
Introduction
Extreme beak calcaneal fracture (type 2 Lee’s fractures) are 
relatively rare injuries, accounting for approximately 1.3–3% of 
all calcaneal fractures. The incidence is highest in elderly 
particularly in women. This type of fracture requires timely 
interference and treated as surgical emergency within 6 h to avoid 
skin necrosis and soft-tissue compromise. Despite their rarity, 
these fractures can result in significant functional impairment if 
not promptly managed [1]. They can lead to soft-tissue 

compromise, chronic pain and alterations in gait mechanics. In 
addition, non-union or malunion may contribute to the 
development of subtalar arthritis if there is an intra-articular 
extension. Several risk factors have been identified for calcaneal 
tuberosity avulsion fractures. Osteoporosis plays a significant 
role, especially in elderly patients [2]. Other contributing factors 
include diabetes mellitus [3-8] and peripheral neuropathy which 
can affect bone quality and proprioception [9, 10].
The calcaneal tuberosity serves as the insertion point for the 
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Introduction: Extreme beak calcaneal fractures (Type 2 Lee’s tuberosity avulsion fractures) are rare injuries, accounting for only 1.3–3% of all 
calcaneal fractures. These injuries are considered as surgical emergency as they can lead to significant functional impairment and soft-tissue 
compromise if not promptly managed. This study evaluates the efficacy of cannulated cancellous (CC) screw fixation for these fractures.
Materials and Methods: A prospective study of 14 patients with extreme beak calcaneal fracture (Type 2 Lee’s - tuberosity avulsion fractures) 
treated with CC screw fixation was conducted in VMMCH, Karaikal, Puducherry between June 2022 and June 2023. Patients were followed for 
a minimum of 12 months. Functional outcomes were assessed using the American Orthopedic Foot and Ankle Society (AOFAS) Ankle-
Hindfoot scale.
Results: The mean AOFAS score at the final follow-up was 89.3 (range 78–98). Radiographic union was achieved in all cases by 20 weeks with a 
mean union time of 13.09 weeks in closed fractures and 18 weeks in open fractures. One patient developed a superficial wound infection without 
any alarming signs of hardware issues, which resolved eventually. No hardware failures or need for revision surgeries were observed.
Conclusion: Early intervention with CC screw fixation appears to be an effective and safe technique for the treatment of extreme beak calcaneal 
fracture (Type 2 Lee’s – tuberosity avulsion fractures), resulting in excellent functional outcomes and a low complication rate.
Keywords: Calcaneal fracture, extreme beak, tuberosity avulsion, American orthopedic foot and ankle society scoring, cannulated cancellous 
screw fixation, Achilles tendon.

Abstract

Learning Point of the Article:
Extreme beak calcaneal fracture (Type 2 Lee) is a surgical emergency, early intervention with Cannulated Cancellous Screw fixation results 

in favorable outcome.
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Achilles tendon, the strongest tendon in the human body. The 
Achilles tendon originates from the distal end of the triceps surae 
muscle group (average length of approximately 15 cm) and 
inserts into the middle third of the posterior surface of calcaneal 
tuberosity of varying width of 1.2–2.5cm [11,12]. Anatomical 
studies have shown that in some individuals, the Achilles tendon 
has an extensive insertion into the calcaneal tuberosity, which 
may predispose them to avulsion fractures [13]. The overall 
calcaneus is composed primari ly of cancel lous bone 
encapsulated by a relatively thin cortical shell. The density of the 
trabecular structure determines the overall strength of the 
calcaneus and the calcaneal tuberosity. In patients with 
osteoporosis or other conditions affecting bone quality, the 
decreased trabecular density can increase the risk of avulsion 
fractures.
The mechanism of injury typically involves a sudden, strong 
contraction of the gastrocnemius-soleus complex, often with the 

ankle in a dorsiflexed position. This creates a tensile force 
through the Achilles tendon that can exceed the strength of the 
bone at its insertion, resulting in an avulsion fracture [14-17].
Combined with the above anatomy, a more extensive insertion of 
the Achilles tendon at the calcaneal tuberosity will lead to a more 
vertical direction of force and even avulsion fractures. 
Collectively, the distraction force generated by the Achilles 
tendon at the calcaneal tuberosity and the trabecular density of 
the calcaneus will play a major role in the occurrence of fractures.
Several classification systems have been proposed for calcaneal 
tuberosity avulsion fractures. The Lee classification [18], which 
is widely used, describes four types of fractures: Type I: Simple 
extra-articular avulsion fracture (sleeve fracture) Type II: Beak 
fracture with a large fragment Type III: Infrabursal avulsion 
fracture from the middle third of the posterior tuberosity Type 
IV: Beak fracture with a small triangular fragment (Fig. 1).
More recently, the Carnero Martín de Soto classification has 
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Figure 1: Lee classification for calcaneal tuberosity avulsion fractures.

