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Abstract: Due to the traction of the Achilles tendon and osteoporosis, a large number of 
reports have shown that a series of complications such as skin flap necrosis and failure of 
internal fixation after surgery often cause nonunion or malunion of calcaneal tuberosity 
fractures. At the same time, there is no uniform standard for the operative procedure in the 
treatment of the avulsion fractures of the calcaneal tuberosity. We presented a new technique 
for the treatment of avulsion fractures of the calcaneal tuberosity, which is fixed with a 180- 
degree microplate. We aim to provide a simple, safe, and strong internal fixation technique 
for avulsion fractures of the calcaneal tuberosity as one of the treatment options. 
Keywords: 180-degree annular internal fixation, avulsion fractures of the calcaneal 
tuberosity, new technique

Introduction
Avulsion fractures of the calcaneal tuberosity are rare in clinical work, and mostly 
occur in elderly patients with osteoporosis and diabetes. There are also some 
young patients, who are often athletes that are affected by this type of fracture. 
It accounts for 1% to 3% of all calcaneal fractures.1 However, the incidence of the 
avulsion fracture of the calcaneal tuberosity is also gradually increasing due to the 
increasing age of the population and the increase in the number of patients with 
diabetes. Fractures of the calcaneal tuberosity are usually avulsion fractures 
caused by coaxial contraction of the gastrocnemius-soleus complex. The displace-
ment of the fracture block causes local excessive tension or soft tissue irritation, 
which can easily lead to local flap necrosis. In severe cases, exposure of the 
calcaneus and Achilles tendon may occur. Because most avulsion fractures of 
the calcaneal tuberosity are often displaced very obviously, and even spread to the 
subtalar articular surface, surgical treatment is required.2–4 Early surgical treat-
ment can help to avoid the continuous pressure of the fracture on the skin and 
reduce the incidence of skin necrosis and it can restore the function of the calf 
triceps early, which is of great significance to the rehabilitation of the patient’s 
ankle function.5 Regarding surgical treatment options using internal fixation, 
including lag screws, Kirschner wires, steel cables, anchors, and steel plates, all 
of these techniques have their shortcomings as well as strengths.6–9 The calcaneal 
tuberosity is the stop point of the Achilles tendon. Due to the traction of the 
Achilles tendon and osteoporosis, a large number of reports have shown that 
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a series of complications such as skin flap necrosis and 
failure of internal fixation after surgery often cause non-
union or malunion of calcaneal tuberosity fractures.10,11 

At the same time, there is a lack of large sample case 
studies, so there is no uniform standard for the operative 
procedure in the treatment of the avulsion fractures of the 
calcaneal tuberosity.

We presented a new technique for the treatment of avul-
sion fractures of the calcaneal tuberosity, which is fixed with 
a 180-degree microplate. We aim to provide a simple, safe, 
and strong internal fixation technique for avulsion fractures 
of the calcaneal tuberosity as one of the treatment options.

Patients and Methods
The study was approved by the Ethics Committee of 
Ningbo No.6 Hospital. Written informed consent was 
obtained from the participant for the case details and 
images to be published.

A 61-year-old male patient who was previously healthy 
suffered a fracture of the left calcaneal tuberosity due to 
a fall and was treated with open reduction and internal 
fixation at the local hospital (Figure 1A–C). The operation 
process went smoothly, and the targeted treatment was 
given to reduce swelling and prevent infection after the 
operation. One month later, the patient suddenly felt 
severe pain in the left heel during ankle joint function 
training and was unable to move. He came to our hospital 
for treatment. Physical examination showed obvious swel-
ling and tenderness of the left heel. At the same time, the 
skin tension was high and the movement of the ankle joint 
was obviously restricted. The pulsation of the left dorsal 
artery was reachable without any significant weakening. 

The blood supply and sensation of the extremities were 
normal. The X-ray showed a fracture fragment of the left 
calcaneal tubercle shifted again and the internal fixation 
failed (Figure 2).

