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ABSTRACT

BACKGROUND: There is no consensus on the optimal treatment of Tillaux-Chaput fractures. The results of our cases treated with
mini-open surgery (open reduction and internal fixation) concerning efficacy and complications, we aim to compare other procedures
(open, percutaneous, and arthroscopy-assisted) with the literature data and to look for an answer to the question of whether the
primary treatment can be mini-open surgery.

METHODS: Between the years 2014 and 2017, 22 of 30 patients with Tillaux-Chaput fractures were treated using mini-open sur-
gery, open reduction and internal fixation with one cannulated screw. These cases were retrospectively examined concerning age, sex,
side, surgery duration, complications, and American Orthopedic Foot and Ankle Score (AOFAS). Functional results were statistically
evaluated 12 months after the injury. Follow-up included a clinical examination, imaging and AOFAS.

RESULTS: Of the patients, 14 were male (63.6%) and eight were female (36.4%). The mean age of the patients was |3.8 years. The
mean surgery duration was 21 minutes. All fractures healed after an average of 14 weeks. No complications were observed in any of
the cases. The mean follow-up time was 24.7 months. The mean preoperative AOFAS score was 53.3 and the mean postoperative
AOFAS score was 93.6, which was a statistically significant difference. At the last follow-up, the AOFAS score was perfect for all cases.
CONCLUSION: Contrary to what is stated in the literature, the mini-open surgical procedure has many advantages. The operation
is very short and the risk of nerve injury is very low. This study showed that Tillaux-Chaput fractures could be safely and efficiently
treated with mini-open surgery. WWe recommend mini-open surgery, complete anatomical reduction, and internal fixation for successful
results.
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INTRODUCTION

Isolated Salter-Harris type lll fractures of the anterolateral
distal tibial epiphysis are known as Tillaux-Chaput fractures.
1 These injuries are generally seen in adolescents 12 to 14
years of age.”! Triplane and Tillaux fractures consist of a mul-
tiplanar fracture pattern resulting from supination external
rotation and compression stress.’! Since these fractures typ-
ically occur after tibial growth has concluded, they rarely re-
sult in growth arrest.l*

These fractures may lead to light swelling, deformity, and pain
and may occur due to a simple ankle sprain or a severe trau-
ma.l Although it is possible to identify Tillaux-Chaput frac-
tures using x-ray, CT is often used to determine the number
of broken fragments and the amount of displacement,®*! All
of these fractures are intraarticular in nature; thus, there is a
risk of associated degenerative osteoarthritis, joint stiffness,
and persistent pain. To reduce the specified long-term com-
plications, surgical treatment is indicated. Although a joint
cascade less than 2 mm is acceptable, a full anatomic reduc-
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tion is necessary for perfect results,!®'*'2 Theoretically, there
is a low risk of physis closure after surgery; however, this
could not be confirmed by a post-operative study.['*!*]

A review of the current literature revealed various series of
open, percutaneous, and arthroscopy-assisted surgical proce-
dures,!'*'¢!7] but no consensus regarding the management of
these fractures. In the present study, the results of our cases
treated with mini-open surgery (open reduction and internal
fixation); concerning efficacy and complications to compare
other procedures (open, percutaneous, and arthroscopy-as-
sisted) with the literature data and to look for an answer
to the question of whether the primary treatment can be a
mini-open surgery.

Level of Evidence: Level IV

MATERIALS AND METHODS

Patients and Methods

From 2014 to 2017, 110 patients arrived at the clinic or
emergency service due to a distal tibia fracture. These cases
were reviewed retrospectively and diagnoses were made ac-
cording to clinical and radiological criteria.

Inclusion criteria were as follows: a cascade of at least 2 mm
on the distal tibia joint surface, a broken fragment diameter
of more than 5 mm, and a follow-up duration of 12 months.

Exclusion criteria included: bilateral, triplane, or pathological
fractures, a joint cascade of less than 2 mm, a fragment di-
ameter of less than 5 mm, the presence of an accompanying
ipsilateral fracture, fractures with soft tissue defects, open
fractures, and joint degeneration.

After evaluation, 22 of the 30 cases with Tillaux-Chaput frac-
tures were determined to fit the inclusion criteria. The clini-
cal and radiological data of these patients were reviewed ret-
rospectively. For the data to be homogenous, the 12-month
clinical data of the patients were evaluated statistically. To
prevent bias, clinical and radiological evaluation of each case
was performed blindly by a surgeon outside the surgical team.

The data were evaluated concerning age, sex, injury side,
type of trauma, surgery duration, follow-up time, radiological
healing time, preoperative and postoperative complications,
American Orthopedic Foot and Ankle Score (AOFAS) and
postoperative joint range of motion (Table ).

