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Abstract

Background AQO/OTA type 43-C3 pilon fractures are complex distal tibial fractures associated with high disability
rates, surgical challenges, and frequent postoperative complications. Effective treatment of type-C3 pilon fracture
remains an important research focus. This study aimed to evaluate the efficacy of a combined miniplate and main
plate fixation strategy compared to traditional treatment methods.

Methods A retrospective analysis was conducted on 64 patients with type 43-C3 pilon fractures treated between
June 2018 and June 2022. Patients were divided into a miniplate group (MP group, n=31) and a traditional treatment
group (TT group, n=33). Outcomes including operative duration, reduction quality, fracture healing, complications,
functional scores (AOFAS, VAS, ROM), and hospitalization data were analyzed.

Results The surgery was completed successfully in both groups, and the average follow-up duration was 16.78+3.27
months. There were no significant differences in the duration of preoperative waiting, hospital stay, and weight-
bearing between the two groups (P> 0.05). The duration of surgery was significantly shorter in the MP group than
inthe TT group (P<0.05). The quality of fracture reduction and healing at 6 weeks after surgery in the MP group

was significantly better than that in the TT group (P < 0.05). There was no significant difference in the visual analog
scale scores between the two groups. However, at 6 months postoperatively and at the last follow-up, the American
Orthopedic Foot and Ankle Society score and ankle fire activity range of motion were significantly better for those in
the TT group. There were two cases of ischemic osteonecrosis, two of poor incision healing, and one of severely poor
wound healing in the TT group; however, only one patient in the MP group had poor incision healing.

Conclusion The use of miniplates combined with main plates in the treatment of type-C3 pilon fracture has obvious
advantages, which simplifies the difficulty of the surgery, reduces the volume of the ankle joint, reduces postoperative
complications, and is beneficial to postoperative exercise and ankle function recovery.
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Background
Pilon fractures are intra-articular fractures involving the
weight-bearing joint surface of the distal tibia, which are
high-energy injuries accounting for approximately 1% of
lower extremity fractures and 10% of tibial fractures [1].
Clinically, the most reliable classification method for
pilon fractures is the Arbeitsgemeinschaft fiir Osteo-
synthesefragen/Orthopaedic Trauma Association (AO/
OTA) classification [2]. Among these, C3 pilon fractures
have a high disability rate, with severe soft tissue damage
around the ankle, serious destruction of the articular sur-
face, and comminution of the metaphyseal end. Because
of metaphyseal and articular surface comminution, it is
difficult to restore the articular surface flatness and force
line. Previous studies have reported that the excellent
reduction rate of C3 pilon fractures is 82% [3], incidence
of bone non-union is 18% [4], and incidence of postop-
erative soft tissue infection and other complications is
10-35% [5]. Therefore, the treatment of C3 pilon frac-
tures remains difficult in foot and ankle surgery.

Currently, there is some confusion in the literature
regarding the best treatment strategy for C3 pilon frac-
tures. General treatment principles include anatomi-
cal reduction of the fibula, reconstruction of the distal
tibial articular surface, adequate bone grafting, and rigid
internal fixation [6]. Open reduction and internal fixa-
tion remain the most commonly used surgical method
for C3 pilon fractures. Since C3 pilon fractures are a spe-
cial comminuted fracture, multiple implants are often
required to stabilize the fracture mass in order to provide
stable stress support to the metaphyseal of the tibia and
maintain the articular surface flat, which undoubtedly
increases the detachment of soft tissue. High-density
plate screws can provide a strong fixation, but it increases
the implant volume of the ankle joint and easily creates a
rigid environment, which is not conducive to the postop-
erative rehabilitation of patients. In addition, it can eas-
ily cause non-union of the fractured end of the bone. The
miniature plate has limited effect on the blood circula-
tion of the periosteum and bone cortex and has a strong
holding force [7]. A nail plate system is used to firmly fix
the small bone mass and increase the contact area of the
main plate, which is convenient for intraoperative reduc-
tion and to maintain the reduction effect. In view of this,
we considered the surgical idea of a miniplate combined
with a main plate in the treatment of type-C3 pilon frac-
tures, using miniplates to reduce the large free bone mass
first and to change the complex type-C3 pilon fracture
into a type-B or even type-A fracture to simplify the
difficulty of surgery, and finally insert the main plate to
reconstruct the stability of the fracture.

