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Treating AO/OTA 44B lateral malleolar
fracture in patients over 50 years of age:
periarticular locking plate versus non-
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Abstract

Background: The role of locking plate in lateral malleolar fracture fixation for the elderly remains unclear. The aim
of our study is to compare radiological and functional outcomes in older patients (> 50 years) with AO/OTA 44B
lateral malleolar fractures after locking plate (PLP) or one-third non-locking tubular plate (TP) lateral fixation.

Methods: We retrospectively reviewed the medical records of 72 patients (PLP group, 34 patients; TP group, 38 patients;
mean age, 61.9 ± 7.6 years; range, 51–80 years; follow-up, 1 year). Patients with open fractures, syndesmosis injuries, and a
previous ankle trauma or surgery were excluded. Demographic data, union rate, complications, radiographic outcomes,
visual analog scale (VAS) scores, and foot and ankle outcome scores (FAOSs) between the groups were recorded and
compared. We also investigated the association of clinical features with pain and function. Statistically, the Fisher’s exact
test was used for categorical variables and the Mann-Whitney U test for the continuous variables. The final model for the
multiple regression analysis was used to predict factors related to functional outcomes.

Results: There were no significant between-group differences in demographic data, complication rates, immediately
postoperative distal fibula lengths, ankle osteoarthritis (OA) grades, talar tilt angles (TTAs) ≥ 2°, or reduction accuracy. All
fractures achieved union. The PLP group had significantly lower rates of distal screw loosening, fibula shortening > 2mm,
OA grade progression, and TTAs ≥ 2°, and better FAOSs and VAS scores than was the case for the TP group after 1 year
of follow-up (all p < 0.05). The severity of OA, TTA ≥ 2°, and distal screw loosening were positively associated with VAS
scores, and negatively associated with FAOSs.

Conclusions: When treating AO/OTA 44B fractures in patients over 50 years of age, PLPs provided better VAS scores,
FAOSs, and radiological outcomes, including less fibula shortening > 2mm, less osteoarthritic (OA) ankle progression, less
implant removal rate, and fewer TTAs ≥ 2° than was the case for TPs after a 1-year follow-up.

Level of evidence: Therapeutic level III
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Introduction
The ankle is one of the most common fracture sites in
older (> 50 years) people, and more occur with age [1].
Laterally displaced and rotated ankle fractures usually
require surgical stabilization [2–4]. A 1-mm displaced
talus is associated with more than 40% of tibiotalar con-
tact area decreases and changes [5]. The lateral malle-
olus is important for ankle mortise stability, especially in
AO (Arbeitsgemeinschaft für Osteosynthesefragen
)/OTA (Orthopaedic Trauma Association )-44B trans-
syndesmotic fibula fractures accompanied by mortise
changes and talus tilt [6–8].
The Muller technique, using an interfragmentary

screw and a non-locking one-third tubular
neutralization plate, is recommended for treating AO/
OTA 44-B fractures [9]. However, this technique may
also lead to fixation failure, further fracture displace-
ment, and poor clinical outcomes in older patients
[10]. Open reduction and internal fixation of ankle
fractures in older patients may lead to increases in
complications [11–13]. Locking plates in distal fibula
fractures show superior biomechanical fixation stabil-
ity in osteoporotic bone [14] and in comminuted arti-
ficial bone models [15]. However, clinical outcomes
using locking plates for treatment of older patients
are still unclear.
Several radiological parameters, including fibular

length and talar tilt angle (TTA), have been reported to
be related to clinical outcomes in patients with ankle
fractures [16–18]. However, perfect radiographs do not
guarantee excellent clinical outcomes, where older pa-
tients frequently have poorer results [16]. The associ-
ation of clinical features with pain and functional
outcomes in older patients with AO/OTA 44B fractures,
the most common type of ankle fracture [19], is still un-
clear. Therefore, we compared radiological and func-
tional outcomes in older patients with AO/OTA 44B
fractures after lateral fixation with either periarticular
locking plates (PLPs) or one-third non-locking tubular
plates (TPs). We hypothesized that in older patients: (1)
PLPs will provide better radiological and functional out-
comes than would be the case for TPs and (2) the sever-
ity of osteoarthritic (OA) ankle, TTA ≥ 2°, and distal
screw loosening will be associated with pain and func-
tional outcomes.

