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Fig.1 Axial computed tomography scans demonstrating the three types of posterior malleolar fracture pattern, based on the Haraguchi

classification. (A) Posterolateral-oblique type, (B) Medial-extension type, (C) Small-shell type.
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Table 1 Burwell criteria were used as the main outcome measurements. (A) Radiographic criteria, (B) Subjective criteria, (C) Objective criteria.

A

B

Anatomic

+No medial or lateral displacement of the medial and lateral malleoli

+No angulation

+Not more than 1mm longitudinal displacement of the medial and lateral malleoli
+Not more than 2mm proximal displacement of a large posterior fragment

+No displacement of the talus

Fair

-No medial or lateral displacement of the medial and lateral malleoli
+No angulation

+2-5mm posterior displacement of the lateral malleolus

+2-5mm proximal displacement of a large posterior fragment

-No displacement of the talus

Poor

- Any medial or lateral displacement of the medial and lateral malleoli
-More than Smm posterior displacement of the lateral malleolus
-More than Smm displacement of the posterior malleolus

- Any residual displacement of the talus

Good

Complete recovery apart from possible slight aching after use

Fair
Aching during use, slight stiffness, ability to walk not seriously impaired

Poor
Any serious impairment of ability to work or walk, pain

C

Good

Ankle and foot movements at least threequarters normal, trivial swelling, normal gait

Fair
Ankle and foot movements at least half normal, small amount of swelling, normal gait

Poor

Ankle and foot movements less than half normal, swelling any visible deformity of ankle , limp

Table 2 Demographics and characteristics. Waiting duration from injury to surgery was significantly lon-
ger in the posterior group than in the anterior group. There were no significant differences in the
other parameters. PL: posterolateral-oblique type, ME: medial-extension type. *: p<0.05.

Posterior group Anterior group p value
(n=16) (n=17)
Age 56 £ 19.5 years 54 £ 13.0 years 0.440
(14~80 years) (19~70 years)
Sex Male: 9 (56.3%) Male: 11 (64.7%) 0.440
Female: 7 (43.7%) Female: 6 (35.3%)
Cause of injury Fall: 10 (62.5%) Fall: 13 (76.5%) 0.310
Traffic: 6 (37.5%) Traffic: 4 (23.5%)
AO classification 44A: 3 (18.8%) 44A: 2 (11.8%) -
44B: 11 (68.8%) 44B: 14 (82.3%)
44C: 2 (12.4%) 44C: 1 (5.9%)
Haraguchi classification PL: 10 (62.5%) PL: 9 (52.9%) 0.420
ME: 6 (37.5%) ME: 8 (47.1%)
Configuration of Pure-split: 4 (25.0%) Pure-split: 8 (47.1%) 0.099
posterior malleolar fracture Depression: 12 (75.0%) Depression: 9 (52.9%)
Coincidence of Present: 13 (81.3%) Present: 14 (82.3%) 0.642
lateral malleolar fracture Absent: 3 (18.7%) Absent: 3 (17.7%)
Coincidence of Present: 13 (81.3%) Present: 12 (70.6%) 0.381
medial malleolar fracture Absent: 3 (18.7%) Absent: 5 (29.4%)
Waiting duration 11 =+ 4.2 days 7 *+ 4.3 days 0.006 *
from injury to surgery (5~21 days) (0~14 days)
Strategy of surgical timing One-stage: 14 (87.5%) One-stage: 17 (100%) -
Two-stage: 2 (12.5%) Two-stage: 0( 0%)
Comorbidities Hypertension 3 Hypertension 2
Dyslipidemia 1 Dyslipidemia 1
Diabetes mellitus 3 Diabetes mellitus 1
Heart failure 2 Heart failure 0
Renal failure 2 Renal failure 1
Cancer 3 Cancer 1
Mental disorder 2 Mental disorder 0
Other 1 Other 4
*p<0.05
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Table 3  Each case of fracture patterns and internal fixation methods for posterior malleolus,
lateral malleolus, medial malleolus, and tibiofibular syndesmosis. The amount of pre-
operative and postoperative fracture displacement was indicated as a step-off of poste-
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HBOEPrEEHE % Table 3A (IR

rior fragment. (A) In the posterior group, (B) In the anterior group.

