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Abstract

The aims of this study were to present a remedy for isolated Weber type B fractures using a new surgical
technique, a specialized anatomical locking plate without inter-fragmentary lag screws, and an early
weight-bearing protocol after surgery, as well as to evaluate the outcomes of this remedy.
The study included 29 patients (17 males and 12 females; mean age, 40.8 years, range, 18 to 82 years)
with a minimum 1-year follow-up period. Surgery was performed as fixation without inter-fragmentary
lag screws using a specialized locking plate that was pre-anatomically contoured on the outline of the
fibula. Tolerable weight bearing was permitted in the second postoperative week. Fractures were
compared clinically and radiologically to the injured side and were rated according to the criteria
reported by McLennan and Ungersma. The Foot and Ankle Outcome Score (FAOS) were used to
evaluate functional results.
In all patients, union was achieved without any loss of reduction or malunion. There were no infections
or wound complications. According to the McLennan and Ungersma criteria, all patients were rated
good radiologically; however, 2 were rated fair and 27 were good functionally. The mean FAOS score
was 90.5 (range 62.4 to 100) at 1 year follow up after surgery. The fixation method without inter-
fragmentary lag screws using a specialized anatomical locking plate and early postoperative weight
bearing has the advantages of being an easy procedure with greater stability and provides good
functional and radiological outcomes in patients with isolated Weber B ankle fractures.
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Introduction
Weber B ankle fractures are oblique fractures of the distal
fibula with a fracture line beginning at the level of the tibial
plafond. These are common, accounting for 60% of all ankle
fractures [1]. These fractures are rotational injuries caused by a
supination-external rotation (SER) mechanism according to the
Lauge-Hansen classification [2]. The generally accepted
treatment of displaced or unstable Weber B ankle fractures
involves surgical stabilization, because anatomical restoration
of the lateral malleolus is important to avoid subluxation of the
ankle joint and promote biomechanical recovery [3,4].
Nevertheless, controversy remains with regard to the optimal
method of fixation.

Traditionally, fixation of the distal fibula with a one-third
tubular plate and lag screws to achieve interfragmentary
compression has been most frequently used [5,6]. However,
some studies have demonstrated the disadvantages of this

fixation method, including inferior biomechanical strength,
loss of fixation, and inadequate distal fixation [6,7]. In recent
years, alternative methods of fixation have been proposed
including use of a posterior antiglide plate, locking plate, and
various types of intramedullary devices. The locking plate has
greater stability than other standard plates and the advantage of
promoting early rehabilitation [8]. Although based on a goal of
relative stability, a literature review indicates that the locking
plate for fixation of the distal fibula has in fact mostly been
used with interfragmentary lag screws with a goal of absolute
stability, using lag screws and conventional compression
plates.

We hypothesized that a new surgical technique using a
specialized anatomical locking plate without interfragmentary
lag screws would provide the advantage of allowing early
weight bearing after fixation of distal fibular fractures. The
aims of this study were to present a novel remedy for isolated
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Weber type B fractures, a new surgical technique using a
specialized anatomical locking plate without interfragmentary
lag screws, and an early weight-bearing protocol after surgery,
as well as to evaluate the outcomes at 1 year after surgery.

Materials and Methods
Twenty-nine patients with isolated Weber B ankle fractures
who underwent fixation without inter-fragmentary lag screws
using a specialized locking plate that was pre-anatomically
contoured on the outline of the fibula by a single surgeon
between 2015 and 2016 were enrolled in the present study.
Surgery was performed on patients with a >2 mm displacement
at the fracture site and a talar shift (Figure 1), using the
anatomical locking fibular plate. The plate was chosen for the
best fitting contour among 3 types of specialized locking
fibular plates that were pre-anatomically contoured on the
outline of the fibula (Jeil Med, Seoul, Korea; SIP, Seoul,
Korea; Taeyeon Med, Seoul, Korea). All patients were
followed up for at least 12 months to assess the functional and
clinical outcomes using the Korean version of the Foot and
Ankle Outcome Score (FAOS), [9] the degree of bony union,
and any complications during the 12 months after surgery.

Figure 1. The preoperative radiograph of an isolated Weber B ankle
fracture showed unstable fractures pattern with a >2 mm
displacement at the fracture site and talar shift.

