was
correlated with American Orthopaedic Foot & Ankle
Society hindfoot score (rs=0.086, P=0.156; rs=0.085,
P=0.161; rs=0.100, P=0.101, respectively). The three
postoperative measurements were all found to have a
significant correlation with American Orthopaedic Foot &
Ankle Society hindfoot score (rs=0.223, P<0.001; rs=0.224,
P<0.001; rs=0.220, P<0.001, respectively) (Table 2). Of the
four subjective evaluation categories in American Ortho-
paedic Foot & Ankle Society hindfoot scores, postopera-
tive Böhler’s angle were found to correlate with pain,
walking distance and walking surface (rs=0.259, P=0.003;
rs=0.177, P=0.045; rs=0.196, P=0.027, respectively), but
not correlate with the category of activity limitation. No
correlation was found between any of the four subject-
ive variables and the difference value of Böhler’s angle
between bilateral calcaneus or the change in Böhler’s
angle by ratio (Table 3). Because the rs value ranged
from −0.172 to 0.259, it should pointed out that the
above-mentioned correlations were weak to low.
The correlation between American Orthopaedic Foot &

Ankle Society hindfoot score and Sanders classification
was also analyzed, and a significant negative correlation
e value of Böhler’s angle between bilateral calcaneus, or
or functional outcomes

rs-value P-Value

Sanders classification −0.178 0.003

l calcaneus Sanders classification −0.174 0.004

Sanders classification −0.172 0.005

Functional outcome 0.086 0.156

l calcaneus Functional outcome 0.085 0.161

Functional outcome 0.100 0.101

Functional outcome 0.223 <0.001

l calcaneus Functional outcome 0.224 <0.001

Functional outcome 0.220 <0.001

Ankle Society scores.



Table 3 The correlation between the four subjective
variables of American Orthopaedic Foot & Ankle Society
scores and the postoperative Böhler’s angle, difference
value of Böhler’s angle between bilateral calcaneus or
change in Böhler’s angle by ratio

Correlation rs-value P-Value

Pain Böhler’s angle 0.259 0.003

The difference value of Böhler’s angle
between bilateral calcaneus

0.153 0.084

The change in Böhler’s angle by ratio 0.169 0.052

Activity
limitation

Böhler’s angle 0.058 0.513

The difference value of Böhler’s angle
between bilateral calcaneus

0.013 0.882

The change in Böhler’s angle by ratio 0.020 0.827

Walking
distance

Böhler’s angle 0.177 0.045

The difference value of Böhler’s angle
between bilateral calcaneus

0.084 0.342

The change in Böhler’s angle by ratio 0.128 0.152

Walking
surface

Böhler’s angle 0.196 0.027

The difference value of Böhler’s angle
between bilateral calcaneus

0.061 0.491

The change in Böhler’s angle by ratio 0.092 0.302
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was identified (rs=−0.362, P<0.001). The correlation was
moderate to low.

Discussion
Based upon the comprehensive statistic analysis of the
data obtained from 274 patients, we found that the pre-
operative Böhler’s angle, difference value of Böhler’s angle
between bilateral calcaneus, and change in Böhler’s angle
by ratio each has a significant positive correlation with
Sanders classification, while the three postoperative
measurements each also has a significant positive corre-
lation with American Orthopaedic Foot & Ankle Society
hindfoot score. To some extent, the preoperative Böhler’s
angle can indicate the injury severity of displaced intra-
articular calcaneal fractures, while the postoperative angle
can provide prognostic information with regard to the
functional outcomes.
Various radiographic parameters have been used to

