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Changing times

CRISTIAN ORTIZ 
CHILE

Any forecast of the pandemic dynamics has proven to be far away 
from what has really happened, particularly in South America. In most 
of our countries, we are still struggling with what has been called the 
first wave. The virus has impacted not only our health status but also 
every aspect of our lives, including our daily work. Spending less time 
in the operating room has a positive side that each one has expe-
rienced differently. It has provided the opportunity for more quality 
time with the family and an understanding of how vulnerable we all 
are, how complicated politics and economic decisions are, and how 
important the way we all communicate and share experiences is.

Most of us have seen our workplaces becoming busy with an increas-
ing number of patients, which has led us to cancel any elective surgery 
and stay home in isolation. This difficult time we are going through has 
allowed us to think about our purpose in life, especially as physicians. 
We have been forced to develop new ways of teaching medicine, re-
searching, and even practicing medicine. Most importantly, difficult 
times require that we learn a new way of living.

This has led us to reflect on the importance of research and on how 
important it is that all of us give our best for our patients. Treating 
patients well impels us to be informed, to be updated about new 
knowledge, and to practice our skills while continuously looking for 
answers. The virtuous circle to be a good doctor should always in-
clude clinical practice, medical education, and research. 

When I was asked to write this editorial, one thought immediately 
came to my mind: how easily some journalists and public figures get 
into trouble after making a comment, writing an editorial, or even after 
publishing a post on social media. A recent example is what happened 
to J. K. Rowling, the famous author of the Harry Potter series. Last De-
cember, she tweeted her support for Maya Forstater, who was fired for 
what were deemed “transphobic” tweets. Rowling has received accu-
sations and threats from trans activists and many worldwide famous 
people. A single ‘like’ was deemed evidence of ‘wrongthink’, and a per-
sistent level of harassment began. The world has definitely changed, 
and everyone’s comments and behaviors are completely public. We 
should not be afraid to speak up and express our opinion, we should 
not be stopped by the fear of having people against us. As physicians, 
we are all exposed by expressing our medical opinion every day in the 
office, in a meeting, or even in a remote setting. Every decision and 
opinion should be based on evidence, but they will inevitably include 
our personal background-which is a mix of knowledge and personal 
life experience. Hopefully, these opinions will always express our genu-
ine interest in the patients and their families as our main focus.

As I get older, I pay more attention to the basis of my daily practice, 
which begins with proper information provided by good sources of 
medical education such as this journal. However, acquiring reliable in-
formation is just the beginning of the path toward good medical prac-
tice. The remainder of the path-the most important part of it-must be 
trodden by a human being truly interested in doing the best for his/
her patients every day.

It has always amazed me that everyone who I admire as a physician 
is, at the same time, a professor, a researcher, and an amazing human 
being. This journal is the result of the efforts of a group of people who 
are truly committed to learning, teaching, and investigating, thus pro-
ducing friendly feedback and updated knowledge.
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Acute retrograde tibiotalocalcaneal nailing in 
osteoporotic periarticular ankle fractures
Mario Herrera-Pérez1,2,3 , Pablo Martín-Vélez1 , Diego Rendón-Díaz1 , José Luis Pais-Brito1,2

1. Orthopaedic Department, Hospital Universitario de Canarias, Tenerife, Spain.
2. Facultad de Medicina, Universidad de La Laguna, Tenerife, Spain.
3. Foot and Ankle Unit, Orthopaedic Department, Hospital Universitario de Canarias, Tenerife, Spain.

Abstract
Objective: This study aimed to report the short-term results of retrograde tibiotalocalcaneal (TTC) nailing in a selected series of pa-
tients with fragility ankle fractures. 

Methods: This study included 17 patients who underwent primary retrograde TTC nailing from January 2016 to April 2019. The Olerud-Mo-
lander ankle score (OMAS) was recorded preoperatively and at the final follow-up. 

Results: Mean patient age was 81.5 years (range, 67-91 years), and mean follow-up duration was 20.9 months (range, 8-50 months). 
No patient was lost to follow-up. Eleven patients had diabetes. Thirteen patients were able to walk with an assistive device, and 4 
with help from another person. Two patients died at 8 and 9 months after treatment. Radiographic healing was observed in 100% of 
the fractures. No deep infection or scarring problems were recorded. Two patients were wheelchair bound after treatment, whereas 
15 recovered their previous autonomy. The mean OMAS score changed from 64.1 (range, 55-75) preoperatively to 55.3 (range, 45-65) 
postoperatively. 

Conclusion: Our results suggest that primary retrograde TTC nailing is a valid option in selected patients with fragility ankle fractures, 
multiple comorbidities, poor soft tissue condition, and difficulty in walking before the fracture. 

Level of Evidence IV; Therapeutic Studies; Case Series.

Keywords: Ankle fractures; Osteoporotic fractures; Aged; Fracture fixation, intramedullary/methods; Tibial fractures/surgery.
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Introduction
Osteoporotic fractures are becoming more frequent due to 

increasing life expectancy in the developed world, and ankle 
fractures are no exception. In older adults, ankle fracture is 
the third most common fracture type, after hip and wrist frac-
ture, with an incidence of 184 cases per 100 000 population(1). 
Difficulties in managing these fractures in older patients are 
associated with osteoporosis, which produces more complex 
fracture patterns with greater inherent instability(2-4). 

Multiple treatment options are available for ankle fractures, 
but open reduction and internal fixation (ORIF), aiming to 
achieve absolute stability, remains the gold standard. However, 
conventional ORIF is contraindicated in older patients due 
to injury-related factors (e.g., swelling, dislocation, and skin 
damage) or patient-related factors (e.g., advanced age, pree-

xisting poor skin condition, systemic disorders, and impaired 
mobility). 

Conservative treatments are often not well tolerated by  
older people(5-8). Desirable goals in the older population with 
periarticular ankle fracture include stable fixation of usually 
unstable fractures, minimally invasive technique to protect 
soft tissue coverage, the least aggressive surgical procedure 
(only one surgery, only one anesthesia), and early weight 
bearing and mobilization to avoid the effects of prolonged 
immobilization (e.g., deep vein thrombosis, pneumonia, and 
bed sores).

Tibiotalocalcaneal (TTC) nailing has been a valid treatment 
option for osteoporotic ankle fractures in the acute phase. 
Several studies have been published since 2005 with satis-
factory functional results in selected patients, with a low rate 
of complications(9-18).

https://orcid.org/0000-0001-6188-5269
https://orcid.org/0000-0001-9077-3880
https://orcid.org/0000-0003-2059-6289
https://orcid.org/0000-0001-5196-6225
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The objective of this study was to report the short-term 
functional results of the treatment of osteoporotic periarticu-
lar ankle fractures with TTC nailing and to provide an update 
of the available literature addressing this topic.

Methods
After approval by the Local Ethics Committee, we con-

ducted a retrospective study of a series of 17 consecutive 
patients treated with a retrograde TTC nail for fragility frac-
tures of the ankle or distal tibia from January 2016 to April 
2019. The inclusion criteria were age > 65 years, periarticular 
fragility fracture of the ankle (defined as injury secondary 
to a low-energy mechanism, such as a simple twist or a fall 
from one’s own height, or any fracture in a patient previously 
diagnosed with osteoporosis), and surgical treatment with 
TTC nailing at the surgeon’s discretion, with a follow-up of 
at least 6 months.

Epidemiological variables were recorded, including walking 
ability (Table 1), intraoperative and postoperative complica
tions, mean hospital stay, and patient outcome. Patients were 
followed up with regular appointments at 2 weeks postope-
ratively for wound check, and at 6 weeks and 3, 6, and 12 
months postoperatively for clinical and radiographic evalua-
tion. The Olerud-Molander ankle score (OMAS) was used for 
clinical assessment (Table 2)(19).

Our results were compared with those reported in the li-
terature by searching PubMed electronic database with the 
following keywords: “fragility ankle fractures and nail”, “fra-
gility ankle fractures and retrograde nailing”. Articles were 
included if they treated fractures of the ankle or tibial pilon 
with retrograde solid nailing. Cadaveric studies, biomechani-
cal studies, and studies using fixation methods other than a 
nail were excluded.

Surgical technique
Patients received a single dose of antibiotic prophylaxis (ce-

fazolin 2 g). The procedure was performed with the patient 
in supine position under general or spinal anesthesia at the 
anesthesiologist’s discretion (sciatic nerve block was perfor-
med in 3 patients at high anesthetic risk). No tourniquet was 
applied in any case (Figure 1). The nail entry point was de-
termined in the external plantar region at the center of the 
lateral column of the calcaneus. The fracture was reduced  
under radioscopic control. A guide wire was inserted, followed 

Table 1. Demographic characteristics

Population 17

Female 16 (94.1%)

Male 1 (5.9%)

Age (years) 81.5 (67-91)

Female 81.3 (67-91)

Male 84 (84)

ASA score 2.1 (1-3)

Diabetes mellitus

No 6 (35.3%)

Yes 11 (64.7%)

Type of fracture

Bimalleolar fracture 5 (29.4%)

Trimalleolar fracture 6 (35.3%)

Fracture-dislocation 5 (29.4%)

Tibial pilon 1 (5.9%)

Preoperative OMAS 64.1 (55-75)

Open/closed fracture

Closed 12 (70.6%)

Open Gustilo-Anderson I 1 (5.9%)

Open Gustilo-Anderson II 3 (17.6%)

Open Gustilo-Anderson III 1 (5.9%)

Walking ability

Walks independently 0

Alone with an assistive device 13 (76.5%)

With help from another person 4 (23.5%)
ASA: American Society of Anesthesiology. OMAS: Olerud-Molander ankle score.

Table 2. Olerud-Molander ankle score (OMAS)

Parameter Degree Score
Pain None 25

While walking on uneven surface 20

While walking on even surface outdoors 10

While walking indoors 5

Constant and severe 0

Stiffness None 10

Stiffness 0

Swelling None 10

Only evenings 5

Constant 0

Stair climbing No problems 10

Impaired 5

Impossible 0

Running Possible 5

Impossible 0

Jumping Possible 5

Impossible 0

Squatting No problems 5

Impossible 0

Supports None 10

Taping, wrapping 5

Stick or crutch 0

Work, activities 
of daily life

Same as before injury 20

Loss of tempo 15

Change to a simpler job/part-time work 10

Severely impaired work capacity 0
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Results 
The sample consisted of 16 women and 1 man, with a mean 

age of 81.5 years (range, 67–91 years). Mean follow-up dura-
tion was 20.9 months (range, 8–50 months). No patient was 
lost to follow-up, but 2 patients died at 8 and 9 months after 
treatment (Table 3).

Radiographic healing was observed in 100% of the fractu-
res. In 5 cases, a complete arthrodesis of the ankle joint was 
achieved with a simple reamed nail (Figure 3). 

Complications included 1 superficial infection, 1 symptoma-
tic nonunion of the subtalar joint, and 1 distal screw loosening. 
No deep infection, scarring problems, peri-implant fracture, 
or nail failure were recorded. The mean OMAS changed from 
64.1 (range, 55–75) preoperatively to 55.3 (range, 45–65) 
postoperatively.

None of the patients could walk independently before sur-
gery. After treatment, 2 patients could no longer walk and 
were wheelchair bound, whereas 15 recovered their previous 
autonomy (Figure 4). 

Figure 1. Patient in position. Note the poor 

condition of soft tissues.

Figure 2. Immediate postoperative result.

Table 3. Results

Follow-up (months) 20.9 (8-50)

Complications 4 (23.5%)

Deaths 2 (11.8%)

Postoperative OMAS 55.3 (45-65)

Walking ability

Alone with an assistive device 10 (58.8%)

With help from another person 5 (29.4%)

Wheelchair bound 2 (11.8%)

Radiographic union 17 (100%)

Spontaneous ankle fusion 5 (29.4%)

OMAS: Olerud-Molander ankle score.

by progressive reaming to 11 mm and insertion of an angled 
retrograde titanium nail (Expert-HAN, Synthes) of 10 mm in 
diameter and 18 cm in length (Figure 2). Neither the subtalar 
joint nor the tibiotalar joint was addressed in any case be-
cause the procedure did not pursue the arthrodesis of these 
joints. The wound was closed, and a compression bandage 
was applied. The mean operative time was 48 minutes (range, 
35–93 minutes). There were no intraoperative complications.

Postoperative protocol
At 48 hours after admission, the wound was checked and 

the patient was discharged if there were no complications. 
Full weight bearing was allowed as tolerated and protected 
by the use of a CAM walker boot for 6 weeks. The stitches 
were removed after 3 weeks. 

Figure 3. An 86-year-old woman who sustained an ankle frac-

ture-dislocation (A). Note the poor condition of soft tissues (B). 

Spontaneous fusion of the tibiotalar joint without cartilage 

removal (C). 

B CA
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Discussion
Osteoporotic fractures of the ankle in frail older people 

present a serious therapeutic challenge for the orthopedic 
surgeon for multiple reasons: poor bone quality secondary 
to osteoporosis, poor condition of soft tissue coverage, ins-
tability patterns and comminuted fracture, in addition to the 
high comorbidity in this population(1,4). These particularly frail 
patients are poor candidates for conservative treatment, es-
pecially in cases of unstable ankle fractures, because long 
immobilization and non-weight bearing periods can lead to 
local complications (pressure ulcers, deep vein thrombosis) 
and medical problems (pneumonia, pulmonary thromboem-
bolism)(2,3,13).

Although ORIF remains the gold standard treatment, it has 
been associated with a high complication rate in the older 
population, leading to the use of other methods(5,6). A surgical 
technique that meets the requirements of sufficient primary 
stability and minimal soft tissue aggression and that allows 
early mobilization and weight bearing in these frail patients 
would therefore be desirable. 

TTC nailing has been used as a salvage procedure after fai-
led osteosynthesis or failure of conservative treatment(7,14,15). 
However, over the past 10 years, interest has grown in the use 
of TTC nailing as a treatment option for unstable fractures 
in selected patients. Based on data from the literature and 
our own experience, retrograde TTC nailing as a method of 
osteosynthesis in unstable osteoporotic periarticular ankle 
fractures in frail patients with difficulty in walking without as-
sistance is a highly satisfactory technique(9-12).

Since 2005, 10 studies have been published on the treat-
ment of these fractures with retrograde TTC nailing (Table 
4). Most of these studies reported satisfactory functional re-
sults and low complication rates(9-18). In 2005, Lemon et al.(9) 
published the first article on this technique: a case series of 

12 patients (mean age, 84 years; follow-up, 67 weeks), achie-
ving good functional results and early full weight bearing in 
all patients. However, although the patients’ medical history 
was reported, the authors failed to report the inclusion cri-
teria that led to treatment with a TTC nail. In 2008, Amir-
feyz et al.(10) published a retrospective study of 13 patients 
(mean age, 79 years; follow-up, 11 months) and reported early 
hospital discharge, functional outcome comparable to the 
preoperative status, fracture healing, and no complications; 
however, the inclusion criteria were not well defined. In 2010, 
O’Daly et al.(11) published a series of 9 cases treated with TTC 
nailing after failure of conservative treatment with closed ma-
nipulation. Fracture union was observed in 89%, and 70% of 
patients returned to their previous functional status without 
any complication. In 2013, Jonas et al.(12) published a series of 
31 cases of unstable ankle fractures treated with TTC nailing. 
Although the inclusion criteria were not well defined, the au-
thors assessed preoperative mobility, preexisting morbidity, 
soft tissue condition, and level of patient compliance with 
non-weight bearing. Despite the good functional results, the 
rate of complications was high (38.7%), including 3 peri-im-
plant fractures and 2 broken nails, drawing attention to the 
fact that more active patients could have a higher failure rate 
when treated with this method. In 2014, Al-Nammari et al.(13) 
published a retrospective study of 48 frail patients (mean 
age, 82 years) treated with retrograde nailing using a long 
femoral nail. The inclusion criteria were an American Socie-
ty of Anesthesiology (ASA) score ≥ 3, multiple preoperative 
comorbidities, and inability to walk independently for more 
than 200 m. The authors recommended the use of long nails 
that passed the isthmus of the tibia to avoid peri-implant 
fractures. At 6 months, 90% of patients had returned to their 
preoperative functional status, but the rate of complications 
was high, including deep infection (2%) and broken distal 
screws (6%), valgus malunion (4%), medical complications 
(29%), and 1 below-knee amputation. In 2016, Taylor et al.(14) 

published a retrospective study of 31 patients (mean age, 63 
years; follow-up, 13.6 months) and reported the occurrence of 
2 superficial infections (6.5%) and 3 deep infections (9.7%). 
The fracture healed in 90.3% of cases, with satisfactory func-
tional results. The authors did not clearly define the inclu-
sion criteria, but they highlighted obesity and diabetes as 
risk factors. In 2017, Georgiannos et al.(15) published the only 
prospective randomized controlled study of ORIF vs TTC 
nailing. The inclusion criteria for both treatments were age 
> 70 years, closed bimalleolar or trimalleolar fractures, and 
ankle fracture-dislocations; 37 patients (mean age, 78 years) 
were recruited. Functional outcome did not differ between 
the groups (TTC nailing vs ORIF), but the rates of complica-
tions, hospital stay, and mortality were lower in the nailing 
group. In 2018, Baker et al.(16) published a retrospective study 
of 16 patients with 3 or more comorbidities and unstable ankle 
fractures. Overall, the results were good, especially the low 
rate of wound complications and early recovery. In the same 
year, Persigant et al.(17) published the results of a series of 14 
patients treated with a retrograde femoral nail and imme-
diate weight bearing, with a mean follow-up of 12 months. 

Figure 4. Good outcome at 3 months.
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Table 4. Review of the literature on retrograde intramedullary TTC nailing for fragility ankle fractures

Study Design Evidence level Sample Age (yrs) Nail Postop WB Follow-up (months) Complications
Lemon 2005(9) RT IV 12 84 Long expandable 

humeral nail
Full 16 8.3%: 3 DVT.

Amirfeyz 2008(10) RT IV 13 78.9 Short humeral 
nail and short 

TTC nail

Partial 11 7.7%: 1 minor 
wound 

breakdown, 1 
delayed union.

O´Daly 2010(11) RT IV 9 81 Long humeral 
nail

Full 34 None.

Jonas 2013(12) RT IV 31 77 Short TTC nail Full 18 38.7%: 2 peri-
implant fractures, 

2 broken nails.

Al-Nammari 2014(13) RT IV 48 82 Long retrograde 
femoral nail

Full 6 47%: 2 superficial 
infections, 1 deep 

infection, 3 broken 
distal screws,  

2 valgus malunion, 
1 BKA.

Taylor 2014(14) RT IV 31 63 Short TTC nail *Full/Partial 13.6 29.1%: 3 implant 
failures, 2 
superficial 

infections, 3 deep 
infections, 1 BKA.

Georgiannos 
2016(15)

PT II 37 78 Short TTC nail Full 12 8.1%: 1 superficial 
infection, 1 DVT,  

1 protrusion  
of the nail.

Baker 2018(16) RT IV 16 73 Long retrograde 
femoral nail

No WB 7-10 
days (then full 

WB)

21 N/R

Persigant 2018(17) RT IV 14 79.6 Long retrograde 
femoral nail

Full 12 20%: 1 deep 
infection, 1 distal 
screw loosening.

Ebaugh 2019(18) RT IV 27 66 Short TTC nail No WB until 
healing of 

plantar wound

(then full WB)

29.6 18.5%: 1 superficial 
infection, 3 deep 
infections, 1 nail 
failure, 1 AKA.

Present series 2020 RT IV 17 81.5 Short TTC nail Full 20.9 23.5%: 1 distal 
screw loosening, 
1 painful subtalar 

nonunion, 1 
superficial 
infection.

TTC: tibiotalocalcaneal; RT: retrospective; PT: prospective; N/R: not reported; WB: weight bearing; DVT: deep vein thrombosis; BKA: below-knee amputation;. AKA: above-knee amputation.
* At the surgeon’s discretion.

The authors reported satisfactory functional results, fracture 
union, and only 1 major complication (deep infection requi-
ring nail removal). Finally, in 2019, Ebaugh et al.(18) published 
a retrospective study of 27 patients with complicated dia-
betes treated with TTC nailing and reported high functional 
and limb salvage rates, few complications, and maintenance 
of the previous level of autonomy.

The present study included 17 patients (mean age, 81.5 years; 
follow-up, 20.9 months) and found satisfactory functional re-
sults, in accordance with the existing literature. Despite the 
high prevalence of diabetes (11 of 17 patients were diabetic), 
there was only 1 superficial infection and no deep infection. 
Consistent with the published literature, the most common 
complication was loosening of the locking screws, which led 
to their removal. There were no cases of peri-implant fracture 

despite using an intermediate-length nail (18 cm). As previously 
reported in the literature, except for 1 patient requiring sub-
talar arthrodesis, patients did not report pain due to limited 
mobility at level of the subtalar and tibiotalar joint. Finally, 
a remarkable outcome of this study was the rate of sponta-
neous fusion of the tibiotalar joint, which occurred in 5 cases, 
despite not being the objective of the technique.

In sum, the published articles have included in their series 
frail older patients with difficulty in walking independently 
and unstable fractures. Despite the short follow-up duration 
(1 year on average), all of them have reported satisfactory 
functional results, shorter mean hospital stay, and earlier full 
weight bearing with TTC nailing than with ORIF, in addition 
to fewer complications, which is of vital importance to these 
particularly frail patients. 
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Study limitations
Our study has some limitations. The first is related to the 

study design, as all data were collected retrospectively, and 
there was no control group for comparison. Other potential 
weaknesses are the relatively small sample size and short 
follow-up.

Conclusion
Our results suggest retrograde TTC nailing as a valid treat-

ment option for fragility ankle fractures in selected patients in 
whom both conservative treatment and conventional osteo
synthesis are contraindicated. Prospective studies with a larger 
sample size are needed to confirm our promising results.
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V-Y advancement flap for repair of neglected injuries of 
the Achilles tendon using 2 mini-incisions
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Abstract
Objective: To find a safe repair site for a proximal mini-incision to expose the fascia at the level of the gastrocnemius medialis (GM) 
myotendinous junction (MTJ). 

Methods: Seventeen anatomic specimens of popliteal fossa, leg, and foot fixed in formalin were dissected, and the perpendicular dis-
tance from the apex of the medial malleolus to the GM MTJ was measured. 

Results: The minimum and maximum perpendicular distances from the apex of the medial malleolus to the GM MTJ were 14.00cm and 
20.5cm, respectively. Average distance was 16.56cm. 

Conclusion: We were able to establish a constant value and the average GM MTJ height, which allows for V-Y lengthening through 2 
mini-incisions. In reviewing the literature, there was no description of the approaches proposed in this study. 

Level of Evidence VI; Therapeutic Studies; Case Series.
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Introduction
V-Y advancement flap was originally described for repair of 

neglected Achilles tendon injuries in 1975 by Abraham and 
Pankovich(1) through an inverted V incision which is then re-
paired in a Y fashion to allow for end-to-end suture of the 
tendon.

Such technique involves an extensive posteromedial inci-
sion from the Achilles tendon distal insertion at the calcaneus 
which shifted medial at the proximal area to visualize the gas-
trocnemius medialis (GM) myotendinous junction (MTJ).

Resection of devitalized (fibrotic/scar) tissue of the neglec-
ted Achilles injury is performed, then an inverted V incision 
of the fascia is made at the myotendinous junction, and dis-
tal traction is performed to achieve lengthening of the fas-
cia-gastrocnemius-Achilles complex, which is subsequently 
reinserted into the calcaneus (chronic insertional disease) or 
sutured to the remaining distal portion of the healthy ten-
don (non-insertional chronic disease or chronic ruptures). The 

approach of this technique consists of a single extensive in-
cision, which leads to complications that increase morbidity.

No study was found in the literature describing a two-inci-
sion approach: one distal incision at the site of the injury and 
another proximal incision near the GM MTJ. 

The aim of this study was to find a safe repair site for a pro
ximal mini-incision (4cm) to expose the fascia at the level of 
the GM MTJ and to perform a V-Y advancement flap, thus 
making it possible to apply the technique using 2 mini-inci-
sions, which reduces morbidity rates as compared to the tra-
ditional large incision.

Methods
The dissection team of the Segunda Cátedra de Anatomía 

at Universidad de Buenos Aires, Argentina, evaluated 17 ana-
tomic specimens of popliteal fossa, leg, and foot fixed in 5% 
formalin, of which 7 were right lower limbs and 10 were left 
lower limbs.
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The specimens were dissected, and a millimeter ruler was 
used to measure the perpendicular distance from the apex 
of the medial malleolus to the MTJ of GM (due to its lower in-
sertion compared to gastrocnemius lateralis) with the knee at 
90o dorsiflexion. Measures for all specimens were then used 
to calculate the average distance between these two sites.

Results
Seventeen anatomic specimens of popliteal fossa, leg, and 

foot, of which 7 were right lower limbs and 10 were left lower 
limbs, were dissected and measured. There were no differen-
ces regarding sex (Table 1).

The minimum and maximum perpendicular distances from 
the apex of medial malleolus to the GM MTJ were 14.00cm 
and 20.5cm, respectively. Average distance was 16.56cm. All 
measurements were obtained with knee of the anatomical 
specimen at 90o dorsiflexion (Table 1).

Discussion
V-Y advancement flap is performed to achieve an appro-

priate length for the Achilles tendon, thus restoring its anato-
mical continuity, muscle strength, and functionality, as well as 
patients’ symmetrical and an proper one-leg raising(2-5).

According to Us et al., V-Y advancement flap is able redu-
ce defects measuring from 4 to 6cm(6). Other studies, such as 
that of Kissel et al.(7), coincide in the distance of defects (above 
5cm) to be fixed using this technique. A study by Leimer et al. 
increased the length of fixable defects to up to 10cm(8).

Table 1. Measurement for each cadaveric specimen: perpendicular 

distance (cm) from the apex of the medial malleolus to the gas-

trocnemius medialis myotendinous junction

Specimen Distance (cm)
1 15.9

2 20.0

3 16.4

4 16.5

5 14.9

6 15.2

7 17.4

8 19.2

9 13.6

10 14.4

11 16.4

12 16.7

13 20.5

14 16.2

15 14.0

16 16.8

17 17.5

Figure 1. Image showing anatomical repair sites to be conside-

red (internal saphenous vein and sural nerve) in the mini-incision  

(4-cm) approach.

Figure 2. Mini-incision approach showing 

fascia with inverted V incision.
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All referenced authors used a surgical approach consisting 
of a single extensive incision.

Based on the results of anatomical dissections and mea-
surements, we described a safe area for proximal approach, 
which was established at 14cm of the medial malleolus. 

With the patient in the prone position, a tourniquet cuff is 
placed at the thigh, and enhancement is applied to the dorsal 
side of the foot to be operated on. A distal incision of skin 
and subcutaneous cell tissue is made on the Achilles tendon 
portion that needs repair, and the tendon is repaired.

A second approach for tendon lengthening is made at 
14cm from the medial malleolus and following the axis of 
distal incision. An incision of skin and subcutaneous cellular 
tissue is made, extending 2cm proximally and 2cm distally; 
furthermore, the internal saphenous vein, which runs along 
the sural nerve, is identified and held away (Figure 1). It is 
then possible to reach the fascia, where an inverted V inci-
sion is made (Figure 2).

Subsequently, the subcutaneous cellular tissue of the deep 
fascia is detached in the portion between the two incisions to 

provide a greater enable distal for length to allow for distal 
traction of the end of the tendon that should be reinserted or 
sutured to the remaining tissue.

Next, the fascia is sutured with an inverted V incision, which 
becomes a Y incision. Finally, the tourniquet cuff is removed, 
the surgical wound is closed, and the limb is protected with a 
walking boot walker or equine valve when applicable.

Conclusion 
V-Y advancement flap is one of the techniques for the repair 

of segmental defects measuring more than 5cm (from 5 to 
10cm) after resection of devitalized tissue in neglected inju-
ries of the Achilles tendon. 

Based on this anatomical study, we were able to establish 
a constant value and the average for GM MTJ height, which 
allows for the implementation of this technique using 2  
mini-incisions, thus reducing morbidity and improving es-
thetic outcomes in our patients. 

In reviewing the literature, there was no description of the 
approaches proposed in this study.
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Assessment of imaging, pathoanatomy and 
terminology in posterior tibial tendon dysfunction
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Abstract 
Objective: This study aimed to determine damage/change occurring in the posterior tibial tendon of patients undergoing surgery for 
posterior tibial tendon dysfunction (PTTD) and to correlate preoperative imaging and intraoperative findings with histology to deter-
mine the most appropriate investigations for diagnosis. The secondary aim was to clarify terminology used in describing the tendon 
pathology, to improve descriptive terminology for research, assessment, and treatment of PTTD. 

Methods: The records of patients who had undergone surgery for stage 2 PTTD were retrospectively reviewed. Cases in which preope-
rative diagnostic imaging was done and a posterior tibial tendon specimen was sent for histology were included. Ultrasound (US) and 
MRI findings, surgical notes and histopathological reports were evaluated. 

Results: Nineteen patients met the inclusion criteria. Fourteen had US showing degenerative changes and synovitis. Five had MRI 
showing tendon degeneration, with rupture in two cases. Intraoperatively, all tendons showed gross abnormality, with surrounding 
synovitis. Microscopically, no acute inflammation was noted within any tendon specimens. All had non-specific reactive changes within 
the visceral synovium. 

Conclusion: This study confirms clear histological degeneration within the posterior tibial tendon of patients undergoing corrective 
surgery for PTTD. Preoperative imaging and surgical findings identified tendon sheath synovitis. Pre-operative ultrasound imaging and 
intraoperative confirmation of PTTD is accurate; thus, histological confirmation is unnecessary. The pathological changes in PTTD have 
been described as a tendinopathy in the literature. We suggest using the term pantendinopathy, which is a combination of peritendini-
tis with tendinosis, as it better describes the pathological process. 

Level of Evidence IV; Therapeutic Studies; Case Series.
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Introduction 
Adult acquired flatfoot deformity (AAFD) is a common di-

sorder characterised by progressive collapse of the medial 
longitudinal arch, valgus deformity of the hindfoot and fo-
refoot abduction and supination(1,2). Posterior tibial tendon 
dysfunction (PTTD) is thought to be the most common cause 
in adults. The aetiology of PTTD is multifactorial and inclu-
des abnormal loading of the arch (commonly seen in middle-
aged obese women), inflammatory disorders, and trauma. 
Risks factors such as hypertension or diabetes can also be 
present. The damage often occurs in a zone of hypovascula-
rity, 2-6cm from the navicular insertion site(3).

PTTD was classified by Johnson and Strom(4) in 1989, and 
subsequently modified by Myerson(5) into four stages. Stage 
II disease is characterised by enlargement and elongation of 
the posterior tibial tendon (PTT), rendering it functionally 
incompetent. This results in a pes planovalgus. Failing initial 
conservative management, surgical treatment of PTTD con-
sists of joint-sparing surgery, including osteotomies and ten-
don transfers to rebalance the foot, or fusions(6). 

Initial imaging in PTTD consists of weightbearing x-rays, 
which allow evaluation of bony alignment, osseous chan-
ges, and joint arthrosis. Ultrasound (US) and/or MRI assist in 
making a diagnosis of PTTD. US is preferable and is reported 
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to be up to 100% sensitive and 88% specific in detecting tears 
of the PTT when performed by a competent musculoskeletal 
ultrasonographer(7). It also allows for dynamic assessment of 
the PTT in the area of tenderness and can identify possible dif-
ferentials such as gout. It is an inexpensive and easily accessi
ble modality(8). MRI allows visualisation of the entire ankle and 
foot, which can help identify other pathologies around the 
ankle joint. It can identify fatty degeneration and muscle 
atrophy in cases of complete PTT rupture(9). Oedema within 
the bone can also be appreciated(10-12). MRI should be consi-
dered for patients with inconclusive US examinations and to 
look for other possible signs of PTTD(9,13).

Historically, it was believed that a tendinitis or tenosynovitis 
led to PTTD. Trevino et al., in 1981, were the first to describe 
the histopathology of PTTD. They identified a change from 
normal parallel collagen bundles to a wavy, loose configura-
tion. Later studies reported that changes consist of mucoid 
degeneration, neovascularisation, and tendon sheath hyper-
trophy. This was hypothesised to eventually lead to tendon 
rupture(14,15). Delmi et al.(16), in 1995, described a tenosynovitis 
associated with myxoid degeneration, disorganised collagen 
bundles and calcific deposits. Mosier et al.(17) described a de-
generative tendinosis of the PTT, characterised by an excess 
of mucin deposition, a lack of inflammatory cells, neovas
cularisation and fibroblast hypercellularity(18). These reports 
support a degenerative process within the tendon rather than 
inflammatory changes. 