Figure 2: (A) pre-operative X-ray, (B) pre-operative clinical picture showing the skin impalement (black arrow), (C) intraoperative picture 
showing sural nerve identification and preservation, (D) post-operative X-ray showing cannulated cancellous screw fixation, (E-G) range of 
movements and X-ray after union at final follow-up.



281

www.jocr.co.in

Journal of Orthopaedic Case Reports Volume 15 Issue 1  January 2025 Page 279-286  |  |  |  | 

been introduced, which focuses on fracture displacement as a 
predictor of complications. This system classifies fractures as 
Type 1 (displacement <2 cm) or Type 2 (displacement ≥2 cm), 
with Type 2 fractures associated with a higher risk of soft-tissue 
complications.
While conservative management is limited to only undisplaced 
fracture, surgical intervention is mandatory for displaced 
fractures or those involving a large portion of the calcaneal 
tuberosity. Various surgical techniques have been described, 
including closed reduction and internal fixation (CRIF) with 
cannulated cancellous (CC) screw fixation, open reduction and 
internal fixation with plates and screws, tension band wiring, 
suture anchor suture bridge techniques, side-locking loop suture 
(SLLS) techniques, etc. The use of CC screws for the fixation of 
calcaneal tuberosity avulsion fractures has gained popularity due 
to its ease of application and promising results. This technique 
offers several potential advantages, including minimal soft-tissue 
dissection, strong interfragmentary compression and early 
mobilization.
The primary aim of this prospective study was to evaluate the 
functional outcomes of extreme beak calcaneal fractures – Type 
2 Lee’s tuberosity avulsion fractures. Although multiple case 

reports are documented, there is a limited literature support 
specifically evaluating the outcomes of CC screw fixation 
focusing on such fractures (Type 2 Lee) in larger samples. 
Secondar y objectives included assessing the rate of 
complications, time to fracture union and return to pre-injury 
activities.

Materials and Methods
This prospective study was conducted at our institution between 
June 2022 and June 2023. The study protocol was approved by 
the institutional ethics committee (I.E.C APPROVAL NO 
IEC/VMMCH/24/APR/95). All patients provided written 
informed consent before participation.

Inclusion criteria
Age 18 years or older, acute open or closed, extreme beak 
calcaneal fracture: Type 2 Lee’s tuberosity avulsion fractures, 
displacement of more than 1 cm.

Exclusion criteria
Pathological fractures, concomitant ipsilateral lower extremity 

Figure 3: (a) pre-operative X-ray showing calcaneal beak fracture and lateral malleolus fracture, (b) pre-operative clinical image of the open 
fracture, (c) intraoperative C-arm image, (d) immediate post-operative clinical image, (e) clinical image after wound healing. (f) immediate 
post-operative X-ray with cannulated cancellous screws and k-wires for added fixation, (g) post-operative X-ray at 6 weeks, (h) post-operative 
X-ray showing fracture union at final follow-up, (i, J, k) post-operative range of movements after union at final follow-up.
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fractures, and severe medical comorbidities precluding surgery.

Pre-operative assessment
A thorough history and physical examination are crucial in the 
diagnosis of calcaneal tuberosity avulsion fractures. Patients 
typically present with acute pain and swelling in the posterior 
heel region, often following a traumatic event or sudden forceful 
dorsiflexion of the ankle. Physical examination should include an 
assessment of skin integrity, as the displaced bone fragment can 
cause tension on the overlying skin, potentially leading to 
necrosis. The Silverskiöld test can be used to assess the 
gastrocnemius-soleus complex, while the Thompson test may be 
positive if there is concomitant Achilles tendon disruption. Plain 
radiographs, including lateral and axial views of the calcaneus, are 
usually sufficient to diagnose the fracture. Computed 
tomography (CT) scans can provide more detailed information 
about fracture morphology and displacement [19]. Magnetic 
resonance imaging (MRI) may be useful in cases where there is 
suspicion of concomitant Achilles tendon injury or in fractures 
with minimal bony involvement. CT and MRI are not done 

