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A B S T R A C T   

Introduction: Ankle arthrodesis is one of the managements for a significantly unstable Charcot ankle. Some of the 
methods of internal fixation for ankle arthrodesis include the use of intramedullary nails, screws, and plates. 
Ankle arthrodesis using intramedullary nails has become more popular. However, studies evaluating the use of 
plate fixation, particularly double posterior lateral plating, are limited. We report the clinical and radiological 
outcomes of double posterior lateral plating ankle arthrodesis in three diabetic Charcot ankle patients. 
Presentation of case: Three patients, aged 73, 67, and 65 years old, complained of ankle pain and with a history of 
type 2 diabetes mellitus. The physical examination revealed swelling and erythema without a sign of active 
infection. The radiological examination showed ankle deformity, and the American Orthopaedic Foot & Ankle 
Society (AOFAS) Ankle-Hindfoot scores were 5, 10, and 0, respectively. All patients were diagnosed with a 
diabetic Charcot ankle and underwent ankle arthrodesis using double posterior lateral plating. Four months and 
six months follow up revealed talus union, improved ankle deformity, and improved AOFAS Ankle-Hindfoot 
scores to 70, 76, and 73, respectively. 
Discussion: Various methods of ankle arthrodesis are retrograde intramedullary nails, screws, and plates. In this 
report, we opt for plate fixation because it allows for stable internal fixation, adequate compression, high angular 
stability, and a lower irreversible deformation in osteoporotic bone. 
Conclusion: Double posterior lateral plating ankle arthrodesis provided satisfactory clinical and radiological 
outcomes. This method can be an alternative for patients with Charcot ankle requiring ankle arthrodesis.   

1. Introduction 

Charcot neuroarthropathy, also known as Charcot joint, is a pro-
gressive and destructive joint disorder following trauma to a neuro-
pathic extremity [1,2]. Jean-Martin Charcot first described it in 1868 in 
patients with tabes dorsalis [3]. The disorder mainly occurs in the foot 
and ankle joints. The process consists of bone and joint destruction, joint 
deformity, ulceration, and, if left untreated, may lead to amputation [2, 
4,5]. The majority of the Charcot joint cases are associated with a 
neuropathic complication in patients with diabetes. Thus, with the in-
crease in the current incidence of diabetes, the increase of Charcot joint 
cases is also expected [5–7]. 

The treatment of Charcot joint is varied and expanding from 
nonoperative, such as total contact casting, modified shoe, and medi-
cation, to operative treatment [4,8,9]. However, when the deformity is 
severe enough and cannot be modified conservatively, the operative 

management is necessary. There are some surgical approaches to 
manage Charcot joint, such as exostectomy, Achilles tendon length-
ening, arthrodesis with internal or external fixation, and amputation 
[10,11]. 

Arthrodesis is indicated in severe Charcot joint derangement with 
significant skeletal instability [8,10]. For Charcot ankle arthrodesis, 
internal fixation is more popular than external fixation in the absence of 
osteomyelitis, significant bone defect, poor bone quality, and poor soft 
tissue coverage. Various methods of internal fixation have been evalu-
ated, including retrograde intramedullary nails, screws, and plates [10, 
12]. Up until now, many surgeons chose retrograde intramedullary nail 
fixation as the main method of internal fixation. However, limited 
compression and high nonunion rates have been found with intra-
medullary nail fixation [13,14]. The use of plate fixation is favorable 
because of its many options in terms of plate type, number, and place-
ment location. Plates offer stiff constructs, thus facilitating better union 
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rates [12]. Nevertheless, there are limited studies on the use of plate 
fixation, especially double posterior lateral plating, in the ankle 
arthrodesis for Charcot ankle. Here, we report the improved clinical and 
radiological outcomes from a series of three patients with diabetic 
Charcot ankle after ankle arthrodesis using double posterior lateral 
plating. The work has been reported in line with the PROCESS 2020 
criteria [15]. This study also has been registered to research registry 
with Unique Identifying Number (UIN) of researchregistry6544. 