Maffulli et al.(19) suggested using the terms “tendinosis”, “pa-
ratendinitis” and “tendinitis” when describing general tendon 
pathology based on histological examination. They proposed 
using the term “tendinopathy” to describe the clinical syn-
drome of pain, swelling and reduced performance. Van Dijk et 
al.(20) noted that the terminology for Achilles tendon patho-
logy had become inconsistent and confusing and that clear 
terminology was necessary, especially for research purposes. 
The authors similarly felt that the terminology currently used 
in describing the pathology of PTTD is vague and needed to 
be clarified. 

This study aimed, by correlating preoperative imaging and 
intraoperative findings with histological samples, to determi-
ne the pathological change that may occur in the posterior 
tibial tendon of patients undergoing surgery for PTTD and 
to determine the most appropriate investigations for diag-
nosis. The secondary aim was to clarify terminology used in 
the description of this tendon pathology so as to improve the 
descriptive terminology used when researching, assessing 
and treating PTTD. 

Methods
 Approval for this research was obtained from the institu-

tion’s ethics and research committee. Records of patients 
with AAFD who had undergone surgery for stage 2 PTTD 
correction between January 2016 and January 2020, at a pri-
vate clinic, were retrospectively reviewed. All cases in which 
preoperative diagnostic imaging (US or MRI), complete sur-
gical records and histological evaluation of the PTT had been 

performed were included. Ultrasound is our preferred investi-
gation for PTTD as it can be done dynamically and is inexpen-
sive; MRI is reserved for complex cases with suspected asso-
ciated pathologies. Cases were excluded if their records were 
incomplete or data were missing. Seven cases were excluded 
due to a lack of preoperative imaging. Patient demographics 
including age, sex and comorbidities were recorded. US, MRI, 
and surgical findings, as well as histopathological reports, 
were evaluated. At the time of surgery, specimens of the PTT 
were obtained, placed in formalin and sent to the anatomi-
cal pathology service for microscopic evaluation. All samples 
were processed at the same laboratory. Data were analysed 
qualitatively, using descriptive statistics. We reported cate-
gorical data in tables with frequencies and percentages and 
tested normality of the data qualitatively. 

Results
Nineteen patients met the inclusion criteria and were inclu-

ded in the study. Of these, 14 had US examinations and 5 had 
MRI performed pre-operatively. There were 16 females and 3 
males, with a mean age of 59 (range, 45 to 68) years. Patient 
comorbidities included hypertension (5 patients), diabetes 
mellitus (4 patients), hypercholesterolaemia (3 patients), and 
thyroid dysfunction (2 patients) (Table 1).

The 14 preoperative US investigations reported moderate to 
marked degenerative changes/tendinopathy in all cases (Ta-
ble 2). Further details, including the size and number of longi-
tudinal intratendinous tears and the degree of cross-sectional 
tendon involvement and fraying, were documented. These 
changes were noted predominantly at the level of the medial 
malleolus or distal to it. Fluid was documented within the PTT 
sheath, more so proximal to the medial malleolus. In all cases, 
synovial sheath inflammation (synovitis) was also reported.

Five MRI scans were performed. All documented evidence 
of split tears within the PTT substance with varying degrees 
of tendon degeneration. Two cases were reported as com-
plete tendon rupture noted proximal to the medial malleolus. 
Intraoperatively, only one of the two was confirmed to be 
ruptured. The other had a scarred-down, attenuated tendon. 

Intraoperatively, all tendons were thickened and showed 
gross abnormality with dull, greyish-white discolouration ra-
ther than the normal, glistening white appearance, as well as 
disorganisation of the tendon fibres (Figure 1). Macroscopi-
cally, the surrounding sheath appeared reactive, with synovi-
tis, and fluid was expelled when the sheath was incised. 

Table 1. Comorbidities

Comorbidity Number
Hypertension 5

Diabetes 4

Hypercholesterolaemia 3

Depression 2

Thyroid dysfunction 2



Workman et al. Assessment of imaging, pathoanatomy and terminology in posterior tibial tendon dysfunction

128 J Foot Ankle. 2020;14(2):126-31

Table 2. Imaging and histology results

Case USS/MRI report Histology findings
1 USS: Degenerate PTT. No defined tear. Severe 

hypertrophic synovitis with increased surrounding fluid
Chronic degenerative changes in the form of oedema, polypoid change and 

fibrinoid degeneration. Synovium shows neovascularisation. TENDONITIS

2 USS: Tendinopathy throughout tendon. Tear in the distal 
tendon. Tendon is double its normal size at the malleolus

Neovascularisation and focal accumulation of ground substance. No active 
inflammation. NON-SPECIFIC REACTIVE TENDONITIS

3 USS: Severe tendinosis of the PTT with high grade distal 
intrasubstance tears and surrounding granulation tissue

Neovascularisation within visceral synovium and tendon with reactive 
fibrosis evident. No active inflammation. REACTIVE TENDONITIS

4 USS: Degenerative changes with hypoechoic tendon 
occupying 30% of the total cross sectional area

Degree of pallor and neovascularisation. No active inflammation.  
NON-SPECIFIC REACTIVE TENDONITIS 

5 USS: Extensive tendinopathy. Small intratendinous tears. 
Surrounding fluid in keeping with tenosynovitis

Neovascularisation. Areas of reactive fibroblastic proliferation within tendon. 
No active inflammatory process. NON-SPECIFIC REATIVE TENDONITIS

6 USS: Tendinopathy distal to MM. Small tear in the region. 
Minimal increased vascularity

Inflammation and neovascularisation. No acute inflammation.  
MILD INFLAMMATION/CHRONIC TENDINITIS

7 USS: Severe degeneration distally with softening and 
fraying. Synovial hypertrophy.  
Fluid proximal to malleolus. 

Focal neovascularisation of the tendinous tissue. No active inflammatory 
process present. NON-SPECIFIC REATIVE SYNOVITIS

8 USS: Inflammation proximal to malleolus.  
Distally, there is a tendon defect of approx. 24% of 

tendon cross sectional area

Neovascularisation of the visceral synovium.  
No significant degenerative/inflammatory changes of tendon.  

NON-SPECIFIC REACTIVE TENDONITIS

9 USS: Inflammation of the synovial sheath.  
Small longitudinal intratendon tear just proximal  

to the navicular

Chronic inflammatory cell infiltrate accompanied by neovascularisation. 
MILD CHRONIC INFLAMMATION

10 USS: Degenerative tendon changes. Tendinopathy at 
level of MM involves >50% cross-sectional area

Neovascularisation within the visceral synovium. No active inflammation. 
REACTIVE TENDONITIS.

11 USS: Degenerative changes. Marked tenosynovitis 
present with fluid collection and inflamed synovium

Eosinophilic degeneration with chronic inflammatory cell infiltrate with 
neovascularisation. No active inflammation. 

12 USS: Tendinous disrepair distal to malleolus with 
inflammatory response. Moderate amount of  

fluid proximal to the malleolus

Vascularization in the visceral synovium with increased cellularity in tendon. 
No inflammatory process. NON-SPECIFIC REACTIVE TENDONITIS

13 USS: Tear at malleolus. Degeneration involving 60% 
cross sectional area. Fluid within the sheath with  

marked hypertrophic synovium

Fibrosis and neovascularisation with increased cellularity within tendon.  
No active inflammatory process. NON-SPECIFIC REACTIVE TENDONITIS

14 USS: Tendinopathy at the level of the MM involving 
60% of tendon. Surrounding fluid in keeping with 

tenosynovitis

Reactive vascular changes within visceral synovium.  
No specific degenerative changes in the tendon.  
BENIGN NON-SPECIFIC REACTIVE SYNOVITIS

15 MRI: Rupture 2.5cm above malleolus. Partial tear at the 
musculotendinous junction. Retraction and thickening of 

proximal and distal ends

Degeneration of central collagen of tendon with a shredded  
appearance and neovascularisation. No active inflammation.  

TENDONITIS WITH MILD SYNOVITIS

16 MRI: Rupture ± 2cm above the MM. Retraction and 
thickening of proximal and distal ends

Non-specific reactive synovitis of the visceral synovium.  
No active inflammation. REACTIVE TENDONITIS.

17 MRI: Acute on chronic tendinitis/tenosynovitis. 
Underlying interstitial tear of tendon

Neovascularisation and fibrosis within visceral synovium extending into 
tendon. No active inflammatory process.

18 MRI: confirms PTTD with inflammation and a  
long split in the PTT

Neovascularisation within visceral synovium extending to the tendon where 
there is increased fibroblastic activity. No acute or chronic inflammation. 

NON-SPECIFIC REACTIVE TENDONITIS

19 MRI: Central split tear from the musculotendinous 
junction to the level of the talar head. Tendinosis.  

Fluid within entire length of sheath

Focal areas of eosinophilic degeneration of the collagen.  
Associated mild synovitis. CHRONIC NON-SPECIFIC  

TENDONITIS & SYNOVITIS

MM: Medial malleolus; PTT: posterior tibial tendon; PTTD: posterior tibial tendon dysfunction; USS: ultrasound scan, MRI: magnetic resonance imaging.

Figure 1. Examples of the gross appearance of the excised posterior tibialis tendon.
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Microscopically, no acute inflammation or granulomatous 
inflammation was noted within any of the tendon specimens. 
Sixteen were documented to have non-specific reactive chan-
ges within the visceral synovium, in the form of neovascu-
larisation. The remaining 3 cases had documented chronic 
inflammation and synovitis, but neovascularisation was not 
specifically mentioned. Changes within the tendon ranged 
from the description of a “shredded appearance” to reacti-
ve fibrosis and fibroblastic proliferation (Figure 2), with in-
creased cellularity and neovascularisation extending into the 
tendon itself. Most cases were summarised as a “non-specific 
reactive tendonitis” or “reactive tendonitis” (Table 2). 

Two cases had histology reports that stated no specific 
degenerative change noted within the tendon. The US exa-
minations for these 2 cases noted moderate to marked in-
flammation of the PTT and tendinopathy at the level of the 
medial malleolus involving 24% and 60% of the tendon, res-
pectively. Of these 2 cases, one histology report was con-
cluded as “non-specific reactive synovitis” and the other was 
summarised as “non-specific reactive tendonitis”. The surgi-
cal notes in both cases noted synovitis of the tendon sheath 
with marked tendon thickening and degeneration. Taking into 
account these 2 cases, correlation of ultrasound with histo-
logy findings was 86% (12/14 cases) for diagnosing marked 
tendon degeneration/tendinopathy. Although the histology 
was inconclusive in these 2 cases, the US and intraoperative 
findings confirmed degeneration of the PTT in all 14 cases. 
MRI correlated with histology findings in all 5 cases (100%), 
but in only 80% (4/5) of cases with intraoperative findings, 
as the one reported rupture was not present intraoperatively. 

Discussion 
The PTT lies posterior to the tibiotalar joint and medial to 

the subtalar joint. Its primary function is to support the arch 
and invert the foot. The portion of the PTT that abuts the me-
dial malleolus is characterised by the presence of fibrocartila-

ge, differentiating it from classic tendon structure. This area is 
referred to as the gliding tendon(21). The longitudinal intraten-
dinous tears and degree of cross-sectional tendon involve-
ment noted on US and MRI in our study were predominantly 
at the level of the medial malleolus (in the gliding tendon) or 
distal to it. This correlates with the hypovascular zone of the 
tendon but also with an area of increased mechanical shear 
force on the tendon as it changes course by approximately 
80° at the medial malleolus, suggesting an interplay of factors 
rather than a single aetiology(10,21). 

Previous studies cite 100% sensitivity with the use of US in 
the detection of tears within the PTT. It is useful in confirming 
the diagnosis, but also in ruling out possible differentials. The 
finding of fluid predominantly proximal to the medial malleo
lus on US in this study is due to the increased space available for 
fluid to accumulate as opposed to the area within the tendon 
sheath at and below the level of the medial malleolus. This 
fluid was evident at surgery upon incising the sheath, and is in 
keeping with a paratendinitis. The distal 1-2cm of the tendon 
is not normally surrounded by a tendon sheath, and fluid is 
normally not identified here(7,22). 

Conti et al.(23) reported that MRI may be more accurate 
than intraoperative visualisation, as an intramural lesion no-
ted on MRI may not be visible macroscopically. The authors 
concluded that MRI should be considered the gold standard 
in assessing PTTD. A recent article by Lesiak and Michelson 
highlighted that MRI is useful in the diagnosis of PTT tears, 
but that surrounding inflammation can make a normal PTT 
appear torn. It is hypothesized that surrounding inflammation 
causes changes in the MRI signal in the PTT that resemble 
those seen in rupture. For this reason, MRI in the setting of 
PTT ruptures should be interpreted with caution(11,12). MRI also 
has the drawback of not being dynamic. In our study, MRI 
results correlated in all cases (5/5) with histology, but in only 
80% (4/5) of cases intraoperatively, as one case reported as 
being ruptured on MRI was found intact intraoperatively. Ar-
noldner et al.(9) compared US with 3T MRI in the diagnosis 
of PTTD. Nine intraoperative diagnoses of PTTD were com-
pared to preoperative US and MRI. The authors concluded 
that US is slightly more accurate and should be used as the 
initial diagnostic tool, as it is easily available, cost-effective 
and visualises the PTT clearly. These findings were in keeping 
with our results.

Intraoperatively, all 14 specimens correlated with US findings 
and showed macroscopic evidence of synovitis of the ten-
don sheath and chronic degenerative tendon change (100% 
correlation). Correlation of US with histology findings was 
86% (12/14 cases) in diagnosing marked tendon degenera-
tion/tendinopathy. Two cases were reported as being normal 
histologically, but with surrounding mild visceral neovascu-
larisation. The corresponding US described a tendinopathy 
and a degree of tendon degeneration. Possibly the section of 
tendon examined histologically was not the section described 
on preoperative imaging.

The histological description of increased cellularity and neo-
vascularisation within the visceral synovium and the tendon Figure 2. Fibroblastic proliferation noted within the tendon.



Workman et al. Assessment of imaging, pathoanatomy and terminology in posterior tibial tendon dysfunction

130 J Foot Ankle. 2020;14(2):126-31

indicates an attempt at repair(17). No tendinous inflammation 
was noted to be present in any of the cases in our series. This 
has been previously documented in similar studies examining 
the histology of the Achilles tendon and in ACL injuries(24-26). 
As hypothesised by Fowble et al.(27), the process is most likely 
due to overuse and stretching of the posterior tibial tendon, 
which activates tenocytes of the synovial tendon lining. This 
results in an angiogenic response and neovascularisation, as 
was noted in all our cases presenting as paratendinitis. Re-
garding surgical options for these patients, future histological 
studies might examine for the presence of mechanorecep-
tors within the tendon, its sheath, and the distal stump. This 
may indicate a proprioceptive function, much as it does in the 
ACL(23), supporting preservation of at least part of the dama-
ged posterior tibial tendon, or its stump, in the reconstruction 
of AAFD. By maintaining these mechanoreceptors, patients 
may rehabilitate faster. 

All specimens in this study were taken at the time of surgery 
and therefore represented tendons in an advanced disease 
stage, having gone through cycles of injury, repair, and re-
modelling. This may explain why no inflammation was found 
to be present in these study specimens, but rather eviden-
ce of attempted repair. Degeneration of the tendon begins 
well before clinical presentation of the patient(21,28). A recent 
study by Klatte-Schutz et al.(26) examined acute versus chro-
nic Achilles tendon injuries. In the study group of acute and 
chronic ruptures and tendinopathies, the authors detected an 
inflammatory infiltrate using immunohistochemical examina-
tion. These were noted to be significantly lower in the chronic 
rupture group when compared to the acute ruptures. Since 
PTTD is a chronic disorder, this would support our findings of 
no inflammation in the histological specimens. Immunohisto-
chemical examination does appears to offer a more precise 
histological diagnosis. Further studies are needed to investi-
gate possible genetic predisposition to tendon degeneration, 
particularly examining the collagen and matrix remodelling 
gene pathways in individuals. Histology is useful in cases of 
suspected inflammatory arthritis, which is commonly asso-
ciated with PTTD. This is typically supported by the presen-
ce of characteristic pathological findings in synovial tissue. 
However, no single histological feature is diagnostic(29).

Recent literature has made a concerted effort to avoid the 
blanket term “tendonitis” when referring to diseased tendons. 
This has led to a confusing expansion in the descriptive vo-
cabulary used, with terms such as tendonitis, tendinosis, pe-
ritendinitis, paratendinitis and paratendinopathy being used 
somewhat interchangeably to provide more detailed depic-
tions of the underlying processes. According to the Med-
Terms Medical Dictionary (<www.medicinenet.com>), peri- is 

a prefix meaning around or about. Para- is also a prefix with 
many meanings, including alongside, beside, near or resem-
bling. -osis is a suffix denoting a process, condition, or state, 
usually abnormal or diseased. -opathy is a suffix meaning a 
disease or disorder. The suffix -itis denotes an inflammatory 
disease process(30).

It follows that tendonitis is the inflammation of a tendon. 
Tendinosis is the preferred term for degenerative changes 
purely within a tendon without an identified inflammatory 
component. Peritendinitis and paratendinitis denote an in-
flammatory process involving the surrounding or nearby 
tendon sheath, and are not necessarily associated with an 
intratendinous process. These terms are all dependent on 
operative confirmation of the condition. Puddu et al.(31), in 
their study of Achilles tendon pathology, surgically identi-
fied cases with only peritendinous inflammation, while others 
showed degeneration of the tendon itself in addition to peri-
tendon involvement. They suggested the term “peritendinitis” 
for this type of inflammation and distinguished an isolated 
peritendinitis from a combination of peritendinitis with tendi-
nosis. The current literature defines PTTD as a tendinosis with 
no inflammation(21,31). All our cases had both synovitis of the 
tendon sheath and tendinosis of the PTT. As supported by 
the findings in this study of PTTD, the correct nomenclature, 
based on the clinical presentation and preoperative imaging, 
would be that of a pantendinopathy, which was confirmed on 
the surgical and histological findings of a peritendinitis with 
tendinosis. We believe “pantendinopathy” is a better descrip-
tion of the pathological process in PTTD, rather than simply 
calling it a tendinosis. 

Strengths of this study include the availability of preope-
rative imaging, intraoperative findings and histology results, 
allowing for a chronological examination of the disease pro-
cess and clear correlation of investigations with findings. 
Limitations include the retrospective nature of the study and 
relatively small sample size. 

Conclusion 
This study confirms clear histological degenerative changes 

within the substance of the posterior tibial tendon together 
with inflammation of the paratenon, found on preoperative 
imaging and intraoperative findings, in patients who undergo 
corrective surgery for PTTD. These findings are in keeping 
with a pantendinopathy, i.e., peritendinitis with tendinosis. 
We suggest using the term “pantendinopathy” when descri-
bing the pathological changes present in PTTD. Preoperative 
ultrasound imaging and intraoperative confirmation of PTTD 
is accurate; histological confirmation is unnecessary. 
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Abstract
Objective: To assess the involvement of the hallux interphalangeal (IP) joint after first metatarsophalangeal joint (MTPJ) arthrodesis 
and propose a treatment consisting of MTPJ resection arthroplasty associated with phalangeal osteotomy or IP joint arthrodesis. 

Methods: We retrospectively analyzed 9 patients treated with MTPJ resection arthroplasty associated with phalangeal osteotomy or 
hallux IP joint arthrodesis from November 2006 to January 2017. 

Results: The main causes of MTPJ arthrodesis that subsequently evolved to IP involvement were severe hallux valgus and sequelae or 
complications of previous hallux valgus operations. Additionally, the reasons leading to rescue surgery were pain, deformity, and/or 
discomfort. 

Conclusion: This therapeutic modality is able to relieve symptoms by a simple procedure, with acceptable functional and esthetic 
results. 

Level of Evidence IV; Therapeutic Studies; Case Series.
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Introduction
First metatarsophalangeal joint (MTPJ) arthrodesis is a pro-

cedure commonly used for the treatment of severe hallux 
valgus, hallux rigidus, rheumatoid arthritis, hallux varus, and 
recurrence or failure of previous operations(1-13). Reported com-
plications include nonunion, malposition, consolidation de-
fects, hardware-related pain, dissatisfaction due to loss of joint 
mobility, difficulty in wearing shoes, and interphalangeal (IP) 

joint arthrosis(2,3,8-11,13-18). The latter is one of the major causes 

of discomfort after first MTPJ arthrodesis in the long term(16,17).

The IP joint may also be affected by pain, dislocation, or ins-

tability (Figure 1), but the literature on the treatment of these 

conditions is scarce. In the present study, we assessed hallux 

IP involvement after first MTPJ arthrodesis and proposed a 

treatment consisting of first MTPJ resection arthrodesis com-

bined with phalangeal osteotomy or IP arthrodesis.
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Methods
This study was approved by the Institutional Review Board.

Of 180 first MTPJ arthrodeses performed between Novem-
ber 2006 and January 2017, 9 patients were retrospectively 
evaluated for IP involvement after first MTPJ arthrodesis re-
quiring surgical treatment (Table 1).

Eligible participants were patients aged 18 years or over 
who had undergone first MTPJ arthrodesis and evolved with 
pain or deformity in the IP joint of the hallux on the consolidated 

first MTPJ arthrodesis and who did not respond favorably to 
conservative treatment (analgesics, finger separators, and 
changes in footwear).

Assessment was based on clinical history, imaging scans, 
and telephone questionnaire. Information was entered into a 
table according to the following criteria: postoperative pain 
according to a visual analog scale, forefoot function, esthetics, 
possibility of wearing shoes, and patient’s overall satisfaction 
(Table 2).

A B C

Figure 1. Types of interphalangeal involvement. A. Dislocation. B. Instability. C. Arthrosis.

Table 1. Patients’ characteristics

Pt Age Foot Reason for MTPJ arthrodesis Date of MTPJ arthrodesis Date of disarthrodesis IP IP observation Result
1 66 L Failed HV operation February 99 December 16 Arthrodesis Arthrosis Good

2 56 L HV November 03 November 06 None Hyperextension Good

3 45 L Post-treatment deformity April 09 September 09 None Pain Good

4 61 R Failed HV operation June 09 May 10 Arthrodesis Instability Very good

5 61 R Failed HV operation March 09 October 13 Akin Instability Good

6 68 L Rheumatoid arthritis October 99 November 14 Arthrodesis Arthrosis Very good

7 64 L Severe HV August 09 October 15 Arthrodesis Instability Good

8 65 R Severe HV February 15 February 16 Arthrodesis Instability Fair

9 76 L Failed HV operation March 08 January 17 Arthrodesis Instability Good

Pt: patient; L: left; R: right; HV: hallux valgus; MTPJ: metatarsophalangeal joint; IP: interphalangeal.

Table 2. Result evaluation chart

Result Pain Function Esthetics Footwear Satisfaction
Very good 0, 1, 2 Very good Very good Fashionable shoes  

Good 3, 4, 5 Good Good Wide range of shoes Satisfied

Fair 6, 7, 8 Fair Fair Orthopedic shoes  

Poor 9, 10 Poor Poor Not wearing shoes Dissatisfied
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Surgical technique
All patients were operated by the same surgical team, after 

outpatient hospitalization, under local/regional anesthesia of 
the ankle combined with intravenous sedation, in supine po-
sition, with sterile drapes covering leg, ankle, and foot, and a 
hemostatic cuff placed at the supramalleolar level.

A medial or dorsomedial metatarsophalangeal approach 
was used, depending on where the previous incision was lo-
cated, the initial scar was resected, and the surgical field was 
distally expanded to include IP joint in cases requiring some 
procedure on this joint, with caution not to injure the dorso-
medial cutaneous nerve.

After the capsule was longitudinally incised and periarticu-
lar adhesions were released, the previously used hardware 
was identified and removed.

On the arthrodesis site, which was determined by radiosco-
py, a bone resection of approximately 0.5 to 1cm was perfor-
med to restore mobility, and caution was taken not to over 
resect in an attempt to not shorten the first ray. At this last 
moment, we considered second toe length as a reference. 
Subsequently, an oblique dorsal incision was made at the le-
vel of the first metatarsal bone at an angle from 30° to 40° 
with respect to the diaphyseal axis in the sagittal plane to 
simulate cheilectomy so that to allow at least 40° of dorsi-
flexion of the metatarsophalangeal joint (Figure 2). In cases 
requiring IP arthrodesis (Table 3), it was routinely performed 
with a intramedullary screw at a neutral position regarding va-
rus-valgus, flexion-extension, and rotation angles (Figure 3).

Surgical closure was performed by planes, with the capsule 
being closed with absorbable multifilament suture and the 
skin with non-absorbable multifilament suture.

Postoperative management consisted of complete support 
according to patient’s tolerance to forefoot postoperative 
foot 48 h after initial rest with the foot elevated and the heel 
supported.

After sutures were removed, from 15 to 20 days after sur-
gery, patients were allowed to use normal shoes and started 
with assisted active and passive mobilization of the forefoot, 
with kinesiologic assistance when necessary.

Results
Mean age at the time of surgery was 62 years (range, 45 to 

76 years). Among the participants, 8 were women and 1 was 
a man, with involvement of the right foot in 3 patients and of 
the left foot in 6.

The reason for the initial first MTPJ arthrodesis was severe 
hallux valgus in 3 patients (33.33%), failure of previous hallux 
valgus surgery in 4 patients (44.44%), rheumatoid arthritis 
in 1 patient (11.11%), and post-traumatic deformity in 1 patient 
(11.11%). 

The reason for rescue surgery were IP dislocation and/or 
instability in 5 cases (55.55%), IP arthrosis in 1 case (11.11%), IP 
pain in 1 case (11.11%), and malposition of first MTPJ arthrodesis 
in 2 cases (22.22%).

A B

Figure 2. Intraoperative image. A. Bone resection. B. Dorsal re-

modeling.

Table 3. Involvement and treatment

Involvement Treatment
IP pain with radiographic 
involvement

Isolated MTPJ resection 
arthroplasty

IP dislocation MTPJ resection arthroplasty + 
Akin phalangeal osteotomy

IP instability MTPJ resection arthroplasty + 
Arthrodesis

IP arthrosis MTPJ resection arthroplasty + 
Arthrodesis

IP: interphalangeal; MTPJ: metatarsophalangeal joint.

A B

Figure 3. Postoperative radiograph. Metatarsophalangeal arthro-

plasty combined with interphalangeal arthrodesis.
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The percentage of IP involvement requiring surgical treat
ment was 5% (9 rescue operations among 180 first MTPJ 
arthrodeses).

Mean time elapsed from initial to rescue surgery was 6 years 
and (range, 5 months to 17 years).

IP arthrodesis was performed in 6 cases (66.66%), Akin 
phalangeal osteotomy in 1 case (11.11%), and the IP joint was 
not addressed in 2 cases (22.22%).

Mean follow-up was 5.4 years (range 1 to 12 years). Seven 
patients (77.77%) did not report pain, and 2 (22.22%) presen-
ted with intermittent mild pain. IP function was very good 
in 3 cases (33.33%), good in 5 (55.55%), and fair in 1 (11.11%). 
The esthetic result was good in 7 patients (77.77%) and fair 
in 2 (22.22%) due to over-shortening of the first ray. The 9 
patients could wear standard shoes, 4 of them (44.44%) with 
fashionable shoes. 8 patients (88.8%) expressed satisfaction 
with the procedure, and 1 patient (11.11%) did not.

Overall assessment was very good in 3 cases (33.33%), 
good in 5 cases (55.55%), and fair in 1 case (11.11%).

Discussion
First MTPJ arthrodesis is a procedure described for the 

treatment of many painful conditions of this joint when its 
involvement prevents joint preservation surgery, and most 
authors agree that it is a safe procedure with high rates of 
success and patient satisfaction. There are several forms 
and systems of joint preparation. Likewise, several methods 
or configurations of osteosynthesis have been described to 
achieve a higher consolidation rate on the arthrodesis site 
and to promote the ability to bear weight and early rehabili-
tation(1,4,6,7,9,11,12,14,15).

The following complications were observed after first MTPJ 
arthrodesis: nonunion, malposition, pain related to hardwa-
re requiring reintervention for removal, discomfort due 
to loss of mobility, metatarsalgia, and IP joint arthrosis or  
pain(1-3,8-11,13,14-18). IP joint involvement is one of the most fre-
quent complications, with a prevalence ranging from 30 to 
60%(10,13,16,17). This condition is not always symptomatic, and 
one third of patients are estimated to present with painful 
symptoms beyond radiographic involvement(17).

A number of studies have evaluated the functional results of 
first MTPJ arthrodesis and its complications, and all of them 
mention IP involvement as a frequent and disabling compli-
cation(10,13,16). However, only a few studies have proposed or 
described specific treatment procedures for this particular 
condition(17).

Most authors agree that IP involvement is closely related to 
the position of arthrodesis, and it is well know that this com-
plication may be mitigated by reducing overload or stress on 
the IP joint and that the fixation angle of MTPJ should be 
from 15° to 30° of valgus in the sagittal plane and from 15° 
to 30° of dorsiflexion in the lateral plane(7,10,13,14,16). Moreover, 

these authors found that a dorsiflexion angle below 20° was 
associated with a greater rate of IP arthrosis(7,14,16).

We believe that, besides the final fusion position, the pree-
xisting disease that motivated initial arthrodesis, associated 
diseases, such as neurological disorders, and chronic medica-
tions may also have an influence on changes in IP joint, thus 
contributing not only to the percentage of onset but also to 
the time when these changes develop. The IP joint may con-
dition the final results of first MTPJ arthrodesis, and this con-
ditioning not only results from the development of arthrosis 
but may also manifest as pain, dislocation, and instability. We 
believe that it is an evolutionary process in which arthrosis 
and/or deformity is the final result of disease progression.

Coughlin described a classification of hallux IP joint arthro-
sis according to the degree of radiological involvement(13). We 
consider that determining the overall problem occurring in 
the joint by performing an imaging and clinical assessment 
provides greater information and guides decision-making 
(Table 3).

The literature describes the following treatment options for 
failed first MTPJ arthrodesis: corrective osteotomies, rescue 
surgery with MTPJ prosthesis, rescue surgery with resection 
and interposition of tissues (either local or obtained from 
distant areas), and IP arthrodesis(1,17,19,20). Studies that compa-
red long-term results in primary surgery between prosthe-
tic implants and first MTPJ arthrodesis showed controver-
sial results, with no study being categorically favorable to 
arthroplasty(8,21). Only one study describes an option for the 
treatment of hallux IP arthritis after first MTPJ arthrodesis 
consisting of rescue surgery arthroplasty of the MTPJ with ar-
throdesis resection combined with interposition of soft tissue 
(semitendinosus tendon) obtained from the ipsilateral knee 
and IP fusion(17).

According to the advantages and disadvantages of each 
therapeutic option described here and based on the evalua-
tion of each particular case, we propose the following treat-
ment algorithm: isolated MTPJ resection arthroplasty in cases 
of IP pain with no radiological involvement; MTPJ resection 
arthroplasty associated with Akin phalangeal osteotomy 
when there is IP dislocation; and MTPJ resection arthroplasty 
and IP joint arthrodesis in cases of IP instability or arthrosis 
(Table 3).

CONCLUSION
We believe that the described procedure is useful for se-

lected patients who present with pain, dislocation, instability, 
or arthrosis of the hallux IP joint after first MTPJ arthrodesis. 
This therapeutic modality makes it possible to relieve pain 
symptoms, deformity, and discomfort by a simple procedure 
that allows early weight-bearing with no need of excessive 
postoperative protection and with acceptable functional and 
esthetic results (Figure 4).
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Figure 4. A. Initial severe hallux valgus. B. Short-term postoperative image. C. Long-term postoperative image showing interphalangeal 

dislocation and instability. D. Metatarsophalangeal resection arthroplasty combined with interphalangeal arthrodesis. E. Hallux deformity. 

