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Distal tibia and fibula fractures are challenging injuries to treat as evidenced by the high rates of wound complica-
tions because of vulnerable soft tissue coverage. The aim of this study was to examine the effect on soft tissue
complications of the pie-crusting technique when applied between 2 incisions in distal tibia and fibula fractures
treated with open reduction and internal fixation. We reviewed 34 patients with distal tibia and fibula fractures
treated between September 2014 and March 2017. The pie-crusting technique was performed during wound clo-
sure in 16 (47.06%) fractures (group 1) and classic wound closure was done in 18 (52.94%) fractures (group 2). The
primary outcome was evaluated as the presence or absence of soft tissue complications such as superficial skin
necrosis, deep skin necrosis, and deep infection. The mean age was 50.44 & 13.51 (range 23 to 65) years in group
1 and 51.67 + 14.49 (range 18 to 68) years in group 2. The mean follow-up time was 27.35 4 9.02 (range 16 to 46)
months. The mean surgery time after injury was 5.88 + 3.5 (range 1 to 14) days in group 1 and 7.32 + 4.25 (range
1 to 16) days in group 2. No soft tissue complications were seen in any patient in group 1. Five (27.77%) occur-
rences of superficial skin necrosis were observed in group 2. In 2 (11.11%) patients in group 2, deep necrosis and
wound dehiscence occurred, and subsequent deep infection developed in 1 (5.55%) of these patients. The overall
complication rate was higher in group 2 (p=.005). We believe that the pie-crusting technique is beneficial for
wound closure in distal tibia and fibula fractures, because it reduces the tension of the skin and allows leakage of
subcutaneous fluids.

© 2018 by the American College of Foot and Ankle Surgeons. All rights reserved.

Distal tibial fractures are infrequently seen and constitute
approximately 0.7% of all fractures (1). In 80% to 90% of these frac-
tures, there is a concomitant fibula fracture (2,3). Because there is
limited muscle coverage between the skin and the bone, the soft
tissues around the distal tibial region are vulnerable (4). Closure of
the surgical incisions may be difficult, especially after surgical pro-
cedures on injuries around the ankle caused by high-energy trauma,
which can lead to complications such as wound dehiscence and
infection (5,6).

Although there is no ideal single method suitable for all patients
to avoid soft tissue complications after distal tibia fracture surgery,
a 2-stage approach with temporary external fixation and definitive
internal fixation after improvement in the condition of the soft
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tissue is generally preferred (7,8). Furthermore, gentle retraction, a
short tourniquet time, a 7- to 10-cm skin bridge between 2 inci-
sions, fixation with low-profile implants, tension-free closure,
delayed closure of the fibular incision (if required), and postopera-
tive vacuum sealing drainage are recommended to prevent wound
dehiscence (9,10). Despite advancements in modern treatment
strategies for distal tibia fractures, soft tissue complications are still
encountered (6,11,12).

The pie-crusting technique was first described in the English-lan-
guage literature by Hasenhuttl (13). There are various synonyms for
this technique, such as “dermal fenestration,” “fish-mouthing,” “multi-
ple relaxing skin incisions,” and “tissue meshing” (14—17). In the pie-
crusting technique, small transdermal incisions perpendicular to the
line of tension are made to facilitate wound closure and to enable sub-
cutaneous wound drainage (18,19).

To the best of our knowledge, there has not been any previous study
that compares the efficacy of the pie-crusting technique against classic
wound closure in distal tibial fractures. We hypothesized that the pie-
crusting technique would provide better wound healing in the early
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postoperative period. The aim of this study was to compare the soft tis-
sue complications between the classic wound closure technique and
the pie-crusting technique applied between 2 incisions in distal tibia
and fibula fractures treated with open reduction and internal fixation.

Patients and Methods

Approval for the study was granted by the local ethics committee of the institutional
review board. The study included 49 consecutive patients who underwent surgery in our
clinic with open reduction and internal fixation for isolated Arbeitsgemeinschaft Osteo-
synthese/Orthopaedic Trauma Association (AO/OTA) type 43 distal tibia and fibula frac-
tures between September 2014 and March 2017 (20). The inclusion criteria were patients
with simultaneous internal fixation with plates and screws for distal tibia and fibula frac-
tures. The exclusion criteria were patients treated with staged surgeries (first-stage exter-
nal fixation and fibula fixation, second-stage definitive tibia fixation), open fractures,
concomitant ipsilateral lower extremity fractures, physeal injuries, a period >6 weeks
since the injury, and a follow-up period <12 months. According to these criteria, 34
patients attending a final follow-up examination were included in the study and retro-
spectively examined. Informed consent was obtained from all participants.