In complex type-C3 pilon fractures, restoring the flat-
ness of the articular surface and maintaining the vertical
line of the lower extremities are the core steps in surgical
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treatment [8, 9]. This study introduced a surgical method
and technique for treating type-C3 pilon fracture. The
aim was to evaluate the feasibility and clinical practical
value of a miniplate combined with the main plate in
the treatment of type-C3 pilon fractures, to analyze the
advantages and disadvantages of this surgical concept,
and to compare it with the traditional treatment by com-
paring the results of the imaging and clinical efficacy.

Methods

Patients

The data from 64 patients with type-C3 pilon fractures
who met the exclusion criteria and inclusion criteria
between June 2018 and June 2022 were retrospectively
analyzed. All patients were randomly divided into two
groups. All patients knew and agreed to the operation
plan, and were divided into MP group and TT group
according to whether whether a miniplate was used dur-
ing the surgery. There were 31 patients in the miniplate
group (miniplate, MP) and 33 patients in the traditional
treatment group (traditional treatment, TT). Of these,
there were nine cases of traffic accident injury, 19 cases
of high-fall injury, and three cases of smashing injury in
the MP group, and nine cases of traffic accident injury,
20 cases of high-fall injury, and four cases of smashing
injury in the TT group. The average age of the patients in
the MP group was 40.26 + 2.49 years and of those in the
TT group was 39.58 +2.60 years. All patients were of the
type-C3 according to the AO/OTA classification.

This study was approved by the hospital ethics com-
mittee, and all patients provided informed consent. The
inclusion criteria were as follows: type-C3 pilon fracture
based on AO/OTA classification; age > 18 years and <60
years; follow-up duration>1 year and complete clinical
data; and open reduction and internal fixation. The exclu-
sion criteria were as follows: old fracture; open fracture;
and malfunction of ankle joint before injury, such as trau-
matic arthritis, congenital ankle deformity, and Kaschin-
Beck disease.

Surgical procedure

Preoperative management

After admission, all patients underwent calcaneal tuber-
cle traction, improved ankle joint position and lateral
radiography, computed tomography (CT) in the coro-
nal and sagittal planes to determine the fracture of the
affected limb (Fig. 1). The affected limb was raised and
local ice compression, mannitol, and other detumescence
treatments were applied, following which the soft tissue
swelling subsided, and skin wrinkles were observed after
open reduction and internal fixation.
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Fig. 1 Preoperative imaging data of a patient with type-C3 pilon fracture. A-D. Three-dimensional reconstruction of images of the fracture at different
angles. E-F. Computed tomography images show fractures in both metaphysis and articular surface

Surgical technique

All procedures are performed by the same team of expe-
rienced foot and ankle surgeons. The limb was slightly
internally rotated followed by a small medial incision,
approximately 15-cm long, along the fibula crest. On
slight medial deviation at the ankle level, the fractured
end of the fibula was exposed, which was then cleaned,
reduced under direct vision, affixed with a 3-tube steel
plate, and the fibula fracture was fixed with screws. The
extensor support band was opened and the muscles of
the anterior group of the leg were pulled inward to expose
the fractured end of the distal tibia and clean the blood
clots. There was no significant difference in the treatment
of medial and posterior malleolar fractures between the
two groups. A small external rotation of the affected
limb; posterior medial incision of the skin; incision of
the skin, subcutaneous, and fascial periosteum; exposure
of the medial and posterior ends of the tibia; cleaning of
the incarcerated periosteum and tissue at the fracture
end; traction reduction; and fixation of the posterior and
medial fracture segment of the lower end of the tibia with
two steel plates were used to maintain the position of the
force line and ankle joint. After the medial and posterior
malleoli were treated through the anterolateral incision,
the fracture of the distal tibia was crushed. In the MP
group, large bone fragments were fixed with a 2.7-mm
miniplate. Finally, bone fragments of the distal tibial joint
were prepared and reduced, and the fracture was tempo-
rarily fixed with a 1.2-mm Kirschner wire. After a good
ankle reduction, L-type steel plates were placed on the
anterolateral side. In the TT group, the larger bone mass
was temporarily fixed with a Kirschner wire or plate and
the main plate was placed anterolaterally after good ankle
joint reduction. After the surgery, the operative field
was irrigated, the negative-pressure drainage device was
retained, and the incision was sutured layerwise and ban-
daged with gauze and cotton pad.

