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Abstract
Background: Local soft tissue contusion, bone exposure, and wound contamination are often
accompanied by open distal tibia fractures. External �xation is the most commonly used temporary or
terminal �xation treatment. The locking plate as external stent �xation and circular external �xator has
become the major technical surgery for the de�nitive treatment of open distal tibia fractures. Both can
achieve reliable �xation of fracture ends that do not cross the ankle joint and promote fracture healing
and soft tissue repair. This study aimed to compare the functional and radiological outcomes of external
locking plate and circular external �xator in the treatment of open distal tibia fractures.

Methods: Emergency operation patients treated for open distal fractures in  segment of the tibia (all were
extra-articular fractures) between October 2016 and October 2020 were retrospectively investigated.
Patients were divided by a random number table into a locking plate external �xation treatment group
(External Locking Plate group, group ) and a circular external �xation frame treatment group (Circular
External Fixator group  group ). A total of 77 patients (34 females and 41 males) with a mean age of
31.60±10.92 (range: 18-60) years were evaluated. Fractures were graded according to Gustilo and
AO/ASIF classi�cation, respectively. In the External Locking Plate group (31 cases), Gustilo type II 18 and
Gustilo type IIIA 13. Then according to the AO/ASIF classi�cation, 14 by type 42-B, 14 by 42-C, and 3 by
43-A; While in the Circular External Fixator group (46 patients), there were Gustilo type II (23 patients) and
Gustilo type IIIA (23 patients), type 42-B (25 patients), type 42-C (17 patients), and type 43-A (4 patients).
The general data such as gender, age, and cause of injury were recorded and compared between the two
groups. The clinical and radiographic outcomes were retrospectively evaluated, such as the surgical time,
the surgical surface notch of the external �xative object, postoperative wound infection rate, incision
infection rates, bone healing time, nonunion rate, secondary surgery rate, the number of angulation
degrees in the fracture area at the last X-ray, and the Johner-Wruhs functional score of the ankle at the
last follow-up.

Results: All patients were followed up for a mean period of 13.71 ± 2.61 months (range 9-18 months).
The operative time was 66.90 ± 5.37) minutes and 84.74 ± 6.72) minutes in the External Locking Plate
group and Circular External Fixator group, respectively. The patients had an external �xation object
surface notch of (2.00 ± 0.21) cm and (5.30 ± 1.10) cm, respectively. In incision infection rates, eight nail
infections in the External Locking Plate group (8 / 228) and 28 nail infections (28 / 365) were diagnosed
in the Circular External Fixator group. For the Johner-Wruhs functional score of the ankle at the last
follow-up, 26 superior and 4 superior and 1 inferior in the External Locking Plate group; 96.7% (30 / 31)
superior and 24 superior and 17 inferior and 5 inferior in the Circular External Fixator group; 89.1% (41 /
46) superior and 3.67 ± 1.38 (1.8-5.4) degrees in the Circular External Fixator group at the last X-ray
fracture zone compared with 6.04 ± 2.13 (3.6-9.2) degrees in the External Locking Plate group. The degree
of deformity angulation was small. All of the above indexes showed statistically signi�cant differences
between the two groups. There were no signi�cant differences between the two groups in bone healing
time, nonunion rate, secondary surgery rate, and postoperative wound infection rate. In the External
Locking Plate group, three patients required adjustment of plate height or position at the time of
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secondary surgery, and one patient was changed to a combined external �xator; while in the Circular
External Fixator group and 2 patients had nonunion, all of whom underwent two-stage bone grafting, and
3 had deep wound infection and two-stage augmentation procedures in which one to two �xation pins
were adjusted for each intraoperative period and then healed via skin �ap and bone grafting.

Conclusion: Both the External Locking Plate group and the Circular External Fixator group effectively
promoted bone and soft tissue repair as the terminal treatment for open fractures of the distal tibia. The
former group has some advantages such as simple operation, low notch, low pin eye infection rate, and
more excellent preservation of ankle function, but there is a residual deformity or anterior tibial soft tissue
necrosis after surgery, infection requiring secondary expansion, and �ap repair when surgery is
performed, greater adjustability, and operational adaptability of the annular outer shelf.

