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Abstract
Objective The aim of this study was to investigate the clinical efficacy of small plate assisted anatomical plate
and traditional double plate in the treatment of Ruedi and Allgéwer Il - Il pilon fracture.

Methods and materials The data of 68 patients with pilon fracture admitted to Hospital from June 2017 to June
2020 were retrospectively analyzed. Study group and control group were divided according to different opera-
tion methods, with 34 cases in each group. There were 28 cases of Riiedi and Allgéwer Il type and 40 cases

of Riedi and Allgéwer Il type. Perioperative period data, Ankle joint function score, visual analog scale (VAS) scores
and the incidence of incision complications were analyzed between these two groups.

Results There were no significant differences in full load time, fracture healing time between these two groups
(P>0.05). The operation time, intraoperative blood loss, length of hospital stay, Ankle joint function score and postop-
erative incision complication rate in observation group were lower than those in control group (P<0.05).
Conclusion Small plate assisted anatomic plate is comparable to traditional double plate in the treatment of pilon
fracture in terms of complete loading time, fracture healing time, but the former can shorten the operation time,
reduce intraoperative blood loss and effectively reduce the incidence of postoperative complications.
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Introduction

Pilon fracture is a fracture of the lower tibia involving
the lower articular surface of the tibia, which is char-
acterized by a typical comminuted distal tibia fracture
of varying degrees, involvement of the articular surface,
primary damage to the articular cartilage, and a poor
prognosis due to permanent articular surface irregu-
larity [1, 2]. Therefore, the treatment of Pilon fracture
has always been a difficult and hot spot in orthope-
dic trauma. Riledi and Allgower were among the first
trauma surgeons to study pilon fracture. Furthermore,
they developed a classification system that identified
pilon fractures into three distinct categories, based on
the degree of comminution and articular surface dis-
placement. However, Riledi - Allgower type II ~ III
fracture is very difficult to be treated clinically [3, 4]. At
present, surgical treatment is still the preferred treat-
ment for pilon fracture, but good intraoperative expo-
sure of the fracture and the articular surface, good
reduction of the fracture, reasonable and effective fixa-
tion, intraoperative soft tissue protection and postop-
erative joint function recovery are the key and difficult
points of treatment [5]. The most significant character-
istics are comminuted and unstable fractures accompa-
nied by the destruction of the articular surface, less soft
tissue around the fracture and more serious injuries,
and poor blood flow [6]. Therefore, pilon fracture is one
of the most difficult fractures to manage clinically and
deserves to be improved.

Thus, the purpose of this study was to investigate the
clinical efficacy of small plate assisted anatomical plate
and traditional double plate in the treatment of Riedi
and Allgower II - III pilon fracture. The baseline date,
perioperative period data, Ankle joint function score,
visual analogue scale (VAS) scores and the incidence of
incision complications were analyzed between these two
groups.

Methods and materials

Patients

Inclusion and exclusion criteria

Inclusion criteria: (1) Pilon fracture. (2) Consistent with
surgical indications. (3) The soft tissue condition was
good (For open fractures, we need to determine the soft
tissue surrounding the fracture site and define good soft
tissue condition by confirming as Gustillo-Andersen
Type I or Type II fracture.).

Exclusion criteria: (1) Patients with hematological dis-
eases. (2) Patients with infectious disease. (3) Patient
with congenital developmental malformation of the ankle
joint. (4) Patients with talus or calcaneal fractures. (5)
Gustillo-Andersen Type III fracture.

Page 2 of 6

Preoperative Preparation

All the patients underwent elective surgery, which
included manual reduction, temporary fixation with
plaster support or calcaneal traction at the early stage to
maintain a neutral ankle position and restore the length
of the affected limb as much as possible. Then, patients
were instructed to elevate the affected limb, apply local
ice, and take oral drugs to reduce swelling. After 7-14
days, surgery was performed when local soft tissue swell-
ing subsided and skin wrinkles developed. All patients
received anteroposterior and lateral ankle radiographs
and three-dimensional ankle CT scan before surgery [7,
8]. There was no significant difference in intraoperative
reduction or postoperative score between calcaneal trac-
tion or plaster fixation.

Surgery procedures

Control group

Patients were given epidural anesthesia. Patients with
pilon fracture complicated with fibular fracture were
first treated with open reduction and internal fixation
of fibular fracture to restore the fibular force line. Then,
according to the fracture area and fracture classification,
anterior median incision or anterolateral incision was
used for exposure, and two plates (distal tibial anatomic
plate or reconstruction locking plate) were used for fixa-
tion (Fig. 1).