routinely, but only when indicated as discussed above. The 
choice between conservative and surgical management depends 
on several factors, including fracture displacement, soft-tissue 
condition, and patient characteristics. Non-surgical treatment 
may be considered only for non-displaced or minimally 
displaced fractures. However, surgical intervention is mandatory 
for fractures with displacement >1 cm, those involving a large 
portion of the calcaneal tuberosity, or cases with a high risk of 
soft-tissue complications. It is treated as surgical emergency 
within 6 h preferably or at the earliest after standard pre-
anesthetic check-up.

Operative technique
Under regional anesthesia, the patient was positioned prone on 
the operating table with a bump under the ipsilateral hip to 
internally rotate the foot. A pneumatic tourniquet was applied to 
the proximal thigh and inflated to 300 mmHg after limb 
exsanguination. The operative site was prepared and draped in a 
sterile fashion. A minimally invasive posterior approach was 
utilized. A small, incision was made along the lateral aspect of the 
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Figure 4: (A) pre-operative X-ray showing calcaneal beak fracture and lateral malleolus fracture, (B) pre-operative clinical image of the open 
fracture, (C) intraoperative C-arm image, (D) immediate post-operative clinical image, (E) clinical image after wound healing. (F) immediate 
post-operative X-ray with cannulated cancellous screws and k-wires for added fixation, (G) post-operative X-ray at 6 weeks, (H) post-
operative X-ray showing fracture union at final follow-up, (I-K) post-operative range of movements after union at final follow-up.
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Tendo Achilles proximal to the tuberosity. Careful dissection 
through the subcutaneous tissue was performed, with special 
attention given to identifying and protecting the sural nerve.
The reduction is aided by plantar flexion, using a bump under the 
ankle. The fracture was visualized and reduced under C-arm 
guidance. A large reduction clamp was carefully applied with one 
arm on the superior aspect of the tuberosity and the other 
through the heel pad, ensuring anatomic reduction of the 
fracture and subtalar joint if involved. Guide wires were placed 
across the fracture site from superoposterior to inferoanterior 
direction, perpendicular to the fracture line. The appropriate 
screw length was measured, and the guide wires were overdrilled 
with a cannulated drill bit. Depending on the fracture fragment 
size one or two 6.5 mm or 4.0 mm CC screws of sharma surgicals, 
SSPL, India (partial or fully threaded) were then inserted over 
the guide wires. The screws tip were positioned just anterior to 
the weight-bearing portion of the tuberosity, ensuring bicortical 
purchase into the thick plantar surface of the calcaneal tuberosity 
for rigid fixation. In cases of osteoporotic bone and small 
fragment with risk of splintering while inserting the screw, 
washers were added to enhance stress distribution over avulsed 
fragment. C-arm was used to confirm adequate reduction and 
proper hardware placement. The wound was thoroughly 
irrigated and closed in layers. A sterile dressing was applied, 
followed by a well-padded short leg splint with the ankle in 
plantar flexion to neutralize distracting forces (Tendo Achilles 
pull) on the fixation. This technique allows for minimal soft-
tissue dissection while providing strong interfragmentary 
compression. The use of cannulated compression screws offers 
the advantages of precise placement and the potential for early 
mobilization, which may contribute to improved outcomes.
Post-operative protocol
Postoperatively, patients were placed in a short leg splint with the 
ankle in plantar flexion. Non-weight bearing was advised for the 
first 6 weeks. At 2 weeks, the splint was removed, and a removable 
boot was applied. Passive range of motion exercises were 
initiated at this time. Progressive weight bearing was allowed 
starting at 6 weeks, with full weight bearing typically achieved by 
10–12 weeks based on clinical and radiographic evidence of 
healing.
Follow-up and outcome measures
Patients were followed at 2 weeks, 6 weeks, 3 months, 6 months, 
and 12 months postoperatively. At each visit, a clinical 
examination was done and radiographs were performed every 3 
months and at final follow-up. The primary outcome measure 
was the American Orthopedic Foot and Ankle Society (AOFAS) 
Ankle-Hindfoot scale, administered at the 12-month follow-up 
[20]. Secondary outcome measures included visual analogue 
scale (VAS) for pain, time to radiographic union, complications, 