There were 22 (64.7%) males and 12 (35.3%) females in the study, with a mean age of
51.09 & 13.84 (range 18 to 68) years. The mean time from injury to operation was 6.65 +
3.93 (range 1 to 16) days. The mean follow-up time was 27.35 + 9.02 (range 16 to 46)
months.

In our clinic, 6 surgeons are interested in orthopedic trauma; 3 surgeons (A.U., C.U.,
K.C.Y.) apply the pie-crusting technique routinely during wound closure for distal tibia
and fibula fractures, while the other 3 perform classic wound closure. Two of these 3
surgeons are unfamiliar with the pie-crusting technique, and the other surgeon prefers
not to apply this technique due to cosmetic concerns. The patients were separated into
2 groups according to the wound closure technique used. Group 1 consisted of 16
(47.06%) fractures in which the pie-crusting technique was used, and group 2 consisted
18 of (52.94%) fractures treated with classic wound closure.

Subtypes of the fractures according to AO/OTA classification, the time from injury
to surgery, the number of plates used for fixation of distal tibia fracture, and the nar-
rowest distance between the 2 incisions (usually 3 to 5 cm above the ankle mortise
level) were recorded. The presence or absence of diabetes mellitus, peripheral arte-
rial disease, and smoking history was also noted. Primary outcomes were evaluated
as the absence of soft tissue complications such as superficial skin necrosis, deep
skin necrosis, and deep infection.

Surgical Technique

Routine preoperative plain radiographs and computed tomography scans were used
for all the patients (Fig. 1). The adequacy for surgery of the soft tissues was evaluated
with use of the daily applied wrinkle test. The test is performed via visual assessment and
direct palpation of the anterior skin 3 to 5 cm above the ankle mortise level. The test is
assumed positive if skin wrinkling is seen. In all patients, the surgical intervention was
made under spinal anesthesia and with the use of a tourniquet. The fibula was stabilized
first by using a posterolateral approach in all cases. According to the level of the fracture,
fixation was provided with a distal precontoured plate or a one-third tubular plate. In
most cases, an anteromedial approach was used for the distal tibia. After reduction of the
fracture fragments and provision of temporary fixation, the reduction was checked with
C-arm fluoroscopy. Depending on the type of fracture, a precontoured medial or antero-
lateral plate was used for permanent fixation. In some cases, the 2 plates were used
together (Fig. 2). No K-wires were left permanently in any of the cases.

After the surgical procedure, the incision used for the distal tibia was closed first, fol-
lowed by the incision for the fibula. In the group 1 patients, multiple parallel mini-incisions
were made longitudinally with a no. 15 scalpel between the 2 incisions. The incisions were
0.5 to 1 cm in length and as deep as the skin thickness (Fig. 3). The required amount of pie-
crusting was defined by the bleeding and color of the skin at the edges of the incision after
the tourniquet release. Pie-crusting was performed until the skin pallor resolved; the skin
color turns pink and bleeding starts from the wound edges. The wound was covered with a
sterile gauze, and no other nonadherent-type dressings were used. A short leg posterior
splint was applied to the ankle.

Postoperatively, rest, elevation, and ice compresses were applied, and the neurovas-
cular status of the distal extremity was monitored. After recovery from edema and swell-
ing, early joint movements were started. Weightbearing was not permitted until the
fracture was healed.

Statistical Analysis

The statistical comparisons of both groups were made with use of the Pearson x? test
and the Mann-Whitney U test. A value of p < .05 was accepted as statistically significant,
as calculated by using IBM SPSS Statistics™ (version 22; IBM Corp., Armonk, NY, USA).

Fig. 1. (A) Plain radiographic anteroposterior and (B) lateral views and (C) coronal section
of computed tomography scan of intra-articular distal tibia fracture.

Results

The data for both groups related to age, sex, follow-up period, time
from injury to surgery, AO/OTA fracture type, number of plates used for
distal tibia fracture, distance between the 2 incisions, number of dia-
betic patients, number of patients with peripheral artery disease, and
number of patients with smoking history are shown in Table 1.

No soft tissue complications were seen in any patient in group 1
(Fig. 4). All pie-crusting incisions were healed within 2 weeks.

A B

Fig. 2. Postoperative plain anteroposterior (A) and lateral (B) views of patient shown in
Fig. 1.
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Fig. 3. Pie-crusting technique between 2 incisions.