Study group

Patients were given epidural anesthesia. Patients with
pilon fracture complicated with fibular fracture were first
treated with open reduction and internal fixation of fibu-
lar fracture to restore the fibular force line. Then, accord-
ing to the fracture area and fracture classification, medial
or lateral anterior incision was used to expose the ante-
rior lip of the tibia, medial malleolus and anterolateral
Chaput bone mass. If necessary, the tibial talus joint was
opened to expose the articular surface of the distal tibia
to reduce the articular surface compression bone mass.
If there was bone defect, the iliac bone graft was taken
from the body. The incision distance was 3.5~ 8 c¢m, and
the incision length was 3~8 cm. After reduction of the
articular surface, the posterior column was fixed with a
small steel plate (A.L.P.S. Hand Fracture System, ZIM-
MER BIOMET), and then the anterior medial column of
Pilon fracture was fixed with an L-shaped anatomic plate
to examine the stability of the ankle. If the stability was
poor, the medial stability of the fracture was enhanced
by small medial plate support. A negative pressure drain-
age tube was routinely placed inside the wound and the
wound was sutured layer by layer (Fig. 2).
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Fig. 1 A 41-year-old male with pilon fracture of his left leg from a height fall, Rtiedi and Allgéwer Il type. A, B Preoperative anteroposterior
and lateral radiographs. C, D Anteroposterior and lateral view of postoperative X-ray. E, F Anteroposterior and lateral X-ray 15 months after surgery
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Fig.2 A 55-year-old female with pilon fracture of his left leg from a height fall, Riedi and Allgéwer Il type. A, B Preoperative anteroposterior
and lateral radiographs. C, D Anteroposterior and lateral view of postoperative X-ray. E, F Anteroposterior and lateral X-ray 15 months after surgery

Postoperative management

Routine prevention of infection, detumescence and
thrombosis within 48 h after operation. Postoperative
drainage tube was routinely removed within 48 h. No
plaster or brace was used for postoperative fixation,
and the affected limb was raised after surgery. On the
first day after surgery, under the guidance of the reha-
bilitation physician, functional exercise was standard-
ized and active flexion and extension of the hip, knee
and ankle joint functional exercise was started. 6-8
weeks after the operation, weight-bearing exercise was
determined gradually according to the fracture healing
of X-ray film.

Perioperative assessment

Operation time, intraoperative blood loss, hospital stay,
full weight-bearing time, and fracture healing time were
assessed.

Postoperative evaluation

Burwell-Charnley imaging evaluation criteria were
used to evaluate the quality of fracture reduction after
surgery: excellent: no lateral or angular displacement of
the internal and external malleolus, longitudinal sepa-
ration and insertion <1 mm, anteroposterior malleolus
displacement<2 mm, no talus displacement; Good:
there was no lateral or angular displacement of the
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lateral malleolus, anteroposterior displacement of the
lateral malleolus was 2~5 mm, anteroposterior dis-
placement of the posterior malleolus was 2~5 mm,
no talus displacement; Poor: any lateral lateral lateral
lateral malleolus displacement, lateral malleolus anter-
oposterior displacement >5 mm, or posterior malleolus
displacement > 5 mm, with talus displacement.

Efficacy was evaluated according to the American
Association of Foot and Ankle Surgery (AOFAS) ankle
and hindfoot function score, including pain (40 points),
function (50 points), and alignment (10 points): Excel-
lent > 90 points, good 75-89 points, fair 50-74 points,
poor < 50 points.

Visual analogue scale (VAS) was used to evaluate
the pain degree of the patient. According to the pain
degree of patients, the full score was 10, 0 was recorded
for painless pain, and 10 was recorded for severe pain.
The higher the score was, the higher the pain degree of
patients.

Postoperative complications, including skin necrosis,
wound infection, redisplacement of fracture and trau-
matic arthritis, were recorded in both groups.

Statistical analysis

We used SPSS 20.0 software to analyze data. Data were
expressed as mean + standard deviation. Paired sample
t test was used for intra-group comparison and inde-
pendent sample t test was used for inter-group com-
parison. p <0.05 was considered statistically significant.