AO Haraguchi Posterior Lateral Medial Tibiofibular Pre.-Post. Op
classification  classification lleol lleol lleol synd i step-off (mm)
1 44A3 PL. depression Lag screw - Lag screw - 4=0
2 44A3 PL. depression ~ Buttress + Lag screw - Lag screw - 2—1
3 44A3 ME. depression  Buttress + Lag screw - Lag screw - 6—0
4 44B3 PL. pure-split Lag screw Antiglide plate - - 5—1
5 44B3 PL. pure-split Lag screw Compress plate Lag screw Positioning screw 1-0
6 44B3 PL. pure-split Buttress plate Antiglide plate - - 3=0
7 44B3 PL. pure-split ~ Buttress + Lag screw  Antiglide plate Lag screw - 3=1
8 44B3 PL. depression Lag screw Antiglide plate Lag screw - 3—0
9 44B3 PL. depression Buttress plate Antiglide plate  Tension band wire - 4—-1
10 44B3 PL. depression  Buttress + Lag screw  Antiglide plate  Tension band wire - 4-2
11 44B3 PL. depression  Buttress + Lag screw  Antiglide plate Lag screw - 3—1
12 44B3 ME. depression Buttress plate Bridging plate Lag screw - 6—1
13 44B3 ME. depression  Buttress + Lag screw  Antiglide plate Lag screw - 5—=0
14 44B3 ME. depression  Buttress + Lag screw  Antiglide plate - - 5—1
15 4C2 ME, depression  Buftress + Lag screw  Compress plate Lag screw - 6—3
16 44C2 ME. depression  Buttress + Lag screw ~ Compressplate  Tension band wire - 3—1
B
AO Haraguchi Posterior Lateral Medial Tibiofibular Pre.-Post. Op
classification  classification lleol lleol lleol Sy i step-off (mm)
1 44A3 PL. depression Lag screw - Lag screw - 5—3
2 44A3 ME. depression Lag screw - Bridging plate Positioning screw 3—1
3 44B3 PL. pure-split Lag screw Compress plate Lag screw - 5—0
4 44B3 PL. pure-split Lag screw Bridging plate Bridging plate - 2-2
5 44B3 PL. pure-split Lag screw Bridging plate Bridging plate - 2-2
6 44B3 PL. pure-split Lag screw Compress plate - - 1-0
7 44B3 PL. depression Lag screw Compress plate Lag screw - 7—3
8 44B3 PL. depression Lag screw Compress plate Lag screw - 2—1
9 44B3 PL. depression Lag screw Compress plate Lag screw Positioning screw 71
10 44B3 ME. pure-split Lag screw Compress plate - 4-3
11 44B3 ME. pure-split Lag screw Bridging plate Bridging plate - 2—0
12 44B3 ME. pure-split Lag screw Compress plate Positioning screw 1—0
13 44B3 ME. depression Lag screw Compress plate Bridging plate - 1—1
14 44B3 ME. depression Lag screw Compress plate - 6—5
15 44B3 ME. depression Lag screw Bridging plate - 3—3
16 44B3 ME. depression Lag screw Bridging plate Lag screw - 53
17 4C2 PL. pure-split Lag screw - Lag screw - 2—1
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T7a—F (v X333 9SUEBHEXME :1.93~
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% =AoE R (Volkmann BHT) # 2L Twi (Fig. 2).
CT JKFWi Tl posterolateral-oblique type, CT Z&IREI Tl
depression type DEFFITH O, BIHNAMTET & B
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Table 5 Multivariate analysis of factors for postoperative radio-
graphic outcome. The data indicated significant differences
in surgical approach and waiting duration but not in blood
loss. OR: odds ratio, CI: confidence interval. *: p<0.05.

OR 95% CI p value
Surgical approach 33.25 1.93 - 573.70 0.016 *
Waiting duration 0.76 059 - 097 0.025 *
Blood loss 1.00 099 - 1.01 0.874
*p<0.05

Table 4 Intraoperative and postoperative outcomes. The average estimated blood loss

was significantly higher in the posterior approach. However, radiographic

analysis showed significantly better quality of reduction in the posterior group.

There was also a trend toward improved outcome for the posterior group in the

subjective and objective criteria. *: p<0.05.

Posterior group Anterior group p value
(n=16) (n=17)

Surgeon experience 12 * 3.2 years 12 % 2.5 years 0.533
(7~17 years) (7~17 years)

Surgical time 227 % 91.0 min. 195 = 78.8 min. 0.345
(94~440 min.) (52~314 min.)

Blood loss 134 % 109.0 ml 68 % 65.3 ml 0.023 *
(10~324 ml) (15~230 ml)

Tourniquet time 69 =+ 73.9 min. 108 =% 71.4 min. 0.146
(0~227 min.) (0~201 min.)

Radiographic criteria Anatomic: 14 (87.5%) Anatomic: 9 (52.9%) 0.036 *
Fair /Poor: 2 (12.5%) Fair /Poor: 8 (47.1%)

Subjective criteria Good: 14 (87.5%) Good: 10 (58.8%) 0.071
Fair /Poor: 2 (12.5%) Fair /Poor: 7 (41.2%)

Objective criteria Good: 14 (87.5%) Good: 10 (58.8%) 0.071

Complications

Fair /Poor: 2 (12.5%)

Sural nerve disorder: 1

Fair /Poor: 7 (41.2%)

Surgical site infection: 1

*p<0.05
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Fig. 2

Fig. 3
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Preoperative three-dimensional computed tomography scans
showed a trimalleolar fracture type 44B3 according to AO clas-
sification. Note the big posterior Volkmann triangle. (A) Anterior
aspect of the ankle joint, (B) Posterior aspect of the ankle joint.