2. Presentation of case 

2.1. Case 1 

A 73-year-old female came to our outpatient clinic complaining of 
right ankle pain for two months prior. There has been a general weak-
ness in her body since three years ago and has been getting worse in the 
last two months. She usually checked her condition to the public health 
center in the last three years. There was no history of hypertension or 
trauma, but she was diagnosed with type 2 diabetes mellitus three years 
ago and routinely taking Metformin 500 mg three times a day. Some 
members of her family from her father’s side also had type 2 diabetes 

Fig. 1. Preoperative plain radiograph and CT-scan of the right ankle of case 1 showing ankle deformity with Böhler angle 10◦ and Gissane angle 100◦ (A) and four 
months postoperative plain radiograph of case 1 showing the union of the talus, Böhler angle 30◦, and Gissane angle 120◦ (B). 

A.S. Pradana et al.                                                                                                                                                                                                                             

https://www.researchregistry.com/browse-the-registry


Annals of Medicine and Surgery 65 (2021) 102250

3

mellitus. She never consulted about her right ankle pain with a physician 
before. 

Physical examination revealed swelling and erythema without the 
presence of necrotic tissue, slough, pus, gangrene, and tenderness on her 
right foot. A weak right dorsalis pedis artery pulse was found, while the 
right tibialis posterior artery pulse was absent. The Ankle Brachial Index 
was 0.8. The oxygen saturation of the right first to the fifth toe was 93%, 
92%, 92%, 91%, and 90%, respectively. There was a limited right an-
kle’s range of motion, and there was an absence of right ankle dorsi-
flexion and plantarflexion. Plain radiograph and CT-scan of the right 
foot revealed bone deformity of the ankle with Böhler angle 10◦ and 
Gissane angle 100◦ (Fig. 1A). The clinical status was measured with the 
American Orthopaedic Foot & Ankle Society (AOFAS) Ankle-Hindfoot 
score, a standardized scoring system comprised of nine questions and 
covers three categories (pain, function, and alignment) with a maximum 
score of 100. The pain category was answered by asking the patient 
about her level of pain, while the alignment category was answered 
based on the physician’s assessment. Both the patient and the physician 
completed the function category. The patient’s AOFAS Ankle-Hindfoot 
score was 5 out of 100. She was subsequently diagnosed with diabetic 
Charcot neuroarthropathy of the ankle or Charcot ankle. 

After the diagnosis was established, the improvement of the patient’s 
general condition was initially conducted by joining care with the in-
ternal medicine department to control the patient’s blood glucose level. 
Ankle arthrodesis using double posterior lateral plating was subse-
quently performed. The operator was an orthopaedic surgeon with five 
years experiences in the field of ankle and foot surgery. The surgery was 
conducted in an academic general hospital in Malang, East Java, 
Indonesia. The follow-up was conducted two times, at four and six 
months after the surgery, in our hospital by performing physical ex-
amination and ankle radiograph, measuring the Böhler and Gissane 
angle, and calculating the AOFAS Ankle-Hindfoot score. At the fourth 

month follow-up, the ankle showed no sign of infection or inflammation. 
The radiograph revealed the union of the talus, Böhler angle 30◦, and 
Gissane angle 120◦ (Fig. 1B). The postoperative AOFAS Ankle-Hindfoot 
score was 70 out of 100. The patient felt that her ankle pain significantly 
decreased and her quality of life was getting better. No adverse and 
unanticipated events were noted. The sixth month follow-up showed no 
swelling, erythema, necrotic tissue, slough, pus, gangrene, and tender-
ness on her right foot (Fig. 2A). The radiograph revealed the union of the 
talus, Böhler angle 30◦, and Gissane angle 120◦ (Fig. 2B), with 70 out of 
100 AOFAS Ankle-Hindfoot score. 

2.2. Case 2 

A 67-year-old male referred to our outpatient clinic from another 
hospital due to right ankle pain since the previous three months. No 
treatment has been received yet. The patient has been feeling weak since 
five months ago, and it has been worse since the last one month. Four 
months ago, there had been a blister underneath his right fifth toe with 1 
cm in diameter. However, the wound has healed at the time of exami-
nation because it had been treated at the referring hospital. There was 
no history of hypertension and trauma, but he was diagnosed with type 2 
diabetes mellitus seven years ago. Since then, he has been routinely 
consuming Glibenclamide. He had a family history of type 2 diabetes 
mellitus from his mother’s side. 