F. Final correction. G. Postoperative passive mobility.

Authors’ contributions: Each author contributed individually and significantly to the development of this article: AMV *(https://orcid.org/0000-0002-
0384-4044) conceived and planned the activities that led to the study, interpreted the results of the study, performed the surgeries, approved the final 
version; ES (https://orcid.org/0000-0001-5028-9584 conceived and planned the activities that led to the study, interpreted the results of the study, 
approved the final version, performed the surgeries, approved the final version; MR *(https://orcid.org/0000-0003-1947-8218) interpreted the results of the 
study, performed the surgeries, approved the final version; AB (https://orcid.org/0000-0003-1690-025X) interpreted the results of the study, performed 
the surgeries, approved the final version; MI *(https://orcid.org/0000-0002-6336-6080) interpreted the results of the study, performed the surgeries, 
approved the final version; IT *(https://orcid.org/0000-0001-9210-9051) bibliographic review, clinical examination, approved the final version. *ORCID 
(Open Researcher and Contributor ID) .

References
1.	 Roukis TS. First metatarsal-phalangeal joint arthrodesis: primary, 

revision, and salvage of complications. Clin Podiatr Med Surg. 
2017;34(3):301-14.

2.	 DeOrio JK. Technique tip: arthrodesis of the first metatarsophalangeal 
Joint - Prevention of excessive dorsiflexion. Foot Ankle Int. 2007; 
28(6):746-7.

https://orcid.org/0000-0002-0384-4044
https://orcid.org/0000-0002-0384-4044
https://orcid.org/0000-0001-5028-9584
https://orcid.org/0000-0003-1947-8218
https://orcid.org/0000-0003-1690-025X
https://orcid.org/0000-0002-6336-6080
https://orcid.org/0000-0001-9210-9051


Sperone et al. Hallux interphalangeal involvement after metatarsophalangeal joint arthrodesis. Treatment and results

137J Foot Ankle. 2020;14(2):132-7

3.	 Cullen NP, Angel J, Singh D, Smith J, Dudkiewicz I. Clinical tip: 
revision first metatarsophalangeal joint arthrodesis for sagittal 
plane malunion with an opening wedge osteotomy using a small 
fragment block plate. Foot Ankle Int. 2005;26(11):1001-3.

4.	 Brodsky JW, Passmore RN, Pollo FE, Shabat S. Functional outcome 
of arthrodesis of the first metatarsophalangeal joint using parallel 
screw fixation. Foot Ankle Int. 2005;26(2):140-6.

5.	 Campbell B, Schimoler P, Belagaje S, Miller MC, Conti SF. Weight-
bearing recommendations after first metatarsophalangeal joint 
arthrodesis fixation: a biomechanical comparison. J Orthop Surg 
Res. 2017;12(1):23. 

6.	 Claassen L, Plaass C, Pastor MF, Ettinger S, Wellmann M, 
Stukenborg-Colsman C, et al. First metatarsophalangeal joint 
arthrodesis: a retrospective comparison of crossed-screws, 
locking and non-locking plate fixation with lag screw. Arch Bone 
Jt Surg. 2017;5(4):221-225.

7.	 Doty J, Coughlin M, Hirose C, Kemp T. Hallux metatarsophalangeal 
joint arthrodesis with a hybrid locking plate and a plantar 
neutralization screw: a prospective study. Foot Ankle Int. 2013; 
34(11):1535-40.

8.	 Voskuijl T, Onstenk R. Operative treatment for osteoarthritis of the 
first metatarsophalangeal joint: arthrodesis versus hemiartroplasty. 
J Foot Ankle Surg. 2015;54(6):1085-8.

9.	 Patel A, Baumhauer J. First metatarsophalangeal joint arthrodesis. 
Oper Tech Orthop. 2008;18:216-220.

10.	 Stevens BW, Anderson JG, Bohay DR. Hallux metatarsophalangeal 
joint fusion for the rheumatoid forefoot. Foot Ankle Clin. 2007; 
12(3):395-404.

11.	 Korim MT, Allen PE. Effect of pathology on union of first 
metatarsophalangeal joint arthrodesis. Foot Ankle Int. 2015; 
36(1):51-4.

12.	 Harris E, Moroney P, Tourné Y. Arthrodesis of the first 
metatarsophalangeal joint-A biomechanical comparison of four 
fixation techniques. Foot Ankle Surg. 2017;23(4):268-74.

13.	 Coughlin MJ. Rheumatoid forefoot reconstruction. A long-term 
follow-up study. J Bone Joint Surg Am. 2000;82(3):322-41.

14.	 Latif A, Dhinsa BS, Lau B, Abbasian A. First metatarsophalangeal 
fusion using joint specific dorsal plate with interfragmentary 
screw augmentation: Clinical and radiological outcomes. Foot 
Ankle Surg. 2017;14. pii: S1268-7731(17)31292-4.

15.	 Chien C, Alfred T, Freihaut R, Pit S. First metatarsophalangeal joint 
arthrodesis in hallux valgus versus hallux rigidus using cup and 
cone preparation compression screw and dorsal plate fixation. 
Cureus. 2017;19;9(10):e1786.

16.	 Fitzgerald JA. A review of long-term results of arthrodesis of the first 
metatarso-phalangeal joint. J Bone Joint Surg Br. 1969;51(3):488-93.

17.	 Babazadeh S, Su D, Blackney MC. Hallux IP arthritis after MP 
arthrodesis managed with interpositional arthroplasty of MP joint 
and IP fusion: case report. Foot Ankle Int. 2011;32(9):900-4.

18.	 Hahn MP, Gerhardt N, Thordarson DB. Medial capsular interpositional 
arthroplasty for severe hallux rigidus. Foot Ankle Int. 2009;30(6):494-9.

19.	 Izquierdo Cases JA, Costa Martiniano JA, Gonccalves da Rocha 
AS, Izquierdo Santiago I. Reversal of an arthrodesis in the first 
metatarso-phalangeal joint by total implantation. Rev Esp Podol. 
2017;28(2):113-8.

20.	 Mizel MS, Alvarez RG, Fink BR, Temple HT. Ipsilateral arthrodesis of 
the metatarsophalangeal and interphalangeal joints of the hallux. 
Foot Ankle Int. 2006;27(10):804-7.

21.	 Beekhuizen SR, Voskuijl T, Onstenk R. Long-term results of 
hemiarthroplasty compared with arthrodesis for osteoarthritis 
of the first metatarsophalangeal joint. J Foot Ankle Surg. 2018; 
57(3):445-50.



DOI: https://doi.org/10.30795/jfootankle.2020.v14.1147

Original Article

Copyright © 2020 - Journal of the Foot&Ankle138 J Foot Ankle. 2020;14(2):138-43

Arthroscopic Brostrom technique: clinical and 
functional results
Thiago Penido Moreira Ferreira1 , Mateus Martins Marcatti1,2 , Fabrício Melo Bertolini1 , Otaviano de Oliveira Junior1,2 ,  
Gustavo Araújo Nunes2,3

1. Hospital Universitário Ciências Médicas (FCMMG), Belo Horizonte, MG, Brazil.
2. Instituto Orizonti, Belo Horizonte, MG, Brazil.
3. Grecmip MIFAS (Group of Research and Study in Minimally Invasive Surgery of the Foot – Minimally Invasive Foot and Ankle Society), Belo 
Horizonte, MG, Brazil.

Abstract
Objective: To present the clinical and functional results of surgical treatment of patients with chronic instability of the ankle using the 
arthroscopic Brostrom technique.

Methods: This is a case series of patients who underwent surgical treatment for chronic instability of the lateral ligament of the ankle 
using the arthroscopic Brostrom technique. Clinical assessments of ankle stability were performed preoperatively and at the last follow-up 
using the American Orthopedic Foot and Ankle Score (AOFAS), a visual analog scale (VAS) for pain, and the anterior drawer and talar 
inversion tilt tests. Surgical complications and patient satisfaction ratings were also analyzed. 

Results: A total of 16 patients were analyzed, with a mean follow-up of 14 months. There was a statistically significant (p<0.001) impro-
vement in mean AOFAS, which increased from 67.2 to 90.8 points and the mean VAS for pain score reduced from 6.5 to 1.5 points. All 
ankles were stable and had normal results for the anterior drawer test and the talar inversion tilt test. Three patients (19%) reported that 
resumption of sporting activities provoked subjective pain in the ankle, which improved progressively during follow-up. Two patients 
(12.5%) exhibited neurapraxia of the superficial peroneal nerve. A majority of the patients (81%) rated treatment as good or excellent. 

Conclusion: Treatment of chronic instability of the ankle ligament using the arthroscopic Brostrom technique restored ankle stability 
and achieved good clinical results. There was a high rate of early complications, but the majority were transitory and underwent com-
plete remission during follow-up. 

Level of Evidence IV; Therapeutic Studies; Case Series.
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Introduction 
Ankle ligament injuries are among the most common causes 

of orthopedic consultations. They account for around 25% of 
all musculoskeletal system injuries(1,2). They most frequently 
affect young patients, who regularly engage in physical ac-
tivities. These injuries occur when the ankle is sprained in su-
pination, inversion, and plantar flexion. The ligaments most 
often injured are the anterior talofibular ligament (ATFL), 
in 80% of cases, and the calcaneofibular ligament (CFL), in 
15%(3-5).

In general, excellent results are achieved with conservative 
treatment, primarily consisting of functional rehabilitation 
with support and early mobilization. However, approximately 
20% of these injuries may develop instability refractory to 
non-surgical treatment, and remain painful, swollen, and pro-
ne to instability and recurrent sprains(3,6). In cases of residual 
instability, surgical repair of the ligaments should be consi-
dered(7-9).

Several surgical techniques have been proposed for ma-
nagement of chronic lateral instability of the ankle(10-14) and, 
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even after many years, the open Brostrom-Gould technique 
is considered the gold standard for treatment of this patho-
logy(15,16). With the advent of ankle arthroscopy, offering be-
nefits such as lower surgical morbidity, early return to normal 
and sporting activities, and the ability to assess and treat in-
traarticular pathologies(17), several authors have developed a 
technique for lateral ligament repair assisted by arthroscopy 
in a single percutaneous stage(3,5,7). This technique, known as 
arthroscopic Brostrom repair, attempts to stabilize the ankle 
by placing anchors in the fibula under arthroscopic guidance 
and passing the sutures percutaneously under the lateral li-
gament and the inferior extensor retinaculum (IER)(5).

Although several different studies have described excellent 
clinical results with this technique, a high rate of complica-
tions (5.3% to 29%) has been reported, primarily with relation 
to nerve damage and prominent implants(4,5,7,8).

The objective of this article is to present the clinical and 
functional results of patients with chronic ligament instability 
treated with the arthroscopic Brostrom technique.

METHODS
This study was approved by the Institutional Review  

Board and registered on the Plataforma Brazil database 
under CAAE (Ethics Evaluation Submission Certificate) 
(86807618.9.0000.5122). All patients signed a free and infor-
med consent form to be included in the study. 

This is a retrospective study that assessed 16 patients, six 
men and ten women with diagnoses of chronic instability of 
the ankle, who were treated surgically using the arthrosco-
pic Brostrom technique between August 2016 and Novem-
ber 2018 and followed-up for a mean of 14 months (range: 
12 to 18 months).

Clinical assessments of ankle stability were conducted preo-
peratively and at the last follow-up consultation using the an-
terior drawer and inversion tilt tests. These tests were always 
conducted on the basis of comparison and were considered 
positive when there was greater anterior excursion of the ta-
lus in the drawer test and greater inversion in the talar tilt 
test, when compared with the contralateral ankle. 

All ankle X-rays in anteroposterior view and anteroposterior 
with 20 degree internal and lateral rotation were normal in all 
patients. No X-rays with manual stress were taken. Magnetic 
resonance showed chronic anterior talofibular ligament injury 
in all patients.

The inclusion criteria for the study were adult patients with 
diagnoses of chronic ankle ligament instability with no im-
provement after 6 months of conservative treatment using 
orthopedic ortheses, analgesics, and functional physiothera-
py and rehabilitation. A diagnosis of instability was defined 
as patients with recurrent ankle sprains combined with pain, 
swelling, and insecurity to perform sporting activities, positi-
ve drawer and inversion tilt tests, and ligament injuries seen 
on magnetic resonance. Patients were excluded from the study 
if they had additional injuries found on clinical examination or 
magnetic resonance that needed other surgical procedures, 

such as: osteochondral talus lesion, peroneal tendon injury or 
pes cavovarus. Patients were also excluded if they had prior 
surgery, deformities, hypermobility syndromes, collagen di-
seases, or neuromuscular diseases.

The American Orthopedic Foot and Ankle Score for the hind
foot and ankle (AOFAS)(18) and a visual analog scale (VAS) 
for pain(19) were administered preoperatively and at the last 
follow-up consultation. Surgical complications were assessed 
and recorded during follow-up. Patients’ satisfaction with 
treatment was assessed using the classification described by 
Coughlin(20) and recorded. 

Normality of data distribution was assessed using the Kol-
mogorov-Smirnov test. Since it exhibited normal distribution, 
statistical analysis was conducted using the t test for paired 
samples to compare means before and after intervention.

Surgical technique
The patient, under spinal anesthesia and sedation, is placed 

on the operating table in supine decubitus with a bump under 
the ipsilateral buttock.

Anatomic landmarks are marked out to ensure risk struc-
tures were avoided when establishing arthroscopy portals 
and a “safety zone” is marked out on the lateral part of the  
ankle, and a safety zone is market out on the lateral part of 
the ankle, including the distal fibula, the superior margin of 
the peroneal tendons, and the intermediate branch of the su-
perficial peroneal nerve . The inferior extensor retinaculum is 
marked 1.5 cm from the distal fibula (Figure 1).

The traditional ankle arthroscopy portals are made (antero-
medial and anterolateral). No manual distraction is performed.

The ankle joint is inventoried to assess presence of injuries.

Exploration of the lateral groove, with debridement of the 
anterior inferior tibiofibular ligament (AITL, Bassett’s liga-
ment). We use this ligament as an anatomic landmark to lo-
cate the “footprint” of the ATFL on the fibula. We attempt to 
identify and obtain a good view of the ATFL, to preserve it 
during exposure of the anterior margin of the fibula.

Figure 1. Safety zone marked out on the anterolateral aspect of 

the ankle
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Via the anterolateral portal, the first 3.5mm metallic an-
chor is inserted, 1 cm above the point of the lateral malleolus.  
Maintaining the ankle in neutral dorsiflexion and slight ever-
sion, with the aid of a long needle (Suture-lasso, Arthrex®, 
Naples, United States), sutures are threaded separately from 
the anterolateral portal to the previously marked extensor 
retinaculum, exiting through the most inferior region of the 
safety zone, spaced at a distance of approximately 1.0 cm 
(Figure 2 A and B).

The second anchor is inserted 0.5 to 1.0 cm above the first 
(close below the talar dome) and its sutures are threaded in a 
similar manner, but exiting through the most superior region 
of the safety zone. (Figure 3 A, B). A final arthroscopic inven-
tory is performed to check that the sutures had not become 
entangled internally. 

Two small incisions are made, between the exit holes of each 
suture, which are paired and tied together. Two arthroscopic 
knots are made with the ankle in neutral dorsiflexion and slight 
eversion, re-tensioning the ligament structures, capsule, and 
extensor retinaculum. 

Postoperative
During the first week, patients did not put weight on the 

foot and wore an orthopedic boot to maintain the ankle in 

a neutral position. During the second and third week, they 
were allowed to partially load the ankle, with support from 
crutches. From the fourth week on, patients substituted the 
boot with a semi-rigid orthosis and started a physiotherapy 
rehabilitation program.

Patients stopped wearing the orthoses in the sixth week, 
but continued their physiotherapy rehabilitation programs. 

RESULTS
In this study, 16 patients with diagnoses of chronic instability 

of the ankle were treated surgically using the arthroscopic 
Brostrom technique.

There was a statistically significant (p<0.001) improvement 
in mean AOFAS, from 67 points at baseline to 90 points du-
ring the postoperative period, and in the mean VAS for pain 
score from 6 points at baseline to 2 points during the posto-
perative period (Table 1). All of the ankles were stable with 
normal anterior drawer test and talar tilt inversion test results.

With regard to complications, two patients (12.5%) exhibited 
neurapraxia of the superficial peroneal nerve. After drug-ba-
sed clinical treatment, one patient had full resolution of the 
condition while the other only achieved partial recovery. The-
re were no cases of infection or of recurrence of instability.

Figure 2. (A) First anchor arthroscopically inserted into the la-

teral malleolus (1) Distal fibula (2) Lateral wall of the talus (3) 

Anterior talofibular ligament. (B) Sutures passed percutaneously

A

B

Figure 3. (A) Second anchor arthroscopically inserted into the 

lateral malleolus (1) Distal fibula (2) Lateral wall of the talus. (B) 

Sutures passed percutaneously

A

B
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During their return to sporting activities, approximately 4 
months after surgery, three patients (19%) reported subjec-
tive discomfort in the ankle when running. Clinical examina-
tion revealed that the discomfort occurred during plantar 
flexion. There was also discrete reduction in plantar flexion 
in the operated ankle compared with the contralateral ankle. 
This difference in amplitude was detected during the lateral 
inspection when performing maximum active plantar flexion 
of both ankles. Flexion was performed with the patient sea-
ted, maintaining the knee flexed at 90 degrees and the lower 
extremities hanging over the edge of the examination table. 
These patients needed an additional period of physiothera-
py lasting approximately 3 months, delaying their return to 
usual sporting activities (road running), which occurred une-
ventfully after this period. These complaints were considered 
early and transitory complications, because the patients 
exhibited complete remission of symptoms over the course 
of follow-up. 

Assessment of subjective satisfaction with treatment showed 
that 13 patients (81%) classified the result as excellent or 
good, and another three (19%) as regular. Two of the patients 
who rated the treatment as regular had complained of sub-
jective discomfort in the ankle during sporting activities and 
the third had complained of neurapraxia, which only impro-
ved partially. There was no need to reoperate on any of the 
patients before the end of the follow-up period.

Discussion
In this study, surgical treatment of chronic ankle ligament 

instability performed using the arthroscopic Brostrom tech-

nique achieved good clinical results in terms of a reduction 
in VAS for pain scores from 6.5 to 1.8 points and improved 
AOFAS from 67.2 to 90.5 points and was effective for reesta-
blishing ankle stability. There were no recurrence or need for 
surgical reintervention. There was an elevated rate of early 
complications (31.5%), but they were transitory and the majo-
rity progressed to complete remission during follow-up.

Ligament repair using the Brostrom technique via arthros-
copy has been described before, with similar results to our 
study(7,9,10). In a case series with 40 patients, Cottom and  
Rigby observed an improvement in AOFAS from 41.2 to 95.4 
points and VAS improved from 8.2 to 1.1 points, with no ca-
ses of relapse(10). Similarly, Acevedo and Mangone reported a 
high rate of satisfaction and a low rate of recurrence in a case 
series with 73 patients and mean follow-up of 28 months(21). 
Although some studies have demonstrated excellent results 
and low recurrence rates employing just a single anchor and 
two suture threads with this technique(3,7), Feng et al. repor-
ted that using two anchors produced better results(22), which 
is why the authors opted for two anchors in this study.

During their return to sporting activities, approximately 4 
months after surgery three patients (19%) in this series re-
ported subjective pain and discomfort in the ankle when 
running. It is worth mentioning that although these patients 
achieved complete remission of symptoms during follow-up, 
this complaint delayed their return to running and had a ne-
gative impact on their satisfaction with the treatment. During 
clinical examination, it was found that the discomfort was trig-
gered during plantar flexion of the ankle. It was also found 
that there was a slight reduction in the amplitude of plantar 
flexion of the operated ankle compared to the contralateral 

Table 1. Pre- and postoperative data

Patients Age (years) Sex Follow-up 
(months) Preop. vas Postop. vas Preop. 

aofas
Postop. 

aofas Satisfaction Complication

1 37 M 12 5 2 72 93 Good No

2 42 F 14 5 3 76 89 Good No

3 26 F 12 8 5 75 79 Regular Transitory pain

4 28 F 16 5 1 72 95 Excellent Transitory pain

5 21 M 18 5 0 84 100 Excellent No

6 35 F 13 6 2 81 97 Excellent No

7 18 M 18 3 0 95 100 Excellent No

8 39 F 12 6 2 71 96 Excellent No

9 46 M 14 7 1 45 79 Regular Transitory pain

10 37 F 17 9 2 62 94 Excellent No

11 36 M 14 8 1 49 86 Good Neurapraxia

12 40 F 16 7 2 47 78 Regular Neurapraxia

13 32 M 15 6 2 64 87 Excellent No

14 38 F 15 8 3 63 86 Excellent No

15 24 F 13 8 2 58 100 Excellent No

16 36 F 12 8 2 68 94 Excellent No

Mean 33   14 6,5 1,8 67,2 90,8

Preop. vas: (Preoperative visual analog scale for pain); Postop. vas: (Postoperative visual analog scale for pain); Preop. aofas: (Preoperative 
American Orthopedic Foot and Ankle Score); Postop. aofas: (Postoperative American Orthopedic Foot and Ankle Score).
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ankle during maximum active plantar flexion of both ankles. 
Since the difference in the amplitude of movement was dis-
crete, it was not detected objectively. Moreover, methods for 
assessment of the amplitude of ankle movement are still con-
sidered imprecise, particularly those used to measure plantar 
flexion(22,23). This finding was only considered of importance 
by the authors because it was accompanied by pain, since it 
is normal that there is some degree of restriction of move-
ment in an ankle that has undergone ligament repair(11). Con-
sidering that all of the patients in the study followed the same 
postoperative rehabilitation protocol, the authors hypothesize 
that this may have taken place because the arthroscopic 
Brostrom-Gould technique does not result in a fully anatomic 
ligament repair. The technique tensions the ligament and the 
same suture takes in the capsule, the retinaculum, and the su-
ral fascia, creating a large fibrosis at the lateral groove of the 
ankle. The suture also pierces the capsule at several points, 
resulting in a large plication. It is likely that the additional pe-
riod of physiotherapy needed by patients who reported this 
discomfort was necessary to release the fibrosis generated at 
the lateral groove of the ankle.

Another complication was neurapraxia of the fibular nerve, 
observed in two patients (12.5%). Other studies have re-
ported similar rates of this neurological complication(5,7,12). 
A 15% rate of neurapraxia of the superficial peroneal nerve 
was observed in a case series described by Pellegrini et al. 
Although this is an elevated rate, patients improved over 
the course of follow-up(12). Studies by Acevedo et al.(5) and 
Corte-Real et al.(7) observed 6.8% and 10.7 % respectively. 
A safety zone has been defined to protect anatomic struc-
tures in the lateral part of the ankle during suturing and it 
is essential to be able to visualize the superficial peroneal 
nerve in order to draw this zone(5). However, as has been 
described elsewhere in the literature(24), we encountered 
difficulty with visualizing this nerve in patients with high 
body mass index and elevated quantities of subcutaneous 
fat. The plantar flexion inversion maneuver may create a 

false sense of security in these cases, because the location 
of the peroneal nerve changes with the different posi-
tions of the ankle. The nerve moves approximately 2.4 mm 
laterally when the ankle is displaced from plantar flexion in 
inversion to a neutral position or dorsiflexion(24,25). Another 
hypothesis for the cause of this neurological complication 
comes from an anatomic study by Daumau-Pastor et al. They 
describe the IER as aponeurotic tissue that is contiguous 
with the sural fascia and has imprecise limits, so, when we 
traction this structure we are also indirectly tractioning the 
sural fascia and the superficial fibular nerve(26).

Our study presents the results of surgical treatment of chro-
nic ankle ligament instability using the arthroscopic Brostrom 
Gould technique, with results and late complications rates 
compatible with current literature(7,9,10,12). We report an early 
complication rate (31.5%) higher than in the current literature, 
which we believe that can be result of measurement bias, 
with more stringent criteria for detection of complications.

One limitation of this study is that the AOFAS is not a vali-
dated scale for results to assess ankle instability and, conse-
quently, certain clinical features could have been ignored(27). 
A clinical score specifically for assessing ankle instability 
would have enhanced the study’s validity. Other limitations 
include the absence of a control group, and a mean follow-up 
time considered short for assessment of certain complica-
tions, in particular relapse of instability, in addition to failure 
to measure the amplitude of ankle movement in all of the 
cases operated.

Conclusion
Treatment of chronic ankle ligament instability using the 

arthroscopic Brostrom technique effectively restored ankle 
stability and achieved good clinical results according to the 
improvements in AOFAS and VAS pain scores. There was a 
high rate of early complications, but the majority of them 
were transitory, with complete remission was achieved du-
ring follow-up.
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Comparative study of the FAOS and FAAM 
questionnaires as functional assessment  
instruments for patients with hallux valgus
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Abstract
Objective: To compare the Portuguese translations of the Foot and Ankle Activity Measure (FAAM) and the Foot and Ankle Outcome 
Score (FAOS) questionnaires as functional assessment instruments for patients with hallux valgus and assess correlations between 
scores and severity of deformity. 

Methods: A total of 28 patients were assessed and the functional scores provided by the FAAM and FAOS questionnaires were compared 
and their correlations with clinical and radiological severity were analyzed. 

Results: Mean age was 46.88 years (range: 18 to 64). Laterality was distributed as follows: 57.1% had the deformity on the right foot 
(16 cases) and 42.9% on the left (12 cases). The deformities identified were graded as follows: 26.1% of patients had mild deformity (6 
cases), 45.3% had moderate deformity (14 cases), and 28.6% had severe deformity (8 cases). It was observed that the distribution of 
scores for the different grades of deformity was the same for both questionnaires. 

Conclusion: There was no significant difference between the results obtained using the FAAM or the FAOS questionnaire or in the re-
lationship of proportionality between radiological deformity grade and the functional scores obtained using the two tests. 

Level of Evidence IV; Therapeutic Studies; Case Series.

Keywords: Hallux valgus; Diseases of the foot; Surveys and questionnaires.
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Introduction
Hallux valgus, known popularly as bunion, is a complex di-

sorder of the first ray of the foot that is often seen in con-
junction with deformities and symptoms involving the smaller 
toes(1,2). The pathophysiology of this deformity is related to 
extrinsic factors (footwear, trauma) and intrinsic factors (pes 
planovalgus, hypermobility of the first metatarsal-cuneiform 
joint, short or varus first metatarsal, ligamentous laxity, or an 
inclined hallux interphalangeal joint)(3).

The prevalence of this deformity varies from 23 to 64.7% in 
the general population and clinical presentation can include 
pain, deformity, and limitations to wearing footwear, which 
can interfere with daily activities and sports(4-9). A recent po-

pulation based study demonstrated that 76.8% of patients 
with hallux valgus have painful feet, compared with 6.5% of 
the population without deformities(4).

Studies have compared the questionnaires often used in 
the international literature on a range of orthopedic diseases,  
assessing their methodological quality and evidence level, 
and showing that the Foot and Ankle Outcome Score (FAOS) 
and the Foot and Ankle Ability Measure (FAAM) questionnai-
res are frequently used and have comparable validity to the 
Short Form Health Survey (SF-36). Use of questionnaires in or-
thopedic practice has increased considerably, both to assess 
patient satisfaction with the results within health services and 
as a method for comparing different surgical approaches(10-14).
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There are several questionnaires in the specialist literature 
on diseases of the foot and ankle for assessing the functional 
results after patients have undergone surgical treatment. The 
choice of functional assessment method should take into 
consideration use of questionnaires that have been validated 
in both the original language and in the version translated 
into the patients’ native language(11,12).

However, there is no consensus on which questionnaire is 
the best for functional assessment of hallux valgus patients 
or whether translation of these questionnaires into Portuguese 
may have interfered with comparison of their results, preven-
ting comparison of the results of different studies focused on 
the same condition(13).

A recent study demonstrated that 83% of surgeons use 
questionnaires for routine assessments, for research, and for 
keeping records for quality control(13). However, there is a lack 
of published data to show whether the different questionnaires 
employed agree with other when used to assess patients with 
deformities of the forefoot. 

The objective of this study is to compare the Portuguese 
translations of the FAAM and FAOS questionnaires as instru-
ments for functional assessment of patients with hallux valgus 
and test whether their scores correlate with the severity of 
deformity assessed radiologically.

Methods
This study was approved by the Institutional Review Board 

and registered on the Plataforma Brasil database under 
CAAE (Ethics Evaluation Submission Certificate) number: 
16913018.9.0000.5126.

After each patient had been informed about the objectives 
of the study and given their consent, the “Foot and Ankle 
Ability Measure” (FAAM) and the “Foot And Ankle Outcome 
Score” (FAOS) questionnaires were administered and phy-
sical examinations and radiographic assessments were con-
ducted(14).

Patients were recruited who were over the age of 18 years, fe-
male, had hallux valgus and no other disorders of the forefoot, 
agreed to take part, and signed free and informed consent.

All patients were assessed from 2011 to 2016, consecutively, 
by the same surgeon, and their demographic, clinical, and ra-
diographic data and FAOS and FAAM functional scores were 
analyzed. Hallux valgus deformities were classified as mild, 
moderate, or severe according to the Coughlin classifica-
tion(2). This classification takes into consideration the valgus 
angle of the hallux (AVH) and the intermetatarsal angle (IMA) 
between the first and second rays, measured on orthostatic 
X-rays taken in the dorsoplantar view. Measurements were 
taken by tracing lines and measuring the angles between them 
using X-ray image analysis software. The same researcher 
measured angles on all X-rays and the results were verified 
by a second evaluator at a later date. 

Cases in which the AVH was less than 20 degrees and the 
IMA was between 9 and 11 degrees were classified as mild. 
Deformities with an AVH from 20 to 40 degrees and an IMA 

from 12 to 15 degrees were classified as moderate. Cases 
with an AVH exceeding 40 degrees and an IMA exceeding 16  
degrees were classified as severe. 

Inclusion criteria were adult, female patients whose only 
complaint was a bunion, with no other deformities of the  
forefoot, confirmed by clinical and radiographic examination. 
Exclusion criteria were age over 65 years, skeletal immaturity, 
chronic diseases such as cardiac and vascular diseases, which 
could influence physical activity, making them confounding 
factors by selecting patients with preexisting limitations of 
sporting functional capacity, and patients who were profes-
sional or semiprofessional sportswomen. Male patients and 
professional or semiprofessional sportswomen were exclu-
ded in order to avoid introducing selection bias by compa-
ring the impact of the deformity on physical activity across 
different sexes or between patients with different levels of 
sporting ability.

Sample size and statistical analysis
The sample size was calculated on the basis of a two-tailed 

test, with 5% significance level, 95% confidence level, and 
80% test power. The resulting sample size was 24 individuals. 
After accounting for an expected 15% loss from the sample, a 
sample size of 28 individuals was defined. 

Statistical analysis of the data was conducted using SPSS 
(IBM) to conduct Student’s t tests and compare the question-
naire scores using variance tests and the Wilcoxon signed-rank 
test. For the categorical variables, descriptive statistics were 
calculated, expressing variables as frequencies and percenta-
ges with a 95% confidence interval for the FAOS and FAAM 
questionnaires. Scores were also compared using the Wilcoxon 
signed-rank test and correlations between scores were esti-
mated. The confidence level was defined as 0.05. 

Results
Twenty-eight female patients with hallux valgus were asses-

sed clinically and functional assessment scores were calculated 
by administration of the FAAM and FAOS, with help from the 
researcher. Mean age was 47 years (range: 18 to 64) (Table 1). 

Laterality was distributed as follows: 57.1% had the defor-
mity on the right foot (16 cases) and 42.9% on the left (12 
cases). The grades of deformity identified were as follows: 
26.1% of patients had mild deformity (6 cases), 45.3% had 
moderate deformity (14 cases), and 28.6% had severe defor-
mity (8 cases).

Table 1. Paired correlations 

N Correlation Sig.
Pair 1 FAAM & FAOS 28 0.439 0.019

Pair 2 FAAM & deformity 28 -0.058 0.771

Pair 3 FAOS & deformity 28 -0.232 0.234

Paired correlation tests demonstrating absence of significant difference between the scores ob-
tained using the FAAM and FAOS questionnaires (p=0.19) and absence of significant correlation 
between the scores and severity of hallux valgus deformity (p>0.05).
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Mean preoperative FAAM scores were 59.5 in the group of 
patients with mild deformity, 46.3 in the moderate group, 
and 48.25 in the severe group, while late postoperative sco-
res were 84 for the mild, 82 for the moderate, and 84 for the 
severe groups.

No significant relationship was observed between radiogra-
phic severity of hallux valgus and functional limitation mea-
sured by this questionnaire, according to the Mann Whitney 
test (p=1). 

Mean preoperative FAOS scores were 89.17 in the group of 
patients with mild deformity, 74.4 in the moderate group, and 
71.5 in the severe group, while postoperative scores were 99.5 
in the mild, 98 in the moderate, and 99.5 in the severe groups. 