and return to pre-injury activities [21]. Assessment of 
radiographic union in a fracture of cancellous bone fixed by 
compression screw is not straightforward as in the case of cortical 
bone, since after achieving satisfactory compression by screws, 
the fracture line cannot be appreciated well, hence, in follow-up 
we look for the – absence of sclerosis of the fracture line/gap 
formation/displacement of the fracture fragment/screw 
loosening and subsequent implant failure (which are considered 
as non-union). Malunion is diagnosed by the tilting of the 
fracture fragment mostly due to the malreduction caused by the 
asymmetric compression of the fragment, which was not 
tolerated intraoperatively.

Case illustrations

Case 1
A 38-year-old male presented with right heel pain following a fall 
from a ladder. Radiographs and X-ray revealed a displaced extra-
articular calcaneal extreme beak fracture Lee Type 2. The patient 
underwent emergency early CRIF with CC screw fixation as 
described with trauma to surgery interval 5 h. At 12-month 
follow-up, the patient had an AOFAS score of 94, with complete 
return to pre-injury activities and no pain (Fig. 2).

Case 2
A 33-year-old male with right open grade 3A calcaneal extreme 
beak fracture Lee Type 2, with lateral malleolus fracture, with 
heal pad avulsion following motor vehicle accident, X-ray 
showed significant displacement of calcaneal beak fracture. 
Thorough wound debridement done and calcaneal fracture fixed 
with CC screws and K-wiring done for fibula, trauma to surgery 
interval 12 h (due to delayed presentation). Wound healed by 4 
weeks without infection. His 12-month AOFAS score was 82, 
with residual stiffness and near-complete return to activities (Fig. 
3).
Case 3: A 52-year-old male sustained a left calcaneal extreme 
beak fracture Lee Type 2 with avulsed fragment tenting on the 
skin causing impalement after a fall from bullock cart. X-ray 
showed significant displacement. Following CC screw fixation, 
the patient experienced an uneventful recovery and the skin 
texture returned to supple. Trauma to surgery interval is 7 hours 
(after a fall). Her 12-month AOFAS score was 90, with complete 
return to pre-injury activities and no pain (Fig. 4).

Results

Demographic data
The study included 14 patients (9 males, 5 females) with a mean 
age of 42.3 ± 10.7 years. The mechanism of injury was fall in 8 
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cases (57.1%), sports-related injury in 4 cases (28.6%), and 
motor vehicle accident in 2 cases (14.3%). All the fractures were 
Lee Type 2. The mean time from injury to surgery was 12–18 h. 
All the patients were extra-articular fractures, 3 (21.4) of them 
had open fractures and 11 (78.5) of them had closed fracture. 
Three cases of osteoporotic bone or small fragment with risk of 
splintering were noted intraoperatively hence, fixation was 
augmented with washer. Mean tourniquet time was 53 min in 
closed fractures and 72 min for open fractures.

Clinical outcomes
The mean AOFAS Ankle-Hindfoot scale score at 12-month 
follow-up was 89.3 ± 6.2 (range 78–98). Eleven patients (78.6%) 
achieved excellent results (90–100 points), while three patients 
(21.4%) with open fractures had good results (80–89 points). 
The mean VAS pain score improved significantly from 7.8 ± 1.2 
preoperatively to 1.3 ± 0.9 at final follow-up (P < 0.001).

Radiographic outcomes
Radiographic union was achieved in 12 patients by 12–16 weeks, 
with mean union time of 13.09 weeks and in two patients with 
open fracture union was achieved by 16–20 weeks, with mean 
union time of 18 weeks postoperatively. Radiographic union was 
achieved completely in all case by 20 weeks. No cases of non-
union, malunion or hardware failure were observed.

Complications
One patient (7.1%) developed a superficial wound infection and 
delayed wound healing, which resolved with a course of 
antibiotics and regular dressing. No deep infections, 
neurovascular injuries, or complex regional pain syndrome were 
observed.

Return to activities
Twelve patients (85.7%) returned to their pre-injury level of 
activity by the 6-month follow-up. The remaining two patients 
with open injury (14.3%) reported minor limitations in high-
impact activities but had returned to daily activities without any 
discomfort.

