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Abstract
This study designed a new type of double-pin external �xator for temporary �xation of unstable ankle
fractures, and the safety and effectiveness of this �xation method were explored. Cases were included in
patients with ankle fractures treated in the Department of Traumatology and Orthopedics at Peking
University People's Hospital from February 2016 to February 2020. Two groups of cases were obtained
(cast group, n=19; double-pin external �xator group, n=21). All cases received the same postoperative
care, and the VAS score before and after temporary �xation, the maintenance of fracture reduction, the
complications of temporary �xation and the interval time were recorded. All patients completed follow-
ups. There were 4 cases and 0 cases of complications in the cast and double-pin external �xator groups
respectively. 6 cases and 1 case each had a loss of reduction in the cast and double-pin external �xator
groups respectively. There was no difference in interval time for �nal open reduction with internal �xation
between the two groups. The post-�xation VAS score of the double-pin external �xator group was
signi�cantly lower than that of the cast group. This technique is a simple, safe, and effective treatment
for the temporary reduction of unstable ankle fractures with double-pin external �xator which can relieve
patients' pain, effectively maintain the length of the lateral malleolus, and create good soft tissue
conditions for elective surgery under the state of grasping the indications strictly.

Introduction
Ankle fractures account for about 3.9% of systemic fractures, ranking �rst among intra-articular
fractures1. Although the use of conservative or surgical treatment for certain type of fractures is
somewhat controversial, unstable ankle fractures are well known surgical indications2.

Ideally, surgical treatment of closed unstable ankle fractures should be performed within 6 to 8 hours
after injury. Hoiness et al. reported the incision healing rate of patients undergoing surgical treatment for
ankle fractures within 8 hours after injury was signi�cantly much lower than that of 5 days3. However, not
all patients could undergo operations in time for some reasons, such as complicated systemic diseases,
patient delay and insu�ciency of surgeons. If delayed, there have to be 1 or 2 weeks until the soft tissue
condition meets surgical needs.

In order to maintain the alignment of the ankle joint and accelerate the recovery of soft tissue, temporary
reduction and external �xation of the fractures must be performed before the �nal open reduction and
internal �xation (ORIF). Most commonly used methods are brace or cast and calcaneal traction. However,
brace or cast is di�cult to maintain the reduction for some cases of severe instability, such as malleolus
fractures with dislocation. Calcaneal traction restricts the patient's autonomous activities and the comfort
level is poor 4. Therefore, there is urgent need for temporary external �xation which provides relatively
stability and better comfort for patients with severely unstable ankle fractures.

Inspired by the staging surgery of Pilon fractures5-7, we designed a new double-pin external �xator which
can provide enough stability for ankle fractures as well as skeletal traction. The purpose of this study
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was to evaluate the clinic effect and complications of this new external �xator for temporary �xation of
unstable ankle fractures.

Materials And Methods
Patients

Consecutive patients with ankle fractures that underwent ORIF in our hospital between February 2018
and February 2020 were retrospectively reviewed. The informed consent was obtained from all subjects.
All methods were carried out in accordance with relevant guidelines, random clinical trials and
regulations. All protocols were approved by the Ethics Committee of Peking University People’s Hospital.

Inclusion criteria were (1) age≥16 years, (2) closed ankle fracture with ankle dislocation or subluxation,
and (3) emergency ORIF could not be performed. Talus dislocation or subluxation was de�ned as over
50% displacement of talus dome relative to the distal tibial plafond which was observed on
anteroposterior (AP) or lateral radiographic view. Patients were excluded if they had (1) open fractures, (2)
psychiatric disorders, or(3)previous surgery on the affected ankle.

Ultimately, a total of 40 patients were included in this study (26 males and 14 females, mean age=
57.0±12.2 years). 19 patients of them were �xed temporarily with cast after closed reduction(designated
as cast group), while 21 patients were �xed with double-pin external �xator at �rst(designated as double-
pin external �xator group). All of them underwent ORIF �nally. As shown in Table 1, there was no
signi�cant difference in patient’s age and sex (all P>0.05).