Physical examination of the right foot showed swelling, erythema, 
and necrotic tissue without slough, pus, gangrene, or tenderness. A weak 
right dorsalis pedis artery pulse and an absent right tibialis posterior 
artery pulse were found. The Ankle Brachial Index was 0.7. The oxygen 
saturation of the right first to the fifth toe was 90%, 86%, 80%, 78%, and 
90%, respectively. The right ankle’s range of motion was limited, and 
the right ankle dorsiflexion and plantarflexion were absent. Plain 
radiograph and CT-scan of the right foot showed bone deformity of the 

Fig. 2. Six months postoperative clinical picture of case 1 showing no swelling, erythema, necrotic tissue, slough, pus, gangrene, and tenderness (A) and six months 
postoperative plain radiograph of case 1 showing the union of the talus, Böhler angle 30◦, and Gissane angle 120◦ (B). 
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ankle with Böhler angle 15◦ and Gissane angle 150◦ (Fig. 3A). The 
preoperative AOFAS Ankle-Hindfoot score was 10 out of 100. The 
diagnosis of diabetic Charcot ankle was established. 

The management of the patient started by improving his general 
condition, controlling his blood glucose level, and continued by per-
forming ankle arthrodesis using double posterior lateral plating. The 
operator was an orthopaedic surgeon with five years experiences in the 
field of ankle and foot surgery. The surgery was conducted in an aca-
demic general hospital in Malang, East Java, Indonesia. We planned to 

conduct the follow-up two times, at four and six months after the sur-
gery, in our hospital by performing physical examination and ankle 
radiograph, measuring the Böhler and Gissane angle, and calculating the 
AOFAS Ankle-Hindfoot score. The fourth month physical examination 
revealed no swelling, erythema, necrotic tissue, slough, pus, gangrene, 
and tenderness on her right ankle. The radiograph showed the union of 
the talus, Böhler angle 32◦, and Gissane angle 110◦ (Fig. 3B). The AOFAS 
Ankle-Hindfoot score was 76 out of 100. The patient stated that he 
experienced a drastic decrease in his ankle pain and was having a better 

Fig. 3. Preoperative plain radiograph and CT-scan of the right ankle of case 2 showing ankle deformity with Böhler angle 15◦ and Gissane angle 150◦ (A) and 
postoperative plain radiograph of case 2 showing the union of the talus, Böhler angle 32◦, and Gissane angle 110◦ (B). 
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quality of life. There were no adverse events observed. Unfortunately, 
the patient was lost to follow up by being unreachable, therefore the 
sixth month follow up cannot be completed. 

2.3. Case 3 

A male aged 65 years old came to our outpatient clinic with left ankle 
pain in the last five months. He experienced weakness throughout his 
body for four years and has worsened for the last one month. For the last 
five years, the patient checked his condition to the public health center, 
but he never consulted about his left ankle pain. He was diagnosed with 
type 2 diabetes mellitus seven years ago and routinely consuming 
Metformin 500 mg three times a day. There was no history of hyper-
tension and trauma. Many members of her family from her mother side 
also had type 2 diabetes mellitus. 

Physical examination of the left ankle revealed swelling and ery-
thema without the appearance of necrotic tissue, slough, pus, gangrene, 
and tenderness (Fig. 4). A weak left dorsalis pedis artery pulse was 
palpated and left tibialis posterior artery pulse was absent. The Ankle 
Brachial Index was 0.8. The oxygen saturation of the right first to the 
fifth toe was 94%, 93%, 92%, 92%, and 90% respectively. A limited left 
ankle’s range of motion and absence of left ankle dorsiflexion and 
plantarflexion was found. Plain radiograph and CT-scan of the left foot 
showed bone deformity of the ankle with Böhler angle 150◦ and Gissane 
angle 155◦ (Fig. 5A). The AOFAS Ankle-Hindfoot score was 0 out of 100. 
The patient was subsequently diagnosed with diabetic Charcot ankle. 

After the diagnosis, the patient’s general condition was firstly 
improved by controlling his blood glucose level before ankle arthrodesis 
using double posterior lateral plating was subsequently performed. The 
operator was an orthopaedic surgeon with five years experiences in the 
field of ankle and foot surgery. The surgery was conducted in an aca-
demic general hospital in Malang, East Java, Indonesia. We planned to 
conduct the follow-up two times, at four and six months after the sur-
gery, in our hospital by performing physical examination and ankle 
radiograph, measuring the Böhler and Gissane angle, and calculating the 
AOFAS Ankle-Hindfoot score. At the fourth month follow-up, patient’s 
left ankle showed no swelling, erythema, necrotic tissue, slough, pus, 
gangrene, and tenderness.Plain radiograph and AOFAS Ankle-Hindfoot 
score were taken and measured. The plain radiograph showed the 
union of the talus bone, Böhler angle 25◦, and Gissane angle 110◦

(Fig. 5B). The postoperative AOFAS Ankle-Hindfoot score was 73 out of 
100. He perceived a decrease in his left ankle pain and an increase in his 
quality of life. No unanticipated events were observed. However, the 
sixth month follow up cannot be completed due to loss of contact with 
the patient. 