Of the 22 included patients, 14 were male (63.6%), and eight
were female (36.4%). The mean age of the patients was 13.8
years (range 10—16 years). The trauma resulted from a sprain
during exercise in |0 patients (46%), a traffic accident in four
patients (18%), and a fall from a height in eight patients (36%).
The left ankle was affected in || (50%) cases and the right
ankle in 11 (50%) cases.

110

Approval was obtained from the institutional review board of
our hospital for this study. Written consent was obtained from
all patients and their families. All operations were performed
by different surgeons of the same surgical team who were un-
aware of the measurement results made during this study.

Surgical Technique

All surgeries were performed with pneumatic tourniquet con-
trol applied to the extremity of the injured side. The operation
was initiated with a 3 cm mini-surgical incision anterolateral
from the fibula to the lateral surface of the peroneus tertius.
To protect the superficial branch of the peroneal nerve from
neurological damage, it was explored and protected. Upon
reaching the joint, it was washed to remove possible mini joint
parts that may have fallen onto the joint and remove fracture
hematoma. Cartilage structures were examined to determine
possible additional injuries. The periosteum and soft tissues
were removed between the fractured fragments. The integ-
rity of the anterior lower tibiofibular ligament was evaluated,
and its integrity was confirmed. After anatomical reduction
was ensured, two K-wires (1.0 mm in diameter) were placed
perpendicular, parallel to the epiphysis and the plafond. C-arm
radiographic fluoroscopy was used to confirm the ideal screw
length and position. One cannulated screw (3.5—4.5 mm in
diameter) was then secured over the K-wire guide. After the
joint was washed again, the incision was closed with absorb-
able sutures, and the leg was splinted (Fig. I).

Management and Rehabilitation After Surgery

After the subjective complaints of the postoperative patients
passed, finger movements were started passively-active. At the
end of the second week after surgery, the splint was removed,
and range of motion exercises for the ankle was added to the

Figure 1. A 14-year-old male patient (case 8) presented with swell-
ing and pain in his left ankle after a traffic accident. There was
no sing of soft tissue injury in physical examination. Radiography
and computed tomography were evaluated. A simple Tillaux-Cha-
put fracture with a displacement of 10 mm was observed on the
left ankle. (a, b) A mini-open surgical procedure was performed
through anterolateral ankle under regional anesthesia, and open
reduction and internal fixation was achieved with a 3.5 mm cannu-
lated screw. (c) Postoperative radiographic examination showed
anatomical joint line.
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protocol. Applying partial load was allowed at the end of week
four. Once the healing of the fractures was confirmed radio-
graphically, the patients were allowed to apply their full weight
and mobilization to the joint. All patients underwent radiogra-
phy in the 2", 6™, and 12% weeks and the 6% and 12*" months.

Postoperative Follow-up and Evaluation Criteria

All patients were examined postoperatively in the 6th and 12
week and 12* month. The follow-ups included clinical exam-
inations, imaging results, and AOFAS. Follow-up examinations
were continued until patients were satisfied with the outcome
or until they were lost to follow-up. The clinical symptoms
were evaluated by AOFAS during the 12*"-month follow-up.
Pain scores were 40 points, joint functions were 50 points, and
alignment was 10 points. A score of 90—100 was classified as
perfect, 80-89 as good, 70-79 as fair, and <70 as poor-bad.'®]

Statistical Analysis

All data were analyzed using the SPSS 22.0 statistical software
program. Descriptive statistics of the evaluation results were
given as a number (n) and percentage (%) for categorical vari-
ables and mean (mean), standard deviation (SD), minimum
(min) and maximum (max) values for numerical variables. The
Kolmogorov-Smirnov test was used to evaluate the conformity
of measurement data to a normal distribution. The Student’s
t-test was used to compare the data that fit the normal dis-
tribution and Mann—-Whitney U and Kruskal-Wallis variance
analyses were used to analyze the data that did not fit the nor-
mal distribution. P<0.05 was considered statistically significant.

RESULTS

Data from 22 patients fitting the inclusion criteria were ex-
amined. The mean preoperative clinical evaluation of AOFAS
was 53 (range 39-60). Characteristics and clinical analysis re-
sults of the patients are given in Table |.

The mean surgery duration was 2| minutes (range |5-30).
All cases healed without any vascular, nerve, or tendon in-
jury. All patients were followed-up after surgery for at least
12 months (range 12—48, mean 24.7). All fractures healed as
confirmed by radiography after an average of 14 weeks (range
10-18) and all patients were healed completely at their last
follow-up visit. Patients had normal ankle function, were able
to do regular activities, and had no pain. In follow-up radiog-
raphy, none of the patients had a refracture, a displacement in
the fracture, or a step in the fracture line (Fig. 2).