Table 1. Patient Demographics

  Cast Group (n=19) Double-Pin External Fixator Group (n=21)

Sex, No. (%)    

male 13(68.4) 13(61.9)

female 6 (31.6) 8 (38.1)

Age, mean±SD y 57.4±13.5 56.5±11.2

Fracture type (Danis-Weber) (n)  

A 0 0

B 5 6

C 14 15

 

Techniques
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Cast Group

The ankle fracture with dislocation or subluxation was manually reduced and then �xed with U shape
cast.

Double–pin External Fixator Group

Local anesthesia with 1% lidocaine was performed in the area where the pin penetrated the skin. 4.0mm
K -wires were used as the transtibial and transcalcaneal pins. We placed the percutaneous transtibial pin
at the midpoint of the tibial tubercle and �bular head on the lateral side in a direction perpendicular to the
tibial axis from laterally to medially. The percutaneous transcalcaneal pin was placed from medially to
laterally, parallel to the sole of the foot ,utilizing the technique described by Kwon et al.8. The hilt of
scalpel handle was placed on the medial side of the posterior inferior calcaneal tuberosity and the pin
was placed at the tip of the No. 10 scalpel blade8. 

The ankle fracture and dislocation was manually reduced after placement of transtibial and
transcalcaneal pins. While the operator maintained the reduction, the assistant connected medial and
lateral traction rods to transtibial and transcalcaneal pins with rod-pin clamps. Axial traction was applied
by rotating the threaded knobs in the traction rods. Inversion traction was applied for patients with valgus
fractures, while valgus traction was applied for patients with varus fractures. Intraoperative �uoroscopy
was used to con�rm the reduction of ankle dislocation or subluxation, recovery of the �bular length and
distraction of the joint space (�gure 1).

Post operation

Ice, limb elevation and medicines (Cesra, Arzneimittel GmbH CO.KG) were given to reduce swelling. X-ray
examination was taken to con�rm maintenance of fracture reduction during operation andone day before
�nal ORIF.

Follow-ups

Visual Analogue Scale (VAS) of ankle pain before temporary �xation and 1 day post-�xation was
evaluated. The interval time between temporary �xation and �nal ORIF was recorded. The maintenance
of reduction and complications of cast or double-pin external �xator were also assessed.

Statistics

The statistical analysis was performed by SPSS 18.0 software. Results were presented as mean ±
standard deviation(SD). Independent sample t test was used to analyze the differences in the data of
normal distribution in each group. Rank sum test was used to compare the differences between groups
for non-normally distributed data. The signi�cance level was set at 0.05.

Results
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The VAS scores of the two groups before temporary �xation were 8.84±0.69 and 8.86±0.65, respectively,
and the difference between the groups was not signi�cant (P=0.881). The VAS score of patients in
double-pin external �xator group was signi�cantly lower than that in cast group 1 day post-�xation
(P=0.015) (table 2). There was no signi�cant difference in interval time between the two groups(P=0.112)
(table 2).

Reduction loss was identi�ed in 6 cases in cast group and 1case in double-pin external �xator group.
Tension blister was found in 4 cases in cast group, while no complications in double-pin external �xator
group.

Table 2 The situation after temporary �xation

  Cast Group Double-Pin External Fixator Group P value

Pre-�x VAS Score 8.84±0.69 8.86±0.65 0.881

Post-�x VAS Score 3.05±0.80 2.74±0.45 0.015

Interval Time (Days) 6.53±0.90 6.10±0.77 0.112

Reduction Loss 6/19 1/21 <0.001

Complications 4/19 0/21 <0.001

Discussion
Soft tissue swelling is not serious within 8 hours after ankle fractures. This is the best time for ORIF. If
emergency surgery is delayed, the pressure of the subcutaneous tissue continues increasing and may
lead to tension blister, which impairs surgical effect and increases the risk of postoperative
complications9. In addition, �brous tissue resulting from hematoma organization around the fracture site
may hinder the reduction during operation, especially the restoration of the length of �bula. Therefore, if
emergency ORIF can not be performed for any reason, the ankle fracture should be reduced and �xed
temporarily to stimulate recovery of soft tissue.

