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Abstract: The surgical approaches for intra-articular calcaneal fracture are still controversial. The purpose of this 
study was to compare the efficacy of the tarsal sinus approach and the lateral extended approach on intra-articular 
calcaneal fracture. One hundred and six patients with intra-articular calcaneal fracture were divided into Group 
A and Group B randomly, with 53 patients in each group. Group A received surgery via the tarsal sinus approach. 
Group B received surgery via the lateral extended approach. The results showed that intraoperative blood loss, get-
ting out-of-bed time and length of stay of Group A were all lower than those of Group B (all P<0.001). Total incidence 
of postoperative complications in Group A was lower than that in Group B (P=0.014). In conclusion, compared with 
the lateral extended approach, the tarsal sinus approach has less intraoperative blood loss, shorter getting out-of-
bed time, shorter length of stay and fewer postoperative complications.
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Introduction 

Calcaneal fracture is the most common tarsal 
fracture and is generally divided into extra-
articular and intra-articular fractures [1]. Intra-
articular calcaneal fracture is a common type 
of calcaneal fracture. The traditional conserva-
tive regimen may leave some sequelae, and the 
feet are prone to pain after being stressed, so 
currently, the main effective regimen for dis-
placed calcaneal fracture is surgical treatment 
[2, 3]. However, the surgical treatment of calca-
neal fractures also has some drawbacks, which 
are mainly characterized by a high incidence of 
postoperative complications which many affect 
the patients’ recovery and overall functions [4, 
5]. Meanwhile, the surgical approach is also 
controversial. As pointed out by Schepers, 
patients who received surgeries via the tarsal 
sinus approach and the lateral extended app- 
roach for intra-articular calcaneal fracture had 
similar functional outcomes and incidences of 
complications [6]. Park et al. argued that the 
tarsal sinus approach can be a good choice for 
treating intra-articular calcaneal fracture and 
can prevent main soft tissue complications 
induced by the lateral extended approach [7].

The purpose of this study was to compare the 
efficacy of the tarsal sinus approach and the 
lateral extended approach on intra-articular 
calcaneal fracture. 

Materials and methods

Study subjects

Approval was obtained from the Ethics Com- 
mittee of Linyi Central Hospital, China. This ex- 
perimental study was conducted from March 
2017 to March 2019. A total of 106 patients 
with intra-articular calcaneal fracture were 
selected as research subjects. The inclusion 
criteria were patients with Sanders types II and 
III; those who were diagnosed with intra-articu-
lar calcaneal fracture by X-ray imaging; patients 
with closed fresh fractures in a single foot; no 
surgical contraindications; no foot deformities, 
no congenital diseases nor abnormal foot func-
tions before fracture. The exclusion criteria 
were patients with extra-articular calcaneal 
fracture; patients with Sanders type IV; patients 
with an old calcaneal fracture; patients compli-
cated by serious cardio-and cerebro-vascular 
diseases, diabetes, liver disease and kidney 
disease, etc.; patients complicated by serious 
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fractures in other sites and those whose 6- 
month (on average) postoperative follow-up da- 
ta were unavailable. 

Grouping and curative treatment

The 106 patients with intra-articular calcaneal 
fracture were divided into Group A and Group B 
randomly, with 53 patients in each group. 

Group A received surgery via the tarsal sinus 
approach; that is, an incision about 3 cm long 
was cut along the long axis of fibula, 1-2 cm 
below the ankle in order to expose the tarsal 
sinus, and then the fracture site was adjusted 
using a Steinmann pin. After that, the fracture 
site was fixed temporarily using 2-3 Kirschner 
wires. The calcaneus was repositioned by ma- 
nipulation, and after the reposition standard 
was met, a hollow screw was inserted into the 
tarsal sinus for fixation.

Group B received surgery via the lateral ex- 
tended approach; that is, the standard surgical 
method of lateral incision was used, the skin of 
the foot was cut open to the heel, about 1 cm 
above the junction between the instep and 
sole, the periosteum was stripped, the frac-
tured end of calcaneus was opened and reposi-
tioned using a medical stripper. The articular 
surface was observed using X-ray. When the 
reposition standard was met, the fracture site 
was fixed with a medical screw and a medical 
steel plate.

Observed indicators

The operative time, intraoperative blood loss, 
getting out-of-bed time and length of stay of 
two groups were compared. The VAS pain sc- 
ores of the affected feet before surgery and 7 d 
after surgery between the two groups were 
compared. The Bohler’s angle and Gissane 
angle before surgery and 6 months after sur-
gery were compared between two groups (for 
the follow-up, patients were measured through 

X-ray when being admitted to hospital and 
receiving re-examination). The AOFAS scores of 
hind foot function before surgery and 6 months 
after surgery were compared between two 
groups. The full mark of AOFAS was 100, and 
the higher score, the better the hind foot func-
tion. The incidences of postoperative complica-
tions were also compared between two groups. 