3. Discussion 

Operative treatment for Charcot ankle is frequent. Schneekloth et al. 
[16] reported 330 (38.4%) Charcot ankle surgeries of 860 procedures for 
diabetic Charcot neuroarthropathy. Arthrodesis, as one of the manage-
ment options for Charcot ankle, is indicated when there is a significant 
skeletal instability [8,17]. Moreover, Charcot ankle is often associated 
with multiplanar deformities, resulting in sagittal, frontal, and rota-
tional malalignment. Consequently, exostectomy is rarely successful, 
making arthrodesis as the method of choice in correcting Charcot ankle 
[18]. The method has been more common with Schneekloth et al. [16] 
reported 170 tibiotalocalcaneal (TTC) arthrodesis and more than 75 
ankle arthrodesis out of 860 diabetic Charcot neuroarthropathy pro-
cedures. In this report, ankle arthrodesis was selected because all three 
cases exhibited unbraceable deformity associated with instability based 
on the clinical and radiological examination. 

We used internal fixation rather than external fixation for all three 
cases in this report. Indeed, both internal and external fixation for ankle 
arthrodesis has their advantages and drawbacks. It has been suggested 
that patients with diabetes are known for their poor wound healing 
potential and might be benefited from external fixation [19]. External 
fixation allows limited incisions, weight-bearing, and can be used for a 
long time until fusion is obtained. Studies have described the use of 
external fixation with satisfactory results [20–22]. However, external 
fixation is associated with lower union rates, risk of recurrent deformity, 
lower outcome measures, poor patient compliance, long period of 
rehabilitation, and pin track infection [1,10,12,17]. Meanwhile, a sys-
tematic review by Lee et al. [23] reported that internal fixation had a 
lower risk for nonunion, lower ulceration rate, and higher return to 
functional ambulation than external fixation. Considering the old age of 
all the patients in this report, which might result in poor compliance, 
and the inability to withstand the long duration of immobilization and 
rehabilitation, the use of internal fixation was justified. 

Nevertheless, the same study by Lee et al. [23] found that internal 
fixation is related to a higher rate of complications, such as amputation, 
deep infection, and wound healing complications. In order to mini-
malize the drawbacks and reach the optimal results, a principle of fix-
ation popularized by Sammarco [24] has been fundamental. The 
principle is called “superconstructs” and is defined by four factors: 
enough bone resection to allow adequate reduction of deformity and 
reduce soft tissue tension, fixation extension beyond the zone of injury, 
strongest fixation devices utility that can be tolerated by the soft tissue, 
and the use of strongest fixation devices that are applied to maximize 
mechanical function. 

After all, the decision of whether to choose internal or external fix-
ation for ankle arthrodesis is mainly based on the surgeon’s experience 

Fig. 4. The preoperative clinical picture of case 3 showing swelling and erythema without the appearance of necrotic tissue, slough, pus, gangrene, and tenderness.  
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and factors related to the patient. However, the general rule is to use 
external fixation for ankle with an active infection, large soft tissue 
defects, and poor bone quality, and to use internal fixation for ankle 
without a wound and active infection, and with good bone quality and 
adequate soft tissue coverage [18]. In our report, all three cases came 
without the presence of active infection, extensive soft tissue defect, and 
poor bone quality. The patient from case 2 had a history of a blister on 
his right fifth toe four months prior, but the wound was healed at the 
time of examination, and no sign of active infection was present. 
Therefore, internal fixation was selected for all three cases. 