Table 1 The baseline date of the study group and the control
group

Characteristics Study group Control group P
Age (mean, years) 42.74+481 4150+4,66 0.286
Gender 0.808
Male 15 16
Female 19 18
Cause of injury 0.870
Traffic injury 12 14
High falling injury 17 15
Sprain 5 5
Ruedi and Allgéwer 0.816
Typelll 22 20
Type lll 12 14
Tscherne-Gotzen 0.808
Grade | 15 16
Grade I 19 18
Calcaneal traction 14 12 03816
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Results

Patient characteristics

Both thirty-four patients were included in this study,
the average age was 42.74+4.81 years old in the study
group and 41.50 +4.66 years old in the control group. 19
patients were female in the study group and 18 patients
were female in the control group. The main cause of
injury was high falling injury in the both groups. All pilon
fractures were classified by Riledi and Allgower classifica-
tion system, there were 22 patients with Riiedi and All-
gower II pilon fractures and 12 patients with Riiedi and
Allgower III pilon fractures in the study group. In the
control group, there were 20 patients with Riiedi and All-
gower II pilon fractures and 14 patients with Riiedi and
Allgéwer III pilon fractures. v The baseline date of both
groups was shown in Table 1, which demonstrated that
patients in the distribution of each characteristic were
similar in the two groups.

Clinical data analysis

Operation time was 124.9+9.99 min in the study group
and 135.2+3.53 min in the control group (P<0.001,
Table 2). Intraoperative blood loss was 116.3+7.07 ml
in the study group and 125.7+1.41 ml in the control
group (P<0.001). Hospital stays was 19.00+2.83 days
in the study group and 21.59 +3.54 days in the control
group (P<0.005). Full Load was 16.21+2.43 weeks in
the study group and 16.33+2.54 in the control group
(P=0.823). Fracture healing time was 15.41 +1.62 weeks
in the study group and 15.59+1.71 in the control group.
Furthermore, we accessed ankle joint function and
VAS score (Table 3). The ankle joint function score was
88.126 £ 6.04 in the study group and 86.01 £6.03 in the

Table 2 Perioperative period data of study group and control

group

Clinical data Study group  Controlgroup P
Operation time/ min 124.9+9.99 1352+3.53 <0.001
Intraoperative blood loss 1163+7.07 125.7+1.41 <0.001
hospital stays 19.00+2.83 21.59+354 <0.005
Full load/ weeks 16.21+243 16.33+2.54 0.823
Fracture union time/ weeks ~ 1541+1.62 15.59+1.71 0618

Table 3 Ankle joint function score of study group and control
group

Characteristics Study group  Control group P
VAS score 6.41+£1.01 501+1.13 <0.001
Ankle joint function score  88.126+6.04 86.01+6.03 <0.001
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Table 4 Complication occurrence of study group and control

group
Study group Control group P
Skin necrosis 0 2
Infection 0 1
Fracture redisplacement 1 2
Traumatic arthritis 1 3
Total 2 (5.88%) 8 (23/5%) 0.044

control group (P<0.001). The VAS score was 6.41+1.01
in the study group and 5.01+1.13 in the control group
(<0.001). Moreover, Complication rates was 5.88% (2/34)
in the study group and 23.5% (8/34) in the control group
(P=0.044) (Table 4).

Discussion

In this study, we compared the clinical efficacy of small
plate assisted anatomic plate and traditional double plate
in the treatment of Riiedi and Allgower II - III pilon frac-
ture. We found that there was no significant difference
in full load time and fracture union time between these
two groups. Operation time, intraoperative blood loss,
hospital stays were significantly less than those of control
group. Furthermore, VAS scores and ankle joint function
score were better than those of control group. Moreo-
ver, The postoperative complication rate of study group
was significantly lower than that of control group. The
results revealed that small plate assisted anatomic plate
is comparable to traditional double plate in the treatment
of pilon fracture in terms of complete loading time, frac-
ture healing time, but the former can shorten the opera-
tion time, reduce intraoperative blood loss and effectively
reduce the incidence of postoperative complications.