describe calcaneal fractures. Böhler’s angle is an accepted
method of quantifying fracture displacement and has a
prognostic value in predicting morbidity associated with
calcaneal fractures [5,13]. Mitchell et al. reported that
there was a strong association between Böhler’s angle
and Sanders classification based upon the analysis of the
data obtained from 80 patients [19]. However, we iden-
tified a weak to low correlation between preoperative
Böhler’s angle and Sanders classification after analyzing
the data obtained from 274 patients. Similarly, the
preoperative difference value of Böhler’s angle between
bilateral calcaneus and the change in Böhler’s angle by ra-
tio were also found to significantly correlate with Sanders
classification. Our findings indicated that there was no
correlation between functional outcomes and preoperative
Böhler’s angle, difference value of Böhler’s angle between
bilateral calcaneus or change in Böhler’s angle by ratio.
However, Loucks et al. reported that extreme diminution
of Böhler’s angle of the injured feet represented a signifi-
cantly diminished outcome at two-year follow ups [13].
Buckley et al. considered Böhler’s angle as a surrogate
measure of the amount of energy absorbed by the foot
[20]. That is to say, the greater the energy absorbed by the
calcaneus, more severe the fractures. The extreme dimi-
nution of preoperative Böhler’s angle indicated more
severe injury of displaced calcaneal fractures. Technically,
it is more difficult to restore Böhler's angle of severely
displaced calcaneal fractures to normal range than those
with less severe injuries. Therefore, theoretically, those se-
verely injured cases would be more likely to suffer poor
outcome. Our findings that there was a significant nega-
tive correlation between American Orthopaedic Foot &
Ankle Society hindfoot scores and Sanders classification
(rs=−0.362, P<0.001) also support this hypothesis.
Although the optimal treatment of displaced intra-

articular calcaneal fractures continue to elude investiga-
tors [21,22], open or close reduction and internal fixation
has gained its popularity for the ability to restore morph-
ology of the calcaneus and articular congruity. Therefore,
only surgically treated patients were included into this
study. Pozo et al. reported that although two-thirds of
patients with calcaneal fractures reached a point of ma-
ximal functional recovery at two to three years, 24% con-
tinued to improve for six years [23]. Therefore, to identify
whether surgical improvement of Böhler’s angle is cor-
related with the maximal functional outcomes, we en-
rolled patients treated operatively from January 2004 to
March 2008 into this study, who were followed up with a
mean duration of 71 months.
The Böhler’s angle can be used to guide the fracture

reduction intraoperatively. Restoring the Böhler’s angle
back to normal range of 25–40 degrees is one of the sur-
gical goals in clinical practice [15], which is one of the
important factors to obtain satisfactory results [24,25].
However, study findings over whether restoration of
Böhler’s angle correlates with an improved clinical out-
come have been mixed. There are two opposing view-
points among the published literature (Table 4). Some
authors think that surgical restoration of Böhler’s angle
can improve the functional outcome of the injured feet
[6-10], and that Böhler’s angle is of prognostic relevance
[26-29]. In a review of 70 cases with displaced intra-
articular calcaneal fractures, Paul et al. reported that pa-
tients were found to have a good outcome following



Table 4 Summarization of the published articles and the current study regarding the role of Böhler’s angle in
assessing the injury severity and functional outcome for displaced intra-articular calcaneal fracture

No. Cases (n) Treatment (n) Follow up (year, average (range)) Correlation

Operation Conservation

1 45 33 18 4.5 (1–11) A loss of Böhler’s angle measured at follow ups was
associated with a poor clinical outcome [27].

2 44 52 0 4-14 The ratio of Böhler’s angle of the fractured side to that
of the normal side was significantly lower in patients
with unsatisfactory outcomes at final follow up
evaluation [28].

3 43 47 0 1 Böhler’s angle measured at the final follow-up did not
correlate with the clinical result [20].

4 63 30 33 5.1 No correlation between Böhler’s angle and final
functional outcomes [23].

5 88 44 44 2 There was a significant negative correlation between
change in Böhler’s angle (angel measured at 3-month
minus angle at the time of injury) and SF-36 score in
surgical group [13].

6 70 29 41 6.5 (4–15) Patients with displaced fractures had a good outcome
following operative treatment with restored Böhler’s
angle>10 degrees [22].

7 26 15 11 15 (11–18) No correlation between Böhler’s angle and functional
outcome [14].

8 16 16 0 2 (1–4) No correlation between good restoration of Böhler’s
angle and high functional score [29].

9 47 47 0 10 (7–15) Restoration of Böhler’s angle ≥30 degrees was
associated with a better outcome [21].

