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Abstract: Objective: To study the therapeutic effect of reduction by leverage combined with minimally invasive plate 
placement in the treatment of patients with Sanders type II and III calcaneal fractures. Methods: A total of 80 pa-
tients with Sanders type II and III calcaneal fractures were selected and divided into the study group and control 
group according to a random number table, with 40 cases in each group. Patients in the study group were treated 
with reduction by leverage combined with minimally invasive plate placement, while those in the control group were 
treated with an L-shaped incision. The Bohler angle, Gissane angle, calcaneal width and pain score in both groups 
were measured before and after treatment. The related indexes of operation and hospitalization, excellent and good 
rate of foot function recovery and incidence of complications were compared. Results: The Bohler angle and pain 
score in both groups one month after operation were higher than those before operation, while the Gissane angle 
and calcaneal width were lower than those before operation (all P<0.01). The Bohler angle and pain score in the 
study group one month after operation were higher than those in the control group, while the Gissane angle and 
calcaneal width in the study group one month after operation were lower than those in the control group (P<0.05 
or P<0.01). The bleeding volume and treatment costs in the study group were less than those in the control group, 
the incision length, hospital stay and fracture healing time were shorter in the study group, and the operation time 
was longer in the study group (P<0.05 or P<0.01). The excellent and good rate of foot function recovery in the study 
group was higher than that in the control group, while the incidence of complications was lower than that in the 
control group (all P<0.05). Conclusion: Reduction by leverage combined with minimally invasive plate placement 
had significant therapeutic effects on the treatment of patients with Sanders type II and III calcaneal fractures. This 
method had less trauma for the patient, shortened the hospital stay, relieved pain, it also promoted the reposition 
and recovery of foot function and reduced complications.

Keywords: Reduction by leverage, minimally invasive placement of plate, Sanders type II, Sanders type III, calca-
neal fracture

Introduction

Calcaneal fractures are mainly high-energy 
injuries, of which falling from high places and 
car accidents are common causes. Fractures 
can involve articular surfaces of bones, and 
they may lead to disability if not treated prop-
erly [1]. Non-surgical treatment for Sanders 
type II and above, calcaneal fractures are prone 
to sequelae such as flatfoot deformity, rocking 
chair-shaped deformity, peroneal tendon im- 
pingement syndrome and traumatic arthritis, 

all of which seriously affect patient’s weight 
bearing and walking ability. At present, a lateral 
L-shaped incision is often used in clinical treat-
ment. The surgical view with a lateral L-shaped 
incision completely exposes the view of the 
anatomy to the doctors, which is helpful to 
reposition the calcaneal articular surface under 
direct vision. However, more and more studies 
have pointed out that the probability of postop-
erative complications such as postoperative 
infection, delayed union of fracture and flap 
necrosis are higher in patients treated with a 

http://www.ijcem.com


Leverage reduction with minimally invasive plate for calcaneal fractures

540 Int J Clin Exp Med 2021;14(1):539-547

lateral L-shaped incision [2, 3]. In order to re- 
duce the complications of open reduction and 
internal fixation, some studies have proposed 
that the therapeutic effect of percutaneous 
reduction by leverage with a Kirschner wire in 
internal fixation in the treatment of Sanders 
type II and III calcaneal fractures is obvious [4]. 
Reduction by leverage and internal fixation 
combined with minimally invasive plate place-
ment was applied in this study to treat Sanders 
type II and III calcaneal fractures through a lon-
gitudinal minimally invasive approach at the lat-
eral posterior border of the calcaneus. Com- 
pared with the lateral L-shaped incision, the 
therapeutic effect of reduction by leverage 
combined with minimally invasive plate place-
ment in the treatment of patients with Sanders 
type II and III calcaneal fractures was investi-
gated. The study is reported as follows.