Of all patients, four requested the removal of the implants
despite having no subjective complaints. The earliest implant
removal occurred after one year. Follow-up of these patients
revealed no complications.

The mean postoperative AOFAS score was 93.6 (range 80—
100), which was higher than the mean preoperative score of
53.3 (range 39-60) and the difference was statistically sig-

112
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Figure 2. A 11-year-old female patient (case 11) presented with
swelling and pain in his left ankle after a traffic accident. (a) Radi-
ography and computed tomography were evaluated. Tillaux-Cha-
put fracture with a displacement of 9 mm was observed on the left
ankle. (b, c) In the postoperative follow-up, the patient who did not
have any complaints at the end of the first year wanted the implant
removed. Postoperative radiographic showed bone healing and
anatomical joint line.

nificant. The postoperative AOFAS was perfect for all cases
according to the ankle-hindfoot scale score (Table I).

DISCUSSION

All cases in this study were treated using mini-open sur-
gery, open reduction and internal fixation. The current study
showed that the mini-open surgical procedure has many ad-
vantages, including minimal incision and dissection. The in-
cision is not bigger than 3 cm, which is the total size of the
incisions made for arthroscopic portals and screws. The tech-
nique also does not require extensive surgical dissection. The
superficial peroneal nerve is explored, and there is no risk
of injury. This technique allows a direct look into the joint
and the removal of mini fragments. The removal of the soft
tissues that interpose into the fracture line is facilitated and
a full anatomic reduction is enabled, minimalizing the risk of
nonunion. Since the surgery is performed with the aid of a
tourniquet, bleeding is almost non-existent. The surgical du-
ration is very short and no short or long-term complications
have been observed postoperatively.

Tiefenboeck et al.! reported 90% excellent results in their
study, which included seven patients undergoing open surgical
internal fixation. They reported limitation of motion in the
ankle as a complication in one patient. They based their suc-
cessful results on open surgery and immobilization for at least
four weeks. In another series performed with open surgery,
Kaya et al.l'® followed |0 patients for an average of 54 months
and found an excellent value of 99.3 on average in the AOFAS
score. In general, it is consistent with these two studies. The
main difference is that our study included a larger series and
our rehabilitation program. We started rehabilitation early and
did not see any functional limitations in the ankle movements.
For more successful results, it may be helpful to remove the
splint early. We recommend mini-open surgery, complete an-
atomical reduction and internal fixation for successful results.
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Zelenty et al’s!"! study, which included 65 patients (open re-
duction: 48 + percutaneous fixation: 17) comparing open and
percutaneous fixation, complications, such as permanent pain,
nerve damage and infection, were higher in the group treated
with open surgery. Therefore, they suggested that the percu-
taneous technique should be considered as the first choice for
patients scheduled for surgical treatment. All the patients in
the current study were treated using mini-open surgery and no
complications were observed. Since it is an open technique, the
complications that arise from the percutaneous technique are
eliminated. It especially minimizes the risk of possible superfi-
cial peroneal nerve injury. Since it is an open procedure, pain
is a postoperative problem. However; mini-open surgical tech-
nique has a small surgical incision and is a respectful approach
to soft tissue. Pain can be minimized with this technique.

Arthroscopic techniques are currently used for intraarticular
fractures. When compared to open surgery for Tillaux-Chaput
fractures, it has been argued that arthroscopic surgery has the
advantages of less bleeding, fewer complications, and shorter
healing times, which makes it a quicker technique.l'®!*22 The
largest series made with arthroscopic-assisted was made by
Feng et al.l'! In their retrospective study involving 19 patients,
they reported excellent clinical and radiological results in their
studies without any complications. They achieved full union in
an average of 23.5 months. Fracture union times were much
longer than the average of our study. The reason for this is
that even if the joint is evaluated with the help of arthroscopy,
in some cases, soft tissues may have intervened in the invisible
part of the fracture line and the fracture union time may be
prolonged because of this. When arthroscopy-assisted treat-
ment results are compared to our study; due to the use of a
tourniquet with the mini-open surgical technique, we found
almost no bleeding. There was no complication in any case,
and there were no problems concerning wound healing. In our
study, a similar mean surgical time (21 minutes) was docu-
mented with arthroscopic-assisted procedures.['®!