Introduction
The open distal tibia fractures are often accompanied by local soft tissue contusion, bone exposure, and
wound pollution, and easy to cause complications such as bone nonunion, which is a problem worthy of
attention. The main technical di�culties are infection, soft tissue and bone defect, angular deformity, and
leg length difference [1]. In the United States, the retrospective analysis of national inpatient samples
from 2000 to 2011 found that the early amputation rate of open tibial fracture was 2.2% [2]. Open
fractures of the distal tibia generally have a high risk of deep or super�cial infection, leading to repeated
surgery, especially in low- and middle-income countries [3]. In principle, the treatment for open distal tibia
fractures is basically to control infection, preserve the ankle's mobility as much as possible, and quickly
return to the previous activity state [4]. At present, the typical treatment methods include internal �xation,
external locking plate, simple external �xator, external �xator combined with plate and screw internal
�xation, etc. [5–9]. The infection rate of internal �xation such as the intramedullary nail, in the open tibial
fracture, is as high as 31.5% [10], of which is mainly caused by Staphylococcus aureus. External �xation
is often the preferred treatment for an open fracture and the most commonly used temporary or terminal
�xation. However, there are many kinds of external �xation, and most of them have to cross the joint.
External locking plate and circular external �xation have become the leading technical surgery for the
de�nitive treatment of open fracture because of realizing reliable �xation of fracture ends, not cross the
ankle joint, promote fracture healing and soft tissue repair [11, 12]. At present, there are few relevant
studies and comparative studies. The purpose of our study was to evaluate the effect of external locking
plate and circular external �xator in the treatment of open distal tibia fractures to achieve a reasonable
cure rate.

Patients And Methods
This retrospective study included 77 patients with open fractures of the distal tibia who met our selection
criteria and were treated at the author's institution from October 2016 to October 2020. 
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Inclusion criteria: open fracture of distal   segment of the tibia (Gustilo  or  A) with emergency surgical
cases or Case of secondary operation, fracture according to AO / ASIF classi�cation, including 42-B, 42-C,
and 43-A (all extra-articular fractures), aged 18-60 years. 

Exclusion criteria include any debilitating diseases, smoking, neurological and vascular injury, severe
medical complications such as diabetes, osteoporosis, arteriosclerosis obliterans. Other fractures of the
lower extremities, with bone and soft tissue defects, the fracture cannot heal the wounds together at the
�rst stage (skin �ap repair is needed).

According to the patients who met the inclusion criteria at the time of admission, there were 41 males and
34 females, with an average age of 31.60 ± 10.92 years. The results were objectively graded according to
Gustilo classi�cation. There were 31 cases in the external plate group, 18 cases according to Gustilo , 13
cases according to Gustilo  A, 14 cases according to AO / ASIF, 14 cases of 42-B, 14 cases of 42-C, and 3
cases of 43-A; There were 46 cases in the ring frame �xation group, 23 cases of Gustilo  and 23 cases of
Gustilo  A. According to AO / ASIF classi�cation, there were 25 cases of 42-B type, 17 cases of 42-C type
and 4 cases of 43-A type. All patients obtained informed consent before operation.

Operative technique
All operations were performed under supine general or epidural anesthesia. The tourniquet is routinely
used until the debridement is completed, the open fracture wound is on the original wound, or the surgical
incision is extended, the wound is cleaned, the necrotic tissue is removed, and the fracture end is pried
and reset under direct vision. After the C-arm �uoroscopy reduction is satisfactory, the external locking
plate or ring external �xator is �xed. After the wound is sutured, the tourniquet is de�ated. All surgeries
were performed by the same orthopedic surgeon (Wei Chen). In the �rst method, the locking plate was
placed externally (group I, n = 31). The plate used was produced by Xiamen Dabo company. According to
the amount of residual bone in the distal tibia, the L plate in the distal tibia of the LISS plate in the distal
femur was selected, and the latter was preferred. In the second method, the wounds could be sutured in
one stage using the circular external �xator �xation technology (Group II, n = 46). The negative pressure
drainage tube was used for 3 days.

Post-operative regimen and patient’s evaluation
After 72 hours, the patient has removed the negative pressure drainage tube, rechecked the blood
in�ammation index, con�rmed that the wound had no signs of infection, received education on how to
clean the external �xator frame and how to deal with the wound dressing, and was discharged from the
hospital. They were instructed to attend the �rst follow-up on postoperative day 7. In this visit, both two
groups of patients observed the wound, took X-rays for imaging observation, and then tried to deal with
the situation. Then, the positive and lateral X-ray radiographic examination was carried out at the 4W, 3M,
6M, and 1Y follow-up, respectively, to evaluate varus deformity at the fracture end and the deformity
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angle. When the angular deformity in the fracture area was found, the annular outer frame could be
adjusted in time to ensure that the alignment of the fracture area was good. The ankle joint surface was
horizontal, while the external steel plate was accepted when the deformity was accepted. At the same
time, evaluate the new bone quality at the proximal distraction site, check the stability of the stent, and
deal with needle tract infection (if any). In case of nail canal infection, after the routine antibiotic
treatment is ineffective, pull out the infected nail and judge the stability of the ring frame. If the stability is
good, disinfect and change the dressing. If the stability is poor, deal with it by changing the position of
the nail canal. At the same time, the follow-up time of patients undergoing secondary surgery shall be
extended accordingly. Under the condition of tolerance, it is allowed for some patients to start loading.
Then, bone After fracture healing, the frame was removed based on outpatient sedation, and the brace
below the knee was used to protect it for 8 weeks. At the same time, the patients were guided to carry out
joint function training.

