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in Intra-Articular Calcaneal Fractures

— Sanders Type |11, Joint Depressive Type Calcaneal
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Table 1. Demographic Data of the Patients

Table 2. The Result of Radiologic Assessment

Table 3. The Result of Clinical Assessment
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Figure 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. 28

Figure 2. Sanders classification based on CT images in the coronal
plane.

Type | fracture is all non-displaced articular fractures (less than
2 mm), Type || fractures are two-part fractures of the posterior
facet. Three types—IIA, |1B, and |IC-existed, based on the location
of the primary fracture line. Type |Il fractures were three-part
fractures that usually featured a centrally depressed fragment. Types
included |11AB, [IIAC, and |I1IBC, and again were based on the
location of the primary fracture line. Type |V fractures were highly

comminuted and often had more than four articular fragments. — 29
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Figure 3. A: Bohler angle, B: Gissane angle

Bohler angle is composed of 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. Gissane angle is formed by the downward and upward

slopes of the calcaneal superior surface. 30

Figure 4. Surgical technique (sinus tarsi approach and C-arm x-ray)
Skin incision from the tip of the fibula toward calcaneocuboid joint
on sinus tarsi. Posterior facet and fracture site was exposure by
soft tissue dissection(A,B), Reduction through gentle traction and
valgus force using the Scantz pin in cacalneal tuberosity(D). After
the temporary fixation using K-wire for subtalar joint(E), the

definitive fixation wusing 4.0, 6.5 -cannulated screws was

performed(F). Photo after definitive fixation(C). 31
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Figure 5. Preoperative radiography

Preoperative X-ray (A : ankle lateral view, B : calcaneal axial
view),

It is joint depressive calcaneal fracture, the posterior joint
surface is depressive and the Bohler angle is reduced on lateral
view, Lateral wall is bulging on calcaneal axial view. Preoperative

CT (C : sagittal view, D : semicoronal view) show joint depressive

type, Sander type |IIAB calcaneal fracture. 32

Figure 6. Postoperative radiography

Postoperative X-ray (A : ankle lateral view, B : calcaneal axial
view), Bohler angle and Gissane angle have recovered (Bohler angle
is 32.2° , Gissne angle is 105.5° , Calcaneal length is 79.4mm,
calcaneal height is 44.0mm, calcaneal width is 52.0mm). CT after 4

months of surgery (C : sagittal view, D : semicoronal view) show

well reducted articular surface. 33
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Figure 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 calcaneal 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 calcaneal

axial view.

34

Figure 8. Case of subtalar arthrodesis

51years old man underwent subtalar arthrodesis 8 months after first
surgery. A: preoperative ankle lateral x-ray show post-traumatic
osteoarthritis of subtalar joint, B: subtalar arthrodesis was done

using sinus tarsi approach, C: postoperative ankle lateral x-ray.

35
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ABSTRACT

Qutcomes of Minimally Invasive Surgery

in Intra-Articular Calcaneal Fractures

- Sanders Type |11, Joint Depressive Type Calcaneal Fracture -

Ryu Je Hong
Advisor : Prof. Lee Jun Young
Depar tment of School of Medicine,

Graduate School of Chosun University

Purpose: To evaluated the radiologic and the clinical results of minimally
invasive technique in the management of Sanders type IIll, joint depressive
type calcaneal fracture.

Materials and Methods: Between July 2011 and September 2019, we studied 29
cases undergoing treatment with minimally invasive technique with sinus tarsi
approach for Sanders Ill joint depressive intra-articular calcaneal fracture
and were followed up for more than 1 year. We evaluated the radiologic result
by assessing the radiologic parameters (Bohler angle, Gissane angle, calcaneal
length, calcaneal height, calcaneal width) and clinical outcomes (AOFAS ankle-

hindfoot score) and investigated the complications as well.

Results: Radiological results improved from 2.5° to 18.6° in the Bohler angle

- Vvii -
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after the operation and from 132.4° to 119.1° in the Gissane angle.

Satisfactory results were obtained in clinical assessment with average AOFAS
score of 79.5. We experienced 13 cases of posttraumatic arthritis, 1 case of
subtalar arthrodesis and no case of infection.

Conclusion: Minimally invasive technique for sanders type Ill joint depressive
calcaneal fracture show relatively satisfactory radiologic and clinical
results.

Open reduction and internal fixation through sinus tarsi approach reduces
complications including wound problems and is capable of satisfactory results
and maintenance. so it may be an alternative to extensile lateral approach in

Sanders |1l, joint depression type calcaneal fx.