The FAOS score contains 42 questions divided into 5
subscales: Pain, Symptoms, Activities of Daily Living (ADLs),
Sports and Recreational activities, and foot- and ankle-related
quality of life (QoL). Patients are asked questions about the
symptomatic foot or ankle, such as: “Can you bend your foot
or ankle fully?”, thus eliminating observer bias. Patients
respond to each question on a scale from 0 to 4, and a total
score between 0 (extreme symptoms) and 100 (no symptom)

for each subscale is calculated according to a specific formula
[9,10]. The functional and radiographic ratings at 1 year were
also assessed according to the criteria reported by McLennan
and Ungersma (Table 1 and 2) [11]. The time to return to sports
activity and tourniquet time also were examined. Return to
sports activity was considered when the patient could run,
jump, or hike on an uneven terrain but could not participate in
competitive sports. For better objectivity in the follow-up, all
evaluations were performed by a single medical doctor other
than the surgeon in order to minimize observer bias.

Table 1. Functional rating according to McLennan and Ungersma’s
criteria. (compared to the normal ankle).

Good 80% of normal strength and range of motion(ROM)
without pain or stiffness, return to previous activity level

Fair >60% of normal strength and range of motion(ROM)
without stiffness, occasional pain following activity

Poor <60% of normal strength and range of motion(ROM), with
pain and stiffness at rest

Table 2. Radiographic criteria according to McLennan and
Ungersma’s criteria. (compared to the normal ankle).

Good Fibula out to length

<2 mm posterior displacement in the groove of the tibia

<1 mm increase in the medical clear space

Fair Fibula shortend ≤ 2 mm

2-4 mm posterior displacement

≤ 2 mm lateral displacement

1-3 mm increase in the medical clear space

Poor Fibula shortend >2 mm

>4 mm posterior displacement

>2 mm lateral displacement

>3 mm increase in the medical clear space

Surgical technique
All procedures were performed with the patient in a lateral
recumbent position with a pillow under the ipsilateral buttock.
Under regional or general anesthesia, all procedures were
performed using a tourniquet (300 mmHg). A longitudinal skin
incision over the fracture line was made and soft tissue
dissection was minimal, allowing exposure of only the fracture
ends in order to reduce them anatomically and to fix them
provisionally using a reduction clamp (Figure 2A). Two
Kirschner wires were passed percutaneously from the
posterodistal fragment to the anteroproximal fragment and
perpendicular to the fracture line (Figure 2B). While
maintaining reduction using 2 Kirschner wires, a specialized
locking plate with the best fitting contour on an outline of the
fibula was placed on the external side, adjusting it to the shape
and length of the fibula (Figure 2C). A locking screw was fixed
at the distal part of the fracture, followed by a second screw at
the proximal part after reconfirming its intended location and
adjustment to the fibular shape to maintain reduction. After
removal of the Kirschner wires used to maintain the reduction

Chun/Sharma/Kim/Ulagpan/Jagga/Lee/Cho

8418 Biomed Res 2017 Volume 28 Issue 19



temporarily, the 4 remaining locking screws were fixed at the
distal and proximal regions between the first 2 screws (Figure
3). Ankle joint congruency and fracture reduction and stability
were confirmed using C-arm imaging. Following routine
closure of the wound, the neutral position of the ankle joint
was fixed using a short-leg splint.

Figure 2. (A) The fracture is reduced anatomically and to fix them
provisionally using a reduction clamp. (B) Two Kirschner wires were
inserted percutaneously, directly from the posterodistal to
anteroproximal and strictly perpendicular to the fracture line. (C)
During maintaining the reduction by two Kirschner wires, a
specialized pre-anatomically contoured locking plate was placed on
the external side of fibula, adjusting it to the shape and length of the
fibula.

Figure 3. Final follow-up anteroposterior radiograph showing
complete bony union by the three type of specialized locking fibula
plate. (A) Arix locking system (Jeil Med, Seoul, Korea), (B)
SIPMEDSYS (SIP, Seoul, Korea) / (C) TYM fibula locking plate
(Taeyeon Med, Seoul, Korea).

Postoperative management
Non-weight-bearing active range of motion (ROM) exercise
was started immediately and walking with crutches without
weight bearing was allowed for 2 weeks with a short leg splint.
After 2 weeks, the patients were allowed to walk with tolerable
weight bearing but without a splint or walking brace. At 4
weeks, the patients were gradually allowed to walk with full
weight bearing in normal shoes and could resume normal
activities as tolerated. At 8 weeks, sports activities such as
running were allowed.

Statistical analysis
Normality of data was assessed by using Shapiro-Wilk test and
parametric or non-parametric tests were used as appropriate. At
1-year follow-up period, the Foot and Ankle Outcome Score
(FAOS) was analyzed using one-sample t test, as reference
value by 80 (Fair). Statistical significance was set at p ≤ 0.01.
All analyses were performed using SPSS v.24.0 (SPSS Inc.,
Chicago, Illinois).