Postoperative care and rehabilitation

After the surgery, the gauze covered with an elastic ban-
dage was slightly pressurized, the affected limb was ade-
quately raised, and routine treatment was administered,
such as detumescence, analgesia, anti-inflammatory
agents, and prevention of blood thrombus. The wound
dressing was changed 24 h after the surgery, and the
active flexion and extension of the toe and ankle joints
began to be exercised 2 days after the surgery with a grad-
ual increase in the exercise intensity. One month after the
surgery, according to the results of the radiographic re-
examination, the affected limbs were subjected to weight-
bearing exercises until normal walking was achieved.

Observation assessment

Perioperative data, including the duration of waiting
before surgery, surgery, hospital stay, and weight-bearing,
were recorded. Postoperative complications, such as inci-
sion infection, incision non-union, deep venous throm-
bosis, and fracture non-union, were closely observed.
According to the Burwell-Charenley radioactive reduc-
tion standard [10], the reduction was divided into ana-
tomical, fair, and poor reductions. Six weeks after the
surgery, the fracture healing was evaluated using the
modified Radiographic Union Scale for Tibial fractures
(mRUST) [7](1 =no callus, 2 =callus formation, 3 =bridg-
ing callus, and 4 =remodeling). The sum of callus forma-
tions in the four cortices was calculated. mRUST score
with a cut-off value of 211 was considered as high callus
and <11 as low callus. During the follow-up period, the
functional activity range of motion (ROM) of the affected
limb was recorded, and the clinical effect was evaluated
according to the visual analog scale (VAS) and Ameri-
can ankle-hindfoot score (American Orthopedic Foot
and Ankle Society [AOFAS]). For clinically significant
monitoring indicators, the effect size for transparency
was further reported and the minimum clinical impor-
tant difference (MCID) was analyzed. To our knowledge,
there are no established data on the MCID in the above
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Fig. 2 Data of affected limbs during surgery. A. Multiple bone fragments can be seen after full exposure during the surgery. B-C. After the implantation
of steel plate, the fracture has good reduction and internal fixation. D-E. Postoperative radiography showed that the reduction in the fracture was good
with no obvious displacement compared with intraoperative fluoroscopy

Fig. 3 The related data of the patients during the last follow-up. A. At the last follow-up, radiography showed that the fracture had healed well and the
internal fixation was in place with no obvious manifestations of traumatic arthritis. B. Coronal view of the fracture on computed tomography. C. Sagittal
view of the fracture on computed tomography. D. Functional photographs of the affected limb and ankle joint at the last follow-up

Table 1 Comparison of general characteristics between the two

outcome measures in a polulation with Pilon fracture. .
groups of patients

In these scenarios, an accepted method for estimating

Patients TT group MP group /X2 Pvalue
MCID is to use one-half the SD of the patient scores (n=33) (n=31) value
when they are maximally affected by the disease [1 1, 12] Age (years) 3058+260 4026+249 -1073 0288
If the difference at the lower limit of the 95% confidence  sey (n F/m) 20/13 18/13 0043 0836
interval (CI) for the monitoring measure is greater than  sige (n L/R) 17/16 16/15 0000 0994
the MCID, we consider the difference to be clinically  gmi (kg/m?) 24584253 24814275 -0349 0728
significant. Smoking (n) 23/10 20/11 0195 0659

Open/Close (n) 8/25 6/25 0.223 0636
Statistical analysis Causes of injury (n) 0.106 0948
Statistical analyses were performed using SPSS 26.0. The Fall from height 20 19
measurement data are expressed as x+s. When the data Car accident 9 9

Hit by heavy object 4 3

were normally distributed, the independent sample t-test

was used for comparison between the two groups, and

the rank-sum test was used when the data were not nor-

mally distributed. Counting data were analyzed by the x>

test or Fisher’s exact test. The difference was considered  Results

statistically significant if P<0.05. In this study, 64 patients were included and both groups
underwent surgery successfully. The postoperative data
are shown in Figs. 2 and 3. Other general data are pre-
sented in Table 1. The perioperative data are shown in
Table 2.

