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Clinical Results of Surgical Treatment with
Minimally Invasive Percutaneous Plate Osteosynthesis for
Displaced Intra—articular Fractures of Calcaneus

Jae Wan Suh, Jong Heon Yang, Hyun-Woo Park

Department of Orthopedic Surgery, Dankook University College of Medicine, Cheonan, Korea

Purpose: This study evaluated the clinical results of surgical treatment with minimally invasive plate osteosynthesis for treating dis-
placed intra-articular fractures of the calcaneus in comparison with conventional lateral extensile approach plate osteosynthesis.

Materials and Methods: Of 79 cases of Sanders type II or III calcaneus fractures, 15 cases treated with the minimally invasive calcaneal
plate (group M) and 64 cases treated with lateral extensile approach calcaneal plate (group E) were identified. After successful propensity
score matching considering age, sex, diabetes mellitus history, and Sanders type (1:3 ratio), 15 cases (group M) and 45 cases (group E)
were matched and the demographic, radiologic, and clinical outcomes were compared between the two groups.

Results: The median time of surgery from injury was 2.0 days in group M and 6.0 days in group E (p=0.014). At the six months follow-
up, group M showed results comparable with those of group E in radiographic outcomes. In the clinical outcomes, group M showed
better postoperative American Orthopaedic Foot and Ankle Society (AOFAS) and visual analogue scale (VAS) scores than did group E
(p=0.001, p=0.008). A greater range of subtalar motion was achieved at the six months follow-up in group M (inversion 20.0° vs. 10.0°,
p=0.002; eversion 10.0° vs. 5.0°, p=0.025). Although there were no significant differences in complications between the two groups (1
[6.7%] vs. 7 [15.6%], group M vs. group E; p=0.661), there was only one sural nerve injury and no wound dehiscence and deep infection
in group M.

Conclusion: Minimally invasive plate osteosynthesis showed superior clinical outcomes compared with that of the conventional lateral
extensile approach plate osteosynthesis in Sanders type II or III calcaneus fractures. We suggest applying minimally invasive plate osteo-
synthesis in Sanders type II or III calcaneus fractures.
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Table 1. Baseline Characteristics: Before and After Propensity Score Matching Method

Before propensity score matching

After propensity score matching

Variable
Group M (n=15) Group E (n=64) p-value Group M (n=15) Group E (n=45) p-value
Sex (male:female) 12 (80.0):3 (20.0) 62(96.9):2(3.1) 0.068 12(80.0):3(20.0)  43(95.6):2 (4.4) 0.178
Age (yr) 55.4+10.2 47.7£11.6 0.020* 55.4+10.2 50.7x11.4 0.161
DM 3(20.0) 7(10.9) 0.604 3(20.0) 3(6.7) 0.320
Side of injury (right:left) 8 (53.3):7 (46.7) 36 (56.2):28 (43.8) 1.000 8(53.3):7 (46.7) 24.(53.3):21 (46.7) 1.000
Time from injury to 2.0(1.0,4.0) 6.0(3.0,7.5) 0.014* 2.0(1.0,4.0) 6.0(3.0,7.0) 0.014*
surgery (day)
Operation time (min) 80.0(73.5, 80.0) 85.0(80.0, 90.0) 0.087 80.0(73.5,80.0) 85.0(80.0, 90.0) 0.051
Sanders classification 0.043* 0.515
Type |l 12(80.0) 30 (46.9) 12(80.0) 30 (66.7)
Type Il 3(20.0) 34(53.1) 3(20.0) 15(33.3)

Values are presented as number (%), meansstandard deviation, or median (@1, Q3; interquartile range).
Group M: minimally invasive approach group, Group E: lateral extensile approach group, DM: diabetes mellitus.

*Statistically significant (p<0.05).

Figure 1. Methods of measurement of the calcaneal parameters in radiographs. (A) Bohler angle (BA) and calcaneus length (L); and (B) Gissane angle (GA] and
calcaneus height (H) in calcaneus lateral radiographs. (C] Calcaneus width (W) in calcaneal axial radiograph.
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Figure 2. Postoperative and radiograph (A)
and intraoperative photograph (B) show in-
ternal fixation with percutaneous plate using
minimally invasive approach.

Figure 3. Postoperative radiograph (A) and
intraoperative photograph (B) show internal
fixation with conventional plate using exten-
sile lateral approach.
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Table 2. Sanders Classification of the Patients

Sanders

classification GroupM (n=15)

Group E (n=45)

2a:2b:2c
3ab:3ac:3bc

9:3:0 (80.0%)
3:0:0(20.0%)

23:7:0 (66.7%)
9:6:0 (33.3%)

Group M: minimally invasive approach group, Group E: lateral extensile
approach group.

Table 3. Radiologic Outcomes between the Minimally Invasive Approach Group (Group M) and Lateral Extensile Approach Group (Group E)

Group M Group E p-value
Outcome

Preop. Postop. p-value Preop. Postop. p-value Preop. Postop.
Béhler angle (°) 9.9+9.0 26.8+7.2 0.001* 10.8+5.5 23.0£5.6 0.001* 0.710 0.038*
Gissaneangle (°)  129.7+10.8 123.3+8.0 0.020* 125.8+9.4 125.3£9.2 0.766 0.189 0.458
Length (mm) 73.545.1 74.1£6.0 0.401 74.0£4.1 75.4+4.7 0.010* 0.701 0.371
Height (mm) 36.4+6.0 421242 0.005* 36344 42.0+3.8 0.001* 0.961 0.959
Width (mm) 44.5+4.8 33.2+3.4 0.001* 44,945 .4 37.34.1 0.001* 0.813 0.001*

Values are presented as meanzstandard deviation.
Preop.: preoperative, Postop.: postoperative 6-month follow-up.
*Statistically significant (p<0.05).
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Table 4. Clinical Outcomes between the Minimally Invasive Approach Group
(Group M] and Lateral Extensile Approach Group (Group E)

Table 5. Complications between the Minimally Invasive Approach Group
(Group M) and Lateral Extensile Approach Group (Group E)

Score GroupM Group E p-value
AOFAS score 90.0(%0.0, 92.5) 80.0(75.0, 90.0) 0.001*
VAS score 0.0(0.0, 2.0) 2.0(1.0,3.0) 0.008*
Passive inversion  20.0 (10.0, 20.0) 10.0(5.0, 10.0) 0.002*

ROM (°)
Passive eversion  10.0(10.0, 15.0) 5.0(5.0,10.0) 0.025*
ROM ()

Variable G(r: :1%;4 G(EZLZF;)E p-value
Total 1(6.7) 7(15.6) 0.661
Sural nerve injury 1(6.7) 3(6.7)
Deep infection 0 122
Wound dehiscence 0 2(4.4)
Hardware awareness 0 122

Values are presented as median (Q1, Q3; interquartile range).

AOFAS: American Orthopaedic Foot and Ankle Society, VAS: visual
analogue scale, ROM: range of motion.

*Statistically significant (p<0.05).
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