In this study, we report the use of double posterior lateral plating for 
ankle arthrodesis in all three patients. Generally, many surgeons 
preferred retrograde intramedullary nailing for internal fixation because 
of its mechanical advantages [25]. However, the use of intramedullary 
nail for ankle arthrodesis has some drawbacks, including limited 
compression, high nonunion rates, and the need for experienced sur-
geons [13,14]. Moreover, it can stress the neurovascular bundles if not 
performed in stages [26]. Meanwhile, plate fixation allows for stable 
internal fixation and adequate compression [27,28]. It also offers high 
angular stability and a lower irreversible deformation in osteoporotic 

Fig. 5. Preoperative plain radiograph and CT-scan of the left ankle of case 3 showing ankle deformity with Böhler angle 150◦ and Gissane angle 155◦ (A) and 
postoperative plain radiograph of case 3 showing the union of the talus, Böhler angle 25◦, and Gissane angle 110◦ (B). 
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bone compared to intramedullary nail fixation [29,30]. Furthermore, it 
is technically easier to perform than the intramedullary nail. The use of 
plates for fixation is convenient because it offers many options of type, 
number, and placement location [12,31]. The simplest type of fixation is 
the use of screws. Screws are favorable because they are easy to use, 
ubiquitous, cheap, and have low morbidity. However, they are associ-
ated with high nonunion rates, especially in osteoporotic bones [32,33]. 
Thus, they are usually used as supporting devices, rarely as the sole 
devices. 

We opt for double posterior lateral plating in all of our reported cases 
because it can improve fixation stability and outcomes. Whereas the use 
of lateral plate alone has limited ability in controlling sagittal forces, the 
sole use of the posterior plate does not include the subtalar joint [26]. 
Thus, combining both placements can result in stiffer constructs and 
may achieve better union. The improving clinical and radiological out-
comes and the absence of adverse events in all three patients in our 
report described the benefit of this method. The use of an anterior plate 
is also an option for ankle arthrodesis, but the thin and limited anterior 
soft tissue coverage discourages the use of this plate. However, to our 
knowledge, no study systematically compares between different 
numbers and placement locations of plates for ankle arthrodesis. While 
some studies reported the satisfying outcomes and advantages of pos-
terior plating for ankle arthrodesis [31,34,35], studies that evaluate the 
use of double posterior lateral plates are limited. 

Charcot neuroarthropathy was found to affect the quality of life of 
patients [36–38]. A minimum of one operation is indicated in 50% of the 
patients, and 15% of cases are associated with major amputation [36,39, 
40]. AOFAS Ankle-Hindfoot score has been widely used as a valid and 
reliable tool to measure the clinical status of Charcot neuroarthropathy 
[38]. It is comprised of nine questions that cover three categories which 
are pain, function, and alignment. The pain category has a maximum 
score of 40 and consists of one question asking the patient’s level of pain. 
The function category has a maximum score of 50 and consists of seven 
questions, such as activity limitation, maximum walking distance, 
walking surfaces, gait abnormality, sagittal motion, hindfoot motion, 
and ankle-hindfoot stability. The alignment category consists of one 
question asking the patient’s ankle-hindfoot alignment and has a 
maximum score of 10. Hence, a healthy ankle is specified by a score of 
100. In our report, all patients were found to have a drastically improved 
AOFAS Ankle-Hindfoot score after the surgical intervention indicating 
an increased clinical status. Case 1, 2, and 3 exhibited an improvement 
of AOFAS Ankle-Hindfoot score from 5, 10, and 0 to 70, 76, and 73, 
respectively. In addition, all patients stated that they experience a better 
quality of life after the surgery. 

The radiological improvement, marked by a union of talus and 
improvement of Bohler and Gisane angle, combined with the increased 
score of AOFAS Anke-Hindfoot score in all three cases demonstrated a 
satisfactory result from ankle arthrodesis using a double posterior lateral 
plating method. We believe that the satisfactory outcomes were due to a 
precise surgical technique and a strong plates construct. This method 
provides an alternative option in achieving adequate internal fixation 
and an improvement in patient’s quality of life. Nevertheless, this report 
is limited by the duration of follow up. The difficulty in keeping in 
contact with the patients in Indonesia making the follow up was 
restricted to only four months after the surgery in two patients and six 
months after the surgery in one patient. We believe a more extended 
period of follow up will provide more outcome data, hence a better 
understanding of the effect of our surgery method. An additional limi-
tation of our report is the small population size. A randomized controlled 
trial study that consists of more subjects will allow for an analytical 
study, thus providing a better level of evidence. 