Materials and methods
Patients
This is a single-center, analytic, level III, retrospective
cohost study. All procedures were approved by our
hospital’s Institutional Review Board. Between January
2006 and April 2017, patients over 50 years of age
with AO/OTA 44B ankle fractures were treated
surgically in our hospital. Our inclusion criteria were

patients with an acute AO/OTA type-B transsyndesmotic
ankle fracture, age > 50 years [2, 11], surgical fixation with
a lateral periarticular locking plate or with a one-third
non-locking tubular plate, and the ability to walk without
assistance preoperatively. The exclusion criteria were an
incomplete radiography or medical record, AO/OTA 44-
A or 44-C type fractures, open fractures, fractures with an
unstable syndesmosis, a history of previous ankle trauma
or surgery, and inadequate follow-up for at least 1 year. Fi-
nally, 72 patients who met the criteria were included in
this study, including 34 patients in the PLP group and 38
patients in the TP group. The implant type (PLP or TP)
was selected by the patient after comprehensive explana-
tions because PLPs are not covered by the national health
insurance system. The demographic data of all patients
were recorded. Osteoporosis was diagnosed according to
previous dual-energy X-ray absorptiometry or a preopera-
tive lateral radiography of the calcaneus as described in
previous studies [20–22]. The injury mechanism was clas-
sified as high energy trauma, e.g., a traffic accident or fall-
ing from a substantial height, and low energy trauma, e.g.,
a strain or sports injury. Medical comorbidities such as
diabetes, hypertension, and renal disease were also re-
corded [2].

Operative technique and post-operative management
All patients were treated using the same operative
technique and postoperative care protocol. Each pa-
tient was given a single preoperative and postopera-
tive dose of cefazolin and intravenous (IV) first-
generation cephalosporin. A pneumatic tourniquet
was used in all procedures, and the lateral malleolar
fracture was treated using direct open reduction. A
lag screw was placed for interfragmentary fracture fix-
ation when fracture-patterns were suitable, or a re-
duction clamp was temporarily placed if a lag screw
could not be used. Then, a PLP (Fig. 1) (Zimmer
Periarticular Distal Lateral Fibular Locking Plate Sys-
tem; Zimmer, Warsaw, IN, USA), a different fibular
plate (Distal Fibula Double Hook Locking Plate Sys-
tem; Aplus, Taipei, Taiwan), or a TP (Synthes, Paoli,
PA, USA) as a neutralization plate was used for fix-
ation. A medial malleolar fracture was routinely done
with one or two screws or augmented K-wires [2]
based on the size and type of the fracture. A poster-
ior malleolar fracture was reduced and fixed using
one or two 3.5-mm cannulated screws when the in-
volved fragment was more than 20% of the weight-
bearing surface. Intraoperative radiographs recorded
reduction accuracy and plain films were taken
immediately postoperatively to evaluate the reduction.
After the index surgery, no weight bearing was
allowed for the first 2 weeks and then protected
weight bearing was allowed [23]. Full weight-bearing

Shih et al. Journal of Orthopaedic Surgery and Research          (2020) 15:112 Page 2 of 9



was initiated after 8 weeks or when union was evident
radiographically. Splint protection was used for 2 to 4
weeks [2]. Patients were asked to return to our hospital 2
weeks, 1, 2, 3, and 6months, and 1 year after the oper-
ation. If the bony union was not achieved at 6months
after surgery, the patient was asked for an additional
follow-up at 9months. A clinical examination was done,
and standard ankle anteroposterior and lateral radiographs
were taken serially at each visit.

Assessing clinical outcomes and measurement
parameters
All radiography was reviewed by two senior orthopedic
surgeons (WRS and IMJ). When there were disagreements
between the two authors, the third author (PYL) joined
the discussion until a consensus was reached. The radio-
logical outcomes were evaluated using several parameters.
Reduction accuracy was classified as good, fair, or poor ac-
cording to Lee et al. (good: no fibula shortening, posterior
displacement < 2mm, and < 1mm increase in the medial
clear space; fair: fibula shortening ≤ 2mm, 2–4mm pos-
terior displacement, and 1–3mm increase in the medial
clear space; poor: fibula shortening > 2mm, posterior
displacement > 4mm, and > 3mm increase in the medial
clear space) [2]. Radiologic union was defined as obliter-
ation of the fracture lines or bridging callus across the
fracture site on anteroposterior and lateral plain films
[23]. The modified Kellgren-Lawrence grade for ankle OA
was used to separately evaluate the grade of osteophyte
and of joint-space narrowing [24]. The length of the fibu-
lar malleolus, the talus tilt angle, and whether the prox-
imal and distal screws were loosening were measured and
recorded.

We used foot and ankle outcome scores (FAOSs) [25],
which included subscores (score, 0–100; subscales: pain,
symptoms, ADLs, sports and recreation [Sports/Rec],
and quality of life [QoL]) and total scores (score 0–500)
to assess clinical outcomes. Ankle pain was evaluated
using the visual analog scale (VAS) (from 0 to 10).
Complications were recorded and defined as either
wound complications (delayed healing, superficial infec-
tion, and deep infection) [26] or other major complica-
tions (pulmonary embolism, death, amputation, and
revision surgery) [27].
At the end of the 1-year follow-up, the VAS score,

FAOSs, and radiological outcomes (Figs. 2 and 3) of
each patient were compared and analyzed with those re-
corded immediately postoperatively.