BMI, body mass index; F, female; M, male; L, left; R, right; MP, miniplate; TT,
traditional treatment
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Table 2 Comparison of perioperative data between the two

groups
Patients TT group MP group t/x? Pvalue
(n=33) (n=31) value

Waiting duration 6.27+1.64 6.29+1.55 -0.044 0.965
before surgery (d)
Duration of surgery 13848+791 12510+533 798 0.012
(min)
Hospitalization dura-  15.39+2.30 14.94+£2.64 0.741 0.462
tion (d)
Weight-bearing dura-  10.48+2.68 10.81£2.66 -0.481 0.632
tion (w)
Hospitalization 4.39+0.59 4.54+061 -0.984 0.329
expenses
Burwell-Charenley (n)
Anatomical reduction 8 21 -14.52 <0.001
Reset can be 21 9
Reset error 4 1
mRUST 6 weeks after
surgery

>11 10 20 -4.16 0.023

<11 23 Il

The bold words in the chart indicate statistical significance

MP, miniplate; TT, traditional treatment; mRUST, modified Radiographic Union
Scale for tibial fractures

There was no significant difference in waiting dura-
tion before surgery and hospitalization duration between
the two groups (P>0.05). The operation time of the MP
group was significantly less than that of the TT group,
and the difference was statistically significant (P<0.05).
There was no significant difference in the duration to
start weight bearing or the duration to complete weight
bearing between the two groups (P>0.05). All patients
were followed up for >1 year, with an average follow-
up duration of 16.32+3.07 months. Six months after
surgery, the AOFAS score (68.35+6.36 [95%CI 66.02,
70.69]) and ankle ROM (16.16+3.01 [95%CI 15.06,
17.27]) in the MP group were significantly higher than
those in the TT group (60.97 £5.75 [95%CI 58.93, 63.01])
(11.82+2.93 [95%CI 10.78, 12.86]), In addition, the dif-
ference between the lowest 95% confidence interval of
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AOFAS scores (7.09) is greater than MCID-AOFAS (3);
the difference between the lowest 95% confidence inter-
val of ROM (4.28) is greater than MCID-AOFAS (2),
this means that the differences in AOFAS scores and
ROM between the two groups are clinically significant.
However the VAS score in the MP group was slightly
lower than that in the TT group. At the last follow-up,
the AOFAS score(88.68 +4.93 [95%CI 86.87, 90.49]) and
ankle ROM (35.06+£3.76 [95%CI 33.69, 36.44]) in the
MP group were significantly higher than those in the TT
group(82.48 £8.74 [95%CI 79.39, 85.58]) (29.52+4.34
[95%CI 27.98, 31.05]), the difference between the lowest
95% confidence interval of AOFAS scores (7.48) is greater
than MCID-AQOFAS (5); the difference between the low-
est 95% confidence interval of ROM (5.71) is greater
than MCID-AQOFAS (3), this means that the differences
in AOFAS scores and ROM between the two groups at
the last follow-up are clinically significant. However, the
VAS score in the TT group was slightly lower than that in
the MP group. The follow-up data for the two groups are
shown in Table 3.

All imaging data were observed and measured by three
uninformed professionals. According to the postopera-
tive imaging data, there were 21, 9, and one case in the
MP group and 8, 21, and 4 cases in the TT group of ana-
tomic, fair, and poor reductions, respectively. Six months
postoperatively, there were 20 cases of high calluses in
the MP group and 10 in the TT group. Complications
were reported in one case in the MP group and two cases
in the TT group. When complications of poor wound
healing occurred, wound secretion culture was retained
and drug sensitivity tests were performed. Patients with
positive results were treated with sensitive antibiot-
ics, and patients with negative results were treated with
intravenous cephalosporin antibiotics to prevent wound
infection. In addition, wound-dressing was changed daily
and local physical therapy was used to keep the wound
dry until wound healing. However, in the TT group, there
was poor healing of the incision. After supportive and
symptomatic treatment, the wound did not heal. Finally,