Key words: Calcaneus fracture, Sinus tarsi approach, Minimal invasive surgery
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Table 1. Demographic Data of the Patients

Total patient
Age(yr)
Sex(Male/female)
Cause

Fall down
Traffic accident
Slip down
Sanders type
I'11AB

I'11AC

I'118C
Right/Left

Follow up period (month)

29
48.7 (20~74)

23 (79%) / 6 (21%)

21 (72%)
5 (17%)

3 (10%)

20 (69%)
9 (31%)
0 (0%)
21 (72%) / 8 (28%)

21.6 (12~81)
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Table 2. The Result of Radiologic Assessment

Preoperative Postoperative Fol low up
Bohler angle(®) 2.5 18.6 18.7
(-18.2~24.9) (11.4~27.2) (12.1~27.6)
132.2 119.1 119.4

Gissane angle(®)

Calcaneal length(mm)

Calcaneal height(mm)

Calcaneal width(mm)

Post. facet step off

on CT(mm)

(115.7~158.8)

78.3
(68.2~86.0)
38.8
(30.5~49.8)
60.9
(49.8~80.8)
4.7
(1.3~9.7)

(106.1~133.2)
79.1
(70.7~93.8)
44.7
(37.7~53.7)
59.5

(49.8~72.8)

(108.2~132.7)

79.7
(71.8~90.7)
45.4
(39.4~54.1)
59.1
(48.8~68.8)
1.2
(0.2~2.2)

Collection @ chosun

_26_



Table 3. The Result of Clinical Assessment

AOFAS hind-foot scale (score) 79.5 (67~88)

Complication

Posttraumatic OA 13 (45%)
Medication 12
Subtalar arthrodesis 1 (3%)

Infection 0

Screw irritation 1

Bone union time (weeks) 17(10~44)
Implant removal 23 (79%)
Duration between operation and 12.4 (7~19)

implant removal (months)
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A. Tongue type B. Joint depressive type

Figure 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.

— 28 —
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Type NAC Type IBC

Type IV
Figure 2. Sanders classification based on CT images in the coronal plane.

Type | fracture is all non-displaced articular fractures (less than 2 mm),
Type || fractures are two-part fractures of the posterior facet. Three types—
I[lA, 1B, and |1C-existed, based on the location of the primary fracture line.
Type |l fractures were three—part fractures that usually featured a centrally
depressed fragment. Types included I11AB, IIIAC, and II1IBC, and again were
based on the location of the primary fracture line. Type |V fractures were

highly comminuted and often had more than four articular fragments.
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Figure 3. A: Bohler angle, B: Gissane angle
Bohler angle is composed of a line drawn from the highest point of the anterior
process of the calcaneus to the highest point of the posterior facet and a

[ine drawn tangential to the superior edge of the tuberosity. Gissane anlge

is formed by the downward and upward slopes of the calcaneal superior surface.
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Figure 4. Surgical technique (sinus tarsi approach and C-arm x-ray)

Skin incision from the tip of the fibula toward calcaneocuboid joint on sinus
tarsi. Posterior facet and fracture site was exposure by soft tissue
dissection(A,B), Reduction through gentle traction and valgus force using the
Scantz pin in cacalneal tuberosity(D). After the temporary fixation using K-
wire for subtalar joint(E), the definitive fixation using 4.0, 6.5 cannulated

screws was performed(F). Photo after definitive fixation(C).
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Figure 5. Preoperative radiography

Preoperative X-ray (A : ankle lateral view, B : calcaneal axial view),

It is joint depressive calcaneal fracture, the posterior joint surface is
depressive and the Bohler angle is reduced on lateral view, Lateral wall is
bulging on calcaneal axial view. Preoperative CT (C : sagittal view, D

semicoronal view) show joint depressive type, Sander type |IIAB calcaneal

fracture.

_32_

Collection @ chosun



f

Figure 6. Postoperative radiography

Postoperative X-ray (A : ankle lateral view, B : calcaneal axial view), Bohler
angle and Gissane angle have recovered (Bohler angle is 32.2° , Gissne angle
is 105.5° , Calcaneal length is 79.4mm, calcaneal height is 44.0mm, calcaneal
width is 52.0mm). CT after 4 months of surgery (C : sagittal view, D

semicoronal view) show well reducted articular surface.
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Figure 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 calcaneal 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 calcaneal axial view.
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Figure 8. Case of subtalar arthrodesis

51years old man underwent subtalar arthrodesis 8 months after first surgery.
A: preoperative ankle lateral x-ray show post-traumatic osteoarthritis of
subtalar joint, B: subtalar arthrodesis was done using sinus tarsi approach,

C: postoperative ankle lateral x-ray.
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