After perfecting the examination (routine blood test, 
coagulation function, electrocardiogram and lung CT) 
and eliminating the contraindications for surgery, we 
performed surgery on the patient. Following confirma-
tion of consent, the patient was placed in the prone 
position and a 5 cm U-shaped incision was made 
along the posterior ankle dermatoglyph at the level of 
the calcaneal tubercle after general anesthesia (Figure 
3A and B). The soft tissue was incised layer by layer to 
expose the calcaneal tuberosity fracture. First, we 
reduced the fracture of the calcaneal tuberosity under 
direct vision and temporarily fixed it with multiple 
Kirschner wires. Second, we made a soft tissue channel 
that clinged to the front of the Achilles tendon to place 
a pre-curved U-shaped micro locking plate (Weigao, 
Shandong, China) for fixing the calcaneal tuberosity to 
the calcaneus. The screws on both sides were fixed at 
180 degrees. If the avulsion fracture was relatively large 
and comminuted, a micro locking plate can be added to 
fix the calcaneal tuberosity. A rigid fixation giving good 
stability to the fracture was achieved. The wound was 
closed in the usual fashion. After the operation, we gave 
infrared thermal physiotherapy to promote the recovery 
of blood supply around the incision. At the same time, 
the patient’s ankle joint flexion and extension exercises 
were strengthened under non-weight bearing conditions. 
We changed the dressing of the patient’s incision at an 
interval of every 3 days.

Figure 1 (A) Lateral X-ray of calcaneus, obvious displacement of calcaneal tuberosity. (B) Lateral X-ray of the calcaneus after the first operation, the fracture was fixed by 
three hollow lag screws. (C) Axial X-ray of the calcaneus after the first operation, and the screw can be fixed in position.
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Results
The patient underwent extensive physiotherapy immediately 
after surgery. The incision healed well and the patient was 
discharged about 1 week after the operation. He was regu-
larly reviewed in the outpatient clinic and underwent imaging 
examinations (Figure 4). The patient started walking with the 
aid of crutches 1 month after surgery. Re-examination with 
computed tomography (CT) confirmed that the fracture 
reached the clinical healing standard and the patient started 
walking with full weight bearing 3 months after surgery. 
Twelve months after the operation, he was found to have 
full range of movement of his left ankle and no pain. The 
imaging examination showed that the fracture was well 
reduced and bone union was obtained. The case had an 
AOFAS score of 80 12 months after surgery.

Discussion
The calcaneal tubercle is an important part of the calca-
neus, which is of great significance in maintaining the arch 
of the foot and buffering weight. At the same time, it is the 
attachment point of the Achilles tendon. When we walk 
normally, the maximum load on the Achilles tendon is 
three times the body’s weight. Therefore, the calcaneal 
tuberosity is prone to avulsion fractures when subjected 
to a certain external force. Studies have shown that the 
blood supply to the calcaneal tuberosity is poor, most of 
which are the terminal branches of small arteries and 
rarely form arterial networks. Moreover, these small 
arteries gradually decrease with age.12 At the same time, 
coupled with the compression of the displaced fractures on 
the skin, the soft tissues in this area are prone to necrosis. 
Early fracture reduction can relieve the pressure on the 
skin; restore local blood supply; reduce the incidence of 
complications, such as soft tissue necrosis; and restore the 
function of the calf triceps as soon as possible.