4. Conclusion 

Double posterior lateral plating ankle arthrodesis provided satisfac-
tory clinical and radiological outcomes. We found this plating method 

useful for achieving strong constructs and stable fixation. This method 
can be an alternative for patients with Charcot ankle requiring ankle 
arthrodesis. 

Informed consent 

Written informed consent was obtained from the patient for publi-
cation of this case report and accompanying images. A copy of the 
written consent is available for review by the Editor-in-Chief of this 
journal on request. 

Funding 

This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors. 

Declaration of competing InterestCOI 

None. 

Ethical approval 

Not applicable. 

Author contribution 

Ananto Satya Pradana: study concept and design, data collection, 
supervising. 

Krisna Yuarno Phatama: study concept and design, data collection, 
supervising. 

Edi Mustamsir: study concept and design, data collection, 
supervising. 

Ganang Dwi Cahyono: data collection, data analysis, writing the 
paper. 

I Gusti Ngurah Arga Aldrian Oktafandi: data collection, data anal-
ysis, writing the paper. 

Edi Mustamsir: study concept and design, data collection, 
supervising. 

Registration of research studies 

UIN: researchregistry6544. 

Guarantor 

Ananto Satya Pradana. 

Provenance and peer review 

Not commissioned, externally peer-reviewed. 

Acknowledgements 

This research paper is made possible by God’s grace and through the 
support from parents, family, and friends. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.amsu.2021.102250. 

References 

[1] P.K. Strotman, T.J. Reif, M.S. Pinzur, Charcot arthropathy of the foot and ankle, 
Foot Ankle Int. 37 (2016) 1255–1263, https://doi.org/10.1177/ 
1071100716674434. 

A.S. Pradana et al.                                                                                                                                                                                                                             

https://doi.org/10.1016/j.amsu.2021.102250
https://doi.org/10.1016/j.amsu.2021.102250
https://doi.org/10.1177/1071100716674434
https://doi.org/10.1177/1071100716674434


Annals of Medicine and Surgery 65 (2021) 102250

8

[2] A. Harris, M. Violand, Charcot Neuropathic Osteoarthropathy (Charcot Joint), 
2020. https://www.ncbi.nlm.nih.gov/books/NBK470164/#!po=86.3636. 
(Accessed 9 May 2020). 

[3] J.M. Charcot, Sur quelques arthropathies qui paraissent dependre d’une lesion du 
cerveau ou de la moelle epiniere, Arch. Physiol. 1 (1868) 161–178. 

[4] D.K. Wukich, W. Sung, Charcot arthropathy of the foot and ankle: modern concepts 
and management review, J. Diabet. Complicat. 23 (2009) 409–426, https://doi. 
org/10.1016/j.jdiacomp.2008.09.004. 

[5] R.G. Frykberg, R. Belczyk, Epidemiology of the Charcot foot, Clin. Podiatr. Med. 
Surg. 25 (2008) 17–28, https://doi.org/10.1016/j.cpm.2007.10.001. 

[6] J.P. Boyle, A.A. Honeycutt, K.M.V. Narayan, T.J. Hoerger, L.S. Geiss, H. Chen, T. 
J. Thompson, Projection of Diabetes Burden through 2050: impact of changing 
demography and disease prevalence in the U.S. Diabetes Care 24 (2001) https:// 
doi.org/10.2337/diacare.24.11.1936, 1936–1940. 

[7] A.D. McInnes, Diabetic foot disease in the United Kingdom: about time to put feet 
first, J. Foot Ankle Res. 5 (2012) 26, https://doi.org/10.1186/1757-1146-5-26. 

[8] Y. Wang, J. Zhou, F. Yan, G. Li, X. Duan, H. Pan, J. He, Comparison of arthrodesis 
with total contact casting for midfoot ulcerations associated with Charcot 
neuroarthropathy, Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. 21 (2015) 
2141–2148, https://doi.org/10.12659/MSM.893677. 

[9] L.J. de Souza, Charcot arthropathy and immobilization in a weight-bearing total 
contact cast, J. Bone Jt. Surgery-American 90 (2008) 754–759, https://doi.org/ 
10.2106/JBJS.F.01523. 

[10] M. Galli, G. Scavone, R. Vitiello, A. Flex, S. Caputo, D. Pitocco, Surgical treatment 
for chronic Charcot neuroarthropathy, Foot 36 (2018) 59–66, https://doi.org/ 
10.1016/j.foot.2018.02.001. 