Table 3 Comparison of follow-up data between the two groups of patients

Patients Duration TT group (n=33) MP group (n=31) tvalue Pvalue Cohen'sd MCID
VAS Before surgery 6.39+1.77 6424163 -0.060 0.952 /
6 months post 3.18+£1.81 2.81£1.49 0.907 0.368 /
Last follow-up 1.45+0.62 1.26+0.44 1.468 0.148 /
AOFAS Before surgery 41.27+£432 4135+4.58 -0.074 0.942 /
6 months post 60.97+5.75 68.35+6.36 -4.862 <0.001 1.217 3
Last follow-up 82.48+8.74 88.68+4.93 -3.519 <0.001 0.874 5
ROM () Before surgery 10.09+1.81 10.03+1.83 0.129 0.898 /
6 months post 11.82+£293 16.16£3.01 -5.840 <0.001 1.461 2
Last follow-up 29.52+4.34 35.06+3.76 -5.478 <0.001 1.463 3

The bold words in the chart indicate statistical significance

VAS, visual analog scale; AOFAS, American Foot Surgery Association ankle-hindfoot score; ROM

, range of motion; MP, miniplate; TT, traditional treatment
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the steel plate was exposed, and the wound healed after
negative pressure suction with vacuum sealing drainage.
There were no complications such as incision infection,
lower limb deep venous thrombosis, loss of reduction, or
plate fracture. Traumatic arthritis and joint stiffness were
observed in both groups during the follow-up period. At
the last follow-up, ischemic necrosis of bone fragments
occurred in two patients in the TT group, but not in the
MP group. One of the patients was scheduled for follow-
up revision surgery.

Discussion

Type-C3 pilon fractures are complex fractures of the
articular surface and metaphysis, and the treatment effect
is often unsatisfactory. Reconstruction of the smooth
joint surface, reduction in the occurrence of complica-
tions, restoration of the line of force of the lower extremi-
ties, and maintaining ankle joint stability are still some
of the great challenges faced by foot and ankle surgeons
[13]. Blauth et al. proposed the 3P principle for the treat-
ment of pilon fractures: protecting the vitality of the bone
and soft tissue, anatomic reduction, and providing fixa-
tion to meet the early movement of the ankle joint [14].
Therefore, according to the characteristics of type-C3
pilon fracture, the choice of suitable posture, good inci-
sion, proper reduction sequence, appropriate internal fix-
ation, soft tissue protection, postoperative management,
and effective rehabilitation exercises are all indispensable
parts of treatment [15-17]. Sufficient research has been
conducted on the choice of the incision approach for C3
pilon fractures. The mainstream approach is anterolat-
eral combined with the posteromedial approach [15, 18].
When the operator fully exposes the fracture end in the
face of the comminuted metaphysis and articular surface,
reduction and internal fixation are the most important
problems. Based on the anatomical characteristics of the
ankle, Chen et al. proposed a new four-column theory for
the treatment of type-C3 pilon fracture and regarded the
fibula as a separate external column. The posterior part
of the intermalleolar line is the posterior column, and
the anterior part of the intermalleolar line is the anterior
column. The reduction sequence has been suggested to
include the lateral, posterior, medial, and anterior col-
umns [9]. To obtain an effective reduction and prevent
height loss, it is often necessary to put in 3—4 steel plates,
which inevitably lead to serious complications such as
soft tissue peeling. In this study, the choice of a micro-
steel plate combined with a main steel plate has obvious
advantages.