Cast is the most widely used method for de�nite or temporary �xation for ankle fractures10. However, its
disadvantage is that tightness of the cast is di�cult to control. If the cast is �xed too loosely, the
reduction cannot be maintained effectively. On the contrary, although over-tightening of the cast is
conductive to maintenance of reduction, the soft tissue around the ankle becomes swelling increasingly
during the �rst 3-day after fracture, thus the tightly wrapped cast may cause iatrogenic injury to soft
tissue. As a result, the cast must be replaced or adjusted and the condition of soft tissue must be
observed regularly11. When facing severely unstable ankle fractures, especially those with talus
dislocation or subluxation, even a good cast can hardly guarantee the maintenance of reduction12.



Page 6/10

Calcaneal traction is also a frequently used method to restore the alignment of the ankle fracture and
provide continuous traction, which is easy to operate. But it restricts patients’ activities, makes it
inconvenient for patients to turn over and causes di�culty in nursing. Most patients feel uncomfortable
after calcaneal traction.

Staging surgery for high energy Pilon fractures has been previously reported by several authors13-17

which includes temporary �xation with external �xator and subsequent �nal ORIF. There are only two
published articles about temporary �xation of ankle fractures with external �xator. Lareau et al. reported
that the use of external �xators to temporarily �x unstable ankle fractures in emergency department could
effectively maintain the temporary reduction and reduce the damage of articular cartilage and soft
tissue18. There was another temporary reduction method proposed by Richard A. Wawrose et al. that the
injured ankle was �xed with three dimentional external �xator which took tibial tuberosity, calcaneus and
fore foot as �xed points19. This kind of methods could provide more stability meanwhile more iatrogenic
injuries. Therefore we designed a new double-pin external �xator (�gure 2). This external �xator is simple
in structure, easy to operate and only needs local anesthesia. In spite of its simple design, it provides
much more stable �xation than cast. Reduction loss was identi�ed only 1/21 in external �xator group,
compared with 6/19 in cast group. Loosening of transcalcaneal pin was seen in only one elderly female
patient with severe osteoporosis undergoing external �xator, resulting in �xation failure and reduction
loss, which suggests this method may not bereliable for elderly patient with severe osteoporosis and
traditional external �xator with ring frame and more pins may be indicated. However, double-pin external
�xator has been able to meet the clinical needs as a temporary, transitional �xed method. In addition,
another advantage of our design is continuous distraction of ankle joint, because we used extension rods
with threaded knobs to connect pins. This improved design makes our external �xator provide continuous
and adjustable distraction for ankle fractures, which draws the advantages of calcaneal traction and
makes it easier to restore the length of �bula in �nal ORIF.

The postoperative VAS score of double-pin external �xator group was signi�cantly lower than that of cast
group, probably resulted from patients’ better subjective experience. Patients could perform non-weight-
bearing activities with external �xator, without the tight feeling of the cast, and it was more convenient to
observe soft tissue condition or treat tension blister. Although the subjective feeling of patients was
improved, there was no signi�cant difference in the interval time between the two groups, which may
indicate the double-pin external �xator could not accelerate the recovery of the soft tissue compared with
the cast.

The pins in our design penetrated proximal tibia and calcaneus, not interfering with the ankle joint or
irritating soft tissue around the incision area of ORIF. In this study, there was no pin infection and delayed
pin wound healing after pin removing. So it is a safe method to �x unstable ankle fracture temporarily.

There are some limitations of this study. This was a retrospective study with a small sample size due to
most patients with severely unstable ankle fractures undergoing emergency ORIF in our hospital. In the
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future, a prospective clinical trial with a larger sample size should be conducted to further validate the
clinic effect of this new double-pin external �xator for temporary �xation of unstable ankle fractures.

Conclusion
In summary, the temporary �xation of unstable ankle fractures with double-pin external �xator can
provide patients with e�ciency reduction, an improved subjective experience and good soft tissue
conditions for the �nal internal �xation surgery in the absence of emergency surgery.
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Figures

Figure 1

A case type B unstable ankle fracture temporarily �xed with double-pin tractor . A and B are the X-ray �lm
and three-dimensional reconstruction CT of the fracture, respectively. C and D are the �lm of
intraoperative �uoroscopy.
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Figure 2

The anteroposterior and lateral view of the ankle joint after temporary �xation with a double-pin external
�xatorpins �xator.