[11] M.S. Pinzur, Surgical treatment of the Charcot foot, Diabetes. Metab. Res. Rev. 32 
(2016) 287–291, https://doi.org/10.1002/dmrr.2750. 

[12] Y. Yasui, C.P. Hannon, D. Seow, J.G. Kennedy, Ankle arthrodesis: a systematic 
approach and review of the literature, World J. Orthoped. 7 (2016) 700, https:// 
doi.org/10.5312/wjo.v7.i11.700. 

[13] C.M. Yakacki, H.F. Khalil, S.A. Dixon, K. Gall, D.J. Pacaccio, Compression forces of 
internal and external ankle fixation devices with simulated bone resorption, Foot 
Ankle Int. 31 (2010) 76–85, https://doi.org/10.3113/FAI.2010.0076. 

[14] A.T. Fragomen, K.N. Meyers, N. Davis, H. Shu, T. Wright, S.R. Rozbruch, 
A biomechanical comparison of micromotion after ankle fusion using 2 fixation 
techniques: intramedullary arthrodesis nail or ilizarov external fixator, Foot Ankle 
Int. 29 (2008) 334–341, https://doi.org/10.3113/FAI.2008.0334. 

[15] R.A. Agha, C. Sohrabi, G. Mathew, T. Franchi, A. Kerwan, N. O’Neill, A. Thoma, A. 
J. Beamish, A. Noureldin, A. Rao, B. Vasudevan, B. Challacombe, B. Perakath, 
B. Kirshtein, B. Ekser, C.S. Pramesh, D.M. Laskin, D. Machado-Aranda, D. Pagano, 
G. Roy, H. Kadioglu, I.J. Nixon, I. Mukhejree, J.A. McCaul, J. Chi-Yong Ngu, 
J. Albrecht, J.G. Rivas, K. Raveendran, L. Derbyshire, M.H. Ather, M.A. Thorat, 
M. Valmasoni, M. Bashashati, M. Chalkoo, N.Z. Teo, N. Raison, O.J. Muensterer, P. 
J. Bradley, P. Goel, P.S. Pai, R.Y. Afifi, R.D. Rosin, R. Coppola, R. Klappenbach, 
R. Wynn, S. Surani, S. Giordano, S. Massarut, S.G. Raja, S. Basu, S.A. Enam, T. 
G. Manning, T. Cross, V.K. Karanth, Z. Mei, The PROCESS 2020 guideline: updating 
consensus preferred reporting of CasE series in surgery (PROCESS) guidelines, Int. 
J. Surg. 84 (2020) 231–235, https://doi.org/10.1016/j.ijsu.2020.11.005. 

[16] B.J. Schneekloth, N.J. Lowery, D.K. Wukich, Charcot neuroarthropathy in patients 
with diabetes: an updated systematic review of surgical management, J. Foot Ankle 
Surg. 55 (2016) 586–590, https://doi.org/10.1053/j.jfas.2015.12.001. 

[17] A. Dodd, T.R. Daniels, Charcot neuroarthropathy of the foot and ankle, J. Bone Jt. 
Surg. 100 (2018) 696–711, https://doi.org/10.2106/JBJS.17.00785. 

[18] D.K. Wukich, K.M. Raspovic, K.B. Hobizal, D. Sadoskas, Surgical management of 
Charcot neuroarthropathy of the ankle and hindfoot in patients with diabetes, 
Diabetes. Metab. Res. Rev. 32 (2016) 292–296, https://doi.org/10.1002/ 
dmrr.2748. 

[19] D.C. Farber, P.J. Juliano, P.R. Cavanagh, J. Ulbrecht, G. Caputo, Single stage 
correction with external fixation of the ulcerated foot in individuals with Charcot 
neuroarthropathy, Foot Ankle Int. 23 (2002) 130–134, https://doi.org/10.1177/ 
107110070202300209. 

[20] A.R. Hsu, Complex ankle and hindfoot arthrodesis using circular external fixation, 
Am. J. Orthop. 47 (2018), https://doi.org/10.12788/ajo.2018.0081. 

[21] J. Fabrin, K. Larsen, P.E. Holstein, Arthrodesis with external fixation in the 
unstable or misaligned Charcot ankle in patients with diabetes mellitus, Int. J. Low. 
Extrem. Wounds 6 (2007) 102–107, https://doi.org/10.1177/1534734607302379. 