Statistical analysis
Between-group differences in the demographic and clin-
ical characteristics at baseline and the 1-year follow-up
were compared. Because of the relatively small sample
size in our series, a Fisher’s exact test was used for the
categorical variables and the Mann-Whitney U test was
used for the continuous variables. To investigate the as-
sociation of clinical features with the functional out-
comes, FAOSs, and the VAS pain score, a simple linear
regression analysis (Supplementary Table 1) and a mul-
tiple linear regression analysis (Supplementary Table 2)
were used. The final model for the multiple regression
analysis was selected using a forward stepwise procedure
and the fewest predictors by which to yield the best in-
terpretations for functional outcomes. SPSS 13.0 (SPSS
Inc., Chicago, IL) was used for all statistical analyses.
Significance was set at p < 0.05.

Fig. 1 The two low-profile and anatomical periarticular locking plates used in this study
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Results
Demographic data and immediate postoperative
outcomes
We finally enrolled 72 patients (51 women, 21 men, mean
age 61.9 years) with AO/OTA 44 B fractures: 34 patients (24
women, 10 men) were treated with PLP (mean age 63.7
years, range 51–80 years, osteoporosis 24/34) and 38 patients
(27 women, 11 men) were treated with TP (mean age 60.2

years, range 51–79 years, osteoporosis 27/38) (Table 1).
Except for significantly longer operation time in the PLP
group, there were no significant differences in sex, side with
lesion, age, proportion of osteoporosis, injury-to-fixation dur-
ation, hospitalization duration, injury mechanism, number of
malleolus involvements, BMI, comorbidities, initial K-L OA
grade, initial distal fibula length, and initial reduction accur-
acy between the two groups.

Fig. 2 A 64-year-old woman treated using an interfragmentary screw and an Aplus PLP. a The fracture was well-reduced (immediately
postoperative radiograph). b It was united without shortening, further displacement, or changes in OA grade

Fig. 3 This 78-year-old woman was treated with an interfragmentary screw and a TP. During securing of the interfragmentary screw, the far
cortex was cracked, and absolute stability was not achieved. The fibula length could not be anatomically maintained using a TP that was not a
fixed angle device. a Finally, the reduction accuracy was fair (immediately postoperative radiograph). b One year later, it was malunited (the
medial ankle-joint substantially widened), the OA grade worsened (arrowheads), and all distal screws were loosened
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Assessing union, complications, and functional outcomes
All fractures achieved union in both groups. There were
no significant between-group differences in time to

union (PLP 5.0 ± 1.8 vs. TP 4.9 ± 1.8 months) (Table 2).
Wound healing was delayed in two PLP-group pa-
tients, and superficial infection was detected in one.
In the TP-group patients, wound healing was delayed
in two, and a superficial infection was detected in
one; however, the implant removal rate was signifi-
cantly higher in the TP groups. There were no major
complications or deep infections, and there were no
significant between-group complications. In the PLP
group, the 1-year FAOS subscale scores and the total
FAOS score were significantly higher, and the VAS
score was significantly lower (Table 2).

Assessing radiological outcomes
Radiological parameters immediately and 1-year postop-
eratively were significantly different between the two
groups: distal fibula length shortening (p = 0.002), TTA
≥ 2° (p = 0.027), fibula shortening > 2mm (p = 0.018),
and distal screw loosening (p < 0.001), all after the 1-
year follow-up (Table 3). One year postoperatively, OA
grades were significantly higher in the TP group (p <
0.001) (Table 4).

Association of clinical features with FAOS and VAS scores
In the stepwise multiple linear regression analysis, renal
disease, ankle OA grade, distal screw loosening, and
TTA ≥ 2° were negatively associated with FAOS scores,
but the latter three were positively associated with the
VAS score (Table 5).

Table 1 Patient demographics and baseline clinical
characteristics

PLP TP p

(n = 34) (n = 38)

Sex 1.000a

Male 10 11

Female 24 27

Side with lesion 0.815a

Left 14 17

Right 20 21

Age (years) 63.7 ± 7.9 60.2 ± 7.0 0.065b

Operation time (min) 94.7 ± 32.3 80.8 ± 21.7 0.030b*

Injury to fixation (days) 1.2 ± 0.6 1.4 ± 1.7 0.453b

Hospitalization duration (days) 4.4 ± 2.0 4.0 ± 1.8 0.432b

Energy of trauma 1.000a

High 21 23

Low 13 15

Body mass index (BMI) 26.1 ± 4.0 24.6 ± 2.7 0.086b

Fracture type 0.643a

Unimalleolar 7 12

Bimalleolar 18 18

Trimalleolar 9 8

Comminuted fracture 2/34 4/38 0.677a

Comorbidities

Diabetes (n) 8/34 5/38 0.359a

Hypertension (n) 6/34 4/38 0.501a

Renal disease (n) 3/34 3/38 1.000a

Osteoporosis 24/34 27/38 1.000a

Initial OA grade [24] 0.306a

0 0 0

1 26 24

2 8 14

3 0 0

4 0 0

Initial talus tilt angle (TTA) 1.000a

≥ 2° 2 3

< 2° 32 35

Initial distal fibula length (mm) 27.4 ± 3.4 27.3 ± 2.8 0.973b

Reduction accuracy [2] 1.000a

Good 31 35

Fair 3 3

Poor 0 0
aFisher’s exact test, bMann-Whitney U test, *p < 0.05

Table 2 One-year clinical and functional outcomes

PLP TP p

(n = 34) (n = 38)