No significant relationship was observed between radiogra-
phic severity of hallux valgus and functional limitation mea-
sured by this questionnaire, according to the Mann Whitney 
test (p=0.182). 

After testing correlations, we observed that there was no 
significant difference between scores using the FAAM or the 
FAOS questionnaire in relation to degree of hallux valgus de-
formity (p=0.19) (Table 2).

Discussion
The FAOS and FAAM questionnaires have both been transla-

ted and cross-culturally adapted(14). However, these question-
naires are very often used in patients with different types of 

diseases, which impacts on interpretation of the results obser-
ved and their applicability in relation to specific disorders of 
the foot and ankle that have high prevalence in the population.

To date, there is no functional assessment questionnaire 
specifically for deformities of the forefoot, making it difficult 
to compare functional results between studies that use the 
different questionnaires validated in Portuguese, even when 
they study the same disorder. There is not yet any consensus 
on the impact of forefoot deformities in terms of limitations 
to activities of daily life and sports. 

The Foot And Ankle Outcome Score questionnaire (FAOS) 
was created by adapting the Knee Injury and Osteoarthritis 
Outcome (KOOS) questionnaire and was developed to provi-
de an instrument to assess functional limitations in different 
conditions of the foot and the ankle(15). It comprises 42 items 
that cover presence of pain and a range of different symp-
toms, and daily activities, recreational activities, and sporting 
activities. Each item has a multiple-choice five-point Likert 
response scale(16). The sum of the item scores is then trans-
formed to a scale from 0 (worst result) to 100 (best result). 

The Foot and Ankle Ability Measure questionnaire (FAAM) 
was developed to be a self-report questionnaire completed 
by the patient(17), but studies conducted with the Portuguese 
version have administered the questionnaire with the patient 
helped by the researcher. It was designed to be used for func-
tional assessment in different diseases of the foot and ankle. 
Items are answered on five-point Likert scales and are split 
into two sub-scales, one covering activities of daily living (21 
items) and the other covering sporting activities (8 items). 
The sum of the item scores is transformed to a scale from 0 
(worst function) to 100 (best result). There is also a supple-
ment that assesses overall functional status from 0 to 100. 

This study did not find significant differences between the 
FAAM and FAOS questionnaires when used as tools for  
assessment of the functional limitations perceived by patients 
with hallux valgus deformity. The functional results using the 
FAAM and FAOS questionnaires do not appear to have a sig-
nificant relationship of proportionality with radiographic se-
verity of the deformity, regardless of which questionnaire is 
used (FAAM p=1.000, FAOS p=0.182). 

More studies should be conducted to investigate the level 
of agreement between widely-used questionnaires, investi-
gating the most frequently treated diseases individually in 
order to improve reliability of comparison of results. One of 
the limitations of this study is its restriction of the sample to 
adult female patients. Other studies could test whether re-
sults are similar with elderly and male populations. Another 
limitation is the sample size and significant differences might 
be detected if the number of patients studied is increased. 

Conclusion
No significant differences were observed in terms of the 

functional limitations perceived by patients with hallux valgus 
deformity using the FAAM or the FAOS questionnaires. 

There was no significant relationship of proportionality  
between radiographic deformity grade and scores on the FAAM 
and FAOS questionnaires.

Table 2. Frequency by age 

Frequency Percent Valid 
Percent

Cumulative 
Percent

Valid 18 1 3.6 3.6 3.6

23 1 3.6 3.6 7.1

26 1 3.6 3.6 10.7

27 1 3.6 3.6 14.3

34 1 3.6 3.6 17.9

35 2 7.1 7.1 25.0

36 1 3.6 3.6 28.6

38 1 3.6 3.6 32.1

39 3 10.7 10.7 42.9

41 1 3.6 3.6 46.4

47 1 3.6 3.6 50.0

54 1 3.6 3.6 53.6

55 1 3.6 3.6 57.1

56 1 3.6 3.6 60.7

58 3 10.7 10.7 71.4

60 2 7.1 7.1 78.6

61 1 3.6 3.6 82.1

62 2 7.1 7.1 89.3

63 1 3.6 3.6 92.9

64 2 7.1 7.1 100.0

Total 28 100.0 100.0

Frequency distribution of hallux valgus pathology by age.
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Minimally invasive bunionette treatment:  
clinical and radiographic results
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Abstract
Objective: To report the clinical and radiographic results of surgical treatment of bunionette deformity with a minimally invasive tech-
nique without the use of hardware. 

Methods: This is a case series of 13 patients (14 feet) with a diagnosis of bunionette surgically treated with a minimally invasive oste-
otomy of the fifth metatarsal. All patients completed the American Orthopedic Foot and Ankle Society (AOFAS) score and a visual 
analog scale (VAS) for pain preoperatively and in the last follow-up visit. Radiographic measurements included the fourth-fifth inter-
metatarsal angle (4-5 IMA) and the fifth metatarsophalangeal (MTP-5) angle. Complications and level of patient satisfaction were also 
documented. 

Results: Mean follow-up was 12.3 months. The mean AOFAS score increased from 51.3 to 94.0, and the VAS score decrease from 7.5 to 
1.1. The MTP-5 angle decreased from 11.5º to 2.3º, and the 4-5 IMA decreased from 9.8º to 3.6º. These outcomes showed a statistically 
significant difference (p<0.001). The only complication was hypertrophic callus formation observed in 3 feet (21.4%). There were no 
cases of infection, neurapraxia, wound dehiscence, nonunion, or deformity recurrence. Ten patients rated their outcome as excellent 
and 3 as good. 

Conclusion: Treatment of bunionette with percutaneous osteotomy of the fifth metatarsal without the use of hardware showed good 
clinical and radiographic results, with a low complication rate and a high level of patient satisfaction. 

Level of Evidence IV; Therapeutic Studies; Case Series.

Keywords: Bunion, Tailor’s; Minimally invasive surgical procedures/methods; Metatarsal bones/surgery; Forefoot, Human/surgery;  
Treatment outcome.
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Introduction
Tailor’s bunion or bunionette is a deformity of the fifth me-

tatarsal head characterized by a bony prominence on the 
lateral, dorsolateral, or plantar aspect of this bone. The etio-
logy is multifactorial and includes anatomic and biomecha-
nical factors(1). Du Vries and Coughlin classified the anatomic 
variations of this deformity into 3 types. In type 1 (16-33%) 
there is an increase in size of the lateral fifth metatarsal 
head condyle, in type 2 (10%) there is a lateral deviation at 

the metadiaphyseal junction, and in type 3 (57-74%) there is 
an increased intermetatarsal angle between the fourth and 
fifth metatarsals(2,3).

Bunionette deformity typically presents with pain in the la-
teral and/or plantar region associated with callus formation 
and difficulty wearing closed toe shoes. Clinical examination 
clearly shows an increased intermetatarsal angle with abduc-
tion of the fifth metatarsal and a varus fifth toe. Initial treat
ment is generally conservative and consists of orthopedic 
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shoes, insoles, and symptomatic medication(4). If this approach 
fails, surgical intervention is indicated(1,5).

Surgical options to treat bunionette include chevron os
teotomy, Sponsel’s osteotomy, and lateral condylar resec-
tion, among others(3,6,7). Some complications associated with 
these procedures are soft-tissue irritation, infection, and  
hardware-related problems(8,9). The description by De Prado 
of a low invasive technique without the use of hardware 
boosted the minimally invasive approaches for the treatment 
of fifth metatarsal deformity(10,11).

The objective of this study was to report the clinical and 
radiographic results of surgical treatment of bunionette de-
formity with a minimally invasive technique initially described 
by De Prado without the use of hardware.

Methods
This study was approved by the Institutional Review Board 

and registered on the Plataforma Brazil database under 
CAAE (Ethics Evaluation Submission Certificate) number: 
12744119.0.0000.5122 and written informed consent was 
obtained from each study participant. 

We retrospectively assessed patients with a diagnosis of 
bunionette who were surgically treated with a minimally in-
vasive osteotomy of the fifth metatarsal from March 2018 to 
August 2019. Eligible participants were all patients with a 
diagnosis of bunionette who did not improve with conserva-
tive treatment consisting of shoe modification and sympto-
matic medication use. Patients undergoing other concomi-
tant surgical procedures were not included. Exclusion criteria 
were a previous history of surgery/deformity of the hindfoot 
and midfoot and rheumatological, neurological, or vascular 
diseases. 

Preoperative evaluation included the application of the 
American Orthopedic Foot and Ankle Society (AOFAS) sco-
re(12) and a visual analog scale (VAS) for pain in all patients. 
Complementary preoperative studies included anteroposterior 

(AP) and lateral non-weight-bearing radiographs. The fifth 
metatarsophalangeal (MTP-5) angle and fourth-fifth interme-
tatarsal angle (4-5 IMA) were measured(13).

In the last follow-up visit, patients again completed the 
AOFAS and VAS and a second radiographic examination was 
performed. Presence of radiographic union (determined by 
bridging bone spanning 3 or more cortices on orthogonal 
radiographs), complications, and level of patient satisfaction 
based on Coughlin’s classification (excellent, good, fair, poor, 
very poor) were also documented(14).

Statistical analysis was performed using GRETL software 
(2017c). Student’s t test was used to compare pre-intervention 
and post-intervention measurements. A p-value <0.05 was 
considered significant.

Surgical technique
The procedure was performed with the patient lying supine 

with the legs hanging off the table and feet resting on the 
image intensifier tube. No tourniquet was used. A 3-mm in-
cision was made on the dorsal aspect of the fifth metatarsal 
and lateral to the extensor tendon of the fifth toe. The soft 
tissues were dissected by carefully scraping them off, thus 
creating a safe working space for osteotomy.

In most cases, osteotomy was performed in the distal third 
of the metatarsal. Only in type 2 bunionette, osteotomy was 
performed at the apex of the curvature of the deformity. A  
2×12mm Shannon burr was positioned approximately 45o to 
the fifth metatarsal sagittal axis to obtain an oblique osteo-
tomy from dorsal distal to plantar proximal. 

The osteotomy was performed by moving the burr from 
lateral to medial. During osteotomy, with the non-dominant 
hand, the surgeon applied external manual pressure to the 
distal fragment in a medial direction. After completion of 
osteotomy, the distal part of the fifth metatarsal migrated 
medially with correction of the deformity (Figure 1). 

Figure 1. Intraoperative sequence of the surgical technique; A) Clinical image; B) Radiographic image.

A

B
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Finally, a gauze-and-tape dressing and compression bandage 
were applied to maintain the correction achieved.

Postoperative period
In the first postoperative week, patients were instructed to 

keep the lower limb elevated during rest to alleviate postope-
rative edema. Immediate full weight-bearing wearing a rigid 
flat-bottom orthopedic shoe was allowed. 

The dressing was changed on a weekly basis for 4 weeks, 
when there is fibrous union and a certain degree of stability at 
the osteotomy site. After 4 weeks, the dressings were repla-
ced with silicone strips and patients were allowed to ambulate 
in a rigid-soled shoe with a wide toe box.

Radiographs were obtained at 2 and 6 weeks postoperati-
vely, and at 3, 6, and 12 months postoperatively (Figure 2).

Results
A total of 13 patients (14 feet) with a diagnosis of bunionette 

were evaluated in this study. All were women, with a mean age 
of 42.7 years (range, 26 to 60 years). One patient underwent 
bilateral treatment in the same surgical procedure. Mean 
follow-up was 12.3 months (range, 8 to 14 months). 

The mean AOFAS score increased from 51.3 to 94.0, and 
the VAS score decreased from 7.5 to 1.1. The MTP-5 angle de-
creased from 11.5o to 2.3o, with a mean improvement of 9.2o. 
The 4-5 IMA decreased from 9.8o to 3.6o, with a mean im-
provement of 6.2o. All parameters showed improvements of 
statistical significance (p<0.001). The data of the study parti-
cipants and their individual results are shown in table 1.

The only complication was hypertrophic callus formation 
observed in 3 feet (21.4%). In the last follow-up visit, these 
patients reported complication resolution, and radiographs 
showed bone remodeling of the hypertrophic callus. There 

were no cases of infection, neurapraxia, wound dehiscence, 
or deformity recurrence. No delayed unions, nonunions, or 
malunions were observed. All patients returned to their usual 
activities with no shoe restrictions. Ten patients rated their 
overall subjective satisfaction as excellent and 3 as good. 

Discussion
This study presented the clinical and radiographic outcomes 

of a series of patients with bunionette surgically treated with 
a minimally invasive osteotomy without the use of hardware. 
An important radiographic correction was demonstrated 
with improvement of the MTP-5 angle and 4-5 IMA and a fa-
vorable clinical outcome with significant improvement in 
pain, as assessed by VAS, AOFAS, and satisfaction rate. The 
main complication was hypertrophic callus formation, which 
improved during follow-up. No serious complications occurred, 
and there was no need to reopen the osteotomy.

Some authors have already demonstrated the efficacy of 
the surgical treatment of this deformity using the same mi-
nimally invasive technique described in the present study. 
Michels et al.(15) published a case series in which the 20 ope-
rated patients had an improvement in mean AOFAS score 
from 54.4 to 96.5, and a mean correction of 14.2o for MTP-5 
angle and 5.7o for 4-5 IMA. Laffenêtre et al.(16) retrospectively 
evaluated 49 operated feet and reported an improvement in 
mean AOFAS score from 58 to 97, and a mean correction of 
12o for MTP-5 angle and 4.4o for 4-5 IMA. The present study 
showed similar clinical and radiographic results, with a fi-
nal AOFAS score of 94 and a mean improvement of 9.2o for  
MTP-5 angle and 6.2o for 4-5 IMA.

The minimally invasive technique used in the present stu-
dy stands out as an effective approach because, via per-
cutaneous access without the use of hardware, it produces 
radiographic results comparable to those of open techni-
ques(17). Surgical wound infection and local hardware irri-
tation are the most commonly described complications in 
open techniques and in techniques that use hardware for fi-
xation of the osteotomy(4,11). The results of the present study 
reinforce this advantage, since there were no cases of infec-
tion, wound dehiscence, or need for surgical reintervention. 
Heckman et al.(18) evaluated 63 patients treated with distal 
osteotomy of the fifth metatarsal using an open technique 
and reported an infection rate of 9.5%, of which 50% requi-
red surgical reintervention with resection of the metatarsal 
head. Recently, Necas et al.(19) retrospectively evaluated 34 
feet with bunionette treated with a scarf osteotomy using 
an open technique and fixation with screws and reported 
complications in 5 cases (14.7%). Although within accepta-
ble limits, surgical reintervention was required in 3 of these 
cases (8.8%) due to postoperative infection, transfer meta-
tarsalgia, and hardware migration(19).

A challenge posed by unfixed osteotomies used to treat 
fifth metatarsal deformity is the risk of developing transfer 
metatarsalgia. Although unfixed osteotomy offers the advan-
tage of no hardware, dorsal migration of the distal fragment 
can occur, and the load can be transferred medially. Kea-

Figure 2. Radiograph obtained at postoperative week 6. A) An-

teroposterior view. B) Oblique view. C) Lateral view, highlighting 

the obliquity of osteotomy and contact between fragments.

B CA
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ting et al.(20), evaluating bunionette deformities treated with  
Sponsel’s osteotomy using an open technique, with a straight 
incision on the sagittal axis and an oblique incision on the 
axial axis, without internal fixation, showed a high rate of 
transfer metatarsalgia (76%). In the present series, although 
no internal fixation was used, there were no cases of transfer 
metatarsalgia. We believe that the absence of this complica-
tion resulted from a technical detail of the osteotomy descri-
bed in this study, which is performed with an oblique incision 
on the sagittal plane at 45º from dorsal distal to plantar pro-
ximal. This configuration helps to maintain contact between 
the distal and proximal fragments on the sagittal axis, pre-
venting the distal fragment from moving dorsally and, con-
sequently, avoiding excess load transfer to the neighboring 
metatarsals (Figure 2C).

The osteotomy described in the present study is associa-
ted with some complications, but the main one is hypertro-
phic callus formation during the healing process. Several au-
thors treating this deformity with a percutaneous technique  
without fixation have reported this complication(15,16,21,22). In 
the series published by Laffenêtre et al.(16), 7 patients had 
hypertrophic callus formation, and the authors related this 
type of complication to cases operated bilaterally. In the 
present case series, the only complication was hypertrophic 
callus formation, which occurred in 3 feet (21.4%), with 1 case 
occurring in a patient operated bilaterally. During follow-up, 

there was callus remodeling and symptom improvement; 
however, this process is slow and may delay the return of 
patients to their usual activities and reduce their satisfaction 
with the treatment. This probably occurs due to residual ins-
tability of these unfixed osteotomies associated with early 
weight-bearing on the operated limb, which is more evident 
in patients treated bilaterally. 

This study has a strength that deserves to be highlighted. 
Patients in this series underwent bunionette correction alone, 
without any additional procedure. This makes the assessment 
of bunionette treatment more reliable than that of most series 
reported in the literature, which evaluated the results of this 
technique in patients undergoing concomitant hallux valgus 
correction and other metatarsophalangeal osteotomies.

Limitations of this study include the small sample size, short 
follow-up, and lack of a control group. Comparative studies 
with higher scientific level and a larger number of participants 
are necessary to confirm the observed findings.

Conclusion
Treatment of bunionette with percutaneous osteotomy of 

the fifth metatarsal without the use of hardware showed good 
clinical and radiographic results, with a low complication rate 
and a high level of patient satisfaction. 

Table 1. Study patient data and individual results

Foot No. Age Sex Side Type*
MTP-5 angle 4-5 IMA AOFAS VAS

Preop Postop Preop Postop Preop Postop Preop Postop
1 54 F R 3 16 6 12 6 50 95 8 2

2 60 F L 3 12 2.5 12 6.5 40 95 9 0

3 55 F R 3 16 2 10.5 5 53 95 9 0

4 33 F R 3 8 2.5 10 4 53 95 6 1

5 40 F L 3 10 2 11.5 4 53 95 6 1

6 52 F R 2 14 4 5 2 63 95 5 0

7 33 F R 3 8 2 12 6 49 95 8 2

8 40 F L 3 8 0 10 3.5 53 95 7 2

9 26 F R 3 12.5 3 13 4.5 35 93 10 3

10 26 F L 3 12 4 9 1 40 93 8 2

11 43 F L 3 12.5 3.5 8 2.5 62 95 5 0

12 35 F L 2 15 3 9 2 40 95 10 0

13 60 F L 2 8 -1 9 1.5 58 95 9 0

14 42 F L 1 9 0 7.5 2.5 70 85 5 3
*Deformity type as classified by Du Vries and Coughlin.
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Suprapatellar intramedullary nailing of the tibia
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Abstract
Objective: To report our experience with intramedullary fixation and osteosynthesis of the tibia with suprapatellar approach and se-
miextended positioning. 

Methods: This study retrospectively assessed 6 patients with tibial fracture treated with suprapatellar intramedullary nail fixation and 
osteosynthesis from September 2015 to September 2018. 

Results: There was acceptable bone fixation. Mean healing time was 6 months (range: 4-10 months). Postoperative pain was assessed 
using a visual analog scale, and the knee was divided into 9 quadrants to help locate the specific site of pain; all participants reported 
that pain was located at distal quadrants. Knee function was completely restored. 

Conclusion: Suprapatellar approach with the knee in the semiextended position is a good surgical technique for extra-articular pro-
ximal tibial fractures or those associated with soft tissue involvement at the conventional infrapatellar entry site. Thus, this analysis 
led us to believe that the technique should also be applicable to middle diaphyseal fractures or fractures in general, regardless of 
their location. 

Level of Evidence IV, Therapeutic Studies; Case Series.
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Introduction
Tibial fractures are the most common long bone fractures, 

and extra-articular proximal tibial fractures account for 5-11% 
of all tibial shaft fractures. They are usually caused by high-ener-
gy trauma and often associated with soft tissue injuries(1).

The treatment of choice for extra-articular tibial fractures, 
regardless of their location (epiphysis, metaphysis, or diaphy-
sis), is fixation and osteosynthesis with intramedullary nails(2), 
which are inserted through an infrapatellar portal with the 
knee in the maximum flexion position(3). There are two pro-
blems with this approach. First, it requires maximum flexion 
of the knee, meaning that fixation of proximal fractures is af-
fected by the patellar tendon, which shows antecurvatum de-
formity; second, the nail entry site is often compromised by 
soft tissue injuries resulting from these fractures. Therefore, a 
new technique emerged to treat these fractures using a su-
prapatellar approach and semiextended positioning(1).

The aim of this study was to report our experience with in-
tramedullary fixation and osteosynthesis of the tibia with a 
suprapatellar approach and semiextended positioning.

Methods
This study was approved by the Institutional Review Board.

The present study retrospectively assessed 6 patients with 
tibial fracture treated with suprapatellar intramedullary nail 
fixation and osteosynthesis from September 2015 to Septem-
ber 2018.

Inclusion criteria were patients aged 18 years or over with 
extra-articular proximal tibial fractures or with fractures asso-
ciated with soft tissue injuries at the conventional infrapatellar 
entry site, regardless of their location, who were followed up 
for at least 12 months.
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Patient assessment included clinical history, imaging scans, 
and functional testing of the knee. The following variables 
were investigated: type of fracture according to AO classi-
fication, quality of fracture fixation according to acceptable 
angle values (angle deviations below 6o at any plane)(4), ra-
diographic bone healing (bridging of two or more cortices)(5), 
postoperative pain intensity according to a visual analog sca-
le, site of pain, and knee function (Table 1).

Surgical technique
Patients were placed in the supine position on a radiolu-

cent table with the knee semiextended at an angle from 15° 
to 30°. No hemostatic tourniquet was applied (Figure 1). First, 
a 2-3cm longitudinal incision was made along the midline at 2 
cm proximal to the upper portion of the patella. After dissec-
tion through the quadriceps tendon, a guide pin was inserted 
into the tibia under radioscopic control, using the following 
landmarks: a line medial to the lateral intercondylar tubercle 
of the tibia in the coronal plane, and ventral edge of the joint 
surface in the sagittal plane (Figure 2). Subsequently, we pla-
ced a patellofemoral protection sleeve, whose internal and 
external parts were made of metal and thermoplastic ma-
terial, respectively. Afterwards, surgery proceeded with the 
usual procedures of the infrapatellar technique.

Results
Mean age at the time of surgery was 48 years (range: 22 to 

82 years); all patients were male. Five fractures affected the 
left leg and one affected the right leg. Five fractures were 
located at the proximal third of the diaphysis and one was 
located at its distal third (Figure 3).

Two fractures were open, both classified as Gustilo-Ander-
son 3A, and four were closed. Four fractures were caused by 
high-energy trauma, of which two were caused by a motor 
vehicle collision, one by fall from height, and another by a 
high-risk sport. Two fractures were associated with contrala-

teral leg fracture, one with homolateral patellar fracture, and 
one with severe multiple trauma.

Mean time elapsed from fracture to surgery was 10 days 
(range: 3 to 25 days). Of note, the longest times were found 
for the two cases of open fracture, which required surgical 
cleaning and temporary external stabilization. Mean follow-up 
duration was 22 months (range: 12 to 48 months). 

Acceptable bone fixation was achieved in all cases, as 
shown by adequate alignment (mean frontal axis of 1o and 
mean lateral axis of 4.36o), length, and rotation in control pa-
noramic frontal and lateral radiographs of the leg.

Mean time for bone healing was 6 months (range: 4 to 10 
months) (Figure 4).

Three patients reported postoperative pain, of whom two 
had moderate pain and one had mild pain according to the 
visual analog scale.

To enable the assessment of site of pain, the knee was di-
vided into three thirds (purely articular third, extra-articular 
proximal third, and extra-articular distal third), and each of 
these thirds was further divided into another three thirds (in-
ternal, middle, and external) (Figure 5).

All cases of pain were located at the distal third, i.e., the 
lower extra-articular third. One of these cases, which was lo-
cated at the internal distal third and was related to the pro-
ximal locking nail used in osteosynthesis, resolved soon after 
nail removal. The other two, which were located at the middle 
distal third and were related to fracture focus or bone expo-
sure area and soft tissue injury, did not require any other pro-
cedure. There were no reports of pain at the proximal middle 
third (surgical site) or at the articular middle third (patellofe-
moral compartment).

Knee function was completely restored in all patients, and 
maximum knee extension and flexion angles were restored 
to those reported prior to the fracture or to those found in 
the healthy contralateral knee (Figure 6). There were no soft 
tissue complications at the surgical site.

Table 1. Patients

1 2 3 4 5 6
Age 65 36 22 44 82 40

Sex M M M M M M

Type of fx 42-A2 P 42-A1 P 42-A2 P 42-B2 D 42-A2 P 42-A3 P

Affected side L L L L L R

Associated events Patellar fx Contralateral tibial fx Open fx Open fx Contralateral tibial fx -

Days from fx to sx 3 6 25 15 6 7

Fixation Satisfactory Satisfactory Satisfactory Satisfactory Satisfactory Satisfactory

Healing time 6 m 4 m 10 m 4 m 6 m 5 m

Follow-up duration 48 m 18m 18 m 15 m 12 m 12 m

Postoperative pain 6 0 5 0 2 0

Site of pain 7 - 8 - 7 -

Function Complete Complete Complete Complete Complete Complete

Fx: fracture; Sx: surgery.
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Figure 1. Patient positioning.

Figure 2. Placement of guide pin and radioscopic control.

Figure 3. Frontal and lateral radiograph of a typical proximal tibial 

fracture.

Figure 4. Frontal and lateral radiographs showing bone healing.

Figure 5. Quadrants to assess sites of pain.

Discussion
According to the literature, proximal tibial fractures are diffi-

cult to manage using the infrapatellar approach. Traction of 
patellar and hamstring tendons usually leads to malalignment 
and more complex fixation(4). Malalignment is reported to 
range from 58 to 84%(5).
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Therapeutic alternatives include plates that allow for di-
rect visualization and anatomic fixation. However, they have 
some disadvantages, such as poor axial fixation and poor 
varus stability, in addition to greater risk of infection and 
dehiscence in cases requiring large dissections for the pla-
cement of these plates(1).

The two main indications for suprapatellar approach are 
extra-articular proximal tibial fractures and those associated 
with soft tissue involvement at the infrapatellar entry site. Se-
condary indications may include patients with knee flexion 
deficit, patella baja, or patellar tendon calcification(1).

In 1996, Tornetta and Collins(6) were the first to treat proxi
mal tibial fractures with the knee in the semiextended po-
sition and using a suprapatellar approach by performing a 
subluxation of the middle patella. However, Cole was the au-
thor who proposed, in 1998(7), a minimally invasive suprapa-
tellar insertion technique that approaches the midline of the 
quadriceps. In 2018, Wang et al.(8) conducted a review that 
showed advantages of the suprapatellar approach with re-
gard to shorter radioscopy duration. We agree that semiex-
tended positioning facilitates the operation of the radioscopy 
equipment.

We believe that the semiextended knee position makes sur-
gical management easier in patients with multiple trauma 

and in those with soft tissue involvement at the infrapatellar 
entry site. Compared to findings from the literature, we did 
not observe anterior knee pain related to nail insertion using 
the suprapatellar approach. Higher levels of knee pain after 
infrapatellar nailing may result from knee flexion during nail 
insertion or from the transpatellar tendon approach(3,7,8).

Suprapatellar approach is questioned due to possible pa-
tellofemoral joint damage. Gelbke et al.(9) compared patello-
femoral contact pressure of infrapatellar and suprapatellar 
nailing of the tibia in human cadaver specimens and found 
that was the maximum pressure recorded during the supra-
patellar procedure was 3.83 MPa, which was three times higher 
than that recorded during the infrapatellar procedure (1.26 
MPa). However, the suprapatellar value is still below the 4.5 
MPa at which apoptosis of chondrocytes occurs and, there-
fore, suprapatellar nailing did not pose significant risks to 
patellofemoral joint integrity.

Sanders et al.(3) assessed a series of 26 cases undergoing ar-
throscopies before and after nail insertion to investigate the 
presence of osteochondral lesions and found no such lesions 
in these patients. Similarly, our analysis did not find any pa-
tient with symptoms suggesting patellofemoral involvement.

The limitations of our study include its small sample size 
(6 patients) and lack of accurate angle measurements with 
weight-bearing panoramic radiographs, which would help 
to diagnose arthroscopically damage to the patellofemoral 
cartilage.

Conclusion
Suprapatellar approach with the knee in the semiextended 

position is a good surgical technique for extra-articular pro-
ximal tibial fractures or those associated with soft tissue in-
volvement at the conventional infrapatellar entry site. Thus, 
this analysis led us to believe that the technique should also 
be applicable to middle diaphyseal fractures or fractures in 
general, regardless of their location. 
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Abstract
Objective: To evaluate the profile of foot and ankle injuries in professional soccer. 

Methods: Data were collected prospectively during the 2016 São Paulo Soccer Championship using two electronic forms: an initial form 
(10 variables) and a follow-up form (6 variables). The results were standardized and evaluated in SPSS 23.0. 

Results: A total of 259 injuries were reported: 106 to the thigh (40.9%), 42 to the foot and ankle (16.2%), 39 to the knee (15.1%), 39 to 
the head or face (15.1%) and 33 in other locations (12.7%). Of the 42 foot and ankle injuries, 20 were lateral ankle sprains (47.6%), 5 were 
medial ankle sprains (11.9%), 3 were to the triceps surae (7.1%), 3 were leg contusions (7.1%), 3 were foot contusions (7.1%), 2 were myal-
gias (4.8%), in addition to 5 other types (11.9%). There was physical contact in 73.8% of the injuries (p <0.001), and six injuries (14.3%) 
were considered severe, i.e., involving a time loss of at least one month. Of the severe injuries, four were treated surgically (three by 
osteosynthesis and one by tenorrhaphy). The mean time loss due to injury was 19.7 days, and the overall incidence rate was 3.5 injuries 
per 1000 hours of exposure, with 2.1 ligament injuries per 1000 hours. X-rays and magnetic resonance imaging were the most requested 
tests in the follow-up of these patients. 

Conclusion: Foot and ankle injuries were the second most frequent injury in Brazilian professional soccer, 73.8% of which resulted 
from physical contact (p<0.001). Lateral ankle sprains accounted for 47.6% of these injuries, which reaffirms their high prevalence and 
importance for sports medicine. 

Level of Evidence III; Prognostic Studies; Prospective Study.

Keywords: Foot injuries; Soccer; Athletes.
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Introduction
Soccer is one of the most popular sports in the world(1). It 

is estimated that the sport generates more than 30 billion 
dollars per year worldwide and is played by more than 240 
million people(2). Since it involves running, sprinting, jumping 
and quick changes of direction, soccer athletes are exposed 
to several types of injuries to the muscles and ligaments, as 
well as contusions and even fractures(1,3,4). Studies have shown 
that soccer has a higher injury rate than other sports, inclu-
ding handball, volleyball, basketball, judo, and swimming(5,6).

The injury rate in this sport can reach 70 per 1000 hours of 
exposure(3). Recent data show that the leg is the main site of 
these injuries, which are mainly traumatic in origin(2,3,7,8). De-
pending on the force of the trauma, these injuries can be se-
rious, sidelining players for long periods, damaging both the 
player and the team(2,9).

In Brazil, the exhaustive training regimen and frequency of 
matches appear to increase the players’ exposure to injuries. 
Nevertheless, studies on the profile of these injuries are still 
scarce in the national literature(3,10–14). To date, we have found 
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no Brazilian studies on foot and ankle injuries in professional 
soccer, only rare articles assessing recreational and pre-pro-
fessional levels, which have found that lateral ankle sprain is 
the most prevalent diagnosis(15–17).

Thus, our group proposed to prospectively asses foot and 
ankle injuries in the 2016 Paulista Soccer Championship (lea-
gues A1 and A2), with the primary objective of understanding 
and describing these injuries. 

Methods
This study was approved by the Institutional Review Board 

and registered on the Plataforma Brazil database under 
CAAE (Ethics Evaluation Submission Certificate) number: 
20242919.1.0000.5505.

Data collection was carried out prospectively with a spe-
cially developed electronic form that was filled out by the 
team doctor after each game. Two questionnaires were 
applied at different points in the study. The initial form con-
tained 10 items: basic data about the match, whether an in-
jury occurred, the injured player’s date of birth, his position 
(goalkeeper, forward, etc.), the part of the match in which 
the injury occurred, injury topography, injury laterality, injury 
type, whether there was shock/trauma, and probable diag-
nosis. The second form, which followed up cases of injury, 
consisted of 6 items: complementary exams, whether surgery 
was required, the date of the player’s return, total time loss in 
days, injury severity, and final diagnosis.