Statistical analysis

The data were processed by SPSS 25 (Chicago, 
USA) statistical software. Measurement data 
were expressed as (Mean ± SD), and indepen-
dent-sample t test was carried out for inter-
group comparison. Enumeration data were ex- 
pressed as n (%), and chi-square test was car-
ried out for intergroup comparison. P<0.05 indi-
cated that the difference was statistically 
significant. 

Results

General data

Among 106 patients, there were 59 (55.66%) 
males and 47 (44.34%) females, aged 24-58 
(41.57±2.63). All had unilateral fractures. There 
were 64 (60.38%) cases with left foot fractures 
and 42 (39.62%) cases with right foot fractures; 
70 (66.04%) cases were injured by falling from 
a height and 36 (33.96%) cases were injured in 
traffic accidents; 55 (51.89%) cases were 
Sanders type II and 51 (48.11%) cases were 
Sanders type III. The duration from injury to sur-
gery was 1-4 (2.05±0.38) days. 

Variation of surgical indicators 

There was no difference between two groups in 
terms of operative time (P=0.415). The intraop-
erative blood loss, getting out-of-bed time and 
length of stay of Group A were all significantly 
lower than those of Group B (all P<0.001), as 
shown in Table 1.

Table 1. Comparison of surgical indicators between the two groups

Parameters Group A (Mean ± SD)  
n=53

Group B (Mean ± SD) 
n=53 p-value

Operation time (min) 61.47±3.44 60.95±3.16 0.415
Intraoperative blood loss (mL) 42.65±2.13 62.35±2.30 <0.001
Getting out-of-bed time (d) 5.92±0.32 7.36±0.65 <0.001
Length of stay (d) 8.17±0.95 12.89±1.41 <0.001
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Variation of VAS score, AOFAS score, Bohler’s 
angle and Gissane angle 

The comparison between two groups in terms 
of VAS scores before surgery and 7 d after sur-
gery showed no statistically significant differ-
ence (P=0.875, 0.810). The comparison be- 
tween the two groups in terms of AOFAS scores 
of hind foot function before surgery and 6 
months after surgery showed no statistically 
significant difference (P=0.216, 0.108). The 
comparison between the two groups in Bohler’s 
angle before surgery and 6 months after sur-
gery showed no statistically significant differ-
ence (P=0.955, 0.316). The comparison be- 
tween two groups in Gissane angle before sur-
gery and 6 months after surgery showed no  
statistically significant difference (P=0.426, 
0.623). See Table 2.

Variation of postoperative complications

The total incidence of postoperative complica-
tions in Group A was 3.77% (2 cases), signifi-
cantly lower than that in Group B (18.87%, 10 
cases) (P=0.014), as shown in Table 3.

Example of a typical case

A typical case associated with a high fall in 
Group A; male, 50 years old, received surgery 

was likely due to the fact that Group A had 
smaller incisions and thus less intraoperative 
blood loss. Group A had less harm to the skin 
and soft tissues, so the patients could get out 
of bed and be discharged earlier. This suggest-
ed that the tarsal sinus approach had the 
advantage of minimal invasion and can facili-
tate postoperative rehabilitation of patients [8, 
9]. Both groups did not differ significantly in 
operative time, which was inconsistent with 
Zhang’s findings [10], they believed that the tar-
sal sinus approach can reduce the separation 
time and exposure time of skin flaps, so the 
operative time of the tarsal sinus approach was 
clearly shorter than that of the lateral extended 
approach. The author believed that the tarsal 
sinus approach had a high technical require-
ment for the operators, and the surgical opera-
tions were somewhat difficult, so the operative 
time was associated with the proficiency of sur-
geons. The more proficient a surgeon was at 
the tarsal sinus approach, the shorter opera-
tive time [11, 12].

In the present study, there were no significant 
differences between the two groups in terms of 
AOFAS score, Bohler’s angle and Gissane angle. 
This was basically consistent with previous 
reports [13]. The author also found no signifi-
cant differences between the two groups in 

Table 2. Comparison of VAS score, AOFAS score, Bohler’s angle and Gissane angle between the two 
groups

Parameters Group A (Mean ± SD)  
n=53

Group B (Mean ± SD)  
n=53 p-value

VAS scores before surgery (score) 6.79±0.90 6.82±1.07 0.875

VAS scores 7 d after surgery (score) 6.68±0.80 6.72±0.78 0.810

AOFAS scores of hind foot functions before surgery (score) 53.72±2.64 54.21±1.11 0.216