Time to union (months) 5.0 ± 1.8 4.9 ± 1.8 0.742a

Union rate [n (%)] 34 (100%) 38 (100%) 1.000b

FAOS subscale at 1 year

Pain (0–100) 91.3 ± 7.0 86.1 ± 5.8 < 0.001a***

Symptom (0–100) 81.9 ± 9.9 76.7 ± 12.8 0.036a*

ADL (0–100) 94.7 ± 4.7 89.6 ± 5.5 < 0.001a***

Sports (0–100) 85.6 ± 8.0 80.9 ± 9.9 0.040a*

QoL (0–100) 77.6 ± 10.4 70.4 ± 9.8 0.005a**

Total scores (0–500) 431.1 ± 31.2 403.7 ± 38.1 0.002a**

VAS at 1 year (0–10) 1.2 ± 0.9 2.3 ± 1.2 < 0.001a***

Complications

Delayed wound healing (n) 2/34 2/38 1.000b

Superficial infection (n) 1/34 1/38 1.000b

Deep infection (n) 0/34 0/38 1.000b

Others (n) 0/34 0/38 1.000b

Implant removal rate 6/34 16/38 0.039b*

aMann-Whitney U test, bFisher’s exact test, *p < 0.05, **p < 0.01, ***p < 0.001
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Discussion
This is the first study to compare the surgical results of
AO/OTA 44B fractures treated with lateral PLPs and
TPs in patients > 50 years old. There were no significant
between-group differences in preoperative demographic
data, complication rates, immediately postoperative dis-
tal fibula lengths, ankle OA grades, TTAs ≥2°, or reduc-
tion accuracy. All fractures achieved union. The TP
group had significantly shorter operation times. The PLP
group had significantly less fibula shortening, lower rates
of distal screw loosening, fibula shortening > 2mm,
ankle OA grade progression, TTAs ≥ 2°, and better
FAOSs and VAS scores than was the case for the TP
group after 1 year of follow-up. In analyzing the associ-
ation of clinical features with FAOSs and VAS scores,
FAOSs were negatively associated with renal disease, OA
grade, distal screw loosening, and TTAs ≥ 2°. The VAS
score was significantly positively associated with OA
grade, distal screw loosening, and TTAs ≥2°.
Surgical treatment for ankle fracture usually leads to

high rates of complication in older people with osteo-
porosis, inadequate hardware purchase, and poor sur-
rounding soft tissue [2, 10, 13]. Therefore, PLPs have

recently become popular for treating osteoporotic lateral
malleolar fractures [7, 22]. In OTA 44-B ankle fractures,
PLPs are biomechanically superior to conventional non-
locking tubular plates in osteoporotic cadaver modes
[14, 28], where fixation strength of a PLP is independent
of bone mineral density [14, 28]. However, for OTA 44-
B and 44-C lateral malleolar fractures, the biomechanical
superiority of locked lateral plates cannot be demon-
strated when compared with conventional lateral plates
in a meta-analysis of biomechanical studies using osteo-
porotic cadaver models [29]. Up to date, there are sev-
eral studies evaluating the clinical outcomes in lateral
malleolar fractures treated with and without locking
plates [3, 4, 13, 22, 23, 26, 30–32] (Supplemental Table
3). However, the reported results vary under the differ-
ent inclusion criteria for fracture type and implant type.
For pure OTA 44-B lateral malleolar fractures, there are
two studies in a general patient population [23, 30]. Tsu-
kada et al. [23] reported no significant differences in the
36-Item Short Form Survey (SF-36) score, fibula union
rate, and wound complication rate between a locking re-
construction plate group and a non-locking periarticular
plate group. Moss et al. [30] reported no difference in

Table 3 Radiographic parameters comparison immediately and 1 year after surgery

PLP (n = 34) TP (n = 38) p

T0 T1 T1-T0 (ΔT) T0 T1 T1-T0 (ΔT)

Distal fibula length (mm) [mean (SD)] 27.0 (3.4) 26.4 (3.0) 1.1 (1.1) 26.8 (3.1) 25.4 (3.0) 1.9 (1.3) 0.002a,c**

Talus tilt angle ≥ 2° [n (%)] 2 (5.9%) 4 (11.8%) 2 (5.9%) 3 (7.9%) 13 (34.2%) 10 (26.3%) 0.027b,c*

Fibula shortening (> 2 mm) [n (%)] 0 5 (14.7%) 5 (14.7%) 0 16 (42.1%) 16 (42.1%) 0.018b,c*