The concept of injury conformed to the Injury Consensus 
Group statement in Fuller et al. (2006): “Any physical com-
plaint sustained by a player that results from a football match 
or football training, irrespective of the need for medical 
attention or time loss from football activities”(18).

 All injuries reported in full through the two questionnaires 
were included. Questionnaires filled out incorrectly or incom-
pletely were excluded. The results were standardized accor-
ding to Brazilian Football Confederation consensus(19). The 
injuries were classified into five severity categories based on 
time loss: mild (up to 3 days), minor (4 to 7 days), moderate 
(8 to 28 days), major (29 days to 8 weeks) and severe (over 8 
weeks)(19). The matches were divided into 3 parts: beginning 
(0-15 minutes), middle (16-30 minutes) and end (31-45 minu-
tes + additions)(18).

To assess the incidence (I) of foot and ankle injuries, we first 
calculated the total hours of exposure (Exp), resulting in the 
formula: Exp = Nm x Np x Dm/60 where Nm is the number of 
matches, Np is the number of players, and Dm is the duration 
of the match. Finally, we calculated the incidence (I) as: I = 
Nlfa x 1000/Exp, where Nlfa is the number of foot and ankle 
injuries and Exp the exposure (in hours). The final product of 
this calculation is given in injuries per 1000 hours of exposure. 

Descriptive analyses of categorical and numerical variables 
were performed, and the significance of their differences was 
measured with the chi-square test in SPSS 23.0. P-values 
<0.05 were considered significant.

Results
In a total of 353 matches (150 in the A1 league and 203 in 

the A2 league), 259 injuries were reported: 106 to the thigh 
(40.9%), 42 to the foot and ankle (16.2%), 39 to the knee 
(15.1%), 39 to the head or face (15.1%), and 33 to other loca-
tions (12.7%), which corresponds to a rate of 0.73 injuries per 
match. Of the 42 injuries to the foot and ankle, 20 were lateral 
ankle sprains (47.6%), 5 were medial ankle sprain (11.9%), 3 
were to the triceps surae (7.1%), 3 were leg contusions (7.1%), 
3 were foot contusions (7.1%), 2 were myalgias (4.8%), and 1 
was a cramp (2.4%). Four injuries required surgical treatment 
(9.5%): 1 calcaneal tendon rupture, 1 tibia fracture, 1 unimalleo
lar fracture, and 1 midfoot fracture, while surgical treatment 
was indicated in only 6.9% of the injuries to other anatomical 
regions (p>0.05). 

The mean age of athletes with foot and/or ankle injuries was 
25.4 years, compared to 27.0 years for all other injury types 
(p>0.05). The mean time loss for athletes with foot and/or 
ankle injuries was 19.7 days, compared to 23.7 days for other 
injury types (p>0.05). The incidence rate for all foot and ankle 
injuries was 4.4/1000h exposure in the A1 league, 2.8/1000h 
in the A2 league and 3.5/1000h overall (8349 total hours of 
exposure) (p>0.05). The overall incidence rate for ligament 
injuries alone was 2.1/1000h. No significant differences were 
found regarding the other factors (position, laterality, etc.) 
(p>0.05) – see table 1.

Table 1. Comparison of ligament and non-ligament injuries 

Ligament lesion
p

No Yes
Position Goalkeeper 2 0

0.30

Fullback 4 4

Defender 0 4

Defensive midfielder 3 4

Midfielder 4 6

Forward 4 7

Side Left 8 14
0.57

Right 9 11

League A1 9 14
0.85

A2 8 11

Time of day Morning 1 1

0.89Afternoon 7 12

Night 9 12

Point in match Beginning 3 3

0.85Middle 5 7

End 9 15

Contact Yes 11 20
0.27

No 6 5
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Table 2 shows the differences between foot and ankle inju-
ries and all other types. It should be pointed out that 73.8% 
of the foot and ankle injuries involved physical contact 
(p<0.001), while 92.5% of thigh injuries did not (p <0.001). 
Finally, table 3 summarizes the complementary exams re-
quested during follow-up treatment. 

Discussion
After the thigh (40.9%), the foot/ankle was the second most 

affected region of the body in this study (16.2%). This is in line 
with data from other championships. A seven-season (2001-
2008) study of the Union of European Football Associations 
found prevalences of 37% and 31% for thigh and foot/ankle 
injuries, respectively, while prevalences of 41.1% of and 21.1% 
thigh and foot/ankle disorders, respectively, were reported 
in the 2016 Brazilian Championship. However, such findings 
are inconsistent with other international championships, such 
as the 2002 World Cup, in which the injury prevalences were 
39.8% and 24% in the foot/ankle and the thigh, respectively, 
as well as the 2011 Copa América, in which the injury preva-
lences were 34.9 % and 27% in the foot/ankle and the thigh, 
respectively(2,5,8,12,20).

In the present study, traumatic events were frequent, occurring 
in 73.8% of foot and ankle injuries, which approaches the upper 
limit of the 58% to 86% range described in the literature(6–8,21–26). 
The highest reported rate of traumatic events occurred during 

the 1998-2001 FIFA competitions, which included the 1998 
World Cup and the 2000 Olympic Games(7,9,19,20,23). The similar 
injury profile between the FIFA championships and our fin
dings suggests that the Brazilian competitions are just as hotly 
disputed (7,9,19).

The overwhelming majority of thigh injuries, however, occurred 
without direct contact from other players. Trauma was men-
tioned in only 8 of the 106 thigh injuries (p<0.001), and the 
remaining 98 were due to muscle strains. Of all reported in-
juries in the sample, strains occurred in 39.8%, with a further 
20.5% due to sprains and 16.6% to contusions. The remaining 
23.1% involved dislocations, fractures and concussions. These 
proportions differ significantly in other countries; in Japan, 
for example, 32.2% of injuries are sprains, 27.0% contusions, 
and 18.4% strains(23). They also differ from other major FIFA 
championships, where the frequency of contusions has rea-
ched 59%(7). These regional differences in muscle strain pre-
valence suggest differences in the quality of physical training 
and corroborate the hypothesis that Brazilian competition is 
more physically demanding(1,13,19). However, more studies are 
needed to substantiate this hypothesis, especially since we 
live in a tropical country and other factors, both intrinsic and 
extrinsic, can influence the occurrence of these injuries(1). 

Among the foot and ankle injuries, the most frequent type 
(47.6%) was lateral ankle sprain, followed by medial ankle 
sprain (11.9%), triceps surae (7.1%), and contusions of the leg 
(7.1%) and foot (7.1%). According to the literature, lateral ankle 

Table 2. Comparison of foot and ankle injuries

Physical contact Yes No p
Other 96 121

<0.01
Foot and ankle 31 11

League A1 A2 p
Other 102 115

0.357
Foot and ankle 23 19

Severity Mild Minor Moderate Major Severe p
Other 57 45 76 24 15

0.217
Foot and ankle 10 13 13 1 5

Part of the day Morning Afternoon Night p
Other 25 75 117

0.253
Foot and ankle 2 19 21

Part of the match Beginning Middle End p
Other 54 69 94

0.192
Foot and ankle 6 12 24

Position Goalkeeper Fullback Defender Defensive 
midfielder Midfielder Forward p

Other 12 36 37 38 35 59
0.755

Foot 2 8 4 7 10 11
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sprains are one of the most common sports injuries (up to 
30%), with an incidence ranging from 1.7-2.0/1000h(1,2,4,24,25,27). 
They are a common injury even in sports played with the hand, 
such as basketball, volleyball and handball(2,6). Our value of 
2.1/1000h is consistent with these data(1,2,4,24,25,27). In the most 
severe cases, sprains can produce syndesmosis injuries, howe-
ver no such case was reported in our sample(25,27). The mean 
time loss due to injury in our study was 19.7 days, which was 
less than that found in the literature (34-37 days)(20,25).

 Of the 20 lateral ankle sprains, none were treated with sur-
gery, while in eight cases no imaging exam was performed. 
The main requested complementary exam was magnetic 
resonance imaging. This discrepancy in the way cases were 
handled and the differing criteria for requesting exams suggests 

a heterogeneity among the teams regarding the treatment of 
ankle sprains and reflects a need for standardized care and 
follow-up by specialized professionals. 

This study has certain limitations. The main challenge was 
to ensure that the data were recorded correctly and comple-
tely by the team doctors. Although we standardized the data, 
the diagnostic criteria were not uniform and this may have 
added some observational bias. Another obstacle was a lack 
of in-depth data on the evolution of each injury, including its 
classification, the exams performed, and the physical therapy 
rehabilitation protocols for each team, as well as data on trai-
ning injuries. However, despite its limitations, this is the first 
Brazilian study on foot and ankle injuries in professional soccer, 
which opens the door for future research that will improve 
our understanding of these injuries and direct our efforts 
toward increasingly effective therapeutic interventions(28,29).

Conclusion
This study provides initial data on the profile of foot and ankle 

injuries in Brazilian professional soccer. Foot and ankle inju-
ries were the second most frequent topography, and 73.8% 
of these injuries resulted from physical contact (p<0.01). A 
total of 47.6% of the foot and ankle injuries were lateral ankle 
sprains, which reaffirms their prevalence and importance, es-
pecially in professional soccer. 

Table 3. Complementary examinations 

None 15 (35.7%) 

Magnetic resonance imaging 15 (35.7%) 

X-ray 11 (26.2%) 

Ultrasound 2 (4.7%)

Computed tomography 1 (2.4%)
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Abstract
Objective: The objective of this study was to evaluate current percutaneous foot surgery practice among Brazilian specialists. 

Methods: A cross-sectional observational study was conducted, surveying members of the Brazilian Foot and Ankle Society (ABTPé) 
by emailing electronic questionnaires in 2017 and 2019. The information requested included demographic data and the profile of their 
practice with relation to percutaneous foot surgery. A total of 74 participants completed the survey questionnaire in 2017 and 82 in 
2019 (response rates of 15 and 14% respectively). 

Results: A total of 49 participants in 2017 (65.33%) and 57 in 2019 (69.51%) were performing percutaneous foot surgery. Among res-
pondents who were not performing percutaneous foot surgery, 15 in 2017 (57.69%) and 10 in 2019 (40%) stated that they believed in 
the method, but had not been trained to perform it. Exclusively spinal anesthesia was used by 19 surgeons in 2017 (38.77%) and 23 
in 2019 (40.35%). When correcting Hallux Valgus, 13 surgeons in 2017 (26.53%) and 3 in 2019 (5%) did not use any type of fixation. 
The most frequently reported complication was poor reduction in both periods, reported by 36 (73.46%) participants in 2017 and 39 
(68.42%) in 2019. 

Conclusion: In Brazil, a lack of specific training is one factor that limits the practice of percutaneous foot surgery. The technique is used 
by a greater number of younger surgeons. The most frequent complication is poor reduction and there is a growing trend to employee 
fixation hardware. 

Evidence Level V; Expert Opinion.

Keywords: Minimally invasive surgical procedures; Hallux valgus; Foot; Orthopedic surgeons.
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Introduction 
Percutaneous surgery is an additional tool for treatment of 

diseases of the foot, in particular the forefoot(1). Whereas in 
minimally invasive surgery, corrections are made under direct 
visualization of structures via small incisions, in percutaneous 
surgery, corrections are made via minimal incisions, without 
direct visualization of the structures involved, using tactile 
sensations and radioscopy.

The first generation of percutaneous surgery was intro-
duced in the 1970s by Stephen Isham, in the United States, 
and was later improved upon by Mariano de Prado and the 
anatomist Pau Golano in Spain, up to the establishment of  
GRECMIP (Groupe de reserche et d’enseignement em chi-

rurgie mini-invasive du pied), which today is an internatio-
nal group interested in teaching and developing arthroscopy 
and percutaneous surgery. The method has attracted inte-
rest because of its potential for smaller scars, less postope-
rative pain, faster recovery and early mobilization, shorter 
rehabilitation time, and lower risk of complications related to 
the operating wound(1).

Use of the technique has grown considerably over recent 
years(2), but its use by members of the Brazilian Foot and 
Ankle Society (ABTPé) has not been surveyed previously. The 
objective of the present study was to determine the profile of 
current percutaneous foot surgery practice among foot and 
ankle surgery specialists in Brazil, using electronic question-
naires sent by email (Google forms). 
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Methods
This study was approved by the Institutional Review Board 

and registered on the Plataforma Brasil database under 
CAAE (Ethics Evaluation Submission Certificate) number: 
11311119.4.0000.5404.

The study was initiated by sending out a questionnaire via 
email and via a multiplatform instant messaging program 
(WhatsApp) to all members of the Brazilian Foot and Ankle 
Society (ABTPé) in 2017 and again in 2019. The questionnaire 
contained a total of 33 questions on foot and ankle percu-
taneous surgery practices. Questions were closed, but more 
than one response was permitted, following a logical sequen-
ce, facilitating completion of the questionnaire. Twelve of the 
questions covered patterns of percutaneous foot surgery 
practice, such as the number of operations performed per 
year, aspects related to professionals’ training in the method, 
distribution of practicing surgeons by regions of Brazil, indi-
cations and specific techniques employed, use of any type de 
fixation, type of anesthesia employed, use of tourniquets, and 
the main complications observed.

Data were analyzed using STATA v14.2 statistical software 
(StataCor, Texas, United States). Chi-square or Fisher’s exact 
tests were used to compact percentages from 2017 against 
those from 2019 and a 95% significance level was adopted. 
Quantitative and qualitative descriptions of the responses to 
each item are included in the results. 

Results 
A total of 75 participants out of the total of 504 Society 

members in 2017 82 out of the total of 635 Society mem-
bers in 2019 completed the questionnaire (response rates of 
14.88% and 12.91%, respectively). A majority of the partici-
pants were from the Southeast region, with 48 (64%) in 2017 
and 55 (67.07%) in 2019, followed by the South, with 15 (20%) 
in 2017 and 13 (15.85%) in 2019 (Figure 1). 

The majority (n=52, 69.33%) of Society members who answe-
red the questionnaire in 2017 had more than 10 years’ expe-
rience in foot and ankle surgery. In 2019, the number with 

more than 10 years’ experience was 40 (48.78%). In both 
surveys, a majority of those who did conduct percutaneous 
surgery performed from 10 to 30 procedures per year: 14 
(28.57%) in 2017 and 21 (36.84%) in 2019 (Figure 2).

In 2017, 75 Society members answered the questionnaire, 49 
(65.33%) of whom were performing percutaneous foot sur-
gery. Among the remaining 26 members who were not con-
ducting percutaneous foot surgery, 22 (84.61%) stated that 
they believed in the method, but lacked either the training or 
the equipment needed and just 3 (11.53%) stated that they did 
not believe in the method. In 2019, 57 (69.51%) were conduc-
ting percutaneous surgery and 25 (30.49%) were not. Sixteen 
(64%) of those who were not, did believe in the method, but 
lacked either the training or the equipment needed, and 6 
(24%) did not believe in the method.

Exclusively spinal anesthesia, was used by 19 surgeons 
in 2017 (38.77%) and 23 in 2019 (40.35%). Locoregional 
anesthesia with sedation was used by 14 surgeons in 2017 
(28.57%) and 14 in 2019 (24.56%), while a further 12 surgeons 
in 2017 (24.48%) and 18 in 2019 (31.57%) used two types of 
anesthesia.

In regard to use of a tourniquet, in 2017, 9 (18.36%) surgeons 
used one and 39 (79.59%) did not. In 2019, just 4 (7.01%) 
were using a tourniquet and 53 (92.98%) were operating  
without one.

In both 2017 and 2019, the pathologies most often treated 
with percutaneous surgery were Hallux Valgus, Metatarsal-
gia, Bunionette, and deformities of the smaller toes. The least  
treated condition was arthritis (Figure 3).

The techniques for correcting Hallux Valgus most used by 
Society members were the Akin and Reverdin Isham in 2017, 
and the Akin and Chevron in 2019 (Figure 4).

With regard to use of fixation in osteotomies to correct 
Hallux Valgus, 13 surgeons in 2017 (26.53%) and 3 surgeons in 
2019 (5.26%) did not use any kind of fixation, whereas 36 in 
2017 (73.46%) and 54 in 2019 (94.73%) used fixation in one or 
more correction technique, and osteotomy of the base of the 
first metatarsal was the technique most often performed with 
fixation in 2017 (42.85%), whereas in 2019 it was the Chevron 
(87.71%) (Figure 5). 

Figure 1. Regions in which participants practice. Figure 2. Time since qualified in ankle and foot surgery.
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The most frequently reported complication was poor re-
duction in both survey years: 36 (73.46%) in 2017 and 39 
(68.42%) in 2019. Pseudarthrosis was the least frequently re-
ported complication in both years, with 7 (14.28%) reports in 
2017 and 19 (33.33%) in 2019 (Figure 6). 

Both in 2017 and in 2019, the most common source searched 
for information was textbooks, endorsed by 40 (81.63%%) 
and 49 (85.96%) participants respectively. 

With regard to the professionals’ training or qualifications, 
just 7 (14.28%) participants in 2017 reported being trained 
during specialty residency, increasing to 22 (38.59%) in 2019. 
The most frequent type of training was courses attended in 
Brazil and abroad, with 30 (61.22%) and 33 (57.89%) in 2017, 
and 31 (63.26%) and 28 (49.12%) in 2019, respectively. Ad-
ditionally, 17 participants (34.69%) in 2017 and 21 (36.84%) 
in 2019 described training supervised by professionals with 
experience in the technique (p=0.190). 

Discussion
Many different open techniques have been described for 

treatment of Hallux Valgus and deformities of the toes, but 
we do not yet have consensus on which of them is the most 
effective(3,4). Although the initial results of percutaneous te-
chniques are encouraging, there is a lack of randomized stu-
dies comparing them with open techniques. In a systematic 
review, Trnka et al. showed that the majority of published 
studies have level IV evidence. They found one level II study 
and three level III studies in a total of 21 studies, including re-
views(5). The literature still lacks studies with control groups(6), 
although several studies have substantial sample sizes and 
long follow-up periods, such as one by Giannini et al. (1000 
feet followed-up for 5 years) and another by Faour-Martín et 
al. (115 feet followed-up for 10 years)(7,8).

Percutaneous surgery offers certain advantages over con-
ventional techniques, such as, for example: ambulatory sur-
gery with locoregional anesthesia, small incisions or punc-
tures, fixation hardware not employed as routine, immediate 
mobilization, and lower intensity of postoperative pain. Di-

Figure 3. Pathologies treated with percutaneous surgery.

Figure 4. Techniques performed to correct Hallux Valgus.

Figure 5. Fixed osteotomies for treatment of Hallux Valgus.

The majority of participants, 24 (48.97%) in 2017 and 28 
(49.1%) in 2019, prescribed from 4 to 6 weeks with dressings. In 
conjunction with dressings, 7 (14.28%) participants in 2017 and 
9 (15.78%) in 2019 stated that they also used a silicone spacer. 

Figure 6. Complications of percutaneous surgery.
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sadvantages originate from the fact that the technique is per-
formed without direct visualization of the structures involved, 
the need for intraoperative fluoroscopy, the need for specific 
materials, and the long learning curve(9,10).

Complications include: undercorrection or overcorrection, 
thermal injuries, transference metatarsalgia, nonunion or 
pseudarthrosis, and rigidity or limited movement of the first 
metatarsophalangeal joint. This last appears to be more fre-
quent when the Reverdin Isham technique is used, precisely 
because this is an intracapsular osteotomy(1,9,4,11). Many of the 
complications reported may be more related to incorrect 
application of the technique, rather than being a true limita-
tion of the technique, since it has a long learning curve and a 
specific protocol for postoperative dressings and rehabilita-
tion must be followed(12,13). 

In our study, the most frequently reported complication 
was poor reduction, endorsed by 73.46% in 2017 and 68.42% 
in 2019. These values were not statistically significant when 
the two survey years were compared (p=0.255). The high 
values for this complication are an important finding. Poor 
reduction is a complication that also occurs with traditional 
techniques, but which is not necessarily correlated with pa-
tient satisfaction. 

Indications have been increasing and now include treatment 
for Hallux Valgus, Hallux Rigidus (except for cases of revision, 
prior infection, or inadequate bone stock), deformities of the 
smaller toes, hindfoot pathologies (Haglund syndrome) and 
soft tissue disorders (plantar fasciitis)(14,15).

For the traditional Reverdin – Isham technique, there is still 
a lack of studies to show the efficacy of adding a fixation(16).

This is the first survey of percutaneous surgery conducted 
in Brazil. We achieved response rates of 14.88% and 12.91% in 
2017 and 2019, respectively. 

Surveys conducted by sending questionnaires by e-mail are 
faster and cost an estimated 5 to 20% of the cost of postal 
surveys. The response rates are generally low using this type 
of method, at approximately 20%. However, it is believed that 
the responses provided may be more trustworthy than with 
surveys conducted by telephone or by post(17,18). Our response 
rate was lower than expected for this type of survey. In view 
of the impersonal nature of this survey format, we believe 
that the principal reason is that the Society members were 
not interested in answering this type of questionnaire.

The majority of participants were concentrated in the Sou-
theast region of Brazil, with 48 (64%) in 2017 and 55 (67.07%) 
in 2019, followed by the South region. Although this is similar 
to the distribution of Society members across Brazil, this fin-
ding was not statistically relevant (p=0.800). 

In our study, the percutaneous technique was used by a grea
ter number of younger surgeons (p=0.026). Although there 
was a considerable increase in the number of respondents 
who were trained in the technique during their specialty re-

sidency in the 2019 survey, when the majority of participants 
had less than 10 years’ experience, we cannot conclude that 
this was statistically important for this group’s use of the 
technique. The technique was primarily learnt on courses 
attended in Brazil and abroad, or by observing colleagues 
who already used these methods. 

Nowadays, the techniques have evolved and there is a trend 
to fix certain osteotomies such as osteotomies of the base 
of the first ray, Chevron and Akin osteotomies, and the com-
bination of these two to correct moderate and severe Hallux 
Valgus (Minimally Invasive Chevron and Akin – MICA)(19). This 
runs counter to the principles described by Mariano de Prado(14), 
but is in alignment with the AO (Arbeitsgemeinschaft fur 
Osteosynthesefragen) group’s principles of rigid internal fi-
xation and preservation of soft tissues inviolate(20). Other 
techniques, such as that described by Bosh and modified 
by Giannini (SERI - simple, effective, rapid, and inexpensive) 
always employ fixation, a Kirschner intramedullary wire(8,21), as 
does the technique described in 2014 by Brogan et al., which 
is a mixture of the MICA and original Bosh techniques, which 
also obligatorily uses fixation hardware(22,23). 

With regard to Hallux Valgus, majorities of the participants 
do not use a tourniquet during surgery, most often use the 
Chevron technique (p=0.015), and fix osteotomies according 
to the current model (p=0.000). We believe that these chan-
ges reflect evolution of knowledge about the subject, and that 
the study participants are in tune with current tendencies in 
percutaneous treatment of pathologies of the foot. The only 
point that runs counter to the technique described is use of 
spinal anesthesia, since the majority of services abroad use 
locoregional blocks(1,14). However, this finding was not statisti-
cally relevant (p=0.831).

The majority of participants believe in the method and 
among those who do not use it, a lack of adequate training 
and access to equipment appear to be the greatest factors 
limiting growth of the practice.

The major limitation of this study is the low number of 
participants in the survey, below the rate expected for this 
method. As the first survey of the practice of Percutaneous 
Surgery in Brazil, the study contributes epidemiological and 
technical information and profiles the trend among surgeons 
in Brazil, providing a reference point for future studies of the 
subject.

Conclusion
The majority of foot surgeons who responded to the sur-

vey believe in the percutaneous surgery method. The lack 
of specific training in the percutaneous technique is a factor 
that may limit its growth in Brazil. Poor reduction was the 
most common complication. The technique is conducted by 
a greater proportion of younger surgeons and there is a trend 
to employ fixation.
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Tendoscopic management of posterior tibial tendinitis: 
24-month outcomes
Alberto Cuéllar-Avaroma1 , Ana Cristina King-Martínez2
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Abstract
Objective: The aim of this study was to present a case series of patients undergoing posterior tibial tendoscopy, assess their clinical 
outcome, and describe surgical findings and treatment complications. 

Methods: This is a clinical, retrospective, observational study of 11 consecutive cases of tenosynovitis of the posterior tibial tendon. All 
11 patients underwent tendoscopy of the posterior tibial tendon. All procedures were performed by the same surgeon in 2 different 
hospitals. Minimum follow-up was 2 years. 

Results: All patients had their preoperative and postoperative AOFAS and VAS scores assessed. Both scores had an important improve-
ment at 12 months that persisted at 24 months. Moreover, 72.72% of the patients were very satisfied with the procedure, and no patient 
reported to be dissatisfied. Additionally, 90.91% of the patients had no postoperative complications. The present results are consistent 
with those previously reported in the literature. 

Conclusion: Endoscopic or tendoscopic repair of the posterior tibial tendon is a simple and reproducible procedure that provides good 
functional and cosmetic outcomes with a low complication rate. It is important to increase the number of patients in this series in order 
to expand our conclusions. 

Level of Evidence IV; Therapeutic Studies; Case Series.

Keywords: Arthroscopy/methods; Tendinopathy; Posterior tibial tendon dysfunction; Treatment outcome.
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Introduction 
Posterior tibial tendinitis is commonly observed in patients 

who participate in sports activities. It may be caused either 
by excessive overload or sudden strain on the tendon. Some 
studies with runners report incidences of posterior tibial ten-
dinitis ranging from 2.3 to 6%(1,2). It was possible to determine 
that sports activities are not the only cause of tendinitis. Most 
patients present with associated anatomical changes (acces-
sory navicular, hyperpronation of the foot) or previous knee 
or foot injuries (osteophytes, fracture sequelae). Partial or to-
tal posterior tibial tendon rupture is extremely rare in young 
patients, although very few cases among athletes have been 
reported in the literature(3,4).

In non-sports settings, tendinitis is the early stage of pos-
terior tibial tendon insufficiency or dysfunction. This occurs 
mainly in middle-aged women with systemic inflammatory 
diseases associated with rheumatoid arthritis, which predis-
poses them to tendon rupture. In cases of stage I posterior 
tibial tendon dysfunction (PTTD) according to Johnson and 
Strom classification(5), the treatment of choice is based on 
temporary immobilization with immobilization boots for 4 to 
6 weeks, followed by an appropriate rehabilitation program 
and gradual return to sports. This approach has a high rate 
of resolution of pain. In some cases, the treatment may be 
supplemented with the use of insoles with longitudinal arch 
support. Topical corticosteroids are contraindicated since 
they increase the risk of tendon rupturte(6).

https://orcid.org/0000-0002-6129-954X
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Athlete patients who do not show a positive evolution between 
3 and 6 months after implementation of initial management 
become candidates for surgical intervention to explore the 
tendon, and tenosynovectomy is conducted in cases of teno-
sinovitis(2). In stage II patients or in stage I patients who do not 
respond to conservative management, endoscopic manage-
ment provides an appropriate visualization of the tendon and 
has shown good results(7-9). Advanced cases presenting with 
major tendon injuries require procedures of tendons transfers 
and bone realignment to reduce workload on the posterior ti-
bial tendon, with a prolonged recovery period(10,11). 

The diagnosis of tibial tendinitis is not always possible with 
imaging studies such as conventional radiography. Magnetic 
resonance imaging (MRI) is a very useful diagnostic tool. 
However, 20% of partial tears may go undetected even by MRI(12).

With the development of minimally invasive techniques and 
aiming to prevent complications secondary to extensive skin 
wounds, especially in patients with concomitant diseases 
(diabetes, rheumatoid arthritis), endoscopic and tendoscopic 
techniques have emerged as valuable tools in the treatment 
of patients unresponsive to conservative management(8-10).

The aim of this study was to present a case series of pa-
tients undergoing posterior tibial tendoscopy, assess their cli-
nical outcome, and describe surgical findings and treatment 
complications.

Methods
This retrospective, observational, clinical study assessed the 

medical records of 11 consecutive patients who underwent 
endoscopic surgery from 2014 to 2017. All participants had 
stage I and IIa posterior tibial tenosynovitis and PTTD, accor-
ding to Johnson and Strom classification. Exclusion criteria 
were patients with advanced PTTD and those with previous 
knee surgery. All patients were operated on by the same sur-
geon in 2 different hospitals. 

Preoperative clinical evaluation revealed medial retromalleo
lar pain. Pain and sensitivity increased when patients stood 
on their toes, although they showed negative results for Ro-
driguez Fonseca maneuver. Ancillary examinations confir-
med the disease. Plain radiographs revealed the presence of 
osteophytes at the medial malleolus in 2 cases (18.18%). MRI 
showed posterior tibial tenosynovitis and presence of increa-
sed fluid in the tendon sheath in 100% of cases, in addition to 
partial posterior tibial tears in 3 cases (27.27%). All patients 
were unresponsive to conservative treatment, which consis-
ted of non-steroidal anti-inflammatory drugs, rest, and physi-
cal therapy for at least 3 months.

Study participants underwent preoperative and postopera-
tive monitoring. Such monitoring included the following clini-
cal variables: American Orthopaedics Foot and Ankle Society 
(AOFAS)(13) score or ankle and hindfoot, whose results were 
subdivided into excellent (91-100 pts), good (81-90 pts), fair 
(61-80 pts), and poor (<60 pts); visual analog scale (VAS) for 
pain; and level of satisfaction as measured through a Likert 
scale at the end of a 24-month follow-up(14). 

Surgical technique
Patients were placed in the supine position with the maxi-

mum external rotation of the hip and the feet to expose the 
medial region of the tendon. The procedure was conducted 
under local anesthesia with subarachnoid blockade. Ischemia 
was induced with tourniquet at 250mmHg. Two 3-mm portals 
were made; one at nearly 2cm proximal to the distal end of 
the medial malleolus and another at 2cm distal to the distal 
end of the medial malleolus along the path of the posterior 
tibial tendon (Figure 1), as described by Van Dyck et al.(9).

All procedures were performed using a 30-degree angled 
lens for small joint arthroscopy measuring 2.7mm. Tendosco-
pic examination allowed to explore almost the entire posterior 
tibial tendon. The following surgical findings were identified: 
roughening of the tendon surface, partial tears, impingement 
with the medial malleolus, and presence de fibrous bands. 
Partial tears and fibrous bands were removed with a shaver bla-
de and a radiofrequency probe for small joints (Figure 2). The 
roughened area was debrided using radiofrequency ablation. 
Surgical wounds were sutured with one simple nonabsorbab-
le stitch for each wound. 

Figure 1. Tendoscopy portal layout. A. Planning of portals. B. In-

traoperative identification of proximal portal site.

A

B
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Postoperative care
During the postoperative period, immobilization was done 

with ankle CAM Walker walking boots. Crutches were also 
used to support walking for the first 2 weeks. Subsequently, 
patients followed a rehabilitation program for restoration of 
mobility, muscle strengthening, and ankle range of motion for 
8 weeks. 

Statistical analysis
Statistical analysis was performed using SPSS, version 13 

(SPSS Chicago, IL). Descriptive analysis was performed using 
measures of dispersion and central tendency for continuous 
variables and frequencies for categorical variables. The pai-
red t test was used to measure the difference between means 
for continuous variables. The level of statistical significance 
was set at <0.05.

Results
Eleven patients were surgically treated, with a mean age of 

37.54 years (SD, 20 years). Study sample included 2 men and 
9 women. Seven patients were operated on the right ankle, 
and 5 patients on left ankle. Minimum patient follow-up was 
24 months.

As for the level of athletic activity according to the compe-
titive, leisure, active, sedentary (CLAS) classification, 3 pa-
tients were competitive athletes, with more than 2 training 
sessions per week, 4 patients were athletes performing regu-
lar recreational sports activities, none performed occasional 
sports activities, and 4 were sedentary (Table 1). The 7 physi-
cally active patients returned to their usual sports activity 8 
weeks after surgery and to the same sports activity level 5.2 
months after surgery, on average. 

Clinical assessment included AOFAS functional scale (whose 
maximum value is 100 points) and VAS for pain (from 0 to 
10), as shown in table 2. Mean AOFAS score at preoperative 
baseline was 75.7 points, and then increased to 94.36 points 
at 1-year follow-up and to 95.54 point at 2-year follow-up. 
The Mann Whitney test showed a statistically significant dif-
ference between the preoperative score and the final posto-
perative score, with p-value <0.001. VAS for pain also showed 
a significant improvement from baseline (preoperative) to 
1-year follow-up and a slight improvement from 1-year to 
2-year follow-up.