Miniature steel plates are widely used for the middle
foot and have a wide range of indications, good biome-
chanical properties, and high holding force [19]. The
application of type-C3 pilon fracture can fix a larger bone
mass at the fracture end and reduce the difficulty of the
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surgery. In addition, a miniature steel plate can provide a
larger contact area, which can reduce the occurrence of
valgus deformity to a certain extent, in patients who have
difficulty in restoring cortical alignment to achieve the
supporting effect. If peeling is minimized during the sur-
gery, it has limited effect on the surrounding soft tissues.
The steel plate and screw lock are integrated, and the
angle stability of the locking screw disperses the stress in
each component, reducing the reset loss and providing
high stability, which is beneficial for early functional forg-
ing [20]. According to the Burwell-Charenley radioactive
reduction standard, the reduction effect of the miniplate
combined with the main plate in this study was also sat-
isfactory. The excellent rate of resetting in MP group was
as high as 96.8%. This is due to the use of miniplates to
simplify the reduction procedure, gradually changing
the complicated and difficult C3 type to B type or even
A type. However, the traditional treatment method is dif-
ficult to maintain after reduction, and it is easy to lose
the reduction material after implantation, which wastes
the operation time. Therefore, the use of miniplate can
not only improve the excellent rate of fracture reduc-
tion, but also shorten the operation time. Besides, Tra-
ditional open reduction and internal fixation for type-C3
pilon fractures involve high-volume implants. Some
researchers consider that these strong implants act as
bridge plates and that it is ideal to form calluses through
endochondral ossification in the epiphyseal region [21-
23]. Some researchers consider that this leads to a rigid
environment and a reduction in callus formation [22].
According to the callus formation of 6 weeks postoper-
ative mRUST, it was only 30.3% in the TT group, com-
pared with 64.5% in the MP group, which indicates that
the use of micro plate can reduce the implant volume
while obtaining strong internal fixation, which is condu-
cive to the formation of callus. Furthermore, the results
of this study also showed that the postoperative AOFAS
score and ankle ROM of the MP group were signifi-
cantly higher than those of the TT group(P<0.05). There-
fore, the use of miniature steel plates combined with the
main steel plates can effectively reduce the volume of the
ankle joint, help patients to exercise, and restore ankle
joint function. Several scholars have investigated pilon
fractures. Penny et al. proposed that the use of a single
main plate in bridging mode is not durable and cannot
fully deal with joint fragments. Multiple implants and
supplementary double-column plates should be used to
treat pilon fractures and to provide additional mechani-
cal support for the epiphyseal region. However, postop-
erative follow-up imaging examinations have shown that
the rate of fracture healing in patients with high internal
implant levels is extremely slow [23]. Van Rysselberghe et
al. pointed out that the structure of multiple steel plates
may be extremely large, working duration may be long,
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or mechanical environment of the implant may be asym-
metric [22]. Campbell et al. proposed the idea of contra-
lateral cortical replacement plate therapy and compared
patients treated with contralateral cortical replacement
plates and those with single implants. Although there
was no significant difference in the reoperation rate
between the two groups, patients who received a single
implant healed faster and had sufficient anti-fatigue abil-
ity to remain intact throughout the healing process [24].
Although it is uncertain whether steel plate supplemen-
tation has a negative effect on the healing of pilon frac-
tures, a study has found that more screw numbers and
higher screw density at the fracture site have a higher risk
for failure, and that screw density between 0.4 and 0.5 is
an independent protective factor to prevent reoperation
[24, 25]. The results of this study support the argument
that patients treated with a microplate combined with
a main plate have a higher healing rate than those who
undergo traditional surgeries. The miniature plate is easy
to reduce, which not only reduces the screw density, but
also reduces the volume of the implant and reduces the
incidence of complications such as incision infection and
non-union to a certain extent. In addition, the data from
this study support that the combination of mini-plates
for C3 Pilon fractures does not increase financial stress
in patients. This study has certain limitations, including
the inherent weaknesses of retrospective studies and the
small sample size, which may lead to certain errors in
the analysis. A large number of samples and prospective
studies are still needed for further verification. In addi-
tion, there are limitations related to data retrieval, includ-
ing variability in data collection protocols across different
place and time periods.

Conclusions

Miniplates combined with main plates can effectively
treat C3 pilon fractures without increasing soft tissue
dissection, incision length, and duration of surgery and
have obvious advantages in terms of reduction, stability,
and complications. In future work, we need studies with
larger sample sizes and longer follow-up times. Long-
term complications, especially traumatic arthritis and
fracture non-union. In addition, in the follow-up work,
limited internal fixation combined with Kirschner wire
fixation should be attempted to further reduce the use of
internal implants, which is conducive to early functional
exercise.

Abbreviations
VAS Visual analog scale

AOFAS American foot surgery association ankle-hindfoot score
ROM Range of motion

MP Miniplate

T Traditional treatment

mRUST  Modified radiographic union scale for tibial fractures
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