Proximal screw loosening [n (%)] 0 2 (5.3%) 0.495b,d

Distal screw loosening [n (%)] 0 14 (36.8%) < 0.001b,d***

T0 immediately after surgery, T1 1 year after surgery
aMann-Whitney U test, bFisher’s exact test, cPLP(ΔT) vs. TP(ΔT),

dPLP(T1) vs. TP(T1),
*p < 0.05, **p < 0.01, ***p < 0.001

Table 4 Radiographic OA grade comparison immediately and 1 year after surgery

PLP (n = 34) TP (n = 38) p

T0 T1 T0 T1

OA grade [n (%)]

0 0 0 0 0

1 26 (76.5%) 22 (61.8%) 24 (63.1%) 8 (21.1%)

2 8 (23.5%) 12 (32.3%) 14 (36.9%) 25 (65.8%)

3 0 0 0 5 (13.1%)

4 0 0 0 0

OA grade progression (T1-T0, ΔT) [n (%)] < 0.001***

0 29 (85.3%) 17 (44.7%)

1 5 (14.7%) 21 (52.6%)

2 0 0

3 0 0

4 0 0

T0 immediately after surgery, T1 1 year after surgery, ΔT (T1-T0): Changes 1 year after surgery; ***p < 0.001 (Fisher’s exact test)
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the rate of failure and loss of reduction between a PLP
group and a non-locking TP group. However, the PLP
group had a higher deep infection rate and implant re-
moval rate. For a senior patient population, there are
two studies enrolling OTA 44-C type fractures with or
without 44-A type fractures in addition to 44-B frac-
tures. Herrera-Perez et al. [22] showed similar average
time to union and AOFAS scores in osteoporotic pa-
tients aged over 64 using either locking or non-locking
TPs. However, time to weight bearing was significantly
lower in the locking TP group. Lynde et al. [13] reported
that the locking plate group had higher wound dehis-
cence rates in patients over 60. In our study, we included
older patients over 50 years of age and found that the
PLP group had significantly less fibula shortening, lower
rates of distal screw loosening, fibula shortening > 2
mm, ankle OA grade progression, implant removal,
TTAs ≥ 2°, and better FAOSs and VAS scores than did
the TP group after 1 year of follow-up. Further studies
are necessary to compare the clinical outcomes using
locking plates and non-locking plates for AO/OTA 44-B
type fracture fixation in older patients.
Fibula length is important for ankle-joint stability,

where a loss of lateral malleolar length or alignment may
lead to significant biomechanical instability associated
with a poor clinical outcome [18, 33]. In our study, the
non-locking plate was associated with more fibular
shortening, more OA grade progression, and worse
FAOS total scores and VAS scores. Other researchers
have reported that a shortened fibula is associated with
post-traumatic osteoarthritis after fractures, especially in
those > 2mm shorter than the contralateral ankle [18],
where there were significantly higher pain scores in
post-traumatic OA patients with TTAs ≥ 2° than in
those with TTAs < 2° [17]. Our PLP group had less fibu-
lar shortening > 2mm and fewer TTAs ≥ 2° after a 1-
year follow-up. This group also had better FAOSs and
VAS scores.
Although significant differences were found, treating

with a PLP is more expensive. Under our government
health insurance system, the cost of a PLP (1800–2000
USDs) is much higher than that of a TP (50–100 USDs).

Further studies are necessary to evaluate the cost-
effectiveness and clinical indications for PLPs.
Additionally, we found that renal disease, ankle OA

grade, distal screw loosening, and TTAs ≥ 2° were nega-
tively associated with FAOSs. Ankle OA grade, distal
screw loosening, and TTAs ≥ 2° were positively associ-
ated with VAS scores, however. Fibular shortening,
TTA, and syndesmotic widening suggest poor outcome,
but they are not necessarily significant in all unstable
ankle fractures with TTAs ≥ 2° [16]. This may partly ex-
plain why our PLP group patients with preserved fibula
length had better functional outcomes and pain scale
scores and less OA grade progression. We and other re-
searchers [17] found a TTA ≥ 2° to be positively associ-
ated with more severe pain scores. In addition, a TTA >
2° is associated with more severe osteochondral lesions
[34]. However, fibular length, which has been associated
with clinical outcomes [18], was not significantly associ-
ated with VAS scores or FAOSs in our study. One pos-
sible reason is that the fibular length is correlated with
TTA and OA grade. In our multiple regression model,
the effect of fibular length was explained by the other
two parameters.
Our multiple regression analyses showed renal disease

to also be associated with higher pain scores. A possible
explanation for this might be that patients with chronic
kidney disease tend to have higher prevalence (≥ 70%) of
acute and chronic pain [35]. However, the factors that
affect pain manifestation in chronic disease are unclear
thus far.