Discussion
This prospective study demonstrates that CC screw fixation is an 
effective and safe technique for the treatment of extreme beak 
calcaneal fracture – Type 2 Lee’s tuberosity avulsion fractures. 
Our results show excellent to good functional outcomes, with a 
mean AOFAS score of 89.3 at 12-month follow-up. This is 
comparable to or better than results reported in previous studies 

using other fixation methods for similar fractures.
The mean AOFAS Ankle-Hindfoot scale score of 89.3 in our 
study is comparable to or better than most of the studies in our 
comparison. For instance, Takahashi et al. [22] reported a score 
of 87 using CC screw fixation, while our study achieved a slightly 
higher score. Our results are also similar to those reported by 
Squires et al. [23] with 87.5. However, some studies using 
alternative techniques, such as Khazen et al. [24] with suture 
anchor fixation and Zhang and Wu [25] with L-shaped hook 
plate, reported slightly higher AOFAS scores (94.3 and 93.8, 
respectively). This suggests that while CC screw fixation 
produces excellent results, there may be room for further 
optimization or comparison with these alternative techniques. 
Our study achieved higher union rate, which is consistent with 
several other studies in the comparison, Takahashi et al. [22] and 
Zhang and Wu [25]. This high union rate underscores the 
effectiveness of CC screw fixation in promoting fracture healing. 
Our study’s complication rate of 7.1% (one case of superficial 
infection) and zero reoperation rate is comparable to or lower 
than most studies in the comparison. For example, Gitajn et al. 
[26] and Yu et al. [27] reported a higher rate of reoperation of 
35% and 10%, respectively. Notably, Khazen et al. [24] and 
Banerjee et al. [28] reported lower complication rates (0% and 
5.6%, respectively) with suture anchor fixation, suggesting that 
this technique for its potential to minimize complications in 
Type 1, 3, 4 Lee’s types of fractures. Our study’s finding that 
85.7% of patients returned to their pre-injury level of activity at 
follow-up is a significant outcome. While not all studies in our 
comparison reported on return to activities, this high rate of 
functional recovery supports the efficacy of CC screw fixation in 
restoring patients’ quality of life. While our results are promising, 
it is important to note that CC screw fixation is preferable only in 
Lee Type 2 and may not be suitable for all types of calcaneal 
tuberosity avulsion fractures. For example, in cases with very 
small or osteoporotic bone fragments, or those involving 
significant Achilles tendon disruption, alternative fixation 
methods may be necessary, especially in Lee Type 1, 3 and 4. 
Other fixation techniques described in the literature include 
suture anchor techniques [6, 29, 30], suture bridge techniques 
[31-33], SLLS techniques [34, 35] and plate fixation [25, 36]. 
Each of these methods has its own indications, advantages, and 
potential drawbacks. The choice of fixation technique should be 
tailored to the specific fracture pattern, bone quality, and soft-
tissue condition. While our study demonstrates favorable 
outcomes, it is important to note its limitations, including the 
retrospective study design and a relatively small sample size (n = 
14) compared to some larger studies like Squires et al. [23] with 
22 patients and Gitajn et al. [26] with 30 patients. Future 
research could benefit from larger, multi-center studies to further 
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validate these findings benefit from larger, multi-center studies to 
further validate these findings.

Conclusion
Early intervention with CC screw fixation appears to be an 
effective and safe technique for the treatment of extreme beak 
calcaneal fracture (type 2 Lee’s tuberosity avulsion fractures) 
which is a surgical emergency, due to its potential soft-tissue 
complications. This approach results in excellent to good 
functional outcomes, high rates of fracture union, and a low soft-
tissue complication rate. The minimally invasive nature of the 
technique, combined with stable fixation, allows for early 
rehabilitation, prevention of soft-tissue compromise, earlier 
weight bearing and return to activities. While further research is 

needed, our results suggest that CC screw fixation should be 
considered as a viable option in the imminent surgical 
management of extreme beak calcaneal fracture.

www.jocr.co.in

Clinical Message

Extreme beak calcaneal fracture (type 2 Lee’s tuberosity avulsion 
fracture) is a surgical emergency, due to its potential soft-tissue 
complications. Early intervention with CC screw fixation appears to 
be an effective and safe technique with favorable outcomes.
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