10 274 274 0 6 (4–8) The preoperative Böhler’s angle has a significant
correlation with Sanders classification. The
postoperative Böhler’s angle has a significant
correlation with the final functional outcome
(The current study).
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operative treatment when Böhler’s angle was optimally
restored >10 degrees [25]. Slightly different from Paul’s
study, Buckley et al. reported a markedly good functional
outcome at a long-term follow ups in patients with re-
stored Böhler’s angle >15 degrees in both operative and
conservative group [20]. In Makki’s study, restoration of
Böhler’s angle ≥30 degrees was associated with a better
outcome based upon the data of 47 patients [24]. And
vice versa, poor functional outcome can be seen in pa-
tients without restoration of Böhler’s angle. Janzen et al.
reported that a loss of Böhler’s angle measured at follow
ups was associated with a poor clinical outcome [30].
Paley and Hall [31] found that the ratio of Böhler’s angle
of the injured side to the normal side was significantly
lower in patients with unsatisfactory outcomes and con-
cluded that a decrease in this ratio was a negative prog-
nostic factor. However, Hutchinson, Kundel, Ibrahim
and Mauffrey held the opposite opinion that there was
no correlation at all between Böhler’s angle measured at
follow-ups and the final functional outcomes in neither
operative nor conservative group [14,22,26,32]. More
interestingly, Loucks et al. reported that although Böhler’s
angle increased after open reduction and internal fixation,
the clinical outcome diminished [13]. In their study, a
statistically significant negative correlation (rs=−0.300;
p<0.05) was found between the change in angle (angle
measured at 3-month follow-up minus angle at the time
of injury) and the SF-36 score at two-year follow up in a
surgical treatment group.
Our findings support the former viewpoint that post-

operative Böhler’s angle can be used to predict the clinical
outcomes. We found a significant positive correlation bet-
ween postoperative Böhler’s angles and American Ortho-
paedic Foot & Ankle Society hindfoot scores. Böhler’s
angle is defined by two intersecting lines: one drawn from
anterior process of the calcaneus to the highest part of
posterior articular surface and a second drawn from the
same point of posterior articular surface to the most
superior point of tuberosity. Böhler’s angle measures the
height of posterior articular facet [33]. Anatomical re-
duction of posterior articular surfaces of the calcaneus is
an important goal for the treatment of displaced intra-
articular calcaneal fractures, which can help restore
Böhler’s angle, predicting a promising prognosis. Our
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study indicated that restoration of Böhler’s angles≥9
degrees was associated with good to excellent results,
similar to the findings reported by Paul et al. [25].
To investigate the most correlated pattern of Böhler’s

angles with functional outcomes, we introduced the
Böhler’s angle of uninjured foot as its normal control. The
correlation between American Orthopaedic Foot & Ankle
Society hindfoot scores and the postoperative difference
value of Böhler’s angle between bilateral calcaneus and the
change in Böhler’s angle by ratio was also analyzed, res-
pectively. Different from our initial hypothesis, the two
postoperative measurements were not superior to
Böhler’s angle in predicting functional outcomes. In
addition, postoperative Böhler’s angle was found to cor-
relate with three out of the four subjective variables of
American Orthopaedic Foot & Ankle Society hindfoot
scores. However, no significant correlation was found
between any of the four variables and postoperative dif-
ference value of Böhler’s angle between bilateral calca-
neus or the change in Böhler’s angle by ratio.
In the current study, although significant correlations

were identified both between postoperative Böhler’s
angles and American Orthopaedic Foot & Ankle Society
hindfoot scores and between preoperative angle and
Sanders classification, the rs values ranged from −0.172
to 0.224, which indicates a weak to low correlation [18].
Studies with small sample sizes are more prone to errors
or bias in patient selection and data collection than
those with large sample sizes, which is more likely to
compromise the results, and lead to the mixed findings
as summarized in Table 4. To the best of our knowledge,
our study included the largest patient sample size among
the published studies to detect the role of Böhler’s angle
in predicting the injury severity and functional recovery,
and the comprehensive analysis of a large pool of data
should be very helpful to settle this disputes.
The study has some limitations. It is limited by the

retrospective nature of the study design. Various parame-
ters may influence the functional outcomes of displaced
intra-articular calcaneal fractures, such as the reduction
quality of posterior articular surface and the reduced
width and height of the calcaneus. As part of the study de-
sign, we did not include those factors. Another limitation
is that taking the lateral radiographs of the contralateral
unaffected feet increased the burden of radiation exposure
for all patients.