The key to the treatment of pilon fracture are the
operation time, reduction of fracture, protection of soft
tissue and postoperative management. At present, there
are many surgical fixation methods for pilon fractures,
including clover plate, anatomic plate, locking com-
pression plate internal fixation [9], minimally invasive
percutaneous plate internal fixation [10], limited inter-
nal fixation plus external fixation [11] and so on. Since
pilon fractures are usually high-energy injuries and
often accompanied by serious soft tissue injuries, tra-
ditional incisions are long and damaged, and the larger
steel plate is placed directly below the incision, which
is easy to cause excessive skin tension at the edge of the
incision and difficult closure, leading to skin necrosis
and incision infection, and thus exposing the steel plate.
It has been reported in the literature that the incidence
of incision dehiscence and infection through traditional
anterior medial approach can be as high as 55% [12]. The
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mechanical properties of classical clover plate and distal
tibial anatomical plate are not good after fixation, and
cannot achieve stable, effective and ideal internal fixa-
tion. MIPO technique [13] has little soft tissue damage
and relatively low wound complications, but it is difficult
to reduce high-energy pilon fractures with metaphyseal
comminution and articular surface compression, and
intraoperative bone grafting is difficult, which affects
postoperative ankle function. External fixation scaffolds
combined with limited internal fixation can be used to
maintain bone length and line of force and reduce the
incidence of complications such as infection. However,
for type III pilon fractures with severe comminution, the
reduction quality is difficult to guarantee, and it is easy to
be redisplaced, which leads to long fracture healing time
and high incidence of malunion and non-union.

In this study, part of type II and all type III fractures
were multi-column fractures involving medial malleo-
lus, anterolateral and medial tibia (Chaput bone block),
distal fibula and posterior tibia (WagStaff bone block),
and posterior malleolus triangle bone block (Volkmann
bone block). A single anterior incision could not take
into account all bone blocks. Therefore, when multi-
ple incisions are used, the advantage of smaller plates
used in combination can be realized if multiple conven-
tional large plates are still used, which can have a greater
impact on the soft tissue. Corresponding incisions were
selected for different bone blocks to facilitate the expo-
sure of fracture blocks and facilitate fracture reduction.
Due to the use of small plates, the incision is short, 3 to
8 c¢m in length, and for some patients with longer frac-
ture lines, a proximal auxiliary incision can be added. The
incisions should not be separated as far as possible, and
the periosteum should be limited to preserve the connec-
tion between the skin and subcutaneous and myofascial
layers, which has little damage to the blood supply of
the flap and is conducive to wound healing and wound
related complications. The incision spacing can also be
narrowed. In this group, the incision spacing was as short
as 3.5 cm without flap necrosis. Some scholars have also
reported that 7 cm cannot be used as an absolute indi-
cator as long as the vascular distribution area is carefully
considered before surgery to avoid damage to important
vascular areas and gentle operation during surgery [12].

The treatment of Pilon fracture requires the rehabilita-
tion of the articular surface and the articular surface of
the distal tibia. L-shaped anatomical plate was used to fix
the anterior medial column of Pilon fracture, which was
used as the main plate to fix the anterior medial column,
and a small plate was used to assist in fixing the posterior
and medial columns. The small auxiliary steel plate we
used has good compliance and easy shaping. After being
pressurized by screws, it can fit completely with the bone
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surface and increase the friction force. Not only that, the
volume of small plate is small, can avoid more peel, soft
tissue coverage is easy, will not increase the skin tension,
conducive to wound healing. It has been reported in the
literature that for pilon fractures, ankle movement with-
out weight bearing is required in the early postoperative
period and weight bearing in the ground later, regardless
of the fixation method. From another aspect also shows
that the existing fixing method cannot achieve the effect
of strong fixing. The clinical application results show that
the small auxiliary plate can achieve stable fixation, effec-
tively prevent the loss of reduction, and allow the ankle
joint non-weight-bearing functional exercise in the early
stage. Although this study has certain advantages in inci-
sion exposure and reduction of incision complications,
due to insufficient sample size, the indications need to
be further studied and improved by large-scale case and
long-term follow-up data. The mechanical strength of
pilon fractures assisted by small plates can be further
tested by biomechanics. The internal fixation materials
for distal tibial fractures can also be miniaturized and
individualized, and the effects of different distal fracture
blocks can be fixed in a targeted way, so as to achieve the
purpose of effective and minimally invasive.

Conclusion

Small plate assisted internal fixation in the treatment
of Pilon fracture has the advantages of light soft tissue
injury, small trauma and relatively reliable fixation, which
can avoid soft tissue complications to the maximum
extent and improve the fracture healing rate.

Acknowledgements
The work is supported by the National Science Fund Project (No. 82172431).

Authors’ contributions

WD and YZ contributed to the conception and design of this study, the perfor-
mance of experiments, interpretation, data analysis, and manuscript writing.
JX, YL and MZ performed data analysis and interpretation. XZ performed
manuscript polishing. SN contributed to this manuscript revision. FJ, ZW and
HT contributed to the design of this study, acquiring financial support, data
analysis, interpretation, manuscript writing, and the final approval of the
manuscript.