Open reduction is the first choice for avulsion fracture 
of the calcaneal tuberosity, and we should avoid repeated 
manual reduction. In reality, it is very difficult for us to 
reduce the displaced avulsion fracture of the calcaneal 
tuberosity in the closed state, and multiple reduction will 
cause repeated damage to local soft tissues and increase 
the probability of skin necrosis. Gardner et al10 reported 
139 cases of posterior calcaneal tubercle fractures. Due to 
the traction of the Achilles tendon, the tongue-shaped 
fracture was displaced proximally, which increased the 
tension of the skin at the heel. Among them, 21% of the 
cases had varying degrees of skin irritation on the back of 
the calcaneus. Ten patients had partial thickness flap inju-
ries, and seven patients had complete full-thickness flap 
injuries. Two cases underwent free flap transplantation, 
and one case underwent amputation. Squires et al9 also 
believed that the effect of non-surgical treatment for avul-
sion fracture of the calcaneal tuberosity was unsatisfactory 
and open reduction and internal fixation was recom-
mended. There are many studies on the choice of internal 
fixation for surgery. Squires et al9 and Levi13 recom-
mended the use of steel wire and tension bands for fixa-
tion. Yoshida et al14 reported that lag screws were used to 
fix calcaneal tuberosity avulsion fractures with good 
results. Agni et al15 applied the hook plate to the avulsion 
fracture of the calcaneal tuberosity and found that it can 
also be firmly fixed. Lui6 believed that the stop point of the 
Achilles tendon was located at the posterior tubercle of the 

Figure 2 Lateral X-ray of the calcaneus, the avulsion fracture of the calcaneal 
tuberosity was displaced again, and the internal fixation failed.

Figure 3 (A and B) 5 cm U-shaped incision along the posterior ankle dermato-
glyph at the level of the calcaneal tubercle.
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calcaneus. In order to restore the normal biomechanical 
function of the Achilles tendon, surgical treatment was 
recommended. However, screw fixation should be avoided 
because the mechanical strength of the screw was inade-
quate and the tail easily irritated the Achilles tendon. The 
above authors’ studies are all case reports, and there is still 
a lack of research reports on large samples. So far, there is 
no widely accepted surgical method to treat avulsion frac-
tures of the calcaneal tuberosity.

The 180-degree annular internal fixation with mini- 
plate presented by us provides a new choice for surgeons 
in the treatment of avulsion fractures of the calcaneal 
tuberosity. This surgical technique has three main 
advantages:

1. The U-shaped incision is less intrusive to the soft 
tissue. It runs along the skin stripes to minimize the 
impact of postoperative scars on activities.

2. The mini-locking steel plate is small in size and will 
not compress the skin of the heel.

3. The 180-degree annular internal fixation and screw 
cross-locking and anchoring further enhance the 
fixing strength, which is convenient for early func-
tional exercise.

There are many types of surgical incisions for avulsion 
fractures of the calcaneal tuberosity, usually including 
posteromedial incision, posterolateral incision, posterior 
midline longitudinal incision and L-shaped incision. 
These incisions are often perpendicular to the skin’s tex-
ture so that later scar formation will have an adverse effect 
on the mobility of the ankle joint. The U-shaped incision 

we use can completely cut along the skin’s texture, extend-
ing 1.5–2.0cm from the Achilles tendon to both sides, 
which can fully exposes the fracture and help to complete 
a series of operations such as reduction and internal fixa-
tion. The study of Eren et al16 also confirmed our state-
ment that this type of incision can significantly reduce the 
incidence of incision-related complications. The steel plate 
we use is a micro-locking steel plate (Weigao, Shandong, 
China), which is small in size. Even if it is tightly fixed 
under the skin, it will not cause obvious compression on 
the skin. At the same time, there is a space between the 
stop point of the Achilles tendon and the posterior tubercle 
of the calcaneus to allow the steel plate to be placed after 
shaping, and it will not cause compression on the skin of 
the heel. If the fixing strength of one steel plate is not 
enough because the fracture piece is large and the displa-
cement is obvious, another microplate can be added 
behind the Achilles tendon stop point, and there is no 
need to worry about the incision caused by its entrapment 
of the skin.