Conclusions
The preoperative Böhler’s angle has a significant corre-
lation with the injury severity of displaced intra-articular
calcaneal fractures. The postoperative Böhler’s angle has
a significant positive role in predicting the functional
recovery. Restoration of Böhler’s angle should be an im-
portant reduction index during surgical treatment of
displaced intra-articular calcaneal fractures, and of ≥9
degrees is essential to achieve satisfactory functional
outcomes.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
YZ, YS and WC designed research; YS, WC and ZW made substantial
contributions to acquire X-ray films and measured Böhler’s angle; TZ and XW
analyzed CT images and conducted follow ups; TZ and XW analyzed data
and performed statistical analysis; YS and WC drafted and designed the
manuscript; YZ had primary responsibility for final content; All authors read
and approved the final manuscript.

Acknowledgements
The authors wish to thank Dr. Xiaolin Zhang, biostatistician, and Wenjuan
Wu, radiologist, for their assistance and cooperation in this study.

Received: 15 February 2013 Accepted: 23 September 2013
Published: 24 September 2013

References
1. Sanders R: Displaced intra-articular fractures of the calcaneus. J Bone Joint

Surg Am 2000, 82(2):225–250.
2. Zwipp H, Rammelt S, Barthel S: Fracture of the calcaneus. Unfallchirurg

2005, 108(9):737–747. quiz 48.
3. Potter MQ, Nunley JA: Long-term functional outcomes after operative

treatment for intra-articular fractures of the calcaneus. J Bone Joint Surg
Am 2009, 91(8):1854–1860.

4. Rak V, Ira D, Masek M: Operative treatment of intra-articular calcaneal
fractures with calcaneal plates and its complications. Indian J Orthop
2009, 43(3):271–280.

5. Bohler L: Diagnosis, pathology, and treatment of fractures of the os
calcis. J Bone Joint Surg Am 1931, 13(1):75–89.

6. Parkes JC 2nd: The nonreductive treatment for fractures of the Os calcis.
Orthop Clin North Am 1973, 4(1):193–195.

7. Leung KS, Chan WS, Shen WY, Pak PP, So WS, Leung PC: Operative
treatment of intraarticular fractures of the os calcis–the role of rigid
internal fixation and primary bone grafting: preliminary results. J Orthop
Trauma 1989, 3(3):232–240.

8. Eastwood DM, Langkamer VG, Atkins RM: Intra-articular fractures of the
calcaneum. Part II: Open reduction and internal fixation by the extended
lateral transcalcaneal approach. J Bone Joint Surg Br 1993, 75(2):189–195.

9. Johnson EE, Gebhardt JS: Surgical management of calcaneal fractures
using bilateral incisions and minimal internal fixation. Clin Orthop Relat
Res 1993, 290:117–124.

10. O’Farrell DA, O’Byrne JM, McCabe JP, Stephens MM: Fractures of the os
calcis: improved results with internal fixation. Injury 1993, 24(4):263–265.

11. Maskill JD, Bohay DR, Anderson JG: Calcaneus fractures: a review article.
Foot Ankle Clin 2005, 10(3):463–489. vi.

12. Hyer CF, Atway S, Berlet GC, Lee TH: Early weight bearing of calcaneal
fractures fixated with locked plates: a radiographic review. Foot Ankle
Spec 2010, 3(6):320–323.

13. Loucks C, Buckley R: Bohler’s angle: correlation with outcome in displaced
intra-articular calcaneal fractures. J Orthop Trauma 1999, 13(8):554–558.

14. Ibrahim T, Rowsell M, Rennie W, Brown AR, Taylor GJ, Gregg PJ: Displaced
intra-articular calcaneal fractures: 15-year follow-up of a randomised
controlled trial of conservative versus operative treatment. Injury 2007,
38(7):848–855.

15. Wang Q, Chen W, Su Y, Pan J, Zhang Q, Peng A, Wu X, Wang P, Zhang Y:
Minimally invasive treatment of calcaneal fracture by percutaneous
leverage, anatomical plate, and compression bolts–the clinical
evaluation of cohort of 156 patients. J Trauma 2010, 69(6):1515–1522.