Materials and methods

Research subjects

This study recruited 80 patients with Sanders 
type II and III calcaneal fractures who were 
treated in The Fifth People’s Hospital of Yichang 
from August 2018 to August 2019. They were 
divided into the study group and control group 
according to a random number table, with 40 
cases in each group. The control group consist-
ed of 22 males and 18 females aged 18-45 
years, with an average age of 32.5±6.5 years. 
According to the fracture types, there were 20 
cases with Sanders type II and 20 cases with 
Sanders type III. According to the injury types, 
there were 16 patients who had traffic injuries 
and 24 patients with fall injuries. The mean 
body mass index (BMI) was 23.90±2.23 kg/m2. 
There were 10 patients with diabetes in the 
control group. The study group consisted of 25 
males and 15 females aged 20-48 years, with 
an average age of 33.2±6.8 years. According to 
the fracture types, there were 23 patients with 
Sanders type II and 17 patients with Sanders 
type III. According to the injury types, there 
were 18 patients with traffic injuries and 22 
patients with fall injuries. The mean BMI was 
24.00±2.15 kg/m2. There were 9 patients with 
diabetes in the study group. There was no sta-
tistically significant difference between the two 
groups in gender ratio, average age and other 
general data (P>0.05). This study was approved 
by the Ethics Committee of The Fifth People’s 
Hospital of Yichang.

Inclusion criteria: Patients had with fresh and 
closed unilateral calcaneal fractures. All pa- 
tients met the diagnostic criteria of Sanders 
type II and III calcaneal fractures [5]. There 
were no other concurrent injuries in the ipsilat-
eral limb. Patients and their families were 
informed of the study and signed the informed 
consent form.

Exclusion criteria: Patients with foot deformity, 
surgical history, old fractures, open fractures, 
malignant tumors, cardiovascular, cerebrovas-
cular and endocrine diseases, or mental disor-
ders were excluded from the study.

Methods

Operation treatment: Patients in both groups 
were operated by the same surgeon. Subara- 
chnoid anesthesia was performed before the 
operation: patients were placed in the lateral 
position with a sterile towel whisked onto the 
skin. Lumbar puncture was performed at the 
L3-4 after routine disinfection, and the cere-
brospinal fluid reflux was unobstructed. Then  
2 mL of 0.75% ropivacaine hydrochloride (Yi- 
chang Humanwell Pharmaceutical Co., Ltd., 
China) was injected into the body at a uniform 
speed within 15 s. A tourniquet was placed to 
stop the bleeding.

Patients in the control group were treated with 
a L-shaped incision [6]. The L-shaped lateral 
approach to the calcaneus was chosen, the 
incision was located 1 cm above the lateral 
malleolus, from the midpoint between the lat-
eral edge of the Achilles tendon and the poste-
rior edge of the fibula, extending to the red and 
white border of the lateral skin of the heel and 
folding to the front of the calcaneus at 90°-
100°, until the cuboid articular surface of cal-
caneus. The patient’s skin, subcutaneous tis-
sue, deep fascia and periosteum were sharply 
dissected, the lateral full-thickness flap of cal-
caneus was separated, meanwhile the sural 
nerve, peroneus brevis tendon, peroneus lon-
gus tendon and tendon sheath were protected 
from injury. A Kirschner wire was inserted into 
the head of cuboid bone, anterior talus and 
posterior talus in turn. The flap was reflexed 
and retracted, and the lateral wall of the calca-
neus and subtalar joint were exposed. Patients 
were treated by calcaneus traction to correct 
the varus deformity. Reduction by leverage was 
performed to the plantar flexion of the ankle 
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joint. After the recovery of the Bohler angle, 
Gissane angle and calcaneal height, both sides 
of the calcaneus were pressed continuously to 
promote the recovery of calcaneal width. 
Temporary fixation was performed by different 
locking plates and locking screws in different 
patients. A drainage tube was connected, and 
the wound was stitched and bandaged up.