While the advantages of arthroscopy in intra-articular frac-
tures are undeniable,l'*?'?2 we contend that it cannot show
the superior line in the fracture area and is insufficient for re-
moving interposed tissues on the physis line. These drawbacks
may lead to insufficient reduction and problems regarding the
physis.”®] Another point to consider that the total size of inci-
sions for arthroscopic portals and screws, approximately 3 cm
long, is equivalent to the skin incision used in the mini-open
surgical procedure. Also, suitable arthroscope scopes for pa-
tients may not always be available in the operating room. Last-
ly, there is a possibility that the fluid used during arthroscopy
may be extravasated, which may increase postoperative pain,
cause compartment syndrome, and make rehabilitation more
difficult. These possible disadvantages and complications are
not very likely to occur with mini-open surgery. We are aware
of the advantages of arthroscopic-assisted surgery, but current
literature data and our study show that mini-open surgery can
still be considered a priority treatment.
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Studies suggesting open reduction and internal fixation advo-
cate immobilization for at least four weeks postoperatively.
1318 The current study’s results were similar, with two weeks
of immobilization applied during patient follow-up based
upon the patient’s age concerning rehabilitation and the sta-
tus of the fracture. In addition, we wanted to prevent Achilles
tendon and joint contracture during the follow-up of immo-
bilized intra-articular fractures, prevent reflex sympathetic
dystrophy, and facilitate rehabilitation,!'>**! In our opinion,
early removal of the splint and the start of rehabilitation do
not alter functional results in the long term, but it facilitates
rehabilitation in the short term and may allow them to return
to daily activities more easily.

There are some limitations to the current study, including the
small case series, no long-term data, no comparison group,
given that the surgeries were performed by more than one
surgeon, and the retrospective design.

Conclusion

The localization and the displacement amount of Tillaux-Cha-
put fractures determine the surgical requirements. The current
study showed that it is possible to achieve perfect clinical and
radiological results with a mini-open surgery procedure. Con-
trary to what is stated in the literature, mini-open surgery has
many advantages, including the very short duration of the pro-
cedure and the small incision size required, as well as the very
low risk of nerve injury. The findings obtained in this study sug-
gest that Tillaux-Chaput fractures can be safely and efficiently
treated with mini-open surgery. As a result, intra-articular frac-
tures require open surgery and fixation. The choice of open or
mini-open surgery depends on the surgeon’s experience.
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AMAC: Tillaux-Chaput kiriklarin optimal tedavisi tartismalidir. Bu galisma ile, mini-agik cerrahi ile tedavi edilen olgularimizin sonuglari (agik redik-
siyon ve internal fiksasyon); etkililik ve komplikasyonlar agisindan, diger prosediirleri (agik, perkiitan ve artroskopi destekli) literatiir verileri ile
karsilagtirmak ve de birincil tedavinin mini agik cerrahi olup olmadig sorusuna bir cevap aramaktir.

GEREGC VE YONTEM: 2014-2017 yillari arasinda tedavi edilen 30 Tillaux-Chaput kirigi olgusunun 22’sine mini acik cerrahi prosediir ile acik rediik-
siyon ve internal fiksasyon uygulandi. Kiriklarin hepsi bir adet kandillii vida ile tespit edildi. Hastalar geriye doniik olarak yas, cinsiyet, yon, operasyon
stiresi, komplikasyonlar ve AOFAS skoru incelendi. Fonksiyonel sonuglari yaralanma zamanindan 12 ay sonra istatistiksel olarak degerlendirildi.
Takipler; klinik muayene, elde edilen goriintiileme sonuglari ve AOFAS skoru ile yapildi.

BULGULAR: Hastalarin, 14’i (%63.6) erkek ve sekizi (%36.4) kadindi. Hastalarin yas ortalamasi 13.8 idi. Ortalama ameliyat siresi 2| dakika idi.
Tim kiriklarda ortalama 14 haftada kaynama elde edildi. Olgularin higbirinde komplikasyon gériilmedi. Ortalama takip siiresi 24.7 aydi. Ameliyat
oncesi ortalama AOFAS skoru 53.3 puandi, ameliyat sonrasi AOFAS skoru 93.6 puandi. Bu veriler arasindaki fark istatistiksel olarak anlamliydi. Son
takipte AOFAS skoru tiim olgular igin mikemmeldi.

TARTISMA: Literatilrde belirtilenin aksine mini agik cerrahi prosediiriin birgok avantaji mevcuttur. Cerrahi siire kisadir. Sinir yaralanma riski cok
dusuktlr. Bu galisma Tillaux-Chaput kiriklarinin tedavisinin mini agik cerrahi proseddr ile glivenilir ve etkili bir sekilde yapilabilecegini gostermektedir.
Basarili sonuglar igin mini-agik cerrahi, tam anatomik rediiksiyon ve internal fiksasyon oneriyoruz.

Anahtar sozclikler: AOFAS skoru; cerrahi islemler; Chaput; ergen, mini agik cerrahi; Tillaux.
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