16. Wu Z, Su Y, Chen W, Zhang Q, Liu Y, Li M, Wang H, Zhang Y: Functional
outcome of displaced intra-articular calcaneal fractures: a comparison
between open reduction/internal fixation and a minimally invasive
approach featured an anatomical plate and compression bolts.
J Trauma Acute Care Surg 2012, 73(3):743–751.



Su et al. BMC Surgery 2013, 13:40 Page 8 of 8
http://www.biomedcentral.com/1471-2482/13/40
17. Schepers T, van Lieshout EM, van Ginhoven TM, Heetveld MJ, Patka P:
Current concepts in the treatment of intra-articular calcaneal fractures:
results of a nationwide survey. Int Orthop 2008, 32(5):711–715.

18. Ratner B: Statistical Modeling and Analysis for Database Marketing: Effective
Techniques for Mining Big Data. New York: Taylor & Francis; 2003.

19. Mitchell MJ, McKinley JC, Robinson CM: The epidemiology of calcaneal
fractures. Foot (Edinb) 2009, 19(4):197–200.

20. Buckley RE, Tough S: Displaced intra-articular calcaneal fractures.
J Am Acad Orthop Surg 2004, 12(3):172–178.

21. Buckley RE, Meek RN: Comparison of open versus closed reduction of
intraarticular calcaneal fractures: a matched cohort in workmen.
J Orthop Trauma 1992, 6(2):216–222.

22. Hutchinson F 3rd, Huebner MK: Treatment of os calcis fractures by open
reduction and internal fixation. Foot Ankle Int 1994, 15(5):225–232.

23. Pozo JL, Kirwan EO, Jackson AM: The long-term results of conservative
management of severely displaced fractures of the calcaneus.
J Bone Joint Surg Br 1984, 66(3):386–390.

24. Makki D, Alnajjar HM, Walkay S, Ramkumar U, Watson AJ, Allen PW:
Osteosynthesis of displaced intra-articular fractures of the calcaneum: a
long-term review of 47 cases. J Bone Joint Surg Br 2010, 92(5):693–700.

25. Paul M, Peter R, Hoffmeyer P: Fractures of the calcaneum. A review of
70 patients. J Bone Joint Surg Br 2004, 86(8):1142–1145.

26. Kundel K, Funk E, Brutscher M, Bickel R: Calcaneal fractures: operative
versus nonoperative treatment. J Trauma 1996, 41(5):839–845.

27. Parmar HV, Triffitt PD, Gregg PJ: Intra-articular fractures of the calcaneum
treated operatively or conservatively. A prospective study. J Bone Joint
Surg Br 1993, 75(6):932–937.

28. Buckley R, Tough S, McCormack R, Pate G, Leighton R, Petrie D, Galpin R:
Operative compared with nonoperative treatment of displaced
intra-articular calcaneal fractures: a prospective, randomized, controlled
multicenter trial. J Bone Joint Surg Am 2002, 84-A(10):1733–1744.

29. Letournel E: Open treatment of acute calcaneal fractures. Clin Orthop
Relat Res 1993, 290:60–67.

30. Janzen DL, Connell DG, Munk PL, Buckley RE, Meek RN, Schechter MT:
Intraarticular fractures of the calcaneus: value of CT findings in
determining prognosis. AJR Am J Roentgenol 1992, 158(6):1271–1274.

31. Paley D, Hall H: Intra-articular fractures of the calcaneus. A critical analysis
of results and prognostic factors. J Bone Joint Surg Am 1993,
75(3):342–354.

32. Mauffrey C, Klutts P, Seligson D: The use of circular fine wire frames for
the treatment of displaced intra-articular calcaneal fractures.
J Orthop Traumatol 2009, 10(1):9–15.

33. Shuler FD, Conti SF, Gruen GS, Abidi NA: Wound-healing risk factors after
open reduction and internal fixation of calcaneal fractures: does
correction of Bohler’s angle alter outcomes? Orthop Clin North Am 2001,
32(1):187–192. x.

doi:10.1186/1471-2482-13-40
Cite this article as: Su et al.: Bohler’s angle’s role in assessing the injury
severity and functional outcome of internal fixation for displaced intra-
articular calcaneal fractures: a retrospective study. BMC Surgery
2013 13:40.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Surgical technique and postoperative management
	Minimally invasive fixation technique
	Open reduction and internal fixation technique
	Postoperative management
	Data collection and statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