Patients in the study group were treated with 
reduction by leverage combined with minimally 
invasive plate placement. (1) The calcaneal 
traction was performed first to promote the 
recovery of the calcaneal length, while correct 
the varus deformity. (2) The Kirschner wire was 
inserted into one side after relaxation of the 
Achilles tendon and its position was confirmed 
through the perspective. Reduction by leverage 
was conducted for the elevation of the articular 
surface. The calcaneus was encircled by both 
palms and pressed continuously to promote 
the recovery of calcaneal width. Two or three 
Kirschner wires were inserted into the base of 
the calcaneus to connect the fractured site, 
talus or wedge bones for temporary fixation 
and reduction. The Bohler angle and Gissane 
angle of the lateral calcaneus were determined 
through C-arm X-ray perspective. The patient’s 
recovery was observed. The Kirschner wire was 
adjusted until the reduction was satisfactory. 
(3) An incision with a length of 4 cm was locat-
ed at the anterior edge of the Achilles tendon 
on the lateral calcaneus. After sharp incision of 
skin, subcutaneous tissue and periosteum, the 
soft tissue was removed by undermining dis-
section. (4) The fitted calcaneus locking plate 
was selected and its position was adjusted 
through C-arm. Three holes were selected, and 
the socket was locked. Then, a 2.0 mm 
Kirschner wire was used and holes were drilled 
to determine the position of the steel plate. The 
steel plate was inserted at the incision, and 
another steel plate was overlapped outside the 
body. The Kirschner wires were inserted into 
the 3 selected holes, and then the position of 
the steel plate was confirmed through the 
C-arm again. The locking screw was screwed in 
sequence. The drainage tube was connected, 
and the wound was stitched and bandaged up.

Postoperative management: Patients in both 
groups took Cefazolin sodium (Cefazolin sodi-
um via injection, Beijing Taiyang Pharmaceutical 
Co., Ltd.) with a dosage of 2.0 g twice daily to 
prevent infection. The injured limbs were lifted 
to promote blood reflux. Patients were encour-

aged to perform toe function exercise and 
instructed to change the dressing regularly to 
avoid infection. The drainage tube was removed 
within 24 hours after operation, and the suture 
was removed two weeks after operation.

Evaluation of Bohler angle, Gissane angle, cal-
caneal width and pain score before and one 
month after operation

Measurement of Bohler angle: The Bohler angle 
is the angle between the line connecting upper 
edge of the calcaneal tuberosity and posterior 
articular surface of the calcaneal joint and a 
tangent between the upper edge of the calca-
neocuboid joint and posterior articular surface 
of the calcaneal joint on X-ray plain film of the 
lateral calcaneus. Measurement of the Gissane 
angle: The Gissane angle is the intersection 
angle formed by the calcaneal sulcus with 
upper edge of articular surface of calcaneal 
anterior and posterior process on X-ray plain 
film of the lateral calcaneus. Measurement was 
made of the calcaneal width. The patients’ pain 
was assessed by American Orthopedic Foot 
and Ankle Society score (AOFAS) with a total 
score of 40 points, of which 0-19 indicated 
severely persistent pain, 20-30 indicated mod-
erately common pain, 31-39 indicated mild 
occasional pain, and 40 indicated painless [7].

Statistics of operation and hospitalization in-
dexes

The indexes such as intraoperative bleeding 
volume, surgical incision, operation time, hospi-
tal stay, fracture healing time and treatment 
costs were calculated.

Statistics of excellent and good rate of foot 
function recovery

The Maryland foot function score was used to 
evaluate the excellent and good rate of foot 
function recovery one month after operation 
[8]. The total score was 100 points, of which 
100-90 indicated excellent, 89-75 indicated 
good, 74-50 indicated acceptable and less 
than 50 indicated bad. Excellent and good rate 
of foot function recovery = (number of excellent 
cases + number of good cases)/total cases * 
100%.

Statistics of incidence of complications

Traumatic subtalar arthritis, skin margin ne- 
crosis, superficial infection, stubborn heel pain, 
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and sural neuritis, etc., occurred in both groups 
within 1 month after operation and the inci-
dences of complications were recorded, and 
calculated.