Superficial skin necrosis occurred at the edges of the incision in 5
(27.77%) patients of group 2, and all recovered without the need for
additional surgery. In 2 (11.11%) patients in group 2, deep necrosis
developed around the anteromedial incision and wound dehiscence
(Fig. 5), and subsequent deep infection developed in 1 (5.55%) of these
patients. In both patients with deep necrosis, 2 plates were used for dis-
tal tibia fracture fixation. These 2 patients were not diabetic and had no
peripheral arterial disease and no smoking history. Following antibio-
therapy, repeated debridements, and negative pressure wound care,
the tissue defects that had formed in these 2 patients were recon-
structed with a reverse sural artery flap (Fig. 6). At least 1 complication
was observed in 7 (38.88%) patients in group 2, and the overall compli-
cation rate was higher in group 2 (p =.005). The data on the complica-
tions are shown in Table 2.

Discussion

The treatment of distal tibia fractures is challenging because of thin
surrounding soft tissue coverage. After the recommendation of open
reduction and internal fixation approaches for distal tibia fractures by
Ruedi and Allgower (21), the alarming high rate of complications, such
as wound dehiscence and deep infection, led to the search for new
treatment strategies (22,23). The current preferred treatment for distal

tibial fractures, especially those caused by high-energy trauma, is tem-
porary bridging external fixation and subsequent definitive surgery
after a waiting period for soft tissue recovery (24).

However, there are some obvious disadvantages to applying a joint
spanning external fixator around the ankle. With this method, early
joint movement cannot be made, there is an increased risk of the devel-
opment of reflex sympathetic dystrophy, and external fixators may be a
source of pin site infection (4). Although with lower rates compared
with early surgery, soft tissue complications may still be seen with this
method even after surgery (11,12).

In recent years, a few studies have been published about an early
surgical approach for distal tibia fractures (25). White et al treated 95
consecutive pilon fractures with early open reduction and internal fixa-
tion and encountered a 6% soft tissue complication rate (26). Tang et al
retrospectively compared results of early and delayed open reduction
and internal fixation for pilon fractures and found similar rates (1.3%
and 2.6%, respectively) of soft tissue complications (27). Although these
results are impressive, they are conflicting with well-known historical
data about soft tissue complications after early surgery of pilon frac-
tures and should be very critically analyzed (28).

In the current study, the mean time from injury to surgery was 5.88
+ 3.5 (range 1 to 14) days in group 1 and 7.32 + 4.25 (range 1 to 16)
days in group 2. We believe that the early admission to surgery of
patients with extra-articular fractures (AO/OTA 43A) may have lowered
the mean time to surgery. We do not suggest early open reduction and
internal fixation for all distal tibia and fibula fractures; yet, some of our
patients are treated with staged surgeries and excluded from this study.
Instead, in patients with distal tibia and fibula fractures, a personalized
approach should be taken according to the severity of the soft tissue
injury and the fracture type.

Two separate incisions for the distal tibia and the fibula, prolonged
operating time, and demanding fracture reduction attempts increase
edema and result in tight closure of incisions. This tension starts a pro-
cess that advances to necrosis of the skin near the wound edges, wound
dehiscence, and deep infection (8,9). Leone et al recommended primary
closure of the medial wound, followed by delayed primary closure, or
primary or delayed split-thickness skin grafting of the fibular wound in
the presence of skin tension (29). Wang et al left the incisions open and
applied vacuum sealing drainage after pilon fracture surgery, and inci-
sions were gradually closed after the swelling had subsided with pre-
prepared sutures. No soft tissue complications were reported with the
use of this method (10).

Table 1
Patient data (N=34)
Variable Pie-Crust Technique (n=16) Classic Wound Closure (n=18) p Value
Age, y (range) 50.44 + 13.51 (23 to 65) 51.67 + 14.49 (18 to 68) .666
Sex, n (%) .057
Male 13(81) 9 (50)
Female 3(19) 9(50)
Follow-up time, months (range) 24.69 + 8.55 (16 to 43) 29.72 4+ 8.98 (19 to 46) 107
Time from injury to surgery, days (range) 5.88 +£3.5(1to 14) 7.32+425(1to 16) 299
AO/OTA fracture type, n (%) .868
43 A 8(50) 8(44.4)
43 B 1(6.3) 2(11.2)
43C 7(43.7) 8(44.4)
Plates used for distal tibia fixation, n (%) .897
1 11(68.7) 12 (66.7)
2 5(31.3) 6(33.3)
Diabetes mellitus, n (%) 3(18.8) 5(27.8) 536
Peripheral artery disease, n (%) 0(0) 1(5.6) 339
Smoking history, n (%) 5(31.3) 4(22.2) 551
Distance between 2 incisions (cm) 8.15 £ 0.79 (range 7 to 9.5) 8.22 £ 0.94 (range 7 to 10) 929

Abbreviation: AO/OTA, (Arbeitsgemeinschaft Osteosynthese/Orthopaedic Trauma Association).
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Fig. 4. Clinical appearance of a patient in pie-crusting group 6 months after the operation.