Limitations
This study has some limitations. First, it was a retro-
spective study, and the choice of implant was left at the
discretion of patients depending on their economic or
private insurance status. However, to date, the indication
for using a locking plate to treat AO/OTA 44B fractures
is still unclear. There were no significant between-group
differences in the baseline demographic data, and the
postoperative differences in radiographic and functional
outcome were statistically significant. Second, the meth-
odology used for diagnosis of osteoporosis was mostly

Table 5 Stepwise multiple regression analysis of 1-year FAOS total scores and VAS scores in patients with lateral malleolar fracture
(n = 72)

FAOS total score coefficients VAS coefficients

Coefficients (SE) t ratio aR2 p Coefficients (SE) t ratio aR2 p

Renal disease (yes vs. no) − 27.24 (12.46) − 2.84 0.53 0.018* -

OA grade (0–4) − 18.56 (6.06) − 3.22 0.53 0.002** 0.52 (0.20) 2.30 0.40 0.011*

Distal screw loosening (n) − 15.73 (3.22) − 4.73 0.53 < 0.001*** 0.47 (0.11) 3.33 0.40 < 0.001***

Talus tilt angle (≥ 2° vs. < 2°) − 15.79 (7.45) − 2.12 0.53 0.038* 0.53 (0.26) 2.17 0.40 0.043*

aR2 adjusted R coefficient, SE standard error
*p < 0.05, **p < 0.01, ***p < 0.001
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confirmed based on preoperatively lateral radiography of
the calcaneus, which may have led to bias. However, this
method provides an easy, quick preoperative assessment
for trauma patients. In a clinical scenario, other quanti-
tative imaging techniques [21] typically are not practical
for preoperative assessment. In addition, there were no
significant between-group differences in the proportion
of osteoporosis. Third, two types of locking plates were
used in the PLP group. However, both PLPs provided a
low-profile distal structure with more than 4 distal uni-
cortical locking screws for fixation. Fourth, the follow-
up was only 1 year; thus, the long-term postoperative
radiological and functional outcomes could not be evalu-
ated .

Conclusions
PLPs used to treat AO/OTA 44B fractures in patients
over 50 years of age may provide better FAOSs and VAS
scores and better radiological outcomes, less fibula
shortening > 2mm, and OA progression, and fewer
TTAs ≥ 2° than TPs after a 1-year follow-up. The sever-
ity of OA grade, TTA ≥ 2°, and distal screw loosening
were positively associated with VAS scores and nega-
tively associated with FAOSs.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13018-020-01622-9.

Additional file 1: Table S1. Simple regression model results for 1-year
FAOS total scores and VAS scores in lateral malleolar fracture patients (n = 72).

Additional file 2: Table S2. Multiple regression analysis for 1-year FAOS
total scores and VAS in patients with lateral malleolar fracture (n = 72).

Additional file 3: Table S3. Literature review on the use of locking
plates for lateral malleolar fractures.

Abbreviations
AO: Arbeitsgemeinschaft für Osteosynthesefragen; OTA: Orthopaedic Trauma
Association; PLP: Periarticular locking plate; TP: Tubular plate; VAS: Visual
analog scale; FAOSs: Foot and ankle outcome scores; OA: Osteoarthritis;
TTAs: Talar tilt angles

Acknowledgements
We are grateful to Skeleton Materials and Bio-compatibility Core Lab, Re-
search Center of Clinical Medicine, National Cheng Kung University Hospital,
for assistance with this study. We thank the Taiwan Ministry of Science and
Technology, National Cheng Kung University Hospital, and National Cheng
Kung University for funding this work (grants: MOST106-2622-E-006-029-CC2,
NCKUH-10702024; NCKUSCM10808; MOST 107-2314-B-006-065-MY3; NCKUH-
10804001). We are grateful to our colleague, Dr. Chia-Lung Li, Dr. Po-Yen Ko,
Dr. Ta-Wei Tai, Dr. Cheng-Li Lin, Dr. Chih-Wei Chang, Dr. Che-Chia Hsu, and
Dr. Ming-Tung Huang from our orthopedic department for collecting clinical
data, to Prof. Chung-Yi Li and Ms. Shang-Chi Lee for providing the statistical
consulting services from the Biostatistics Consulting Center, National Cheng
Kung University Hospital, as well as Ms. Yu-Ying Chen for her excellent
assistance.

Authors’ contributions
CAS, IMJ, and PTW studied the concept and design. CAS, IMJ, CLL, PYL, WRS,
and PTW contributed to the acquisition of data. CAS, CLL, MLY, and PTW
contributed to the analysis and interpretation of data. CAS, IMJ, and PTW did

the drafting of the article. All authors have read and approved the final
submitted manuscript.