Statistical analysis

All data were analyzed by SPSS 20.0 statistical 
software. Quantitative data was expressed as 
mean ± standard deviation (

_
x  ± sd). Inde- 

pendent sample t-test was used for the com-
parison among groups, and paired t-test was 
used for the comparison within groups. Count 
data was described as percentage, and Chi-
square (χ2) test was applied between the 
groups. P<0.05 was considered statistically 
significant.

Results

Comparison of general information

There was no significant difference in gender 
ratio, average age, fracture type, injury type, 
average BMI, and diabetes between the two 

Effect of reduction by leverage combined with 
minimally invasive plate placement on calca-
neal width and pain score

There were no significant differences on calca-
neal width and pain score between the two 
groups before operation (all P>0.05). The pain 
score in the two groups one month after opera-
tion was higher than that before operation, 
while the calcaneal width was lower than that 
before operation (all P<0.01). The pain score in 
the study group one month after operation was 
higher than that in the control group, while the 
calcaneal width was lower than that in the con-
trol group (all P<0.01). See Table 3.

Effect of reduction by leverage combined with 
minimally invasive plate placement on the re-
lated indexes of operation and hospitalization

The intraoperative bleeding volume and treat-
ment costs in the study group were less than 
those in the control group, the incision length, 
hospital stay and fracture healing time were 
shorter in the study group, while the operation 

Table 1. Comparison of general information (n, 
_
x  ± sd)

Group Control 
group Study group t/χ2 P

n 40 40
Gender ratio (M/F) 22/18 25/15 0.464 0.496
Average age (year) 32.5±6.5 33.2±6.8 0.131 0.896
Fracture type (Sanders type II/III) 20/20 23/17 0.453 0.501
Injury type (Traffic injury/fall injury) 16/24 18/22 0.205 0.651
Average BMI (kg/m2) 23.90±2.23 24.00±2.15 0.204 0.839
Diabetes (case) 10 9 0.069 0.793
Note: BMI: for body mass index.

Table 2. Comparison of Bohler angle and Gissane angle (
_
x  ± sd)

Group Control group Study group t P
n 40 40
Bohler angle (°)
    Before operation 17.30±2.86 17.58±2.65 0.454 0.651
    One month after operation 31.77±2.15 33.22±3.45 2.256 0.027
    t 25.580 22.740
    P 0.001 0.001
Gissane angle (°)
    Before operation 151.44±6.55 150.79±6.05 0.461 0.646
    One month after operation 134.54±1.32 133.36±2.80 2.411 0.018
    t 16.000 16.540
    P 0.001 0.001

groups (P>0.05). See Ta- 
ble 1.

Effect of reduction by 
leverage combined with 
minimally invasive plate 
placement on Bohler 
angle and Gissane angle

There were no signifi- 
cant differences on the 
Bohler angle and Gissane 
angle between the two 
groups before operation 
(all P>0.05). The Bohler 
angle in both groups one 
month after operation 
was higher than that be- 
fore operation, while the 
Gissane angle was lower 
than that before opera-
tion (all P<0.01). The Bo- 
hler angle in the study 
group one month after 
operation was higher th- 
an that in the control 
group, while the Gissane 
angle was lower than 
that in the control group 
(all P<0.05). See Table 2.
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time was longer in the study group (P<0.05 or 
P<0.01). See Table 4.

Effect of reduction by leverage combined with 
minimally invasive plate placement on the ex-
cellent and good rate of foot function recovery

The excellent and good rate of foot function 
recovery in the study group was higher than 
that in the control group (P<0.05). See Table 5.

Effect of reduction by leverage combined with 
minimally invasive plate placement on the inci-
dence of complications

The incidence of complications in the study 
group was lower than that in the control group 
(P<0.05). See Table 6.

X-ray films of L-shaped incision with reduction 
and internal fixation and reduction by leverage 
combined with minimally invasive plate place-
ment

See Figures 1 and 2 for details.