Fracture healing time, external �xator use time, complications, and functional results were recorded
according to the criteria described by Johner R [13]. Patients were also asked to complete the
NRS [14] pain score between 1 and 10 to provide their acceptance and tolerance of the whole operation.
The lower the score, the more acceptable.

Statiscal analysis
The results were expressed by means and standard deviation. The two mean values were compared by t-
test, and the categorical variables were compared by chi-square test. P values < 0.05 were considered
signi�cant.

Results
In terms of the impact of different variables on the results, there was no signi�cant statistical signi�cance
in the comparison of general factors such as age, follow-up time, gender, cause of injury, fracture type
(Gustilo and AO / ASIF classi�cation), injury site, injury to operation time (P > 0.05). All the results of
preoperative indicators are summarized in Table 1, indicating that the two groups of patients are
comparable.
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Table 1
Patients baseline demographics and procedure characteristics in both groups

77 patients Test P
value

Parameter Group I(n = 
31)

Group II(n = 
46)

Age Range

Mean ± SD

17–54 16–57 t = 0.601 P = 
0.550

31.87 ± 10.31 33.35 ± 10.75

Follow-up(months) Range

Mean ± SD

9–18 10–18 t = 1.048 P = 
0.298

14.10 ± 2.87 13.46 ± 2.46

Parameter N % N %  

Gender Male 14 45.2% 27 58.7% c²=1.363 P = 
0.243

Female 17 54.8% 19 42.3%

Cause of injury Tra�c
Accident

19 61.3% 29 63.0% c²=0.024 P = 
0.876

Fall Injury 12 38.7% 17 37.0%

Type of Gustilo injury Gustilo II 18 58.1% 23 50% c²=0.484 P = 
0.487

Gustilo IIIa 13 41.9% 23 50%

Type of AO/ASIF 42-B 14 45.2% 25 54.3% c²=0.638 P = 
0.727

42-C 14 45.2% 17 37.0%

43-A 3 9.6% 4 8.7%

Side affected Right 15 48.4% 20 43.5% c²=0.180 P = 
0.671

Left 16 51.6% 26 56.5%

Injury until operation
time(min)

Range

Mean ± SD

187–599 202–598 t = 0.489 P = 
0.626

392.29 ± 
123.69

378.37 ± 
121.72

In the postoperative indicators, all results are summarized in Table 2. Wound infection, nonunion, and
fracture healing time had no signi�cant effect between groups I and II (P > 0.05). The surface notch,
operation time, number of nails, and NRS pain score of external �xation objects in group I were
signi�cantly better than those in group II (P < 0.005). In terms of needle (or nail) eye infection, there were 8
nail paths in the plate external group (8 / 228) and 28 nail paths in the ring frame �xation group (28 /
365), which had a better advantage (P < 0.05). In the Johner-Wruhs functional evaluation without follow-
up, the external plate group was excellent in 26 cases, fair in 4 cases, and poor in 1 case. The quali�ed
rate was 96.7% (30 / 31); In the ring frame �xation group, 24 cases were excellent, 17 were fair, and 5
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were poor. The excellent and good rate was 89.1% (41 / 46). There was a signi�cant difference between
the two groups (P < 0.05). Through the last X-ray evaluation and measurement, 8 patients in group I had
an angular deformity in the fracture area: 4 cases of varus angular deformity, 1 case of valgus angular
deformity, 3 cases of forward angular deformity, and the angular degree was 6.04 ± 2.13° (3.6–9.2°); In
group II, there were 6 cases of angular deformity in the fracture area, including 2 cases of varus
angulation, 3 cases of forward angulation and 1 case of backward angulation, with an angle degree of
3.67 ± 1.38° (1.8–5.4°).