AOFAS scores of hind foot functions 6 months after surgery (score) 85.67±3.89 84.33±4.56 0.108

Bohler’s angle before surgery (°) -1.71±2.92 -1.68±2.96 0.955

Bohler’s angle 6 months after surgery (°) 26.77±2.22 26.33±2.29 0.316

Gissane angle before surgery (°) 172.09±6.63 171.15±5.47 0.426

Gissane angle 6 months after surgery (°) 109.64±6.71 108.95±7.54 0.623

Table 3. Comparison of postoperative complications between the 
two groups

Postoperative complications Group A [n (%)]  
n=53

Group B [n (%)]  
n=53 p-value

Wound infection 1 (1.89) 4 (7.55) 0.169
Delayed union 1 (1.89) 2 (3.77) 0.558
Skin flap necrosis 0 (0) 3 (5.66) 0.079
Nerve injury 0 (0) 1(1.89) 0.315
Total complications 2 (3.77) 10 (18.87) 0.014

via the tarsal sinus approach 
after detumescence, and was 
released after 5 days postop-
erative (see Figure 1A-C).

Discussion 

The present study showed that 
Group A was superior to the 
control group in intraoperative 
blood loss, getting out-of-bed 
time and length of stay. This 
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terms of VAS scores before surgery and 7 d 
after surgery, which indicated that surgeries via 
the tarsal sinus approach and lateral extended 
approach had similar effects on the postopera-
tive pain of patients. Our results showed that 
the total incidence of postoperative complica-
tions (e.g. wound infection, delayed union, flap 
necrosis and neurotrosis) in Group A was lower 
than that in Group B, illustrating that compared 
with the lateral extended approach, the tarsal 
sinus approach had fewer complications for the 
treatment of intra-articular calcaneal fracture. 
This was basically consistent with the findings 
of Basile et al. and may have had something to 
do with greater trauma in the lateral extended 
approach [14]. Large area stripping was prone 
to flap necrosis [15]. At the same time, due to 
the large contact area between patient’s surgi-
cal site and the air, the lateral extended app- 
roach had an increased risk of wound infection 
and higher union difficulty [16]. Additionally, the 
heel is abundant in skin blood supply and 
nerves, so the lateral extended approach can 
easily lead to neurological impairment and 
other complications if one operates carelessly 
[17].

It should be noted that although the tarsal 
sinus approach can effectively expose the pos-
terior subtalar joint, because of the small inci-
sion, the surgical field was limited, and the pos-
terolateral treatment of calcaneus must be 

order to further validate the experimental re- 
sults.

Conclusion 

In summary, both surgeries via the tarsal sinus 
approach and the lateral extended approach 
have a good efficacy on intra-articular calcane-
al fracture. However, compared with the lateral 
extended approach, the tarsal sinus approach 
has less intraoperative blood loss, shorter get-
ting out-of-bed time, shorter length of stay and 
fewer postoperative complications.

Disclosure of conflict of interest

None.

Address correspondence to: Zonggeng Wang, De- 
partment of Orthopedics, Caoxian County Hospital, 
No. 17, Jiankang Road, Yishui County, Linyi 274400, 
China. Tel: +86-0539-2251731; E-mail: pfdov5@ 
163.com

References

[1] Bondì R, Padua R, Bondì L, Battaglia A, 
Romanini E and Campi A. Treatment of calca-
neal fractures: the available evidence. J Orthop 
Traumatol 2007; 8: 36-41.

[2] Jiang N, Lin Q, Diao X, Wu L and Yu B. Surgical 
versus nonsurgical treatment of displaced in-
tra-articular calcaneal fracture: a meta-analy-

Figure 1. The operation chart of a typical case. A: Preoperative after detu-
mescence. B: Intraoperative injection of Kirschner wire to close and open. 
C: Postoperative incision suture.

conducted under direct vision 
[18, 19]. Therefore, the tarsal 
sinus approach had a certain 
requirement for indications. It 
was generally suitable for tre- 
ating patients with Sanders 
types II and III [20]. However, 
for patients with Sanders type 
IV, due to the serious commi-
nution of articular surface, it 
was hard to reposition the ar- 
ticular surface under a limited 
surgical field. An arthroscope 
and other auxiliary measures 
were needed. 

Due to the limitations of this 
study, such as sample size, 
type of patients included and 
follow-up time, etc., more mu- 
lti-center, large-sample and 
high-quality randomized con-
trolled trials are required in 

mailto:pfdov5@163.com
mailto:pfdov5@163.com


Tarsal sinus versus lateral extended approach in intra-articular calcaneal fracture

4425 Int J Clin Exp Med 2020;13(6):4421-4425

sis of current evidence base. Int Orthop 2012 
36; 1615-1622.