Funding
The work is supported by the National Science Fund Project (No. 82172431).

Availability of data and materials
All data generated or analysed during this study are included in this published
article.

Declarations

Ethics approval and consent to participate

This study was approved by the Medical Research Ethics Board of the
Changhai Hospital of Naval Military Medical University, which waived the
need for written informed consent due to the retrospective nature of the
study. All methods were carried out in accordance with relevant guidelines
and regulations. Research involving human participants, human material, or

Page 6 of 6

human data, must have been performed in accordance with the Declaration
of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 4 April 2023 Accepted: 27 October 2023
Published online: 18 November 2023

References

1. LuoTD, Eady JM, Aneja A, Miller AN. Classifications in brief: Ruedi-
Allgower classification of tibial plafond fractures. Clin Orthop Relat Res.
2017:475(7):1923-8.

2. Mauffrey C, Vasario G, Battiston B, Lewis C, Beazley J, Seligson D. Tibial
pilon fractures: a review of incidence, diagnosis, treatment, and Compli-
cations. Acta Orthop Belg. 2011;77(4):432-40.

3. RuediT, Matter P, Allgower M. [Intra-articular fractures of the distal tibial
end). Helv Chir Acta. 1968;35(5):556-82.

4. Ruedi TP, Allgower M. The operative treatment of intra-articular fractures
of the lower end of the tibia. Clin Orthop Relat Res. 1979;138:105-10.

5. Halvachizadeh S, Klingebiel FKL, Pfeifer R, Gosteli M, Schuerle S, Cinelli
P, Zelle BA, Pape HC. The local soft tissue status and the prediction
of local Complications following fractures of the ankle region. Injury.
2022;53(6):1789-95.

6. Saad BN, Yingling JM, Liporace FA, Yoon RS. Pilon fractures: challenges
and solutions. Orthop Res Rev. 2019;11:149-57.

7. Wang R, Zhang H, Wei Q, Ding C, Cao L, Yi M, Tong D, Li D, Fan Z, Wu D
et al. Intramedullary nails in combination with reconstruction plate in the
treatment of unstable intertrochanteric femoral fractures with lateral wall
damage. Int Orthop. 2021;45:2955-2962.

8. Wang R, Zhang H, Cui H, Fan Z, Xu K, Liu P, Ji F, Tang H. Clinical effects and
risk factors of far cortical locking system in the treatment of lower limb
fractures. Injury. 2019,50(2):432-7.

9. Janssen SJ, Kloen P. Supercutaneous locking compression plate in the
treatment of infected non-union and open fracture of the leg. Arch
Orthop Trauma Surg. 2022;142(11):3201-11.

10. LiuJH, Zhang Q Wei GH, Liu L, Mu X, Li ML, Wu ZD. A retrospective
comparison of double-hooked locking plates versus non-locking plates
in minimally invasive percutaneous plate osteosynthesis for the treat-
ment of comminuted distal fibular fractures accompanied by tibial Pilon
fractures. J Orthop Surg Res. 2023;18(1):287.

11. Hreha J, Metrione MD, Reilly MC, Sirkin MS, Adams MR. Perioperative
impact of early limited surgical intervention to treat pilon fractures. Foot
Ankle Int. 2022;43(8):1092-8.

12. Assal M, Ray A, Stern R. Strategies for surgical approaches in open
reduction internal fixation of pilon fractures. J Orthop Trauma.
2015;29(2):69-79.

13. Sourougeon Y, Barzilai Y, Haba Y, Spector B, Prat D. Outcomes fol-
lowing minimally invasive plate osteosynthesis (MIPO) applica-
tion in tibial pilon fractures - a systematic review. Foot Ankle Surg.
2023;51268-7731(23):00151.

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



	Comparative study on the clinical efficacy of small plate assisted anatomic plate and traditional double plate in the treatment of Rüedi and Allgöwer II - III pilon fracture
	Abstract 
	Objective 
	Methods and materials 
	Results 
	Conclusion 

	Introduction
	Methods and materials
	Patients
	Inclusion and exclusion criteria

	Preoperative Preparation
	Surgery procedures
	Control group

	Study group
	Postoperative management
	Perioperative assessment
	Postoperative evaluation
	Statistical analysis

	Results
	Patient characteristics
	Clinical data analysis

	Discussion
	Conclusion
	Acknowledgements
	References