Results
The mean patient age was 40.8 (range 18 to 82) years. Of the
29 patients, 17 were males and 12 were females. The mean
follow-up period was 12.2 months (range 12 to 14) (Table 3).
All fibular fractures healed clinically and radiographically by 8
weeks postoperatively. In all 29 patients, complete bony union
was achieved without any loss of reduction or malunion during
a minimum 1-year follow-up period. No patient developed any
serious complications, including screw loosening, malunion,
nonunion, delayed union, deep infection, loss of fixation, skin
irritation, or peroneal tendon irritation. During a minimum 1
year follow-up period, the mean FAOS score was 90.5 (range
62.4 to 100), with a mean of 93.2 for Pain (range, 63.9 to 100),
92.4 for Symptoms (range, 57.1 to 100), 95.5 for ADLs (range,
72.1 to 100), 85.0 for Sports and Recreational activities (range,
50 to 100), and 86.4 for foot- and ankle-related quality of life
(QoL) (range, 18.8 to 100). The mean FAOS score (P<0.01)
was considered statistically significant. According to the
McLennan and Ungersma criteria, all patients were rated good
radiologically; however, 2 were rated fair and 27 were good
functionally. Mean time to return to sports activity was
approximately 3 months and mean tourniquet time was 29.1
min (range 24 to 40).

Table 3. Summary of baseline patient data.

Variable N. (%)

Gender (n)

Male

Female

17 (59)

12 (41)

Laterally (n)

Right

Left

15 (52)

14 (48)

Age (years)

Range

Average

18 to 82

40.8

Follow-up (Months)

Range

Average

12 to 14

12.2

Discussion
Fractures of the fibula are common injuries treated by
orthopedic surgeons. The typical Weber B ankle fracture is
caused by an SER mechanism according to the Lauge-Hansen
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classification [2]. The SER pattern of ankle fracture comprises
up to 85% of all ankle fractures [12]. The surgical priority in
the management of unstable ankle fractures is to reestablish
joint congruency and restore the anatomical ankle mortise.
Correction of fibular length and rotation is the main goal of
anatomic joint restoration [3,4]. A lateral talar shift of just 1
mm can result in a 40% to 42% reduction in the tibiotalar area
of contact [13,14]. Failure to address restoration of the
anatomical ankle mortise has been reported to correlate with
poor outcome and to induce the development of post-traumatic
arthritis [15,16]. Surgical stabilization of displaced or unstable
Weber B ankle fractures has been adopted to prevent traumatic
arthritis and promote biomechanical recovery. Many methods
are available for surgical fixation of the fibula, including the
one-third tubular plate and screw, posterior antiglide plate, lag
screw-only fixation, cerclage wire, hook plate, rush rod,
biodegradable plate, intramedullary fixation and posterior
plates, and locking-plate constructs. Various studies have
reported on the different types of fixation methods and
comparisons of these different fixation methods have been
attempted. Nevertheless, the optimal method of fixation for the
fibula remains controversial.

The basic principles of internal fixation using a conventional
plate and screw are direct, anatomical reduction and stable
internal fixation of the fracture. A one-third tubular plate and
lag screw has traditionally been used to achieve
interfragmentary compression for direct lateral fixation of the
distal fibula [5,6]. This method provides sufficient
biomechanical stability, and will not lead to peroneal tendon
irritation. However, there has been debate regarding the
disadvantages of this fixation, including the inferior
biomechanical strength, loss of fixation, and inadequate distal
fixation. Screw loosening is of concern with regard to the goal
of absolute stability using lag screws and conventional
compression plates, especially in osteoporotic bones. Various
authors have reported unsatisfactory fixation and decreased
fixation strength with unicortical cancellous screws distal to
the fracture site, especially in osteoporotic or comminuted
bone [17-19]. The use of bicortical screws can provide superior
fixation compared to unicortical fixation with cancellous
screws [5,6], but intra-articular screw placement remains a
possibility [20,21]. The use of an interfragmentary lag screw
has been employed for increased compression and stability in
oblique fibular fractures. However, this is not a viable option
for patients with comminuted fractures, osteoporosis, and
limited compliance with weight bearing. Moreover, early
mobilization may in fact cause a slight increase in fracture
instability [22-24].

The recently developed distal fibular locking plate consists of a
plate and screw system in which the screws are locked in the
plate. This locking system minimizes the compressive forces
exerted by the plate on the bone. Precise anatomical contouring
of a plate is no longer necessary, because the plate does not
need to be pressed onto the bone to achieve stability. Moreover,
this plate prevents primary loss of the reduction caused by
inexact contouring of a plate at the fracture site.
Intraoperatively, we chose the anatomical locking fibular plate

with the best fit among 3 types of specialized locking fibular
plates that were pre contoured to match the average anatomical
form of the fibula in the Korean population. Consequently, the
use of specialized locking fibular plates could decrease
operative time and make surgery easier and simpler than with
use of other fixation methods.