In group I, one patient underwent bone grafting for nonunion and healed after operation; Two patients
with deep infection and one with poor postoperative healing underwent secondary debridement. Due to
the in�uence of surgical operation, the height or position of the steel plate was adjusted, and the wound
healed after operation; One patient with skin necrosis and bone exposure needed local �ap transfer and
combined external �xation. In group II, two patients with nonunion underwent secondary bone grafting.
One case had wound infection and recovered after routine antibiotic treatment, and three cases had deep
wound infection. After standard antibiotic treatment was ineffective, the secondary wound expansion
was performed. During the operation, 1 ~ 2 �xed needles were adjusted respectively, and then the �ap
was transplanted and healed.

Figure 1a b

Fig.1 Anteroposterior X-ray �lms of a 48-year-old male patient with tibia fracture of the right (AO/OTA
43A2 type ) caused by falling from height. a,Before the operation, open fracture of distal  segment of the
tibia; b, At 6 months after the operation, the fracture healing was good, and the external �xator with
locking plate was in place.

Figure 2a b

Figure 2 Anteroposterior X-ray �lms of a 59-year-old male patient with tibia fracture of the right (AO/OTA
43A2 type ) caused by trauma. a, Before the operation, open fracture of distal  segment of the tibia; b, At
6 months after the operation, the fracture healing was good, and a circular external �xator was in place.
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Table 2
Results among both groups in the study

Group I(n = 31) Group II n = 46

operation time(min) Range

Mean ± 
SD

58–77 79–92 t = 
12.906

P = 
0.000

66.90 ± 5.37 84.74 ± 6.72

Number of nailing Range

Mean ± 
SD

6–8 7–10 t = 3.044 P = 
0.004

7.35 ± 0.95 7.93 ± 0.57

NRS pain scale Range

Mean ± 
SD

3–6 3–7 t = 3.448 P = 
0.001

4.16 ± 1.10 5.00 ± 1.01

External �xed object surface
trace(cm)

Range

Mean ± 
SD

1.7–2.3 6.7–3.7 t = 
19.802

P = 
0.000

2.00 ± 0.21 5.30 ± 1.10

Bone healing time(week) Range

Mean ± 
SD

20–36 36 − 21 t = 0.749 P = 
0.457

27.61 ± 5.91 28.54 ± 4.36

Postoperative angular degree Range

Mean ± 
SD

3.6–9.2 1.8–5.4 t = 2.339 P = 
0.032

6.04 ± 2.13 3.67 ± 1.38

Postoperative wound infection Yes 2 6.5% 4 8.7% c²=0.130 P = 
0.719

No 29 93.5% 42 91.3%

Needle (or nail) channel
infection(number)

Yes 8 3.5% 28 7.7% c²=4.264 P = 
0.039

No 220 96.5% 337 92.3%

Bone nonunion Yes 1 3.2% 2 4.3% c²=0.062 P = 
0.803

No 30 96.8% 44 95.7%

Re-operation Yes 4 12.9% 5 11% c²=0.074 P = 
0.785

No 27 87.1% 41 89%

Johner-Wruhs score Good 26 76.4% 24 52% c²=8.183 P = 
0.017

Fair 4 12.9% 17 37%

Poor 1 3.2% 5 11%
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Discussion
The treatment of open distal tibia fractures is a challenging problem for orthopedic surgeons. Whether it
is an accident injury or falling from a height [15], the open fracture will bring a substantial economic
burden to patients and the medical system [16], and because of open fracture, there is still a risk of
infection even after debridement [17]. Gustilo classi�cation of open tibial fractures is by far the most
signi�cant predictor of nonunion and infection [18]. Gustilo II and IIIA common surgical �xation forms
include Ilizarov external �xator [19], the internal or external �xator [20], interlocking intramedullary nail
[21], external �xation in the early stage of open reduction and internal �xation in the late stage [22],
MIPPO internal �xation [23], Outcome of rail �xator system [24], combining internal nailing and plate
�xation [25], etc. The treatment principles for open fractures of the distal tibia include complete removal
of all infected and inactivated tissues, adequate bone alignment, excellent blood supply to the opposite
bone end, and stable �xation [26].