[22] L.D. Paola, T. Ceccacci, S. Ninkovic, S. Sorgentone, M.G. Marinescu, Limb salvage 
in Charcot foot and ankle osteomyelitis: combined use single stage/double stage of 
arthrodesis and external fixation, Foot Ankle Int. 30 (2009) 1065–1070, https:// 
doi.org/10.3113/FAI.2009.1065. 

[23] D.J. Lee, J. Schaffer, T. Chen, I. Oh, Internal versus external fixation of Charcot 
midfoot deformity realignment, Orthopedics 39 (2016) e595–e601, https://doi. 
org/10.3928/01477447-20160526-11. 

[24] V.J. Sammarco, Superconstructs in the treatment of Charcot foot deformity: plantar 
plating, locked plating, and axial screw fixation, Foot Ankle Clin. 14 (2009) 
393–407, https://doi.org/10.1016/j.fcl.2009.04.004. 

[25] P.J. Millett, M.J. O’Malley, E.T. Tolo, J. Gallina, S. Fealy, D.L. Helfet, 
Tibiotalocalcaneal fusion with a retrograde intramedullary nail: clinical and 
functional outcomes, Am. J. Orthop. (Belle Mead. NJ) 31 (2002) 531—536. htt 
p://europepmc.org/abstract/MED/12650540. 

[26] P.R. Burns, A. Dunse, Tibiotalocalcaneal arthrodesis for foot and ankle deformities, 
Clin. Podiatr. Med. Surg. 34 (2017) 357–380, https://doi.org/10.1016/j. 
cpm.2017.02.007. 

[27] M. Wagner, General principles for the clinical use of the LCP, Injury 34 (2003) 
31–42, https://doi.org/10.1016/j.injury.2003.09.023. 

[28] P.J. O’Neill, K.J. Logel, B.G. Parks, L.C. Schon, Rigidity comparison of locking plate 
and intramedullary fixation for tibiotalocalcaneal arthrodesis, Foot Ankle Int. 29 
(2008) 581–586, https://doi.org/10.3113/FAI.2008.0581. 

[29] M. Schütz, N.P. Südkamp, Revolution in plate osteosynthesis: new internal fixator 
systems, J. Orthop. Sci. 8 (2003) 252–258, https://doi.org/10.1007/ 
s007760300044. 

[30] J. Ahmad, A.E. Pour, S.M. Raikin, The modified use of a proximal humeral locking 
plate for tibiotalocalcaneal arthrodesis, Foot Ankle Int. 28 (2007) 977–983, 
https://doi.org/10.3113/FAI.2007.0977. 

[31] L.A. DiDomenico, P. Sann, Posterior approach using anterior ankle arthrodesis 
locking plate for tibiotalocalcaneal arthrodesis, J. Foot Ankle Surg. 50 (2011) 
626–629, https://doi.org/10.1053/j.jfas.2011.05.007. 

[32] D.B. Thordarson, K. Markolf, A. 3rd Cracchiolo, Stability of an ankle arthrodesis 
fixed by cancellous-bone screws compared with that fixed by an external fixator. A 
biomechanical study, JBJS 74 (1992). https://journals.lww.com/jbjsjournal/Fullte 
xt/1992/74070/Stability_of_an_ankle_arthrodesis_fixed_by.12.aspx. 

[33] D.B. Thordarson, K.L. Markolf, A. 3rd Cracchiolo, Arthrodesis of the ankle with 
cancellous-bone screws and fibular strut graft. Biomechanical analysis, JBJS 72 
(1990). https://journals.lww.com/jbjsjournal/Fulltext/1990/72090/Arthrode 
sis_of_the_ankle_with_cancellous_bone.13.aspx. 

[34] K.S. Peterson, W.D. Chapman, C.F. Hyer, G.C. Berlet, Short-Term radiographic 
results and technique of tibiotalocalcaneal arthrodesis with a posterior anatomic 
locking plate, J. Foot Ankle Surg. 55 (2016) 906–909, https://doi.org/10.1053/j. 
jfas.2016.03.015. 

[35] T.W. Hanson, A. Cracchiolo, The use of a 95◦ blade plate and a posterior approach 
to achieve tibiotalocalcaneal arthrodesis, Foot Ankle Int. 23 (2002) 704–710, 
https://doi.org/10.1177/107110070202300805. 
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