Figure 2. Surgical findings. A. Fibrous band. B. Partial tear. C. Te-

nosynovitis.

A

B

C

Table 1. Patient demographics

n %
Age <37.54

>37.54

6

5

54.54

45.45

Sex Male

Female

2

9

18.18

81.81

Side Right

Left

32

20

61.54

38.46

CLAS system C: competitive

L: leisure

A: active

S: sedentary

3

4

0

4

27.28

36.36

0

36.36

Sport Running

Soccer

Weightlifting

Zumba

Ballet

None

3

1

1

1

1

4

27.28

9.09

9.09

9.09

9.09

36.36
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With regard to surgical findings, there were 8 cases of pos-
terior tibial tenosynovitis (73%), 4 cases (36.4%) of fibrous 
bands, especially in contact with the medial malleolus, 3 ca-
ses (28%) of partial tear affecting less than 25% of tendon 
thickness, and 2 cases (18%) of osteophyte on the medial 
malleolus (Figure 3, Table 3). Of the 6 cases of PTTD, 4 (66.7) 
were classified as stage I, and 2 as stage IIa. In the latter case, 
tendoscopy was combined with subtalar arthroereisis.

As for personal satisfaction, 72.72% of patients reported to be 
very satisfied with the procedure, and 27.28% reported to be 
satisfied, according to a Likert scale for personal satisfaction.

No complications were observed in 90.91% of cases. One 
patient (9%) presented with residual pain that disappeared 
after 3 months.

Discussion
McCormack et al.(15) reported good outcomes in 7 out of 

8 high-performance athletes, with a mean age of 22 years, 
treated with debridement; in the same study, cases refrac-
tory to conservative treatment were treated with surgical 
debridement of tenosynovitis. In our case series, 7 (66.6%) 
of 11 patients were physically active, of which 3 (27%) were 
high-performance athletes. All these patients returned to the 
same sports activity level after a mean of 5.12 months (4 to 
7 months). 

Van Dyck et al.(16) reported 31 successful posterior tibial ten-
doscopies and found as complications 3 cases of hyposensi
tivity limited to the posterior portion of the hindfoot; the au-
thors also reported that, in cases involving partial ruptures, 
tendoscopy was combined with an open technique. Conver-
sely, our study observed only cases of partial tears affecting 
less than 25% of tendon thickness, which allowed treatment 
with endoscopic debridement. One of these cases developed 
residual pain that disappeared after 3 months. 

Our case series reported an improvement in VAS scores for 
pain from 7 points at baseline (preoperative) to 1.27 points 
at 24 months. This notable difference is consistent with the  
findings of Bernasconi et al.(17), who reported an improve-
ment in VAS mean scores from 7.9 to 3.5 points and found 
low complication rates after the procedure.

Bulstra et al.(18) reported a symptomatic improvement with 
early mobilization of the joint in a series of 17 patients, of 
whom 2 required a second endoscopic intervention due to 
symptom relapse caused by adhesions that did not lead to pro-
gression of tibial dysfunction. Gianakos et al.(19) also reported 
relapse of symptoms, but with no evidence of progression of 

tendon dysfunction. In our series, only one patient complai-
ned of persistent pain that lasted for 3 months and was resol-
ved after physical therapy. No reinterventions were required 
in our series.

Surgical management of stage I PTTD consisted of synovec-
tomy and open tendon debridement. Teasdall and Johnson(20) 

reported good outcomes for 14 out of 19 patients (74%) and 
treatment failure for 2 patients (10%), who required subtalar 
arthroereisis. The following complications were also reported: 
2 cases of superficial infection and 1 case of wound dehiscence 
3 weeks after surgery.

Chow et al.(21), in a series of 6 cases of stage I PTTD trea
ted with tendoscopy and partial synovectomy, found no 
complications and observed functional outcomes similar to 
those obtained with open procedures; the authors also re-
ported the following advantages of tendoscopy: smaller skin 
wounds, less postoperative pain, and shorter hospital stay. 
Khazen and Khazen and Khazen(22) performed tendoscopy 
in 9 patients with stage I PTTD. Improvement of pain was 

Table 2. Difference between AOFAS and VAS scores before and after posterior tibial tendoscopy

Baseline (preoperative) 1-year follow-up Final follow-up t-value baseline-24 months) p-value
AOFAS score 75.72±11.24 94.36±6.12 95.54±5.68 13.27 <0.00001

VAS score 7±1.67 1.54±1.02 1.27±0.93 2.78 <0.00001
AOFAS: American Orthopaedics Foot and Ankle Society; VAS: visual analog scale

Table 3. Surgical findings during tendoscopy

Number of Cases Synovitis Fibrotic band Partial tear Osteophyte
1 - + + -

1 - + - -

1 - - + +

1 + - - +

1 + - + -

2 + + - -

4 + - - -

Figure 3. Surgical findings during tendoscopy.
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reported in 8 patients, although no scales for pain assess-
ment were described. Gianakos et al.(19), in a study assessing 
12 patients (8 with stage I PTTD and 4 with stage II PTTD), 
showed that 75% of patients had good outcomes. Similarly, 
Bernasconi et al.(17) reported 75% of positive outcomes among 
16 patients with stage II PTTD. Positive outcomes were achie-
ved in 90% of our series; moreover, of the 6 cases of PTTD, 
4 were classified as stage I and two as stage IIa. In the latter 
case, tendoscopy was combined with subtalar arthroereisis. 
Results found in our sample were consistent with those re-
ported in the global literature. 

The weaknesses and limitations of this study include its re-
trospective design, the lack of a control group, and its small 
sample size. Conversely, a strength is the fact that patients 
were assessed after a minimum of 24-month follow-up, which 

enabled us to show that favorable changes both in AOFAS and 
VAS scores observed at 12 months persisted at 24 months.

Conclusion
Posterior tibial tendinitis has a good outcome with conser-

vative treatment (immobilization and rehabilitation) in most 
cases. However, for recurrent cases or those refractory to 
non-surgical treatment, endoscopic or tendoscopic treat-
ment is a simple reproducible technique that provides excel-
lent functional and cosmetic outcomes. In the early stages 
of PTTD, tendoscopy offers symptomatic improvement and 
good short-term and mid-term outcomes in assessment sca-
les. Studies with a larger sample size and a control group are 
required to assess the long-term outcomes of tendoscopy for 
the treatment of posterior tibial tendinitis in our population.

Authors’ contributions: Each author contributed individually and significantly to the development of this article: ACA *(https://orcid.org/0000-0002-6129-
954X) Conceived the study and performed the surgeries, wrote the article and approved the final version; ACKM *(https://orcid.org/0000-0003-2457-
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Abstract
Objective: To describe a low-cost, accessible, reproducible ankle arthroscopy simulator model which, after validation, will allow the 
development and improvement of technical skills required in arthroscopic surgical practice. 

Methods: This study describes the production of an ankle arthroscopy model that simulates camera, arthroscope, and ankle joint. 

Results: The simulator works properly when connected to a monitor, television, computer, or cell phone. 

Conclusion: A reproducible, accessible, low-cost ankle arthroscopy simulator can be developed using components available from local 
and online stores, with an approximate cost of R$232.00. 

Level Evidence V; Economic and Decision Analyses – Development of an Economic or Decision Model; Expert Opinion.
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Introduction
Technological advances have allowed the development and 

growth of minimally invasive surgical techniques(1). This type 
of surgical approach has become increasingly common in re-
cent years and offers some important advantages, such as re-
duced trauma to patients and lower costs(2). Within this con-
text, ankle arthroscopy has become popular with expanded 
surgical indications. In contrast, the procedure is technically 
complex, requiring a high degree of dexterity, coordination, 
triangulation, and knowledge of ankle anatomy(3).

The learning curve of the arthroscopic technique may re-
quire extended training, making teaching methods the target 
of constant improvements. In a traditional surgical training 
method, students first acquire theoretical knowledge, then 
observe more experienced surgeons performing operations, 
and finally start to perform more complex procedures under 
supervision(4). This traditional method has some disadvanta-
ges, including inefficiency in terms of time and cost, and is 
associated with iatrogenic injuries(5). To minimize these disad-
vantages, arthroscopic training models have become increa
singly available. In addition to allowing increased practice 
with consequent improvement of the technique, they have 
proved to be an inexpensive and highly effective tool(2).

Some arthroscopic training modalities can be used together 
with traditional training methods. Options include cadaver, 
animal, virtual reality, and dry models. Cadaver models, des-
pite being the most reliable option, pose problems related to 
cost, availability, and storage, as well as the potential biolo-
gical risk(6). Animal experiments present difficulties in logis-
tics, such as handling and disposal, in addition to ethical and 
bureaucratic issues. Virtual reality models simulate very well 
the three-dimensional environment of arthroscopy, but its 
main limiting factor is high cost. Thus, the use of dry models 
emerges as an alternative method characterized by easy pro-
duction, good availability, and low cost; additionally, quality 
of training using dry models is comparable to that of training 
using cadavers(7).

Training with arthroscopic simulators in orthopedic resi-
dency programs significantly improves the residents’ surgi-
cal skills, contributing to a better in vivo performance in the 
operating room(8,9). In 2013, the American Board of Orthopa-
edic Surgery (ABOS) demanded the implementation of skills 
training programs outside the operating room. The reality in 
Brazil, with recurrent budget cuts in education and research, 
leads to a search for affordable, reproducible, low-cost alter-
native tools to improve orthopedic resident training.
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Given this situation, our study aimed to describe a low-cost, 
accessible, reproducible ankle arthroscopy simulator mo-
del, which, after validation, will allow the development and  
improvement of technical skills required in arthroscopic sur-
gical practice. 

METHODS
Camera and optics

The arthroscope simulator consisted of an NKJ-2M endos-
copic camera manufactured by B-MAX, used for cell phones 
and computers. We chose this camera model because of its 
availability, dimensions, and malleability similar to that of an 
actual arthroscope, in addition to its low cost, approximately 
R$32.00. This allowed us to produce a functional instrument 
very similar to the usual arthroscope.

The features of the camera include a resolution of 640x480 
pixels and 6 built-in white LED lamps with adjustable lighting; 
it is 7mm thick and is attached to a 2-m USB 2.0 cable, which 
can be connected to a computer or cell phone. The came-
ra was introduced into a metal tube 8mm in diameter and 
21.5cm in length (simulating the body of the arthroscope), 
and the ends were bonded with acrylic adhesive.

To simulate the arthroscope handle and sheath, the other 
end of the metal tube was inserted into a set of three 20-mm 
polyvinyl chloride (PVC) fittings (90o tee, weldable adapter, 
and 90° elbow). The structures were bonded with polyester 
resin (Figure 1).

Ankle model
The material used to produce the ankle simulator was a 

PVC tee described as 100mm with a 75-mm view, in which 
100mm refers to the diameter of the pipe ends and 75mm to 
an opening hole on the top. One pipe end was closed with a 
specific cap (100mm), to which a synthetic left foot model 
was attached after being cut and fitted so that the articular 
component of the model (talus) was placed in the center of 
the pipe. The other end was closed with a wooden support 
through which a nail was inserted, transfixing the calcaneus, 
which increased the stability of the model inside the pipe and 
prevented external light from entering.

The proximal end of the ankle joint (tibia) was fixed to a 
PVC cap (75mm) with 2 screws and then fitted into a straight 
PVC pipe 75mm in diameter and 24.5cm in length. This set 
was connected to the upper hole on the PVC tee.

Two holes 1.8cm in diameter were made in the body of the 
PVC tee, close to the connection to the upper hole, to simula-
te the anteromedial and anterolateral portals of ankle arthros
copy. The simulator kit was placed on a wooden support that 
provided a straight surface for use (Figures 2-4).

Costs
The total costs of the simulator, including the synthetic ankle 

model, the endoscopic camera, and other products used to 
prepare the external and internal structures, were approxima-
tely R$232.00, as shown in table 1.

Figure 1. Arthroscope simulator.

Figure 2. Components of the ankle model.

Figure 3. Ankle model – front view.



Souza et al. Technical description of a low-cost ankle arthroscopy simulator

175J Foot Ankle. 2020;14(2):173-7

Results
The simulator works properly when connected to a monitor, 

television, computer, or cell phone (Figure 5). The model also 
allows triangulation (Figure 6).

Discussion
The surgical technique initially developed through large in-

cisions and direct visualization of the anatomical structures. 
With advances in research and technology, traditional open 
surgery was found to lead to high morbidity and greater 
risks to patients; therefore, the concept of minimally invasi-
ve surgery was developed and then disseminated worldwide.  
Within the context of orthopedics, intra-articular injuries were 
most favored by minimally invasive procedures. With the  
development of arthroscopy using small incisions and indi-
rect visualization, the surgeon was able to visualize the struc-
tures on a screen. The technique requires additional training 
to obtain visuospatial coordination for interpreting three-di-
mensional structures on a two-dimensional image(5). It also 
requires triangulation, which is the meeting of the arthros
cope and instruments within a joint(10).Figure 4. Ankle model – side view. 

Figure 5. Final simulator kit in use. Figure 6. Triangulation.

Table 1. Costs for making an arthroscopy simulator

Item Cost (R$)
Synthetic ankle model 150.00

Endoscopic camera for cell phone + adapter 32.00

Materials for making the body of the arthroscope, 
external and internal structure of the simulator (PVC 
components, metal tube, wood, adhesive, various 
construction supplies)

50.00

PVC: polyvinyl chloride.
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The advantages of arthroscopy include the visualization of 
anatomical structures in their natural state, reduced loss of 
synovial fluid, lower morbidity, shorter length of stay, and 
faster recovery of the patient(2,10). While the technique offers 
several advantages, it requires unconventional technical skills 
and practical abilities that are very different from those of 
open surgery. Thus, arthroscopy has a longer learning curve. 

Historically, the surgical unit has been the place where trainees 
have acquired and developed their initial surgical skills. To-
day, this training model faces some difficulties, such as the 
increasing institutional demand for the procedure to be as 
fast as possible, the ethical factor related to in vivo training, 
and the complexity of some cases that require experienced 
professionals(7). Surgical simulation is therefore a method to 
address multiple problems inherent to teaching arthroscopic 
skills in a traditional setting, as it avoids surgical prolongation 
and reduces patients’ exposure to risks(11).

Training with low-cost arthroscopic models provides technical 
growth similar to that with high-tech simulators, improving 
surgical skills and thus the quality of patient care. A rando-
mized study that included a control group showed that ar-
throscopic training with low-cost cameras and devices has 
the same effectiveness as training with commercial arthros-
copic models, as both significantly improved skills and redu-
ced surgical time(2).

The development of surgical skills is the hallmark of educa-
tion in orthopedic residency. As previously mentioned, the tra-
ditional training method increases surgical time and hospital 
costs, in addition to exposing the patient to potential risks of 
adverse outcomes(11). In a study that included orthopedic re-
sidents divided into an arthroscopic training simulator group 
and a control group, the simulator group was found to have 

greater intraoperative technical development, with shorter dis-
tances traveled by the camera, less time to perform the same 
task, and fewer moves to achieve the same target(12).

Commercially available ankle arthroscopy simulator models 
are usually expensive, preventing most orthopedic training ins-
titutions in Brazil from purchasing those tools. Moreover, most 
of them cannot be reused, which is another limiting factor. 

Our ankle simulator model is easy to reproduce and inex-
pensive, does not require frequent synthetic bone replace-
ments, allows for continuous training, and is available for 
most residency programs. Our simulator also allows triangu-
lation and simulates the inventory of the ankle joint despi-
te suboptimal anatomical replication because of the use of 
synthetic, noncadaveric models. In the future, simulations of 
conditions such as anterior ankle impingement and osteo-
chondral injuries may be designed in order to improve the 
development of surgical skills in ankle arthroscopy.

In addition to ignoring some intra-articular changes in the 
ankle, our simulator provides limited learning of some surgi-
cal steps, such as patient positioning, arthroscopic portals, 
and intra-articular exposure techniques. Another limitation is 
that this study is only descriptive and still needs validation in 
Brazil. Thus, the simulator must be validated as an arthrosco-
pic training tool.

Conclusion
A reproducible, accessible, low-cost ankle arthroscopy simu

lator can be developed using components available from local 
and online stores, with an approximate cost of R$232.00. The 
simulator still requires validation to then be considered a tool 
that will improve the acquisition of arthroscopic surgical skills.
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4238-8539) wrote the article, model development, participated in the review process, approved the final version; JLVS *(https://orcid.org/0000-0002-
9038-2895) conceived and planned the activities that led to the study, participated in the review process, approved the final version; LAFM *(https://orcid.
org/0000-0002-0861-9401) participated in the review process, approved the final version; JEFB *(https://orcid.org/0000-0002-4058-8166) wrote the 
article, approved the final version .

References
1.	 Gorman PJ, Meier AH, Krummel TM. Simulation and virtual reality 

in surgical education: real or unreal? Arch Surg. 1999;134(11):1203-8.

2.	 Bayona S, Espadero J, Pastor L. A low-cost arthroscopy surgery 
training system. In: The IASTED International Conference on 
Visualization, Imaging and Image Processing (VIIP ‘03); 2003; 
Benalmadena, Spain; 2003.

3.	 Johnson JD, Cheng C, Schmidtberg B, Cote M, Geaney LE. 
Assessment of basic ankle arthroscopy skills in orthopedic trainees. 
Foot Ankle Int. 2020;41(2):193-199.

4.	 Insel A, Carofino B, Leger R, Arciero R, Mazzocca AD. The 
development of an objective model to assess arthroscopic 
performance. J Bone Joint Surg Am. 2009;91(9):2287-95. 

5.	 Hodgins JL, Veillette C. Arthroscopic proficiency: methods in 
evaluating competency. BMC Med Educ. 2013;13:61. 

6.	 Butler A, Olson T, Koehler R, Nicandri G. Do the skills acquired by 
novice surgeons using anatomic dry models transfer effectively to 
the task of diagnostic knee arthroscopy performed on cadaveric 
specimens? J Bone Joint Surg Am. 2013;95(3):e15(1-8). 

7.	 Anastakis DJ, Regehr G, Reznick RK, Cusimano M, Murnaghan 
J, Brown M, Hutchison C. Assessment of technical skills transfer 
from the bench training model to the human model. Am J Surg. 
1999;177(2):167-70.

8.	 Cannon WD, Nicandri GT, Reinig K, Mevis H, Wittstein J. Evaluation 
of skill level between trainees and community orthopaedic 

https://orcid.org/0000-0002-4238-8539
https://orcid.org/0000-0002-4238-8539
https://orcid.org/0000-0002-9038-2895
https://orcid.org/0000-0002-9038-2895
https://orcid.org/0000-0002-0861-9401
https://orcid.org/0000-0002-0861-9401
https://orcid.org/0000-0002-4058-8166


Souza et al. Technical description of a low-cost ankle arthroscopy simulator

177J Foot Ankle. 2020;14(2):173-7

surgeons using a virtual reality arthroscopic knee simulator. J 

Bone Joint Surg Am. 2014;96(7):e57. 

9.	 Rebolledo BJ, Hammann-Scala J, Leali A, Ranawat AS. Arthroscopy 

skills development with a surgical simulator: a comparative study 

in orthopaedic surgery residents. Am J Sports Med. 2015;43(6): 

1526-9.

10.	 Hollands RJ, Trowbridge E. A virtual reality training tool for the 

arthroscopic treatment of knee disabilities. In: European Conference 

on Disability, Virtual Reality and Associated Technologies; 1996; 
Proceedings. Maidenhead, Berkshire, UK; 1996.

11.	 Braman JP, Sweet RM, Hananel DM, Ludewig PM, Van Heest AE. 
Development and validation of a basic arthroscopy skills simulator. 
Arthroscopy. 2015;31(1):104-12.

12.	 Dunn JC, Belmont PJ, Lanzi J, Martin K, Bader J, Owens B, Waterman 
BR. Arthroscopic shoulder surgical simulation training curriculum: 
transfer reliability and maintenance of skill over time. J Surg Educ. 
2015;72(6):1118-23.



DOI: https://doi.org/10.30795/jfootankle.2020.v14.1185

Original Article

Copyright © 2020 - Journal of the Foot&Ankle178 J Foot Ankle. 2020;14(2):178-82

Incidence of early complications in the posterolateral 
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Abstract
Objective: To ascertain the incidence of early complications in the posterolateral approach to open reduction and internal fixation of 
posterior malleolar fractures and identify possible risk factors related to occurrence of these complications. 

Methods: Retrospective study carried out in three tertiary hospitals. Patients who underwent open reduction and internal fixation of 
posterior malleolus fractures via the posterolateral route were divided into two groups: with versus without delayed postoperative 
healing. To assess risk and protective factors for the outcome of delayed healing, we evaluated the time between trauma and surgery, 
whether the patient had a fracture-dislocation of the ankle, and whether external fixation was performed before surgery. We also 
evaluated whether improvement in operative technique led to a reduction in complication rates. 

Results: A total of 43 individuals who underwent surgical correction of posterior malleolus fractures via the posterolateral route between  
2013 and 2018 were included. Of these, 19 (44.2%) had skin complications that led to delayed healing. Skin complications occurred 
more frequently at the beginning of the learning curve of the surgeons involved; the incidence up to the year 2016 was 56.3%, decrea-
sing significantly to 37% from 2017 onward. 

Conclusion: Patients who undergo open reduction and internal fixation of posterior malleolus fractures via the posterolateral route at 
the beginning of the learning curve are a greater risk of developing skin complications, demonstrating the importance of this approach 
being restricted to more experienced surgeons. 

Level of Evidence III; Prognostic Studies; Retrospective Study.

Keywords: Ankle; Internal fixation; Surgical wound; Tibial fractures.
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Introduction
Malleolar fractures are extremely common injuries in the 

foot and ankle surgeon’s routine practice. Indeed, they are 
the fourth most common indication for orthopedic surgery, 
with an incidence of 187 per 100,000 person-years(1). Isolated 
lateral malleolus fracture accounts for 66% of ankle fractures; 
25% are bimalleolar, and only 7% are trimalleolar(2-4). 

Posterior malleolus fracture (PMF) carries a worse prog-
nosis, since it is associated with higher odds of subsequent 
osteoarthrosis(5,6) (Figures 1A to D). Internal fixation of the 
posterior malleolus remains a controversial procedure. Tradi-

tionally, it is indicated when the fragment contains more than 
25% of the articular surface, as measured on lateral radiogra-
phy, and is displaced more than 2mm(7). In the last decade, 
research attention has increasingly focused on the posterior 
malleolus fragment itself, as involvement of the fibular notch 
of the distal tibia and the presence of an interposed articular 
fragment were understood to be of greater therapeutic rele-
vance than fragment size and the extent of the fractured joint 
surface area(5).

Simple, undisplaced PMFs can be fixed percutaneously with 
minimally invasive techniques(8). However, this technique has 
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some limitations, such as indirect anatomical reduction. For 
comminuted fractures or those with interposed fragments, 
open reduction and internal fixation (ORIF) is recommended(9). 

The posterolateral approach (PLA) provides an alternative 
for effective ORIF of any type of posterior malleolar fractu-
re(10). This approach also provides access to the distal fibula, 
where a plate can be placed posteriorly(11-13). Despite the ad-
vantages of the PLA, early complications can affect healing 
for still-unknown reasons(14).

Within this context, the present study was designed to as-
certain the incidence of early complications in the posterola-
teral approach to ORIF of posterior malleolar fractures and 
identify possible risk factors related to occurrence of these 
complications. 

Methods
This study was approved by the relevant Institutional Review 

Board and registered on the Plataforma Brasil database under 
CAAE (Ethics Evaluation Submission Certificate) number 
28763919.9.0000.5128.

This is a retrospective study to determine the occurrence 
of complications after open reduction and internal fixation of 
posterior malleolus fractures via the posterolateral approach. 
All consecutive patients with fracture or fracture-dislocation 
of the ankle who underwent ORIF via the posterolateral route 
for a PMF with displacement greater than 2mm or interposi-
tion of joint fragments, between the years 2013 and 2018, at 
three tertiary hospitals were included in the study.

Patients were divided into two groups: those who had pos-
toperative skin complications and those who did not. For the 
purposes of this study, skin complications were defined broadly, 
from wound dehiscence treated conservatively to superficial 
and deep infections requiring more aggressive treatment, 
and healing was considered delayed if it took longer than 3 
weeks. The exclusion criterion was failure to perform PMF 
correction via the posterolateral approach. 

To assess for risk and protective factors for the outcome 
(skin complications), we evaluated the time between trauma 
and surgery, whether the patient had a fracture-dislocation 
of the ankle, and, finally, whether external fixation was perfor-
med for damage control before surgery. 

For statistical analysis of whether any factors contributed to 
the presence of skin complications, a univariate analysis was 
initially carried out via logistic regression, using the stepwise 
method(15) to select the variables of interest. For multivaria-
te analysis, the backward method(15) was applied. A signifi-
cance level of 5% was adopted, and variables with a p-value 
slightly above that value were also accepted, although consi-
dered only marginally significant. To assess the goodness of 
fit and predictive ability of the logistic regression model, the 
Hosmer–Lemeshow test(16), Nagelkerke’s pseudo-R2(17), and 
the AUC (area under the ROC curve) were used. All statisti-
cal analyses were carried out in R version 3.6.3. To ascertain 
whether operative technique improved while the surgeon 
was learning and once the surgeon had acquired experience 

with the posterolateral approach and subsequent technique, 
Fisher’s exact test was performed with the years 2013 to 2018 
and occurrence skin complications as the variables. 

Surgical technique
The patient is placed in the prone position. A posterolateral 

incision is made longitudinally on the distal aspect of the leg, 
midway between the Achilles tendon and the fibula (Figure 1E). 
The sural nerve and small saphenous vein are identified and 
protected, since the nerve runs from central to lateral to the 
Achilles tendon, approximately 10cm from the attachment of 
the latter at the calcaneus(18). The posterior fascia of the leg is 
incised down to the flexor hallucis longus muscle and tendon. 
This structure is reflected laterally, simultaneously providing 
access to the posterior malleolus and protecting the midline 
neurovascular structures.

Fixation of the posterior malleolus can be performed with a 
posterior antishear plate or with traction screws placed in the 
posterior to anterior orientation, depending on the need for 
stabilization and fragment size. The posterior malleolus must 
be fixed before any other lesions, in order to allow better 
manipulation and fluoroscopic visualization of the reduction 
without other hardware getting in the way (Figures 1F to J).

The same route is habitually used at our service for identifi-
cation and fixation of the fibular fracture, when present. The 
proximal fascia of the fibular tendons is incised and opened 
longitudinally, and the tendons may be reflected medially or 
laterally. Fixation is performed posterior to anterior, which, in 
certain fracture patterns, can provide greater biomechanical 
stability and an antishear stop(19). 

Results
A total of 43 individuals were included, 28 of whom were 

female, with a mean age of 41.5 years (range, 25-65). All had 
PMF. Delayed healing occurred in 19 patients (44.2%). 

External fixation for damage control was performed prior to 
definitive surgical treatment in 31 patients (72.1%). Twenty-three 
patients (53.4%) presented with a fracture dislocation. The 
mean time elapsed between trauma and definitive treatment 
was 7.6 days (range, 0-30; standard deviation [SD], 6.2). The 
mean time from surgery to complete healing of the operative 
wound was 4.7 weeks (range, 2-17; SD, 4.4) (Tables 1 and 2).

The incidence of skin complications was not significantly 
associated with time between trauma and surgery (p=0.766), 
fracture-dislocation of the ankle (p=0.920), or use of external 
fixation before definitive repair (p=0.376) (Table 3). 

Skin complications occurred more frequently at the begin-
ning of the learning curve of the surgeons involved; the inci-
dence up to the year 2016 was 56.3%, decreasing significantly 
to 37% from 2017 onward (Figure 2). No patient needed ma-
jor intervention for wound closure.

Sample size calculation showed that, for a significance level 
of 5%, a moderate effect size, and a statistical power of 80%, 
each group required a minimum of 67 patients.
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Figure 1. Posterior malleolus fracture (A to D). Posterolateral access with structures reflected for visualization of the posterior malleolus 

(E); internal fixation of the posterior malleolus and fibula through the posterolateral approach (F to J).
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Table 1. Descriptive analysis of qualitative variables

Variable N %
Skin lesion No 24 55.8%

Yes 19 44.2%

Posterior malleolus fracture No 0 0%

Yes 43 100%

Fracture-dislocation No 23 53.5%

Yes 20 46.5%

External fixation No 31 72.1%

Yes 12 27.9%

Table 2. Descriptive analysis of quantitative variables

Variable N Mean SD Minimum Maximum
Days elapsed from trauma 
to surgery 43 7.6 6.2 0 30

Weeks elapsed from 
surgery to healing 43 8.3 4.4 3 17

Discussion
We did not find any significant risk factors for the occurren-

ce of skin complications in patients undergoing surgical treat
ment of PMFs via the posterolateral approach. Time between 
trauma and definitive surgery, presence of fracture-disloca-
tion, and use of external fixation before definitive repair were 
not significantly associated with either presence or absence 
of such complications. However, when we compared the rate 
of complications up to 2016 versus in 2017–2018, we obser-
ved a major reduction in the latter period, i.e., a higher risk 

of delayed healing in patients who underwent surgery at the 
beginning of the surgeons’ learning curve.

The most prevalent complications of the posterolateral 
approach are related to the surgical wound, occurring in 
approximately 11% of cases(20). A systematic review of 19 arti-
cles including a total of 768 patients found that 39 (5%) had 
skin complications(21). In a large study, Little et al.(22) evaluated 
the postoperative outcomes of 112 patients who underwent 
ORIF of ankle fractures via the posterolateral approach. Skin 
infection occurred in 5 patients. Another study evaluated 51 
patients with PMF operated via the posterolateral approach, and 
found that 4 (7.8%) developed skin complications in the pos-
toperative period(20). Conversely, another similar study found 
a twofold-higher incidence of skin complications (15.5%)(12). 
In our study, the overall incidence of skin complications was 
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44.2%. One of the reasons for this discrepancy between our 
data and the literature is the fact that surgeons continue to 
adapt to the unique features of this approach. Furthermore, 
the cutoff used to define delayed healing was not reported 
in any of the articles found in the literature. This may bias 
analysis of the time point at which delayed healing can be 
considered an early complication.

Abdelgawad et al.(23) argue that surgical wound dehiscen-
ces after the posterolateral approach are less disastrous than 
those occurring with the anterior, lateral and medial approa-
ches, as the hardware is placed deeper and there is greater 
soft-tissue coverage. The results of the present study corro-

Table 3. Comparison of explanatory variables between individuals with and without skin lesions

Skin lesion 
OR 95% CI P-valueNo Yes

N % N %
Fracture-dislocation No 13 56.5% 10 43.5% 1.00 - -

Yes 11 55.0% 9 45.0% 1.06 [0.32; 3.55] 0.920

External fixation No 16 51.6% 15 48.4% 1.00 - -

Yes 8 66.7% 4 33.3% 0.53 [0.13; 2.14] 0.376

Days elapsed from trauma to surgery Mean 7.8 7.3 0.98 [0.89; 1.09] 0.766

Figure 2. Patients who experienced skin complications, stratified 

by years.

borate this hypothesis, as no patient needed major interven-
tion to address skin complications. 

Unlike in the aforementioned study, however, we did not 
find any publications in the literature that considered the rate 
of skin complications to be a relevant factor in defining the 
optimal surgical approach to ankle fractures. We consider the 
PLA to be an excellent approach in addressing more complex 
fractures, but it has a steep learning curve. This is confirmed 
by the progressive decrease in incidence of complications 
over the years in the present study. Our decision to include 
patients who underwent surgery at three tertiary hospitals 
further highlights the importance of caution and expertise 
when performing ORIF via the posterolateral route. 

The present study has some limitations. The retrospective 
design prevented further analysis of risk factors for the deve-
lopment of complications. The sample was small, consisting 
of only 43 individuals. Thus, the study was underpowered by 
our own calculation, which required a minimum of 134 pa-
tients divided into two groups to enable reliable comparison. 
Further studies with adequate sample sizes, a prospective 
design, and a clear definition of the main risk factors are needed 
to understand which factors have a negative impact on early 
complications of the posterolateral approach.