Recently a few studies have focused on the comparative treatment of open fractures of the distal tibia
with external plate and annular external �xator. Zhang J et al. [27] proposed the feasibility of ensuring the
stability of external �xation of distal tibial fractures through �nite element analysis. A. W. Bach et al. [28]
pointed out that external �xation for open tibial fractures can reduce the incidence of complications in
1989. Rene K. m art et al. [29] Used AO plate external �xation for open forearm fractures in 1991, pointed
out the advantages of providing stability and convenience to patients. L. J. sun et al. [30] found that the
patients in the external �xation group had the advantages of the short operation time, more minor wound
complications, and less ankle pain. Xiangfeng HeZ et al. [31] found that the locking plate on the skin has
the advantages of minor trauma, lower cost, and shorter hospital stay. Jingwei Zhang et al. [32] pointed
out that the external steel plate can even hide the steel plate under the clothes while providing stability
due to the low cutting trace of the �xation. In addition, it pointed out that it is a safe and reliable method
for treating proximal tibial metaphyseal fractures [33]. Wei Liu et al. [34] biomechanically con�rmed that
the locking compression plate is �exible as an external �xator. The locking compression plate at the
distal femur is better than the locking plate at the distal tibia. It is an external �xator for distal tibial
fractures. B. F. H. Ang et al. [35] proved that the external steel plate does not affect the axial and torsional
stiffness during �xation. Xu Sheng Qiu et al. [36] pointed out that patients with open fractures with soft
tissue loss still have good functional recovery. For the annular external �xator, Muhammad Atif et al. [37]
pointed out that the curative effect was acceptable as a primary operation and had the advantage of
being adjustable in a retrospective study of 93 cases from the primary trauma center.

In the retrospective study, radical debridement was performed in all open cases, which emphasized that
for patients with Gustilo II and IIIA in open fractures of the distal tibia. Considering the patient's comfort
and postoperative infection management, group I has apparent advantages over group II in the lower
notch and lower nail canal infection rate, including the surface notch of external �xation objects in group
I. The number of nail canal infection cases was signi�cantly lower than that in group II (P < 0.005). And
the way of locking the external steel plate, because there was no internal plant and thorough debridement,
the risk of infection was lower, the cutting mark of �xation was lower. It was less bulky than the annular
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external �xator, which would not cause too much trouble to patients in terms of convenience of life [38].
At the same time, from the perspective of surgeons, the operation time in the group I was signi�cantly
lower than that in group II (P < 0.05), and the operation of external steel plate was simple. In addition, in
this study, the clinical scores of Johner-Wruhs were comparable between the two groups without follow-
up. Group I had a signi�cant advantage over group II, indicating that group I could retain ankle function
greater extent [39]. In this study, out of concern for patients, all patients were given NRS pain scores to
re�ect their subjective satisfaction and acceptance of the whole process. Group I was signi�cantly better
than the external �xator (Group II) (P < 0.05). Considering that the annular external �xator mostly used full
needle penetration, it was easy to cause tendon friction and high irritation; because of pain and other
discomforts, it is also easy to reduce the range of motion of the ankle joint [40]. At the same time,
patients in group I have signi�cant advantages in self-perception.

The angulation degree of the fracture area in the last X-ray examination in group II is smaller than that in
group I, and the difference between the two groups is statistically signi�cant, which proves that the ring
frame can be easily adjusted after the operation, can avoid the angulation between the fracture area and
the ankle joint surface as far as possible, and has more robust adjustability and adaptability. In group I, 3
patients needed to adjust the height or position of the plate during the second operation;1 patient with
skin �ap had to use the combined external �xator. In group II, 5 patients underwent �ap and bone graft
healing after adjusting only 1–2 �xing needles in the second stage expansion. The results suggest that
surgeons may prioritize using an annular external �xator when judging the prognosis risk of patients
through Gustilo classi�cation (secondary �ap transplantation and secondary expansion may be
required), which can facilitate the postoperative adjustment of patients.

Conclusions
The External Locking Plate group and Circular External Fixator group are used as the de�nitive treatment
of distal tibial open fractures, which could effectively promote the repair of bone and soft tissue in distal
tibial open fractures (Gustilo II and IIIA; AO / ASIF, 43-A). The former has the advantages of simple
operation, low notch, low needle eye infection rate, and greater preservation of ankle function. However,
when there are residual deformities, anterior tibial soft tissue necrosis, an infection that requires
secondary expansion and �ap repair, the annular outer frame has more robust adjustability and operation
adaptability.
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Figure 1

Anteroposterior X-ray �lms of a 48-year-old male patient with tibia fracture of the right (AO/OTA 43A2
type ) caused by falling from height. a,Before the operation, open fracture of distal  segment of the tibia;
b, At 6 months after the operation, the fracture healing was good, and the external �xator with locking
plate was in place.

Figure 2



Page 16/16

Anteroposterior X-ray �lms of a 59-year-old male patient with tibia fracture of the right (AO/OTA 43A2
type ) caused by trauma. a, Before the operation, open fracture of distal  segment of the tibia; b, At 6
months after the operation, the fracture healing was good, and a circular external �xator was in place. 