Funding
MOST106-2622-E-006-029-CC2; NCKUH-10702024; NCKUSCM10808; MOST
107-2314-B-006-065-MY3; NCKUH-10804001

Availability of data and materials
The datasets used during the current study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate
Ethical approval: All procedures were approved by our hospital’s Institutional
Review Board.
IRB: The Human Experiment and Ethics Committee (HEEC) of National Cheng
Kung University Hospital (NCKUH)
IRB No.: B-ER-105-156; A-ER-109-033
Informed consent: Non-applicable

Consent for publication
Non-applicable

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Biomedical Engineering, National Cheng Kung University,
Tainan, Taiwan. 2Department of Orthopedics, National Cheng Kung University
Hospital, College of Medicine, National Cheng Kung University, Tainan,
Taiwan. 3Department of Orthopedics, National Cheng Kung University
Hospital Dou-Liou Branch, Yunlin, Taiwan. 4Department of Orthopedics, E-Da
Hospital, Kaohsiung, Taiwan. 5School of Medicine, College of Medicine,
I-Shou University, Kaohsiung, Taiwan. 6Department of Orthopedics, Show
Chwan Memorial Hospital, Changhua, Taiwan. 7Institute of Food Safety,
National Chung Hsing University, Taichung, Taiwan. 8Department of
Orthopedics, College of Medicine, National Cheng Kung University, Tainan,
Taiwan. 9Medical Innovation Center, National Cheng Kung University, Tainan,
Taiwan.

Received: 30 July 2019 Accepted: 4 March 2020

References
1. Barrett JA, Baron JA, Karagas MR, Beach ML. Fracture risk in the U.S.

Medicare population. J Clin Epidemiol. 1999;52(3):243–9.
2. Lee YS, Huang HL, Lo TY, Huang CR. Lateral fixation of AO type-B2 ankle fractures

in the elderly: the Knowles pin versus the plate. Int Orthop. 2007;31(6):817–21.
3. Moriarity A, Ellanti P, Mohan K, Fhoghlu CN, Fenelon C, McKenna J. A

comparison of complication rates between locking and non-locking plates
in distal fibular fractures. Orthop Traumatol Surg Res. 2018;104(4):503–6.

4. Yeo ED, Kim HJ, Cho WI, Lee YK. A specialized fibular locking plate for lateral
malleolar fractures. J Foot Ankle Surg. 2015.

5. Phillips WA, Schwartz HS, Keller CS, Woodward HR, Rudd WS, Spiegel PG,
Laros GS. A prospective, randomized study of the management of severe
ankle fractures. J Bone Joint Surg Am. 1985;67(1):67–78.

6. Lamontagne J, Blachut PA, Broekhuyse HM, O'Brien PJ, Meek RN. Surgical
treatment of a displaced lateral malleolus fracture: the antiglide technique
versus lateral plate fixation. J Orthop Trauma. 2002;16(7):498–502.

7. Krenk DE, Molinero KG, Mascarenhas L, Muffly MT, Altman GT. Results of
minimally invasive distal fibular plate osteosynthesis. J Trauma. 2009;66(2):570–5.

8. Mitchell JJ, Bailey JR, Bozzio AE, Fader RR, Mauffrey C. Fixation of distal fibula
fractures: an update. Foot Ankle Int. 2014;35(12):1367–75.

9. Müller ME, Allgöwer M, Schneider R, Willenegger H. Manual of internal
fixation: techniques recommended by the AO-ASIF Group. Berlin: Springer-
Verlag; 1992.

10. Fernandez GN. Internal fixation of the oblique, osteoporotic fracture of the
lateral malleolus. Injury. 1988;19(4):257–8.

11. Beauchamp CG, Clay NR, Thexton PW. Displaced ankle fractures in patients
over 50 years of age. J Bone Joint Surg Br. 1983;65(3):329–32.

12. Litchfield JC. The treatment of unstable fractures of the ankle in the elderly.
Injury. 1987;18(2):128–32.

Shih et al. Journal of Orthopaedic Surgery and Research          (2020) 15:112 Page 8 of 9

https://doi.org/10.1186/s13018-020-01622-9
https://doi.org/10.1186/s13018-020-01622-9


13. Lynde MJ, Sautter T, Hamilton GA, Schuberth JM. Complications after open
reduction and internal fixation of ankle fractures in the elderly. Foot Ankle
Surg. 2012;18(2):103–7.

14. Zahn RK, Frey S, Jakubietz RG, Jakubietz MG, Doht S, Schneider P, Waschke J,
Meffert RH. A contoured locking plate for distal fibular fractures in osteoporotic
bone: a biomechanical cadaver study. Injury. 2012;43(6):718–25.

15. Bariteau JT, Fantry A, Blankenhorn B, Lareau C, Paller D, Digiovanni CW. A
biomechanical evaluation of locked plating for distal fibula fractures in an
osteoporotic sawbone model. Foot Ankle Surg. 2014;20(1):44–7.

16. Mont MA, Sedlin ED, Weiner LS, Miller AR. Postoperative radiographs as
predictors of clinical outcome in unstable ankle fractures. J Orthop Trauma.
1992;6(3):352–7.

17. Holzer N, Salvo D, Marijnissen AC, Vincken KL, Ahmad AC, Serra E, Hoffmeyer P,
Stern R, Lubbeke A, Assal M. Radiographic evaluation of posttraumatic
osteoarthritis of the ankle: the Kellgren-Lawrence scale is reliable and correlates
with clinical symptoms. Osteoarthritis Cartilage. 2015;23(3):363–9.