Conclusion
Patients who undergo open reduction and internal fixation 

of posterior malleolus fractures via the posterolateral route at 
the beginning of the learning curve are a greater risk of de-
veloping skin complications, demonstrating the importance 
of this approach being restricted to more experienced sur-
geons. However, these complications had no impact on the 
need for revision surgery. The posterolateral approach thus 
remains an important route in the treatment of complex ankle 
fractures.
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Glomus tumors in the foot: two case reports
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Abstract
Glomus tumors are rare, benign neoplasms arising from components of the glomus apparatus. They are uncommon in the foot, often 
leading to misdiagnosis or a delay in diagnosis. This can have a significant impact on a patient’s quality of life and may result in incor-
rect surgical procedures being performed. Correct recognition leads to timeous diagnosis and marginal excision, which is curative. A 
glomus tumor should be considered in patients with no obvious cause for localized, severe foot pain. We report two different presen-
tations of a glomus tumor in the foot. 
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Introduction
The glomus apparatus is a component of the reticular der-

mis and is found throughout the body. It is a thermoregula-
tory arteriovenous shunt controlled by sympathetic activity 
to regulate blood flow when exposed to cold or hot tempe-
ratures. It thus helps regulate temperature by increasing or 
decreasing blood flow(1). 

A glomus tumor is a painful, benign neoplasm arising from 
components of the glomus apparatus. It accounts for only 1.6% 
of all soft tissue tumors. It occurs most commonly in women 
aged between 30 and 50 years and is frequently associated 
with delayed diagnosis. The peripheries are most affected with 
up to 75% of cases involving the hand. Less than 30% of tu-
mors are found in extradigital locations, including head, limbs, 
tongue, trachea, lungs, mediastinum, stomach, and rectum, 
but a predominance is noted in thigh, leg, and forearm(2). Ex-
tradigital glomus tumors are more common in men(3).

The largest series of glomus tumors not located in the hand 
was published by the Mayo Clinic. Out of 56 cases, they des-
cribed only 2 cases in the foot(4). Trehan et al.(1) described a 
large series of 11 patients with glomus tumors in the foot. Ten 
of these were subungual and one was in the plantar pulp of 
the terminal phalanx. Due to such a low incidence, a glomus 
tumor in the foot is often misdiagnosed. A high index of sus-

picion and good clinical acumen are required to make the 
diagnosis.

We report two different presentations of a glomus tumor 
in the foot.

Case reports
This study was approved by the Institutional Review Board 

at the authors’ institution.

Case 1
 A 33-year-old man presented with recent development 

of excruciating pain and sensitivity on top of his right foot. 
On examination, he had an exquisitely tender 1x1-cm bluish 
mass on the dorsolateral aspect of the midfoot. He also had 
a 2x2-cm mass on the plantar aspect of the foot. It was soft 
and completely asymptomatic. 

Magnetic resonance imaging (MRI) revealed an ellipsoid le-
sion on the plantar foot surface under the fourth metatarsal 
and a lobulated lesion anterior to the lateral malleolus. The-
se demonstrated increased T2 signal and contrast enhance-
ment. The margins of the lesions were well defined. A provi-
sional diagnosis of multifocal neuromas was made. Consent 
was obtained for an excisional biopsy. 
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At surgery, an incision was made in the dorsolateral aspect 
of the foot over the underlying mass. A pigmented, lobulated 
tumor resembling a hemangioma was excised. Then a lazy-S 
incision was made on the plantar aspect of the foot, and a 
large pigmented tumor was excised. These specimens were 
sent for histology. 

 Histology reported a vascular neoplasm in keeping with a 
glomus tumor. Both lesions were well circumscribed but had 
no fibrous capsules. The lesions consisted of tightly packed 
capillary-sized vessels surrounded by sheets of glomus cells. 

All preoperative symptoms resolved at 10 weeks post-sur-
gery. The patient returned 1 year later with a history of deve-
loping similar symptoms posterior to the initial dorsal glomus 
tumor. Clinically, he had sensitivity over the new mass sug-
gestive of a glomus tumor. He again underwent an excisional 
biopsy. An obvious glomus tumor was excised and sent for 
histology, which showed no evidence of malignancy and con-
firmed the diagnosis. 

The patient made an uneventful recovery with complete 
relief of symptoms at 12 weeks and no recurrence at 1-year 
follow-up.

Case 2
A 63-year-old man presented with intense sensitivity over 

the tip of the left second toe for a few years with cold into-
lerance. He had seen several specialists who were unable to 
give him a diagnosis and was told he needed to live with it. 

Clinically, he had bogginess over the cuticle with extreme 
sensitivity to touch but no nail changes. Radiography was 
unremarkable, but MRI did show hyperintense signal in the 
medial nailbed of the second toe (Figure 1). This measured 
approximately 5 mm in diameter. A glomus tumor was sus-
pected, and the patient consented to an excisional biopsy. 

Intraoperatively, the toenail was removed and the cuticle 
elevated (Figure 2). A purplish lesion, approximately 5 mm 
in circumference, was identified within the germinal layer of 
the nailbed (Figure 3). This was excised and sent for histology 
(Figures 4 and 5). As the lesion involved the germinal layer 
of the nailbed, the entire germinal layer was excised using a 
Zadek procedure.

Histology reported a well-circumscribed mass consisting of 
vascular channels surrounded by cuboid epithelioid cells and 
confirmed a benign glomus tumor (Figure 6). The patient had 
complete resolution of symptoms at 8 weeks.

Figure 1. Sagittal and coronal magnetic resonance images showing 

a dorsomedial hyperintense lesion on the second toe.

Figure 2. Planned skin incisions for elevation of cuticle.

Figure 3. Appearance of glomus tumor in the germinal layer of 

the nailbed.

Figure 4. Excision of glomus tumor together with ablation of the 

nailbed.
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Discussion
Glomus tumors are usually solitary, although there are seve-

ral reports of multiple lesions. These occur more commonly 
in the lower limbs. Patients with multiple lesions have been 
known to have similarly affected family members, and these  
tumors have sometimes been found simultaneously with 

neurofibromatosis type 1 and multiple endocrine neoplasia(4). 
Multiple glomus tumors tend not to be painful, which explains 
why the plantar tumor in case 1 was not painful. This may 
delay diagnosis. Case 1 shows an atypical presentation of a 
glomus tumor in the foot, multiple in type, with recurrence. 
Case 2 highlights the more typical presentation of a patient 
with the classical clinical triad and delayed diagnosis. 

Pathology
These tumors usually measure about 5 mm in diameter. 

Four histological subtypes have been described, namely an-
giomatous, paucivascular, neuromatous, and mucoid-hyaline, 
but there is often a mixture of these. These variants are not 
known to influence recurrence or metastatic potential(2). They 
may, however, result in atypical presentations. For example, 
an angiomatous predominance is often multifocal, as in case 1. 
This variation in presentation can make diagnosis challen-
ging. Malignant glomus tumors are exceedingly rare and oc-
cur in less than 1% of cases. A risk of malignancy correlates 
with deeper location, size greater than 2 cm, atypical mitotic 
figures, and moderate-to-high nuclear grade. Six examples 
have been reported in the hand literature(5).

Clinical examination
Diagnosis of a glomus tumor is primarily clinical. A patient 

may present with the triad of severe pain, point tenderness, 
and cold hypersensitivity. There may be an associated mass 
with blue-purplish discoloration below the nail. The nail may 
be curved or ridged(5). The Hildreth test is 92% sensitive and 
91% specific for diagnosing glomus tumors. It is performed 
by inflating a tourniquet to just above systolic blood pressure 
proximal to the tumor. It is considered positive if there is im-
mediate pain relief. The Love test induces pain when pinpoint 
pressure is applied over the lesion using a pencil or toothpick, 
while using the same device in adjacent tissues does not elicit 
pain. According to Giele, the Love test is 100% sensitive and 
0% specific(6). Application of ice or cold water results in pain 
due to increased cold sensitivity. Netscher et al.(7) reported 
this test to be 100% sensitive and 100% specific. 

Radiography
Radiographs are usually normal, but cortical depressions 

may uncommonly occur due to pressure from an adjacent 
tumor. On rare occasions, radiography may show bony ero-
sion. This occurs with intraosseous glomus tumors, which are 
extremely rare(8).

Ultrasound
Ultrasound is often the first imaging modality used for in-

vestigating these lesions. The lesion is typically hypoechoic, 
circumscribed, and oval. It is usually firm and not compressi-
ble. There is variable vascularity, with tortuous vessels seen 
internally, with blood flow. Fan et al reported 88% accuracy in 
diagnosing glomus tumors with ultrasound(9).

Figure 5. Excised specimen from nailbed of second toe.

Figure 6. Histology slides showing fibrofatty connective tissue with 

vascular channels. Vascular channels are surrounded by cuboidal 

epithelial cells. There is mild edema between these islands.
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MRI
MRI assists with location, sizing, and diagnosis of glomus tu-

mors. A glomus tumor appears as a well-delineated dark mass 
on T1-weighted images and a bright white mass on T2-weighted 
images. Some glomus tumors may be better visualized on 
T2-weighted fat-suppressed images with contrast or angio-
graphy. Al Qattan et al found MRI to be 90% sensitive but 
only 50% specific for glomus tumors. Similar findings may be 
found in cysts and other tumors of the hand(10).

Histology
Histopathological examination is essential for definitive diag-

nosis. The macroscopic appearance is a well-encapsulated 
grey-pink mass. Microscopically, glomus tumors are compri-
sed of uniform epithelial cells with abundant vasculature. Glo-
mus cells are small, uniform cells with round, monomorphic 
nuclei and eosinophilic cytoplasm(8).

Treatment
Because most glomus tumors are benign, the treatment of 

choice is wide local excision(5). This is usually curative with 

Trehan et al reporting complete resolution of symptoms with 
no recurrences in their series(1). As most occur in the nailbed, 
ablation of the nailbed may be required, as in case 2. It is 
important to explain to the patient that the surgery may re-
sult in nail defect or loss. Less than 10% of cases recur. Local 
recurrence may represent persistent tumor following inade-
quate excision or missed multiple glomus tumors. Very infre-
quently, a benign glomus tumor growing in a diffuse or infil-
trative pattern may result in recurrence(1).

Conclusion
Glomus tumors are rare, small, and painful benign neoplasms. 

They are often associated with delayed diagnosis. A high in-
dex of suspicion and good clinical acumen are necessary for 
successful diagnosis. A history of misdiagnosis and/or surgi-
cal procedures combined with the triad of severe pain, point 
tenderness, and hypersensitivity to cold should prompt MRI 
investigation. Excision of the tumor is curative. 
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Interdigital neuroma in a patient with macrodactyly of 
the hallux: case report
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Abstract
A patient with macrodactyly of the hallux, returned 2 years after amputation of the distal phalanx, complaining of pain and swelling 
in the plantar foot. The Tinel, Moulder, and Gauthier signs were all present. Diagnostic hypotheses were: neuroma of the amputation 
stump, compressive neuroma, neurofibroma, or schwannoma. Histopathological diagnosis demonstrated that the tumor was a neu-
roma. This is a rare and unique case associated with macrodactyly, in which nerves tend to be hypertrophic. The location in the first 
intermetatarsal space is uncommon. The treatment proposed was resection of the entire involved nerve; symptoms improved and there 
was no relapse. 
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Introduction
Macrodactyly is a rare congenital condition in which one 

or more of the fingers or toes are disproportionately larger 
than the others. It is caused by hypertrophy of all of the me-
senchymal tissues and simultaneously involves soft tissues 
and bony components of the digits(1). It is present at birth or  
detected in early childhood and tends to be progressive 
throughout the normal period of skeletal maturation(2).

The etiology of idiopathic forms is still unclear(2), although 
it is consensus that the origins are multifactorial(2). Unilateral 
manifestation is more common and few bilateral cases are 
described.

Macroscopically, all of the structures of the affected digits 
are enlarged. The flexor tendons appear normal, although 
larger. The digital nerves are thickened and tortuous(2).

Treatment of macrodactyly is decided on a case-by-case ba-
sis. Several aspects should be taken into consideration: type 
of macrodactyly, velocity of disease progression, the digits 
involved, and the age of the patient. The primary objective of 
treatment of macrodactyly of the toes   is to obtain feet that 
can fit into footwear, enable the patient to walk, and achieve 
a good clinical appearance of the toes. Surgical treatment is 

needed to achieve this and can encompass resection of re-
dundant tissues, tenodesis, epiphysiodesis, and shortening 
of the bone, and in some cases may require amputation of 
the digit or ray(1). 

We present a rare case of macrodactyly of the great toe, in 
which, 2 years after the first surgical procedure, a large, painful, 
and palpable neuroma developed in the plantar region, located 
in the first intermetatarsal space of the foot.

Case report
This study was approved by the Institutional Review Board 

and registered on the Plataforma Brasil database under 
CAAE (Ethics Evaluation Submission Certificate) number: 
29530019.1.0000.5501.

The patient, S.R., was a 46-year-old, white, male laborer 
who was referred to the foot and ankle surgery clinic at the 
University Hospital in Taubaté, SP, Brazil, complaining of an 
excessively large left hallux that made it difficult to wear shoes. 
He was diagnosed with macrodactyly of the hallux and we 
recommended amputation of the distal phalanx of the great 
toe, with resection of excessive soft tissues, thereby reducing 
both width and length of the toe.
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The patient did not have a family or genetic history of ma-
crodactyly and had no associated comorbidities.

Two years after the first operation, the patient returned to 
the clinic, complaining of progressive pain in the plantar region 
of the forefoot, exacerbated by walking. Physical examination 
revealed a palpable and painful nodule. This tumor was mo-
bile, of a fibroelastic consistency, with a largest dimension of 
approximately 6cm, and was located in the first intermetatar-
sal space. The Tinel, Moulder, and Gauthier signs were all po-
sitive. Palpation of the hallux amputation stump was painless 
and there were no signs of paresthesia, or shock in response 
to percussion.

We ordered radiological (X-rays) and magnetic resonance 
(MRI) examinations of the foot. The X-rays did not show any 
changes, beyond the amputation of the distal phalanx of the 
hallux. The MRI images showed a nodular mass located in 
the first intermetatarsal space, measuring 6cm long by 2cm 
wide, with no signs of malignancy or invasion of soft tissues 
(Figure 1).

The patient was scheduled for surgery. Through a plantar 
incision and careful dissection, the nerve was identified and 
found to be greatly thickened, enlarged, and yellowed. The 
perineurium was soft and the interior was hard, without signs 
of malignancy when examined macroscopically. It did not re-
semble a stump neuroma, since the nerve was uninterrupted 
both before and after the neuroma (Figure 2).

Complete resection of the nerve was performed until appa-
rently healthy neural tissue was reached. The surgical wound 
was sutured closed by planes up to the level of the skin. The 
foot was bound and the patient instructed to walk imme-
diately. During postoperative recovery the patient remained 
free from pain and infection and his compressive symptoms 
improved (Figure 3). Anatomopathological examination re-
vealed fragments of twisted nerve trunks surrounded by fi-
brosis arranged concentrically, with no signs of malignancy, 
confirming the preoperative hypothesis that the mass was an 
interdigital neuroma.

We did not assess the results of surgery by applying the 
AOFAS scale before and after the operation, since this was a 
single case, but we did assess pain with an analog scale. The 
preoperative pain score was 8, which reduced to 3 during the 
postoperative period, demonstrating good recovery.

Discussion
Macrodactyly is a rare congenital anomaly, which can be as-

sociated with other syndromes, although in this study it was 
an isolated case, with no association with other pathologies. 
Generally, all structures of the affected digits are enlarged: 
dermis, subcutaneous tissues, tendons, bones, and nerves.(1-3)

Figure 1. Magnetic resonance images showing 

details of the nodular lesion.

Figure 2. Images showing resection of the neuroma, and illustra-

ting its size

Figure 3. Postoperative appearance of the foot and the surgical scar.
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We reported a rare case of an enlarged interdigital nerve, 
located in the first intermetatarsal space. The patient had 
previously presented with macrodactyly, which had been 
treated with surgery. However, 2 years after that first opera-
tion, he returned with pain and swelling in the plantar region.

The anatomopathological examination revealed fragments 
of twisted nerve trunks surrounded by fibrosis, arranged con-
centrically, and with no signs of malignancy. The patient was 
diagnosed with an isolated interdigital neuroma. 

These symptoms are uncommon in the first space and 
even rarer in conjunction with macrodactyly. Taken together, 
the size of the nodule and the clinical status were strongly 
suggestive of neuroma and were reinforced by the clinical 
signs present(3).

In the literature, interdigital neuroma, known as Morton’s 
neuroma, is frequently seen in the second and third inter-
metatarsal spaces, in 29% and 60% of cases respectively. In 
contrast, it is very rare in the first space, occurring in just 1 
to 2.5%(4).

There are very few cases in this region in the literature. Ano-
ther possibility in the differential diagnosis is schwannoma, a 
rare lesion that is uncommon in the foot, observed in just six 
cases in the literature(5-8). A neurofibroma is easily differentia-
ted with a histopathological study, which will show a myxoid 
stroma with collagen fibers in the interior, plexiform arrange-
ment, and deformed neuronal axons(5).

We decided to conduct open surgery to treat the nodule 
because of its size, facilitating safe resection of the lesion.

New treatment methods exist that are reported to improve 
the painful symptoms, including use of high intensity laser 
treatment, which has shown promising results. Pain is redu-
ced in up to 80% of cases and the size of the nerve thickening 
is reduced in up to 51%(9).

Some authors recommend using minimally invasive surgery 
to treat these neuromas, releasing the intermetatarsal liga-
ment and performing osteotomies on metatarsal bones, crea
ting more space between them and relieving the nerve com-
pression. They report good results at 2-year follow-up.(10) 

The results of surgical treatment for neuroma are excel-
lent or good in 89% of cases, irrespective of the technique 
employed, compared to 85% for ablation with alcohol or ra-

dio frequency. The worst results are seen with conservative  
treatment, which is associated with 47% relapse or treatment 
failure(8).

Ultimately, surgical treatment is the best choice, improving 
symptoms in up to 89% of patients. Founded on this theory, 
a review study also considered that patients who are given 
good information will exhibit better results with surgical in-
tervention(8). 

In the case described here, the procedure performed was 
the best choice, in  view of the size, characteristics, and loca-
tion of the lesion. The tumor was very large and we needed a 
precise diagnosis. 

We used an extended plantar surgical approach, affording 
an excellent view and allowing total resection. The patient 
recovered well after the operation, with relief from symptoms 
and no complications. 

In current databases, it is uncommon to find cases diagnosed 
as neuromas in the first interdigital space associated with gi-
gantism of the first toe, which is the main reason for this study.

Notwithstanding, other pathologies of the nerves can occur 
in the presence of macrodactyly, such as, for example: ha-
martomas, neurilemmoma (schwannoma), neurofibroma, or 
fibrolipomas, which are very rare in the lower limbs(9).

Interdigital neuromas located in the first space in the fore-
foot were described in 1% of cases by Bartolome and Wer-
theimer, in 1983, and in 2.5% of cases by Adante et al., in 
1985, who studied 100 patients with Morton’s neuroma, as 
reported by Thomas et al.(4).

All of these factors prompted us to report this uncommon 
case of a patient with both macrodactyly and a digital neu-
roma in the first space. We are not certain that the presence 
of this neuroma was because of the macrodactyly, but it is 
possible, as a result of compression of the nerve between the 
first and second metatarsals. The combination is possible, al-
though they are two distinct pathologies.

Conclusions
This study is an alert that it is possible for a compressive 

neuropathy to develop in the first intermetatarsal patient in a 
patient with macrodactyly of the hallux.

Authors’ contributions: Each author contributed individually and significantly to the development of this article: HSBS *(https://orcid.org/0000-0002-
1549-0992) participated in the review process, approved the final version; LCRL *(https://orcid.org/0000-0003-1158-2643) conceived and planned the 
activities that led to the study, wrote the article, interpreted the results of the study; JAG *(https://orcid.org/0000-0003-4652-4400) wrote the article, 
participated in the review process; LCATF *(https://orcid.org/0000-0002-0778-2506) conceived and planned the activities that led to the study, approved 
the final version; LFL *(https://orcid.org/0000-0003-1048-7134) wrote the article, participated in the review process. *ORCID (Open Researcher and 
Contributor ID) .

https://orcid.org/0000-0002-1549-0992
https://orcid.org/0000-0002-1549-0992
https://orcid.org/0000-0003-1158-2643
https://orcid.org/0000-0003-4652-4400
https://orcid.org/0000-0002-0778-2506
https://orcid.org/0000-0003-1048-7134


Silva et al. Interdigital neuroma in a patient with macrodactyly of the hallux: case report

190 J Foot Ankle. 2020;14(2):187-90

References
1.	 Pessôa FC, Costa EM, Martins IS. Macrodactilia: série de casos. Sci 

J Foot Ankle.  2018;12(3):255-9. 

2.	 Monteiro AV, Chiconelli JR, Almeida SF. Macrodactilia: estudo 
retrospectivo de sete casos. Rev Bras Ortop. 1998;33(1):54-8.

3.	 Coughlin M, Saltzman CL, Mann RA (editors). Mann’s surgery of 
the foot and ankle. 9ed. Philadelphia: Mosby; 2013. 

4.	 Clinical Practice Guideline Forefoot Disorders Panel, Thomas JL, 
Blitch EL 4th, Chaney DM, Dinucci KA, Eickmeier K, Rubin LG, Stapp 
MD, Vanore JV. Diagnosis and treatment of forefoot disorders. 
Section 3. Morton’s intermetatarsal neuroma. J Foot Ankle Surg. 
2009;48(2):251-6. 

5.	 Muratori F, De Gori M, Campo FR, Bettini L, D’Arienzo A, Scoccianti 
G, Capanna R. Giant schwannoma of the foot: a case report 
and literature review. Clin Cases Miner Bone Metab. 2017;14(2): 
265-8.

6.	 Gimber LH, Melville DM, Bocian DA, Krupinski EA, Guidice MP, 
Taljanovic MS. Ultrasound evaluation of Morton neuroma before 
and after laser therapy. AJR Am J Roentgenol. 2017;208(2):380-5. 

7.	 Park EH, Kim YS, Lee HJ, Koh YG. Metatarsal shortening os
teotomy for decompression of Morton’s neuroma. Foot Ankle Int. 
2013;34(12):1654-60.

8.	 Valisena S, Petri GJ, Ferrero A. Treatment of Morton’s neuroma: A 
systematic review. Foot Ankle Surg. 2018;24(4):271-81.

9.	 Murphey MD, Smith WS, Smith SE, Kransdorf MJ, Temple HT. From 
the archives of the AFIP. Imaging of musculoskeletal neurogenic 
tumors: radiologic-pathologic correlation. Radiographics. 1999; 
19(5):1253-80.

10.	 Bauer T, Gaumetou E, Klouche S, Hardy P, Maffulli N. Metatarsalgia 
and Morton’s disease: comparison of outcomes between open 
procedure and neurectomy versus percutaneous metatarsal 
osteotomies and ligament release with a minimum of 2 years of 
follow-up. J Foot Ankle Surg. 2015;54(3):373-7.



DOI: https://doi.org/10.30795/jfootankle.2020.v14.1189

Special Article

Copyright © 2020 - Journal of the Foot&Ankle 191J Foot Ankle. 2020;14(2):191-6

Current trends in the biokinetic analysis of the  
foot and ankle
Leonardo Metsavaht1,2 , Gustavo Leporace1,2

1. Instituto Brasil de Tecnologias da Saúde, Rio de Janeiro, RJ, Brazil.
2. Universidade Federal de São Paulo, Escola Paulista de Medicina, Departamento de Diagnóstico por Imagem, São Paulo, SP, Brazil.

Abstract
Although the importance of studying the anatomy of structures of the ankle and foot joints is fundamental, evidence points to a low 
correlation between static and dynamic measurements; this could represent a problem in the study of the functioning of the ankle and 
foot during daily activities. The aim of the present study is to review the classic knowledge on ankle and foot biomechanics and present 
new concepts of functional biomechanics (3-dimensional biokinetic analysis) in order to clarify their clinical applications in assisting 
diagnostic and/or treatment decisions. For this, we performed a literature review and divided the article into 6 sections: (1) functional 
biomechanics of the ankle and foot; (2) dynamic joint stability; (3) functional stability mechanisms of the foot; (4) functional stability 
mechanisms of the ankle; (5) gait and running biokinetics; (6) the role of proximal joints in ankle and foot movement. At the end of this 
article, the reader should be able to understand how the 3-dimensional biokinetic analysis of the ankle and foot can contribute along 
with imaging examinations to the clinical setting, thus allowing the construction of a more complete profile of the patient. Such infor-
mation could enable the identification of weaknesses and the implementation of objective interventions for each patient.

Level of Evidence V; Prognostic Studies; Expert Opinion.
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Introduction
The foot supports all the weight exerted by the human 

body, which can eventually reach 4 to 6 times a person’s nor-
mal weight(1). It is the first body segment to absorb the reac
tion forces caused the contact against the ground in daily 
activities and sports movements, and it performs the transfer 
of forces through the proximal joints for power generation(2). 
The foot is an anatomically complex structure, consisting of 
various bones and joints, as well as intrinsic and extrinsic 
muscles. These aspects provide the necessary mobility to absorb 
forces, along with a high capacity to change rigidity and be a 
robust lever arm for transferring forces to the ground(3).

In spite of the importance of studying the anatomy of the 
ankle and foot joints, evidence indicates a low correlation 
between static and dynamic foot measurements(4,5). Böhm et 
al.(5) (2019) demonstrated that static measurements of foot 

deformities (performed using radiographs) explained only a 
small variation in foot movements during gait, especially in 
children with flexible flat feet. This was possibly related to 
an overload of the ankle and foot both statically and during 
different dynamic activities. These findings suggest that the 
function of the foot cannot be precisely assessed exclusively 
from manual clinical examinations, provocative tests, and static 
radiographic observations, although this is commonly perfor-
med in clinical practice.

Moreover, individuals with similar anatomopathological 
diagnoses have been reported to present different biokine-
tic findings, demonstrating that the functional assessment 
of specific movements should be seen as a complementary 
examination that is essential to the conventional practice of 
ankle and foot specialists(6). The purpose of this article is to 
review the biomechanics of the foot and ankle combining 
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classic knowledge with new concepts of functional biome-
chanics in order to lay the foundation for the clinical appli-
cation of 3-dimensional (3D) biokinetic analysis in diagnostic 
and/or treatment decisions.

Functional biomechanics of the foot and ankle
Conventionally, the movements of the ankle and its muscu-

lar actions are studied either with the tibia as a fixed point for 
the free movement of the ankle and foot (usually named an 
open kinetic chain [OKC] movement) or with a fixed foot, for 
instance against the ground, where the movement would 
happen in the proximal segments and be named a closed ki-
netic chain (CKC) movement(7). However, these approaches 
do not fully represent what happens during daily activities. 
The concept of functional biomechanics advocates that al-
though one segment will always be the base for the other to 
move, both segments can be simultaneously mobile in any 
trivial activity. The main difference between conventional and 
functional biomechanics is that the latter considers that the 
function of joints and segments cannot be separately ob-
served. The central nervous system (CNS) works as the ge-
nerator of complex movement patterns based on muscular 
synergisms, aiming to accomplish a motor task instead of 
accounting for individual muscular actions(8). Following this 
line of reasoning, 3D biokinetic analyses are meant to identi-
fy the role of each anatomical, joint, and muscular structure 
in the functional capacity of an individual throughout his or 
her daily activities. To facilitate the understanding of this re-
latively new area of study, it is necessary to establish how 
the main pillars of functional biomechanics are applied to the 
study of foot and ankle function.

Dynamic joint stability
Rienmann and Lephart(9) (2002) define dynamic joint stabi-

lity as the ability of a joint to remain or readily resume to its 
proper alignment through an equalization of forces. Evidence 
suggests that the control of active joint stability is orchestra-
ted by the neuromuscular system and not by isolated muscle 
strength or range of motion(10), highlighting the importance of 
the CNS as a functional maestro.

The ability to generate safe movement and to improve per-
formance depends on the movement of joints in segments 
with stable bases. Literature on the importance of functional 
ankle stability for injury prevention and rehabilitation(2,6,11) is 
extensive and relates chronic ankle instability to a lower ca-
pacity of generating functional strength by the triceps surae 
muscle(11), lower power production during jump propulsion(12), 
and a higher risk of ligament and cartilage injuries(13). The-
refore, reducing this instability through specific training or 
surgery is crucial and should be done before the adoption 
of an overloading activity such as an increase in sports per-
formance. In order to understand some of the strategies for 
reversing non-surgical instabilities, it is necessary to address 
the structures that participate in the joint stability of the foot 
and ankle.

Functional stability mechanisms of the foot
The main structure that generates stability in the human 

gait is the foot. Functionally, the foot has 3 main roles:

1)	 To be a stable base of support for movements of the pro-
ximal segments;

2)	To assist in the absorption of ground reaction forces;

3)	To be a powerful lever arm for the ankle muscles during 
the propulsion of gait and sport movements.

The intrinsic and complex role of the plantar arch of the foot 
in maintaining stability and mobility has been the subject of 
studies in several areas from the Renaissance era, with Leo
nardo Da Vinci(14), to anatomists of the last century(15) and pre-
sent day(4). The medial longitudinal arch (MLA) has been the 
most studied structure because its load sharing system (arch 
load-sharing system) is believed to be essential for the proper 
functioning of the foot(16). It works as a spring system, chan-
ging foot stiffness and allowing deformation for absorbing 
loads while creating a robust segment for transferring forces 
to the ground. For a more detailed understanding of the role 
of the medial longitudinal arch, please refer to Kirby(16) (2017).

Despite widespread research on this reductionist 2-dimen-
sional (2D) view of the MLA, some of the evidence indicates 
that it functions as a 3D structure. Some authors suggest that 
the plantar arch should be named “plantar dome,” due to the 
importance of other passive, active, and neuromuscular struc-
tures in maintaining the plantar arch(2). This theory has been 
confirmed by cadaveric experiments showing that the resec-
tion of the plantar fascia reduced foot stiffness by less than 
25%(17). On the other hand, engineering principles demonstra-
te that even thin structures, when folded in the transverse di-
rection, increase their longitudinal stiffness; this concept that 
can be easily demonstrated by a slice of pizza curved across 
in our hands. Recently, Venkadesan et al.(18) (2020) applied 
these concepts of transverse arch stiffness and observed that 
the resection of the transverse arch reduced foot stiffness by 
more than 50%, highlighting its important role in the main-
tenance of the plantar dome. For an illustration of the effect 
of transverse stiffness on longitudinal stiffness, the authors 
suggest the following video: https://youtu.be/adt3sH9O_vE.

Another aspect associated with the functioning of the 
plantar arch is the windlass mechanism, which is widely 
observed in orthopedic clinical practice through the Ja-
ck’s Test(19). During this test, the hallux extension produces 
a tension in the plantar aponeurosis, which brings the cal-
caneus closer to the metatarsophalangeal joints(20) (Figure 
1). In association with passive structures, the posterior tibial 
muscle begins to act concentrically and blocks the midtarsal 
joints to increase foot stiffness(20). Functionally, the windlass 
mechanism occurs with the hallux as a fixed point and with 
the movement of the metatarsophalangeal joint (Figure 2). 
This mechanism is initiated by tibiotalar dorsiflexion as the 
tibia advances over the talus in the midstance (MS) pha-
se of the gait(20). In the terminal stance (TS) phase, load on 
the forefoot region increases, activating the fibularis longus 
muscle and inducing the windlass mechanism and the elevation 

https://youtu.be/adt3sH9O_vE
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of the calcaneus on a rigid forefoot base, thus creating an 
effective lever arm to generate propulsion for the second 
half of the support phase(20).

Increased mobility of the midfoot and reduced mobility of 
tibiotalar dorsiflexion and hallux may impair the windlass 
mechanism and contribute to increased foot stiffness in this 
phase(21); individuals with flexible flatfeet may not be able to 
create a rigid base, causing the axis of movement to move 
towards the midtarsal joints so the lever arm is reduced(21). As 
a form of compensation, the triceps surae is more intensely 
activated and produces more strength; this overload may 
lead to painful conditions such as Achilles tendinopathies or 
muscle injuries. Moreover, inadequate triceps activation and/or 
strength also increases ankle instability(21).

Functional stability mechanisms of the ankle
Several studies have demonstrated changes in the move-

ment patterns of hips, knees, and ankles in individuals with 
chronic ankle instability(2,6,22), demonstrating that the same 
condition can lead to different motor adaptations and each 
case requires individual evaluation. The motor variability 
among these individuals may reflect either an attempt to 
explore alternative stabilizing strategies or an inadequate 
sensory-motor control(23). In addition, the arthrogenic inhi-
bition of the fibularis longus has been related to continued 
instability even after the restoration of triceps surae muscle 
strength(24).