The failure of internal fixation is clearly related to bone 
quality.7,17 Athavale et al18 proved that the posterior tuber-
osity of the calcaneus is one of the sites with good bone 
quality and mechanical properties. Till19 also suggested 
that the screw should be fixed to the part of the posterior 
tuberosity of the calcaneus with good bone quality. 
Therefore, we imagine that the locking plate can be shaped 
and fixed to the cortex of the posterior tubercle during the 
operation to obtain a firm fixation of the fracture. The 
mechanical advantages of locking plates have been 
accepted by surgeons.19,20 On the basis of locking fixation, 
we rely on the good plasticity of the mini-locking plate to 

Figure 4 (A) The postoperative X-ray lateral radiograph, the displaced fracture was reset again after revision, and the mini-locking plate was fixed in a 180-degree ring. (B) 
Postoperative axial X-ray of the case, the fractured piece was reliably fixed by the micro locking plate. (C) The X-ray lateral radiograph one year after the operation, the 
displaced fracture has been reset and achieved bony union, and the mini-locking plate was fixed in a 180-degree ring without loosening and displacement. (D) Axial X-ray 
one year after surgery, the fracture has reached bone union.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                     

Clinical Interventions in Aging 2021:16 278

Xu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


pre-bend the plate according to the specific shape of the 
fracture during the surgery. At the same time, we insert the 
screws in a 180-degree circle to further strengthen 
the firmness and reliability of the fixation. During the 
operation, we put the steel plate as close as possible to 
the cortical bone of the calcaneal tuberosity, and pre-bend 
the two ends of the steel plate to form a “U”-like structure 
that wraps the fractured piece of the posterior tuberosity of 
the calcaneus. When inserting the screws, we should pay 
attention to the arrangement of the cross anchoring. The 
screws should be long enough to lock and fix the double 
cortex. In this way, it can provide more powerful mechan-
ical strength and achieve the purpose of early postopera-
tive functional exercise, especially for elderly patients with 
osteoporosis.

Beavis et al21 divided the avulsion fractures of the 
calcaneal tuberosity into three categories: type I is 
a “sleeve-shaped” fracture, a small avulsion of cortical 
bone at the calcaneal tuberosity; type II is a “beak” frac-
tures, an oblique fracture line running posterior from just 
behind Bohler’s angle, but the Achilles tendon is still 
connected to the fracture; and type III is an avulsion 
fracture of the Achilles tendon from the middle third of 
the posterior tuberosity. Lee et al22 formulated correspond-
ing treatment plans according to different fracture types. 
For type I and type II fractures, fixation with plate and 
screw is recommended, especially for type II fractures, 
which tend to have large fracture pieces and easily com-
press the skin. In reality, emergency reduction and fixation 
are often required for this type of fracture. For type III 
fractures, it is recommended that they be repaired with 
anchors. The surgical techniques we present are suitable 
for type I and type II fractures, especially for type II 
fractures. Because this type of fracture has large displace-
ment and high fixation strength requirements, it is very 
suitable for the application of 180-degree circular locking 
and fixation technology.

Strengths and Limitations
For the first time, a new technique of 180-degree annular 
internal fixation was applied to avulsion fractures of the 
calcaneal tuberosity to observe its effects. However, our 
research is not fully free from limitations. First of all, our 
research was only a preliminary technical report. The 
sample size is small, and research with a large sample is 
needed. Moreover, the research on the biomechanical 
strength of the 180-degree circular fixation is temporarily 
blank, and we need to further strengthen the basic 

mechanical research in this area to verify the mechanical 
advantages of this technology.

Conclusions
In the treatment of avulsion fractures of the calcaneal 
tuberosity, there is currently no uniform standard surgical 
procedure. We presented a new technique of 180-degree 
annular internal fixation and achieved successful result. 
We hope that the application and promotion of this tech-
nology can reduce the failure rate of internal fixation of 
avulsion fractures of the calcaneal tuberosity and achieve 
the purpose of early functional exercise, especially for old 
patients with osteoporosis.
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The authors report no conflicts of interest for this work.
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