The development of the locking plate method has been based
on the concept of biological osteosynthesis. The basic locked
internal fixation system aims at flexible elastic fixation to
initiate spontaneous healing, as well as induction of callus
formation [25,26]. In addition, the locking mechanism could
diminish implant failure, such as screw toggle and backout,
and avoid the consequences of immobilization, which may be
exacerbated with the use of conventional plates in patients with
deficient bone stock [27]. Nevertheless, the distal fibular
locking plate has mostly been used in conjunction with an
interfragmentary lag screw in the same way as a method aimed
at absolute stability, with use of lag screws and conventional
compression plates. In the present study, only specialized
anatomical locking plates were used for fixation of distal
fibular fractures without interfragmentary lag screws.
Percutaneous insertion of 2 Kirschner wires enabled
maintenance of precise fracture reduction without use of
interfragmentary lag screws until distal fibular locked plating.
This study showed that a new surgical technique using a
specialized anatomical locking plate without lag screws had a
good radiologic outcome, without bony complications such as
malunion, nonunion, delayed union, or loss of fixation.
Accordingly, we suggest that anatomic locking plating alone
without use of lag screws is an alternative for fixation of
isolated Weber type B fractures based on the goal of stability
for osteosynthesis.

No consensus exists regarding the timing of weight bearing
after surgical fixation of unstable traumatic ankle fractures.
Immobilization or non-weight bearing can be associated with
decreased ROM, ankle stiffness, and loss of muscle strength
[28,29]. On the other hand, early motion is believed to be
important for functional recovery in most fractures due to
reduction of joint stiffness [30]. Early weight bearing may
accelerate recovery and improve overall function and quality of
life [31,32]. In a multicenter randomized controlled trial,
Dehghan et al. [33] recommended early postoperative weight-
bearing and ROM exercise in patients with surgically treated
ankle fractures, and reported a functional outcome with no
increase in the complication rate. In addition, Tan et al. [34]
favored early weight-bearing postoperative protocols in
unstable ankle fractures after open reduction and internal
fixation, based on biomechanical analysis. Furthermore,
locking plates have the advantage of promoting early
rehabilitation with proper strength fixation. In the present
study, all patients underwent early weight-bearing
rehabilitation protocols, consisting of immediate ROM
exercise and weight bearing at 2 weeks after surgery; 27
patients (93.1%) had functional recovery, with more than 80%
of normal strength and ROM without pain or stiffness, and
returned to a previous activity level. It is therefore believed
that late weight-bearing rehabilitation should be avoided
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following surgical treatment for isolated Weber type B
fractures, especially when a locking plate is used.

Despite the advantage of locking plate osteosynthesis, which
has regularly been associated with progressive callus
formation, [25,26] fixed angle devices have frequently led to
asymmetric callus formation [35]. To allow for more
symmetric callus formation, additional dynamic fixation was
introduced by some authors [36,37]. Horn et al. [38] reported
significantly faster fracture healing when using lag screws in a
locking plate at the distal tibia. However, we did not observe
asymmetric callus formation or delayed fracture healing using
our treatment remedy for Weber B ankle fractures. Thus, we
believe that the necessity of additional lag screws for locked
plating in Weber B ankle fractures remains controversial. In
future, biomechanical cadaver studies and clinical comparative
trials will be necessary to establish the influence of an
additional lag screw at the distal fibula when used with a
locking plate.

This study has some limitations. Like most retrospective cohort
studies, our investigation had a number of methodological
weaknesses. For instance, this was a cohort study with a
limited number of subjects and a short follow-up period.
Moreover, we did not compare treatment outcomes with those
in patients who underwent fixation using a specialized locking
plate with interfragmentary lag screws and specialized
anatomical locking. Therefore, additional studies with a longer
follow-up period are required to support our treatment remedy.

In conclusion, we permitted early postoperative weight bearing
after use of a new surgical technique with a specialized
anatomical locking plate without interfragmentary lag screws
in 29 patients with isolated Weber B ankle fractures. All
patients showed complete union without any loss of reduction
or malunion. Most of the patients showed satisfactory
functional results on short-term follow-up. Therefore, we
believe that this novel remedy, consisting of surgery without
interfragmentary lag screws, use of a specialized anatomical
locking plate, and an early postoperative weight-bearing
protocol is a valid alternative for treating isolated Weber B
ankle fractures.
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