Discussion

The most common types of calcaneal fractures 
are Sanders type II and III. In clinical practice, 
the operative treatment for Sanders type II and 
III calcaneal fractures aims to restore the 
Bohler angle, Gissane angle and calcaneal 
width so as to furthest restore the flatness of 
subtalar joint surface and ensure the integrity 
of the posterior subtalar joint surface [9].

The L-shaped incision with open reduction and 
internal fixation is a classic operation, which 

more complications post operation [11, 12]. 
Compared with traditional L-shaped incision, 
minimally invasive surgery can reduce the inci-
dence of soft tissue complications. The skin 
necrosis rate in patients undergoing reduction 
by leverage combined with minimally invasive 
placement of plate significantly decreases [13, 
14]. Some studies have shown that reduction 
by leverage combined with minimally invasive 
placement of plate through longitudinal inci-
sion can reduce the damage to the blood sup-
ply of thickened plantar skin, prevent the peel-
ing of more soft tissues and the destruction of 
the skin [15]. Therefore, postoperative incision 
complications are fewer.

The Bohler angle and Gissane angle play an 
important role in assessing the severity of cal-
caneal fractures and therapeutic effects. Cal- 
caneus fractures result in the separation and 
collapse of the posterior articular surface with 
reduced Bohler angle and increased Gissane 
angle. If only half of the posterior articular sur-
face is compressed by the fracture, the Bohler 
angle and Gissane angle will not change signifi-
cantly, but the calcaneal width increases [16, 
17]. This study showed that the Bohler angle in 
the study group one month after operation 
increased, while the Gissane angle and calca-
neal width decreased. The result indicated that 
reduction by leverage combined with minimally 
invasive placement of the plate could promote 
joint reduction and was helpful for the recovery. 
The pain score in the study group increased 
one month after operation, indicating that 
reduction by leverage combined with minimally 
invasive placement of plate could alleviate pain 
and promote functional recovery.

Table 3. Comparison of calcaneal width and pain score (
_
x  ± sd)

Group Control 
group Study group t P

n 40 40
Calcaneal width (mm)
    Before operation 38.40±1.76 38.45±1.70 0.129 0.898
    One month after operation 36.82±0.65 35.75±1.01 5.634 0.001
    t 5.326 8.636
    P 0.001 0.001
Pain score (score)
    Before operation 21.52±1.55 20.79±1.85 1.913 0.059
    One month after operation 33.44±1.52 35.26±3.60 2.946 0.004
    t 34.730 22.610
    P 0.001 0.001

can accurately reposition the 
fractured bones that have 
been displaced or collapsed 
from the articular surface and 
subtalar articular surface un- 
der direct vision. It is helpful 
for the recovery of foot func-
tion post operation [10]. How- 
ever, more and more studies 
have indicated that L-shaped 
incisions with open reduction 
and internal fixation will have 
many soft tissues peeled off, 
which may easily lead to thin-
ning of the surrounding soft 
tissues and affect the blood 
circulation, and patients have 
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The intraoperative bleeding volume and treat-
ment costs in the study group were less than 
those in the control group. The incision length 
and hospital stay were shorter in the study 
group. The results indicated that reduction by 
leverage combined with minimally invasive 
placement of the plate could reduce the length 
of hospital stay, meanwhile, short surgical inci-
sions would cause less harm. The reasons may 
be that reduction by leverage combined with 
minimally invasive plate placement was a mini-
mally invasive surgery, which brought less trau-
ma and relatively few complications to the 
patients. It was more conducive to the recovery 
of patients reducing economic pressure [18]. 
The operation time in the study group was lon-
ger than that in the control group, which was 

in the study group was lower, indicating that 
reduction by leverage combined with minimally 
invasive plate placement can reduce the occur-
rences of complications. The main reason was 
that this method could effectively promote the 
improvement of calcaneal morphology, reduce 
the incidence of arthritis and accelerate the 
recovery of strephenopodia and strephexopo-
dia to the greatest extent. The lateral and axial 
X-ray films of patients in the study group and 
control group showed well-fixed calcaneus one 
month after operation. The fractures in the 
study group and control group were completely 
healed and the articular surface was flat. The 
results suggested that both L-shaped incision 
and reduction by leverage combined with mini-
mally invasive placement of plate could pro-

