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Purpose: To evaluate the radiologic and clinical outcomes of a minimally invasive technique using the
tarsal sinus approach in the management of Sanders type lll, joint depressive type calcaneal fractures.
Materials and Methods: Between July 2011 and September 2019, data of 29 patients who underwent
a minimally invasive procedure with the sinus tarsi approach for Sanders type Il joint depressive intra-
articular calcaneal fractures, and were followed up for more than 1 year were analyzed. We evaluated
the radiologic outcomes by assessing the radiologic parameters (Bohler angle, Gissane angle, calca-
neal length, calcaneal height, calcaneal width). We also evaluated the clinical outcomes based on the
American Orthopaedic Foot and Ankle Society (AOFAS) ankle-hindfoot score and the complications
associated with the technique.

Results: The radiological results showed an improvement in the Bohler angle from 2.5° to 18.6° and
the Gissane angle from 132.4° to 119.1° after the operation. The mean AOFAS score during the clini-
cal evaluation was 79.5. We observed 13 cases of posttraumatic arthritis, 1 case of subtalar arthrodesis,
and no case of wound complication.

Conclusion: Minimally invasive technique for Sanders type lll joint depressive calcaneal fractures resulted
in relatively satisfactory radiologic and clinical outcomes. Open reduction and internal fixation through
the sinus tarsi approach reduce complications including wound problems. This approach offers satisfac-
tory results without long-term complications.
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Fig. 2. Sanders classification based on computed tomography images

in the coronal plane. Type | fracture includes all non-displaced articular

N

Joint depressive type

fractures (less than 2 mm). Type Il fractures are two-part fractures of

the posterior facet. Three types—IIA, 1IB, and lIGC—are based on the

Tongue type

location of the primary fracture line. Type Ill fractures are three-part

fractures that usually feature a centrally depressed fragment. Types in-

Fig. 1. Essex-Lopresti classification. (A) Tongue-type fracture, where
the articular fragment remained attached to a tuberosity fragment.
(B) Joint depressive-type fracture, in which the articular fragment was

separate from the adjacent tuberosity.

cluded HlIAB, IIAC, and lIBC were based on the location of the primary
fracture line. Type IV fractures were highly comminuted and often had

more than four articular fragments.
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Table 1. Demographic Data of the Patients

Demographic Value

No. of patients (cases) 29
Age (yr) 487 (20-74)
Sex, male/female 23/6 (79.3/20.7)
Cause

Fall 21 (72.4)

Traffic accident 5(17.2)

Slipped 3(10.3)
Sanders type

IIAB 20 (69.0)

NAC 9(31.0)

IBC 0(0)
Fracture location, right/left 21/8 (72.4/27.6)
Follow-up (mo) 21.6 (12-81)

Values are presented as number only, mean (range), or number (%).
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Fig. 3. Surgical technique (sinus tarsi
approach and Garm X-ray). Skin inci-
sion from the tip of the fibula toward
the calcaneocuboid joint on sinus tarsi.
Posterior facet and fracture site was
exposed by soft tissue dissection (A, B).
Reduction through gentle traction and
valgus force using the Scantz pin in cal-
caneal tuberosity (D). After temporary
fixation using a K-wire for the subtalar
joint (E), the definitive fixation using 4.0-
mm and 6.5-mm cannulated screws
was performed (F). Photo after defini-
tive fixation (C).
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Fig. 4. (A) Bohler angle. (B) Gissane angle. The Bohler angle comprises
a line drawn from the highest point of the anterior process of the
calcaneus to the highest point of the posterior facet and a line drawn
tangential to the superior edge of the tuberosity. The Gissane angle is
formed by the downward and upward slopes of the calcaneal superior
surface.
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Fig. 5. Preoperative radiography. Preoperative X-ray (A: ankle lateral
view, B: calcaneal axial view). It is a joint depressive calcaneal fracture,
the posterior joint surface is depressive and the Bohler angle is reduced
on the lateral view. The lateral wall is bulging on the calcaneal axial
view. Preoperative computed tomographies (C: sagittal view, D: semi-
coronal view) show a joint depressive type, Sanders type IIIAB calca-
neal fracture.
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Fig. 6. Postoperative radiography. Postoperative X-ray (A: ankle lateral
view, B: calcaneal axial view). Bohler angle and Gissane angle have re-
covered (Bohler angle is 32.2°, Gissane angle is 105.5°, calcaneal length
is 79.4 mm, calcaneal height is 44.0 mm, calcaneal width is 52.0 mm).
Computed tomographies after 4 months of surgery (C: sagittal view, D:
semicoronal view) show a well articular fracture reduction.
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Fig. 7. Radiologic Assessment. (A) Ankle lateral X-ray, Gissane angle,
Bohler angle. (B) Ankle lateral X-ray, calcaneal height, calcaneal length.
(C) Calcaneal axial view, calcaneal width. The calcaneal height and cal-
caneal length were measured at the highest and lowest length and the
longest length from anterior to posterior in the lateral X-ray. Calcaneal
width measures the widest width including sustentaculum tali on the
calcaneal axial view.
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Table 2. Results of Radiologic Assessment

Parameter Preoperative Postoperative p-value Follow-up p-value
Bohler angle (°) 2.5(-18.2-24.9) 18.6 (11.4-27.2) <0.001 18.7 (12.1-27.6) 0.802
Gissane angle (°) 132.2 (115.7-158.8) 119.1 (106.1-133.2) <0.001 119.4 (108.2-132.7) 0.824
Calcaneal length (mm) 78.3 (68.2-86.0) 79.1 (70.7-93.8) 0.295 797 (71.8-90.7) 0.401
Calcaneal height (mm) 38.8 (30.5-49.8) 447 (37.7-53.7) <0.001 45.4 (39.4-54.1) 0.014
Calcaneal width (mm) 60.9 (49.8-80.8) 59.5 (49.8-72.8) 0.116 59.1 (48.8-68.8) 0.406
Values are presented as mean (range).
Table 3. Results of Clinical Assessment
Value
AQFAS ankle-hindfoot score 79.5 (67-88)
Complication
Posttraumatic OA 13 (44.8)
Medication 12
Subtalar arthrodesis 1
Infection 0(0)
Fig. 8. Case of subtalar arthrodesis. A 51-year-old male patient under- S ?rrita.tion 164
went subtalar arthrodesis, 8 months after his first surgery. (A) Preop- Bone union time (wk) 17 (10-44)
erative ankle lateral X-ray shows post-traumatic osteoarthritis of the Implant removal 23(79.3)
subtalar joint. (B) Subtalar arthrodesis was done using the sinus tarsi Duration between operation and 12.4 (7-19)

approach. (C) Postoperative ankle lateral X-ray.
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implant removal (mo)

Values are presented as mean (range), number (%), or number only.
AOFAS: American Orthopaedic Foot and Ankle Society, OA: osteoar-
thritis.
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