18. Rukavina A. The role of fibular length and the width of the ankle mortise in post-
traumatic osteoarthrosis after malleolar fracture. Int Orthop. 1998;22(6):357–60.

19. Selvaratnam V, Shetty V, Manickavasagar T, Sahni V. Do undisplaced stable
ankle fractures ever displace-are we subjecting our patients to unnecessary
radiation and follow-up appointments? Injury Extra. 2010;41(12):186–7.

20. Jhamaria NL, Lal KB, Udawat M, Banerji P, Kabra SG. The trabecular pattern
of the calcaneum as an index of osteoporosis. J Bone Joint Surg Br. 1983;
65(2):195–8.

21. Guglielmi G, Muscarella S, Bazzocchi A. Integrated imaging approach to
osteoporosis: state-of-the-art review and update. Radiographics. 2011;31(5):1343–64.

22. Herrera-Perez M, Gutierrez-Morales MJ, Guerra-Ferraz A, Pais-Brito JL, Boluda-
Mengod J, Garces GL. Locking versus non-locking one-third tubular plates
for treating osteoporotic distal fibula fractures: a comparative study. Injury.
2017;48(Suppl 6):S60–5.

23. Tsukada S, Otsuji M, Shiozaki A, Yamamoto A, Komatsu S, Yoshimura H,
Ikeda H, Hoshino A. Locking versus non-locking neutralization plates for
treatment of lateral malleolar fractures: a randomized controlled trial. Int
Orthop. 2013;37(12):2451–6.

24. Kraus VB, Kilfoil TM, Hash TW 2nd, McDaniel G, Renner JB, Carrino JA, Adams
S. Atlas of radiographic features of osteoarthritis of the ankle and hindfoot.
Osteoarthritis Cartilage. 2015;23(12):2059–85.

25. Mani SB, Do H, Vulcano E, Hogan MV, Lyman S, Deland JT, Ellis SJ.
Evaluation of the foot and ankle outcome score in patients with
osteoarthritis of the ankle. Bone Joint J. 2015;97-b(5):662–7.

26. Schepers T, Van Lieshout EM, De Vries MR, Van der Elst M. Increased rates of
wound complications with locking plates in distal fibular fractures. Injury.
2011;42(10):1125–9.

27. SooHoo NF, Krenek L, Eagan MJ, Gurbani B, Ko CY, Zingmond DS.
Complication rates following open reduction and internal fixation of ankle
fractures. J Bone Joint Surg Am. 2009;91(5):1042–9.

28. Kim T, Ayturk UM, Haskell A, Miclau T, Puttlitz CM. Fixation of osteoporotic
distal fibula fractures: a biomechanical comparison of locking versus
conventional plates. J Foot Ankle Surg. 2007;46(1):2–6.

29. Dingemans SA, Lodeizen OA, Goslings JC, Schepers T. Reinforced fixation of
distal fibula fractures in elderly patients; a meta-analysis of biomechanical
studies. Clin Biomech (Bristol, Avon). 2016;36:14–20.

30. Moss LK, Kim-Orden MH, Ravinsky R, Hoshino CM, Zinar DM, Gold SM. Implant
failure rates and cost analysis of contoured locking versus conventional plate
fixation of distal fibula fractures. Orthopedics. 2017;40(6):e1024–9.

31. Huang Z, Liu L, Tu C, Zhang H, Fang Y, Yang T, Pei F. Comparison of three plate
system for lateral malleolar fixation. BMC Musculoskeletal Disord. 2014;15(1):360.

32. Kim HJ, Oh JK, Hwang JH, Park YH. The use of T-LCP (locking compression
plate) for the treatment of the lateral malleolar fractures. Eur J Orthop Surg
Traumatol. 2013;23(2):233–7.

33. Uchiyama E, Suzuki D, Kura H, Yamashita T, Murakami G. Distal fibular length
needed for ankle stability. Foot Ankle Int. 2006;27(3):185–9.

34. Moon JS, Shim JC, Suh JS, Lee WC. Radiographic predictability of cartilage
damage in medial ankle osteoarthritis. Clin Orthop Relat Res. 2010;468(8):2188–97.

35. Pham P-CT, Toscano E, Pham P-MT, Pham P-AT, Pham SV, Pham P-TT. Pain
management in patients with chronic kidney disease. NDT Plus. 2009;2(2):111–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Shih et al. Journal of Orthopaedic Surgery and Research          (2020) 15:112 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusions
	Level of evidence

	Introduction
	Materials and methods
	Patients
	Operative technique and post-operative management
	Assessing clinical outcomes and measurement parameters
	Statistical analysis

	Results
	Demographic data and immediate postoperative outcomes
	Assessing union, complications, and functional outcomes
	Assessing radiological outcomes
	Association of clinical features with FAOS and VAS scores

	Discussion
	Limitations
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