In the current study, the pie-crusting technique was used to reduce
the tension between the 2 incisions in distal tibia and fibula fractures.
The pie-crusting technique was first described in the English-language
literature by Hasenhuttl as multiple superficial short skin incisions (13).
The principles of this technique are similar to those for meshing a skin
graft, as it provides up to 3 times greater tissue expansion and allows
drainage of fluid accumulations (30). This technique is also known as
dermal fenestration, fish-mouthing, multiple relaxing skin incisions,
and tissue meshing (14—17).

Radin applied the pie-crusting technique to the skin around an ele-
vated tibial tubercle in a series of 32 Maquet procedures and reported
no soft tissue complications (15), Motley and Holt used a similar tech-
nique to repair surgical defects of the lower legs of 5 cases and encoun-
tered 1 superficial wound infection that was treated with antibiotics
(31). DiStasio et al performed this technique on 22 patients with lower
extremity trauma and reported that excellent cosmetic results were
achieved and that no soft tissue complications were encountered (16).
Poon et al combined the pie-crusting technique with negative pressure
wound therapy and reported that good soft tissue results were obtained
with minimum scarring in 2 patients with complex ankle-foot injuries
(14). Nevertheless, the pie-crusting technique is not widely known in
the literature, despite several small case studies reporting the efficacy
of the technique on various parts of the body (18). No published com-
parative study could be found related to the use of this technique in any
part of the body or for distal tibia and fibula fractures.

Fig. 5. Photograph of a patient in the classic wound closure group showing deep wound
necrosis around the anteromedial incision.

Fig. 6. Clinical appearance of the patient shown in Fig. 5 at 7 months after flap surgery.

In the current study, no soft tissue complications were encountered
in the group where the pie-crusting technique was applied. In cases of
classic wound closure, 2 occurrences of wound dehiscence were
observed in 2 patients, and deep infection developed in 1 of these
patients. In 5 patients, superficial skin necrosis formed at the edges of
the incision. The high-risk factors in the impairment of wound healing
such as smoking history, diabetes mellitus, and peripheral arterial dis-
ease were similar between groups (32). Although there was no statisti-
cally significant difference in the rates of wound opening and infection,
the number of patients with total complications was statistically signifi-
cantly higher in the classic wound closure group where pie-crusting
was not applied.

In the literature, 3- to 10-mm mini-incisions are generally rec-
ommended when using the pie-crusting technique. Although the
cosmetic appearance appears to be a disadvantage of this technique,
the cosmetic results would be worsened with incisions >10 mm,
and reliable results were obtained with smaller incisions. In the cur-
rent study, although the patients were not asked about cosmetic
satisfaction, we believe the results were more acceptable than a
potential flap surgery.

The pie-crusting technique is a simple-to-apply, safe, economic, and
effective method. The most apparent advantages of the method are that
expensive additional equipment is not required during the procedure,
the learning curve is not long, there is no donor site morbidity, and the
probability of requiring secondary surgery is minimized (17,18).

The limitations of the current study are that it was retrospective and
the operations were carried out by different surgeons. Although the dis-
tribution of fracture types, number of plates used for distal tibia fixa-
tion, and patients with diabetes mellitus, peripheral arterial disease,
and smoking history between the groups was similar, there was no ran-
domization of the methods applied, the numbers of patients in the
groups were small, there were different types of fractures, and the size
of groups required to demonstrate a significant difference was not cal-
culated.

Table 2
Complications (N = 34)

Pie-Crust Technique Classic Wound Closure

Complication (n=16) (n=18) p Value
Superficial skin necrosis 0(0) 5(27.77) .022
Deep wound necrosis 0(0) 2(11.11) .169
Deep infection 0(0) 1(5.55) 339

Data presented as n (%).
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In conclusion, the results of the study demonstrated that fewer soft

tissue complications were seen with the pie-crusting technique applied
between 2 incisions compared with the classic wound closure used
after open reduction and internal fixation of distal tibia and fibula frac-
tures. By reducing the skin tension, the pie-crusting technique facili-
tates wound closure and reduces edema by allowing the drainage of
exudate through the mini-incisions.
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