Table 4. Comparison of related indexes of operation and hospitalization (
_
x  ± sd)

Group Control group Study group t P
n 40 40
Intraoperative bleeding volume (mL) 86.30±10.25 56.65±6.62 15.370 0.001
Incision length (cm) 8.15±1.23 3.62±0.66 20.520 0.001
Operation time (min) 53.52±9.40 97.20±17.72 13.770 0.001
Hospital stay (day) 14.45±2.70 7.38±1.30 14.920 0.001
Fracture healing time (month) 5.03±1.25 4.52±0.38 2.469 0.016
Treatment costs (¥) 12,956.75±1,810.68 8,060.75±860.72 15.450 0.001

Table 5. Comparison of excellent and good rate of foot func-
tion recovery (n, %)

Group Control 
group Study group χ2 P

n 40 40
Excellent 7 (17.50) 14 (35.00) 6.271 0.099
Good 19 (47.50) 20 (50.00)
Acceptable 10 (25.00) 3 (7.50)
Bad 4 (10.00) 3 (7.50)
Excellent and good rate 26 (65.00) 34 (85.00) 4.267 0.039

Table 6. Comparison of incidence of complications (n, %)

Group Control 
group

Study 
group χ2 P

n 40 40
Traumatic subtalar arthritis 3 (7.50) 1 (2.50) 1.053 0.305
Skin margin necrosis 3 (7.50) 2 (5.00) 0.213 0.644
Superficial infection 2 (5.00) 2 (5.00) 0.000 1.000
Stubborn heel pain 2 (5.00) 0 2.051 0.152
Sural neuritis 3 (7.50) 0 3.117 0.077
Incidence of complications 13 (32.50) 5 (12.50) 4.588 0.032

also confirmed by the study of 
Gamal [19]. In addition, a L-shaped 
incision had certain advantages in 
surgery, by which the doctor can 
reposition and fix the fractured 
under direct vision to shorten the 
operation time, whereas reduction 
by leverage combined with minimal-
ly invasive placement of plate took a 
longer time since it needed to be 
adjusted repeatedly [20, 21].

This study indicated that the excel-
lent and good rate of foot function 
recovery in the study group was 
higher than that in the control group, 
indicating that the reduction by 
leverage combined with minimally 
invasive placement of plate in the 
treatment of Sanders type II and III 
calcaneal fractures could improve 
the therapeutic effects and promote 
the recovery of foot function. This 
was consistent with the study of Sun 
[22]. The incidence of complications 
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Figure 1. X-ray films of calcaneus with L-shaped incision combined with reduction and internal fixation. A: Lateral 
X-ray film of calcaneal fracture before operation; B: Axial X-ray film of calcaneal fracture before operation; C: Lateral 
X-ray film of well-fixed calcaneus; D: Axial X-ray film of well-fixed calcaneus; E: Lateral X-ray film of calcaneus with 
internal fixation removed post operation, which showed that the fracture was completely healed and the articular 
surface was flat; F: Axial X-ray film of calcaneus with internal fixation removed post operation, which showed that the 
fracture was completely healed and the articular surface was flat.
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mote the fracture healing in patients with 
Sanders type II and III calcaneal fractures. 
However, the number of cases selected in this 
study was small, and the follow-up visit period 
was short. Patients with bilateral calcaneal 
fractures were excluded from the study, and 
further research is required.

In summary, reduction by leverage combined 
with minimally invasive place placement in the 
treatment of Sanders type II and III calcaneal 
fractures had a significant therapeutic effect, 
which brought less trauma to patients, short-
ened hospital stay, alleviated pain, promoted 
the reposition and recovery of foot function, 
and reduced complications. As such it is worth 
of popularization and application in the clinic.
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