[3] Robb CA, Deans V, Iqbal MJ and Cooper JP. 
Comparison of non-operative and surgical 
treatment of displaced calcaneal fractures. 
Foot 2007; 17: 169-173.

[4] Emara KM and Allam MF. Management of cal-
caneal fracture using the Ilizarov technique. 
Clin Orthop Relat Res 2005; 439: 215-220.

[5] Bläsius FM, Link BC, Beeres FJP, Iselin LD, Leu 
BM, Gueorguiev B, Klos K, Ganse B, Nebelung 
S, Modabber A, Eschbach D, Weber CD, Horst 
K and Knobe M. Impact of surgical procedures 
on soft tissue microcirculation in calcaneal 
fractures: a prospective longitudinal cohort 
study. Injury 2019; 50: 2332-2338. 

[6] Schepers T. The sinus tarsi approach in dis-
placed intra-articular calcaneal fractures: a 
systematic review. Int Orthop 2011; 35: 697-
703. 

[7] Park J and Che JH. The sinus tarsi approach in 
displaced intra-articular calcaneal fractures. 
Arch Orthop Trauma Surg 2017; 137: 1055-
1065. 

[8] Tong L, Li M, Li F, Xu J and Hu T. A minimally 
invasive (sinus tarsi) approach with percutane-
ous k-wires fixation for intra-articular calcane-
al fractures in children. J Pediatr Orthop B 
2018; 27: 556-562.

[9] Park JH, Chun DI, Park KR, Park GH, Park S, 
Yang J and Cho J. Can sural nerve injury be 
avoided in the sinus tarsi approach for calca-
neal fracture? A cadaveric study. Medicine 
(Baltimore) 2019; 98: e17611. 

[10] Zhang YS. Comparison of the advantages and 
disadvantages of cannulated screw internal 
plate fixation via the tarsal sinus approach and 
the plate fixation via the extended leteral inci-
sion in the treatment of sanders II, III calcane-
al fractures. J Traumatic Surg 2016; 18: 666-
670.

[11] Weinraub GM and David MS. Sinus tarsi ap-
proach with subcutaneously delivered plate 
fixation for displaced intra-articular calcaneal 
fractures. Clin Podiatr Med Surg 2019; 36: 
225-231.

[12] Schepers T. Sinus tarsi approach with screws-
only fixation for displaced intra-articular calca-
neal fractures. Clin Podiatr Med Surg 2019; 
36: 211-224. 

[13] Bai L, Hou YL, Lin GH, Zhang X, Liu GQ and Yu 
B. Sinus tarsi approach (STA) versus extensile 
lateral approach (ELA) for treatment of closed 
displaced intra-articular calcaneal fractures 
(DIACF): a meta-analysis. Orthop Traumatol 
Surg Res 2018; 104: 239-244.

[14] Basile A, Albo F and Via AG. Comparison be-
tween sinus tarsi approach and extensile lat-
eral approach for treatment of closed dis-
placed intra-articular calcaneal fractures: a 
multicenter prospective study. J Foot Ankle 
Surg 2016; 55: 513-521.

[15] Kline AJ, Anderson RB, Davis WH, Jones CP 
and Cohen BE. Minimally invasive technique 
versus an extensile lateral approach for intra-
articular calcaneal fractures. Foot Ankle Int 
2013; 34: 773-780.

[16] Schepers T, Den Hartog D, Vogels LM and Van 
Lieshout EM. Extended lateral approach for in-
tra-articular calcaneal fractures: an inverse 
relationship between surgeon experience and 
wound complications. J Foot Ankle Surg 2013; 
52: 167-171.

[17] Lamichhane A and Mahara D. Management of 
intra-articular fracture of calcaneus by com-
bined percutaneous and minimal internal fixa-
tion. J Nepal Health Res Counc 2013; 11: 70-
75.

[18] Wan J, Feng J, Li F, Xu J, Li MJ and Hu T. Thera-
peutic advantages of internal fixation with 
kirschner wire and bone grafting via limited 
tarsal sinus incision approach for displaced 
intra-articular calcaneal fractures of children. 
Med Sci Monit 2018; 24: 7862-7868. 

[19] Park CH and Lee DY. Surgical treatment of 
sanders type 2 calcaneal fractures using a si-
nus tarsi approach. Indian J Orthop 2017; 51: 
461-467.

[20] Abdelazeem A, Khedr A, Abousayed M, Seifeld-
in A and Khaled S. Management of displaced 
intra-articular calcaneal fractures using the 
limited open sinus tarsi approach and fixation 
by screws only technique. Int Orthop 2014; 38: 
601-606. 