Preoperative axial and sagittal computed tomography scans
showed a posterolateral-oblique fracture with a depression
configuration. Note the impacted osteochondral fragment and
the posterior subluxation of the talar dome.
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RIS, BB ORMETERE TAOWEICRS X)L
FeL/z EWBIET F L ABIMGZEE D 1 AR
7 em MEIFA L C, B2 FISEAT S 2 BEMAE & AIMRIE#HIR %
[ L7z, TREAGICE) B #4202 R REALIE 5 % PIsll~8E 1 C #%
BEPE 2R LT, v TS 2 P8 O
WM L7z (Fig. 4). BREFFOEEIE - T, bt
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Fig.5 Intraoperative photograph of the surgical exposure for the
posterolateral approach (A), and the enlarged photograph
(B). Using the posterior inferior tibiofibular ligament as a
hinge, the posterior malleolus was rotated out of the way
allowing better visualization of the posterior joint and the
tibial impaction. © : Rotated posterior malleolus, *: Impacted

osteochondral fragment, = : Uninjured tibiotalar joint surface

Fig. 4

Intraoperative photographs of the surgical incision for the posterolateral approach. The incision lied between the poste-

rior border of the fibula and the lateral edge of the Achilles tendon. The subcutaneous dissection was done carefully to

identify the sural nerve and the lesser saphenous vein (A). The flexor hallucis longus tendon was retracted medially to

expose the posterior malleolus (B), and the peroneal tendon was retracted medially to expose the lateral malleolus (C).
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Fig. 6 Postoperative anteroposterior and lateral radiographs showed
an adequate congruency of the ankle joint. Posterior malleo-
lus fixation was performed using a buttress plate and poste-
rior-to-anterior lag screws. Lateral malleolar fracture was
fixed with an antiglide plate, and medial malleolar fracture
was fixed with lag screws.

B

Fig. 7 Postoperative computed tomography scans showed an ana-
tomic reduction of the posterior malleolar fracture. The
impacted osteochondral fragment and the posterior sublux-
ation of the talar dome were also reduced.
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Surgical results of open reduction and internal fixation using a posterolateral
approach for posterior malleolar fractures

Jun Kikkawa'>™, Tetsuya Torio'”, Shintaro Kato'?,
Nobuhiko Okada'”, Manabu Nemoto, Hiromi Oda"
1) Department of Orthopaedic Surgery, Saitama Medical University Hospital
2) Department of Emergency and Trauma Care, Saitama International Medical Center

Background & Objectives: While the treatment of lateral and medial malleolar fractures is well established, several controversies
exist in the management of posterior malleolar fractures. The involvement of the posterior malleolus in fractures of the ankle
adversely affects the functional outcome and may be associated with the development of post-traumatic osteoarthritis. Although
anatomical reduction is one of the predictors of successful outcomes, the most common method of fixation of the posterior malleolus
is by indirect reduction and anteroposterior screws via an anterior approach. The purpose of this study was to compare radiographic
and functional outcomes of posterior malleolar fractures treated with direct reduction via a posterolateral approach versus indirect
reduction via an anterior approach.

Materials and Methods: We retrospectively analyzed 33 patients with posterior malleolar fractures who underwent open reduction
and internal fixation using either posterolateral or anterior approaches between April 2007 and June 2018. Fixation of the posterior
malleolus was made with buttress plate and/or posterior-to-anterior screws in 16 patients using the posterolateral approach, and
anterior-to-posterior screws in 17 patients using the anterior approach. Demographic data, type of fracture, internal fixation method,
surgeon experience, surgical time, blood loss, tourniquet time, postoperative complication, and Burwell criteria (including radio-
graphic, subjective, and objective criteria) were used as the main outcome measurements, and results were evaluated at the 6-month
follow-up visit.

Results: Demographic data were similar between groups, but the waiting duration from injury to surgery in the posterolateral group
was significantly longer than in the anterior group (11 £ 4.2days vs 7 = 4.3days, odd ratio: 0.7, p=0.025). Despite this increase
in the waiting period, the posterolateral group demonstrated a significantly superior reduction compared to the anterior group
(87.5% vs 52.9%, p=0.036) and indicated trends toward improvement in the subjective outcome (87.5% vs 58.8%, p=0.071) and
objective outcome (87.5% vs 58.8%, p=0.071). As a postoperative complication, one patient showed signs of sural nerve disorder
in the posterolateral group but with no evidence of wound dehiscence. In contrast, one patient in the anterior group did present with
surgical site infection.

Conclusions: We concluded that the direct reduction technique via a posterolateral approach enables a better quality of reduction and
better functional outcome in the management of the posterior malleolar fracture compared with the indirect technique via an anterior
approach. Especially in cases of depressed fracture or late timing of surgery, the posterolateral approach should be adopted as an

optimal treatment.
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