According to Hertel et al.(25) (2002), individuals with ankle 
instability can be classified into 2 major groups: those with 
mechanical ankle instability (MAI) and those with functional 
ankle instability (FAI). MAI is defined as a pathological laxi-
ty after ligament injury, while FAI is a subjective symptom 
or sensation of instability due to proprioceptive deficits and 
changes in neuromuscular functions.

Several clinical tests are commonly used to measure ankle 
stability, and subjective measurements of the eversion/in-
version of the heel can be performed with activities such as 
unipodal support and walking on a treadmill. However, in ad-
dition to the measurement errors intrinsic to subjective tests, 
clinically assessing dynamic joint stability does not guaran-
tee the functional competence of the ankle and foot in daily 
tasks and sports. Despite being more affordable and easier 
to perform, 2D assessments can present important measure-
ment errors even in individuals with small rotational changes 
in the ankle and foot(26). It should also be taken into account 
that ankle stability is direction- and task-dependent(24), and 
the ability of an individual to maintain joint stability in one di-
rection does not mean he or she will be able to do so in other 
directions. It is necessary to evaluate all 3D components of 
foot and ankle stability to ensure a safe return to daily acti-
vities and sports. Therefore, the functioning of the foot and 
ankle should be tested and analyzed in different activities. In 
this review, we will summarize relevant information currently 
published on gait and running.

Figure 1. The windlass mechanism demonstrated passively: A 

hallux extension produces a tension in the plantar aponeurosis, which 

brings the calcaneus closer to the metatarsophalangeal joints.

Figure 2. The windlass mechanism actively provoked on termi-

nal support phase: The activation of fibularis longus and tibialis 

posterior muscles collaborates in maintaining the plantar arch for 

adequate triceps surae function and ankle stabilization.
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Gait and running biokinetics
Human gait and running can be divided into stance and ba-

lance phases. In gait, the support phase is subdivided into 
4 phases: load response (LR), MS, TS, and pre-swing (PS)(1) 
(Figure 3). In running, the support phase is subdivided into 2 
phases: LR and propulsion response (Figure 4). During LR in 
a non-pathological gait, in the sagittal plane, the foot drops 
(heel rocker) with a plantar flexion movement eccentrically 
controlled by the tibialis anterior muscle. In the coronal plane, 
there is an eversion movement of the ankle, eccentrically con-
trolled by the tibialis posterior muscle. At this moment, mo-
tion control is achieved by reducing the stiffness of the foot 
and turning it into a structure that is able to absorb mecha-
nical loads(1). In running, the role of eccentric eversion control 
increases due to increased ground reaction forces. In runners 
whose initial contact happens with the heel (rearfoot strikers), 
the sural triceps has a secondary effect in load absorption by 
preventing excessive advancement of the tibia(1). On the other 
hand, in runners whose initial contact occurs with the mid-

foot or forefoot (midfoot/forefoot strikers), the sural triceps 
assumes a primary eccentric role, which may increase the risk 
of Achilles tendinopathies and injuries in the tibialis posterior(27) 
when no proper training is employed.

The ankle rocker phase during MS is characterized by a ro-
tation of the tibia over the foot, which is fixed on the ground 
on unipodal support, while the plantar arch is maintained by 
activating the posterior tibialis and intrinsic muscles of the 
foot. During TL and PS, the forefoot rocker phase happens 
when the heel rises from the ground and begins the pro-
pulsion phase. At this moment, the sural triceps activation, 
mostly through the soleus muscle, has the important role 
of limiting the anteriorization of the tibia and inducing knee 
extension. The fibularis longus depresses the first metatar-
sal head and contributes to the formation of the plantar arch 
and stabilization of the ankle joint. In running, the soleus has 
an additional propulsion role since it is responsible for more 
than 50% of the horizontal acceleration of the runner’s center 
of mass(1).

Figure 4. The running cycle. Using the right limb as reference: (A) initial contact; (B) LR; (C) propulsion; 

(D) swing (Image by Biocinetica Laboratório do Movimento Ltda).

A B C D

Figure 3. The gait cycle. Using the light limb as reference: (1) initial contact; (2) load response (LR); (3) 

midstance (MS); (4) terminal stance (TS); (5) pre-swing (PS); (6) swing (Image by Biocinetica Laboratório 

do Movimento Ltda, Rio de Janeiro, Brazil).

1 2 3 4 5 6
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The role of proximal joints in ankle and foot movement
Although it is easy to suppose the influence of neighbor 

and distant joints in the control of the foot and ankle, the 
identification and measurement of such influences only re-
cently has been deeply studied. Cavalin et al. (28) (2018) found  
a strong association between hip adduction and ankle 
eversion in healthy runners, where 50% showed a descen-
ding relationship (hip influencing the ankle), 25% showed an 
ascending relationship (ankle influencing the hip), and 25% 
presented a synchronic relationship over time (Figure 5). 
Other authors have also demonstrated the influence of the 
ankle dorsiflexion range of motion in femoral medialization, 
a movement dysfunction often referred as “dynamic valgus”. 
The proximal chain can influence and be influenced by distal 
changes and interfere on the loading of joints and segments 
as a whole(29) (Figure 6).

Conclusion
Human motion happens as a system where many variables 

may individually or collectively influence the loading, mobi-
lity, and stability of any one joint or segment. Similar to an 

Figure 5. Individual walking on a treadmill at 4.3km/h showing, in 

the coronal plane, the influence of a pelvic contralateral drop on 

ankle eversion.

Figure 6. Three-dimensional biokinetic analysis image (A) and graph 

in degrees (B), in the coronal plane, of a 35-year-old male recreational 

long-distance runner diagnosed with plantar fasciitis. Peak right ankle 

eversion (18°) influenced by a peak contralateral pelvic drop (10°) in 

the stance phase of running. Red arrows: excessive ankle eversion; 

yellow lines: excessive contralateral pelvic drop; green line: right ankle 

motion; red line: left ankle motion; black line: expected ankle motion 

(Image by Biocinetica Laboratório do Movimento Ltda).

A

B
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airport network, when one terminal is out of order, the others 
are overloaded, but eventually all planes must get to the 
ground safely.

The adequate functioning of the foot and ankle depends on 
the activities of passive tissues and muscles and the neuro-
muscular control of local and distant joints. Any changes to 
this system may lead to functional incapacity and subsequent 
lesions and/or pain. The study of the functional biomechanics 
of the ankle and foot, in addition to a clinical investigation and 
imaging exams, contributes to a more complete understan-

ding of the problems of each patient. For these reasons three-
dimensional biokinetic assessments have become valuable to-
ols for identifying the weakest links in the movement chain in 
an objective, measurable, and reproducible manner. 
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Abstract
The objective of this study is to evaluate the applicability of the finite element method to analyze pressure distribution in the healthy 
human foot. Images of a foot were captured using computed tomography and converted into a three-dimensional model, which was 
adjusted with the aid of CAD software. The model was imported into Abaqus software for finite element analysis, considering the di-
fferent regions of the foot. Observations of displacement, stresses, and pressure distribution demonstrated a biomechanical behavior 
of the foot consistent with that reported in the existing literature, regarding the regions of peak plantar pressure. These findings de-
monstrate the feasibility of evaluating the physical and mechanical behavior of the human foot using the finite element method, and 
can serve as a reference for the study and manufacture of orthotic appliances, prosthetic devices, and insoles. 
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Introduction
Diabetic neuropathy (DN) is a complication that affects 

about 50% of patients with diabetes mellitus. It manifests 
chiefly as loss of sensation(1). In the presence of DN, bone 
microfractures occur, disrupting the plantar arch, changing 
the points of support and facilitating loss of skin continuity. 
Secondary infections are compounded by an associated mi-
croangiopathic ischemic state(2). It is estimated that, by the 
year 2025, approximately 333 million people will have been 
diagnosed with diabetes worldwide(3,4). This socioeconomic 
impact highlights the need to assess risk factors for the de-
velopment of lower-limb ulcers and amputations in patients 
with diabetes and consequently, the study of pressure over-
load on the diabetic foot(5).

Pressure distribution in the diabetic foot is usually measu-
red through pressure sensors applied to the patient. However, 
such devices are limited to foot pressure distribution and do 
not reveal the internal influences between bones and soft 
tissue. An alternative approach is the finite element method 
(FEM), which would allow one to model and simulate the human 
foot by predicting the distribution of plantar pressure during 

use of different shoes, insoles, and orthotic appliances, thus 
facilitating the manufacture of custom devices for each speci-
fic patient. Furthermore, the FEM can also predict the internal 
forces and deformations of the bones and soft tissues of the 
foot(6). The present study builds on the work of two groups: 
Antunes et al. (2007)(7) and Cheung and Zhang (2006)(8). 

Methods
Computed tomography scans (slice thickness 0.5mm) of 

the right ankle and foot of a healthy female volunteer (age 
26 years, weight 56kg) with anatomically normal feet were 
obtained. The captured images were reconstructed as 3D 
surfaces (STL format) using InVesalius® v.3.1 software. Sepa-
ration masks were used to isolate the anatomical structures 
of the foot into 31 bones and 1 soft-tissue volume (represen-
ting the entire foot). Magics® software was used for geometric 
fine-tuning and smoothing of the STL triangle mesh. The ad-
justed STL model was then transformed into STEP format(9). 
Three-dimensional modeling and geometric treatment were 
performed in the Solidworks® software environment. Briefly, 
a model was created from the bone structure filled with car-
tilage (Figure 1A).
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This bone-and-cartilage model was then subtracted from 
the overall foot model to obtain a hollow soft-tissue model, 
i.e., consisting of skin, fat, and muscle alone. These made up 
the whole study model (Figure 1B, 1C and 1D). 

A finite element model (FEM) was created in Abaqus® 6.14-5 
software for further simulation, based on the distribution 
of contact pressures between the ground and the foot. Tie 
and surface-to-surface constraints were created for each  
bone-cartilage pair in the FEM model. This type of constraint 
links the nodes of the master surface to the slave surface, 
transmitting forces from part to part. In this case, the surfa-
ces of the bone-cartilage set were defined as the master and 
the internal surfaces of the soft tissue as the slave. The foot- 
to-ground interface was defined through a pair of surface-
to-surface interactions which allowed sliding, with the upper 
surface of the ground as the master and the lower sole of the 
foot as the slave. This allows the generation of a contact 
pressure field on the plantar surface area. A coefficient of 
friction of 0.6 was defined for the tangential behavior of the 
contact, while an Augmented Lagrange constraint method 
was used for the normal behavior of the contact.

The materials used in the model were considered isotropic, 
homogeneous, and linear-elastic, except for the soft tissue, 
which was set as hyperelastic due to its characteristic nonli-
near elastic behavior. The ground was set as a non-deformable 
rigid material. The plantar fascia was divided into five axes, 
represented by truss elements with a cross-sectional area 
of 58.6mm(2). To account for the key function of the plantar  
fascia (stabilizing the longitudinal arch of the foot and sustai-
ning high stress levels during weight bearing), the behavior 
of the truss element was defined as non-compressible. The 
nominal properties of the materials were obtained from the 
literature (Table 1). The nonlinear mechanical behavior of the 
soft tissue was defined by a hyperelastic model, based on 
a second-order polynomial strain energy function. The para
meters were obtained from Antunes et al. (2007)(7).

To generate the mesh, 3D-tetrahedral elements were defi
ned. Linear formulations were used, except for the soft tissue, 
which used a hybrid formulation instead to ensures the  
near-incompressible constraint of the nonlinear elastic beha-
vior of the material. All structures, element types, and for
mulations were based on the work of Antunes et al. (2007)(7) 
and Cheung and Zhang (2006)(8) (Table 2). The size of the 
mesh element was refined on the plantar surface, on the car-
tilage surfaces in contact with the bone surface, and on the  
inner soft tissue surface in contact with the bone-cartilage 
joint. The complete model consists of 680,689 mesh elements.

The load on the posterior face of the calcaneus bone was 
simulated using five vectors with vertical forces of positive 
magnitude in the Y-direction(10). As the volunteer in the pre-
sent case had a body mass of 54 kg, the weight on each foot 
was 270 N and the force applied on the tendon was 135 N. 
Thus, a load of 27 N was uniformly applied to each vector and 
the weight on each foot (270 N) was applied vertically below 
the support in the positive Y-direction.

The 270-N force represents the reaction of the person’s 
weight, and could only be applied after rendering the upper 
surfaces of the soft tissue, tibia, and fibula fixed. In addition, a 
kinematic constraint was defined so as to allow the ground to 
move only in the positive vertical direction (Y axis), without 
any possibility of rotational motion.

Results and Discussion
Displacement was measured by calculating the difference 

in positions of the nodes before and after application of for-
ces in the model. Figures 2A and 2B show the displacements 
identified along the Y axis. The peak displacements were 

Table 1. Mechanical properties attributed to the study elements

Element Modulus of 
elasticity [MPa]

Poisson’s 
ratio (2) Cross-section [mm2]

Bone 7,300 0.3 -

Cartilage 10 0.4 -

Soft tissue Hyperelastic - -

Plantar fascia 350 0.4 58.6

Ground 210,000 0.3 -
*MPa: megapascal / **v - / ***mm2: square millimeter

Table 2. Element, type of element, and formulation

Element Type of element Formulation
Bone 3D-tetrahedron Linear

Cartilage 3D-tetrahedron Linear

Soft tissue 3D-tetrahedron Linear, hybrid

Plantar fascia 1D-truss Linear

Floor (Ground) 3D-hexahedron Linear
Figure 1. A. Modeling and attachment of cartilage elements for 

bone support; B. Full 3D model; C. Finite-element mesh model.

A B
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-0.875mm in the dark blue region and +4 to +5mm in the 
area of the metatarsals and phalanges. This is a result of the 
weight reaction force applied to the foot support (positive 
Y-direction) exceeding the Achilles tendon force (applied to 
the upper surface of the calcaneus, positive Y-direction) and 
the forces applied to the model being displaced away from 
the fixed surfaces (tibia, fibula, and soft tissue). Thus, the  
weight reaction force deforms the less rigid regions (soft  
tissue) and displaces the more rigid structures (bones) 
upwards. As the bony structure of the foot is rigid and the 
cross-sectional surfaces are fixed, the foot then pivots, cau-
sing downward displacement of the bones of the hindfoot 
(calcaneus, talus). This is also demonstrated by the decrease in 
displacement from the region of the phalanges to the region of 
the fibula and tibia, exhibiting a “relief displacement” pattern.

Figures 2C and 2D show that the interactions and constraints 
between bone and cartilage have been correctly established. 
In the bone structure as a whole, peak stress levels of 2 to 
4MPa (200 to 400N/cm2) are seen in the metatarsals, talus, 
calcaneus, tibia, and fibula. High peak stresses, e.g., 15.21 MPa 
(1521N/cm2), are also seen at the attachments of the plantar 
fascia; this is related to tensioning of the truss element.

Regarding plantar pressure distribution, that of the propo-
sed model was consistent with the findings of Hamill et al. 
(2016)(11). The greatest pressure is seen the heel, followed by 
the tuberosity of the fifth metatarsal; pressure is then distri-
buted across the heads of the metatarsals, being highest at 
the first metatarsal, followed by the second and third meta-
tarsals. Furthermore, the “footprint” (i.e., the pressure distri-
bution of the simulated foot) was similar to a flat map obtai-
ned by scanning a rigid PU foam cast of the volunteer’s foot 
(Figures 3A and 3B). 

Considering the findings of Cheung and Zhang (2006)(8) 

and Antunes et al. (2007)(7), our results are similar with res-

pect to the distribution of higher and lower pressures, with 
the exception of the pressure identified on the head of the 
fourth metatarsal, which was lower in the proposed model. 
The models described in the literature also showed more lo-
calized pressures on the heads of the metatarsals, while in the 
present model pressure was distributed more evenly. 

The flatness of the foot surface studied herein (as captu-
red by computed tomography) resulted in this more uniform 
distribution, unlike in models described in the previous lite-
rature, which had peak pressure points at the “center” of the 
heel. Regarding the presence of pressure points in the distal 
phalanges, the proposed model resembles that of Antunes 
et al. (2007)(7), rather than Cheung and Zhang (2006)(8). This 
may be due to center of pressure (COP) considerations.

The results obtained were compared with those of baropo-
dometry. In the proposed model, the Achilles tendon force 
was not calculated; instead, we used the parameter reported 
by Hamill et al. (2016)(11). The position of the center of pres-
sure was obtained as shown in Figures 3C and 3D. Confron-
tation of the calculated COP against baropodometry shows 
that the Achilles tendon force does not correspond to 50% 
of the weight-bearing force in each foot. This is due to the 
fact that the COP was located elsewhere. Indeed, the physical 
therapist who performed baropodometry noted that the vo-
lunteer had genu recurvatum. The examination showed that 
peak pressure was exerted on the heel (~ 14.73N/cm2). There 
were no localized pressures on the heads of the metatarsals, 
only a large area of distributed pressure corresponding to the 
forefoot, with a peak pressure of 2.72N/cm2.

Finally, the difference in Achilles tendon forces may be due 
to the fact that Cheung and Zhang (2006)(8) modeled more 
than 100 ligaments to connect the bones (thus allowing the 
possibility of slight slippage between the bones) instead of 
geometrically generating cartilages to connect the bones (tie 
constraint), as was done in the present model. 

Figure 2. Distribution of displacements identified in the simula-

tion: A, soft tissue; B, bone tissue; C and D, internal Von Mises 

stress distribution (MPa).

A B

DC
Figure 3. A and B, simulated model versus flat map of plantar 

surface; C and D, comparison between simulated model and ba-

ropodometry findings.

A B C D
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The clinical use of pressure distribution analysis through a 
finite element computational model, especially in patients 
with diabetic foot, should allow development of customized 
insoles by homogeneous weighting of foot pressure dis-
tribution, thus eliminating points of excessive stress at the 
foot-footwear-ground interface and helping prevent ulcers, 
infections, and amputations. The same technology can be  
offered to patients who have undergone partial amputations 
of the foot, redistributing stump pressures and avoiding fur-
ther amputations.

Conclusion
Finite element analysis provides a feasible, reproducible manner 

of reproducing the biomechanical behavior of healthy feet. 
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Minimally invasive internal fixation of distal tibia 
fractures with a nonconventional implant:  
description of surgical technique
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Abstract
Fractures of the distal end of the tibia without joint involvement are usually the result of high-energy trauma. Local anatomic conditions 
lead to high rates of infection, delayed consolidation, and exposure of fixation hardware. In this setting, minimally invasive techniques 
are indicated to mitigate the complications of surgical treatment. The aim of this study is to present an alternative for the surgical 
treatment of distal tibia fractures using a minimally invasive technique and a nonconventional implant. 
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Introduction
Fractures of the distal end of the tibia without joint involve-

ment are usually the result of road traffic collisions and other 
high-energy impacts(1). Due to the scant soft-tissue coverage 
and limited vascularization of the skin and subcutaneous tissue 
in the region, complications such as infection, delayed consoli-
dation, and exposure of fixation hardware can make treatment 
of these fractures a major challenge to the surgeon(2,3).

Intramedullary nails and plates are the two main options for 
the treatment of extra-articular fractures of the distal tibia. 
Both options have some theoretical disadvantages. While in-
tramedullary nail fixation can result in nonunion and a higher 
incidence of knee pain, plate fixation is associated with a 
higher risk of surgical wound dehiscence and infection due 
to less soft tissue coverage over the anteromedial aspect of 
the tibia. The advent of minimally invasive percutaneous pla-
te osteosynthesis (MIPO) brought reductions in damage to 
soft tissues and in the rate of complications such as infection 
and impaired fracture healing(4-6). Although intramedullary 

osteosynthesis remains the technique of choice for the treat
ment of most tibial shaft fractures, some cases—some due to 
their distal location, others due to changes in the morpho-
logy of the intramedullary canal—make this form of fixation 
impossible(6). Expansion of this indication to the treatment of 
distal tibia fractures has been associated with increased rates 
of instability and malunion(7).

Treatment of distal tibia fractures aims to achieve good func-
tional alignment and a stable fixation while respecting the soft 
tissue envelope, allowing early rehabilitation(8). To follow these 
tenets and thus ensure superior preservation not only of bone 
circulation but also of soft-tissue coverage, minimally invasive 
and more biological techniques were developed to preserve 
the fracture hematoma by means of minimal dissection and 
indirect reduction(9). Use of the bridge plating technique via 
MIPO, based on the principle of relative stability, has proven to 
be an effective, low-cost technique associated with few com-
plications(10). Likewise, Oh et al.(11) concluded that percutaneous 
plate osteosynthesis minimizes soft-tissue damage at the frac-
ture site, thus increasing the consolidation rate. 
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In this paper, we describe an operative technique for ex-
tra-articular fractures of the distal tibial metaphysis with 
nonconventional use of an extra-medullary internal fixator in 
a bridging role, inserted in a retrograde, minimally invasive 
fashion following the tenets of MIPO.

Description of operative technique
The treatment protocol consisted of staged management as 

proposed by Sirkin et al.(12).

1.	 During the damage control orthopedics stage, external 
fixation in delta formation was accomplished with two 
Schanz screws placed on the tibial shaft and two others on 
the foot, one in the posteromedial portion of the calcaneus 
and the other at the base of the first metatarsal, with the 
ankle in neutral position (Figure 1).

2.	 A 16-hole T-shaped plate of the type usually employed 
for proximal tibial fractures and six full-thread screws, 
three 4.5-mm for cortical bone and three 6.5-mm for can-
cellous bone, were used for definitive fixation.

The treatment principle chosen was relative stability through 
the use of an extra-medullary internal fixator and the afore-
mentioned bridge plate.

This choice of hardware was due to the fact that there is 
no consensus in the literature regarding the optimal principle 
and method to be applied in this region, the low profile and 
low cost of this implant model, and the operator-friendly, easy-
to-perform technique. Some points bear stressing: as it is a 
biological technique, the use of Hohmann retractors should 
be avoided so there is no additional injury to the soft tissues; 
correction of the axes should be done manually and gently; 
and the screw size must be selected so as to allow placement 
of three screws in the distal fragment, two of which must be 
slightly offset and the third, placed in the hole immediately 
superior to and parallel to the articular surface.

The plate was inserted via a minimally invasive technique, 
distal to proximal, in a retrograde and upward fashion through 
an approximately 4-5cm incision; the greater saphenous 
vein was used as a landmark (Figure 2). Unlike when using a 

dynamic compression plate (DCP), which must be angulated 
approximately 20 degrees to reproduce the distal tibial tor-
sion, there is no such concern when using this technique be-
cause the plate adapts easily to the contour of the distal tibial 
segment as the screws are driven and tightened alternately.

The plate performs both bridging and reduction roles. As 
the first 4.5-mm cortical screw is driven proximal to the frac-
ture site, the fracture is reduced by an implant interference 
mechanism. At this stage, image intensification is used to 
analyze the reduction and the two distalmost cancellous 
screws are then driven (also under fluoroscopic guidance). 
The fourth screw is placed into cortical bone in the most pro-
ximal hole; the fifth and sixth screws to be placed are cortical 
and cancellous respectively. Judicious intraoperative control 
is essential so that the screws placed in the distal fragment 
do not pierce the distal tibiofibular joint (Figure 3).

Figure 1. Aspecto da montagem em delta utilizada como forma de controle de danos pré-operatório.

Figure 2. Intraoperative appearance, showing the distal incision 

and three proximal incisions.
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Figure 3. A and B: extra-articular fracture of the distal tibia; C and D: appearance of the fracture after placement of a T-plate inserted 

in retrograde, ascending fashion. Note location and arrangement of screws in the distal segment.

A B C D

The surgery is performed with the patient under locoregio-
nal anesthesia, in the supine position, with both lower limbs 
prepared, thus allowing intraoperative comparison of length, 
rotation, and angulation. In the immediate postoperative pe-
riod, active and early mobilization (including ambulation with 
the aid of crutches) were encouraged. Discharge was scheduled 
for 24h after surgery, except in cases of compound fractures, 
which had a longer hospital stay.

The radiographic parameter used to define consolidation 
was the formation of an appreciable callus on at least three 
tibial cortical views (Figure 4).

According to the AO classification, 23 fractures (63.9%) 
were classified as type 43A, 11 (30.5%) as type 43B, and only 
2 cases (5.6%) as type 43C.

Radiological evaluation showed satisfactory functional 
alignment in 27 patients. Nine patients had rotational or axis 
deviations, which included varus/valgus greater than 5°, more 
than 5° recurvation or antecurvation, shortening greater than 
1 cm, and twist greater than 10°.

 Seven cases (6 compound fractures and 1 closed fracture) 
were complicated by infection.

Discussion
Borelli et al.(13) demonstrated that open reduction and in-

ternal fixation of distal tibial fractures carries a high risk of 
damaging the local blood supply. This led to the development 
of minimally invasive techniques (MIPO) where a plate is in-
serted percutaneously and attached to the bone above and 

Figure 4. Extra-articular fracture of the distal end of the tibia. 

Note consolidation of the fracture site.
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one-third-tubular plate, as they had fractures of the distal 
third of the fibula whose fixation contributed to the reduc-
tion and fixation of the tibia. Labronici et al.(17) demonstrated 
that fibular fixation performed simultaneously with repair of 
fractures of the distal third of the tibia does not interfere with 
bone healing.

Conclusion
Internal fixation of distal tibia fractures based on the princi-

ple of relative stability, with nonconventional use of a bridge 
plate inserted through a minimally invasive approach, proved 
to be a good treatment alternative in our sample, with a high 
consolidation rate, low potential for soft-tissue complica-
tions, and low hardware cost.

below the fracture, as described by Krettek et al.(14). However, 
MIPO has been criticized for the greater difficulty in achie-
ving adequate correction of the anatomical and mechanical 
axes as compared to conventional techniques. The literature 
is unclear as to the acceptable degree of reduction in tibial 
shaft fractures. Milnar et al.(15) studied 164 tibial fractures with 
long-term (30-year) follow-up and concluded that there was 
no significant association between malunion of the tibia and 
development of knee or ankle arthrosis. None of the patients 
in this series developed valgus or varus deformity greater 
than 5°. Fracture of the tibia is unquestionably the leading 
cause of pathological leg rotation in adults. According to the 
literature, the incidence of rotational malreduction is less than 
1%; however, the method used was clinical or not reported(16).

Associated fibular fractures were present in 32 patients in 
our sample, 17 of whom underwent osteosynthesis with a 
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Arthroscopic subtalar arthrodesis – results and 
complications: a systematic review
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Abstract 
Objective: The objective of this study is to evaluate the results and complications of the subtalar arthrodesis technique conducted via 
arthroscopy. 

Methods: Searches were run on PubMed/Medline and Google Scholar for publications dated from 2007 to 2020. Original articles were 
included that reported the results of at least one comparative postoperative scale. Methodological quality was assessed using the PRISMA 
tool. Union rate, complications, and the American Orthopedic Foot and Ankle Society (AOFAS) score were prioritized. 

Results: A total of 124 references were identified and, after application of the inclusion and exclusion criteria and the PRISMA tool, 9 
articles were eligible. A total of 180 patients were analyzed, with mean postoperative follow-up of 18 months (± 6) and with before and 
after AOFAS scores varying from 44 to 79 with p<0.001, demonstrating statistical relevance with significant improvement of AOFAS 
scores during the postoperative period. Deformity correction, improvement of pain, and rates of union were good and there was clinical 
improvement according to postoperative AOFAS scores, with few complications. However, the heterogeneous nature of studies, with 
variations in techniques and samples, prevents generalization of the findings. 

Conclusion: The results of arthroscopic surgery for subtalar arthrodesis are good and rates of complications are low, but there are still 
few studies with high evidence levels that demonstrate the efficacy of the technique, although preliminary results are encouraging. 

Level of Evidence I; Therapeutic Studies; Systematic Review.
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Introduction
Degenerative injuries of the subtalar joint have multiple 

etiologies, such as primary osteoarthrosis, posttraumatic ar-
thritis, inflammatory arthropathy, congenital pathologies, or 
acquired deformities. When conservative treatment is unsuc-
cessful, arthrodesis can relieve pain and improve functional 
status. Arthroscopic techniques are becoming increasingly 
popular, because they involve reduced surgical trauma, fewer 
complications, and faster recovery(1-3).

Painful symptoms, primarily when walking on rough ground, 
and instability are both common, leading to loss of function 
and restriction of activities(4).

Fractures of the calcaneus cause chronic pain, are incapaci-
tating, and have uncertain prognosis. Pain may be caused by 
subtalar and/or calcaneocuboid arthritis, widening of the la-
teral wall, causing impact on the fibular tendons, malalignment 
of the hindfoot, loss of heel height and inclination of the talus 
(causing ankle pain and reducing impulse strength), in addi
tion to damage to the fat pad of the heel and/or injury to 
sensory nerves of the hindfoot(5).

The most common clinical findings of subtalar arthritis are: 
lateral swelling of the hindfoot, painful amplitude of subtalar 
movement, and altered tactile sensitivity. Diagnosis is confir-
med by weightbearing X-rays of the foot in anteroposterior, 
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oblique, and lateral views. Additional projections include 
Broden’s view (showing the posterior facet of the calcaneus 
for assessment of the extent of arthritis), the Harris axial 
view (to determine whether widening of the heel is causing 
subfibular impact, as occurs after calcaneus fractures), and 
the Saltzman view (to objectively assess alignment of the 
calcaneus in relation to the tibia). Radiological examination 
is important to identify hindfoot malalignment that must be 
treated during surgery and to determine the loss of calcaneus 
height and changes to the inclination of the talus(6).

Subtalar arthrodesis is a procedure commonly performed 
on the foot to reduce pain and correct deformity. It has seve-
ral indications, such as: surgical treatment of primary arthritis, 
posttraumatic arthritis, and correction of hindfoot deformi-
ty. Causes of deformity include failure of the posterior tibial 
tendon which can aggravate deformity in valgus and lateral 
impact, causing pain in the tarsal region. Any trauma to the 
subtalar joint and posterior facet can lead to posttraumatic 
subtalar arthritis, and certain fractures of the calcaneus with 
severe comminution can benefit from this procedure(7-9).

Other studies confirm that subtalar arthrodesis is a treat-
ment option for pain caused by arthritis subsequent to frac-
tures of the calcaneus. It was described by W. Van Stockum 
in 1912 and popularized by W. E. Gallie in 1943 for treatment 
of fractures in which there is comminution of the calcaneus. 
The procedure is performed to relieve subtalar joint pain, es-
pecially in patients with posttraumatic osteoarthrosis after 
fractures of the calcaneus or talus, or in patients with sub-
talar primary osteoarthrosis for acquired flatfoot, congenital 
deformities (tarsal coalition), neuromuscular dysfunction, or 
inflammatory disease(4,5,10-12). 

There are several techniques, approaches, and fixation op-
tions for subtalar arthrodesis in isolation, which can be per-
formed as an open procedure or assisted with arthroscopy. 
The arthroscopic technique is limited to cases without major 
malalignment of the subtalar joint or major bone loss(6,13).

The open technique for subtalar arthrodesis is used more often 
and results are generally favorable. It is a minimally invasive 
technique that theoretically preserves the blood supply to the 
calcaneus and the talus, reduces perioperative morbidity and 
can preserve the foot’s proprioceptive sensitivity. However, se-
veral complications may occur because the open procedure 
involves removal of interosseous and periarticular ligaments 
and requires a lateral incision that can cause neurovascular 
dysfunction. The open technique involves greater risk of wound 
infection, of non- union, and of neurovascular injury(11,14). 

According to Vilá-Rico et al.(10), around 30% of patients will 
have a degree of pseudarthrosis and bone grafts are com-
monly used to improve the likelihood of union. Therefore, 
minimally invasive techniques such as arthroscopic subtalar 
arthrodesis improve on the results of traditional open me-
thods, with the advantages of preserving the blood supply to 
the tarsus, reducing postoperative morbidity, and preserving 
proprioception. 

Arthroscopic arthrodesis provides surgeons with an alter-
native to the open technique for treatment of severe arthritis 
of the ankle(15).

Arthroscopic procedures are less invasive than conventio-
nal open techniques and posterior arthroscopy, performed in 
ventral decubitus, may be more advantageous than the con-
ventional anterior and/or lateral approaches(4,16).

Arthroscopic subtalar arthrodesis was first described in 
1992 by J. P. Tasto and was conceived of as a minimally inva-
sive approach. The technique was used in patients with rheu-
matoid arthritis, degenerative osteoarthritis, and subtalar ins-
tability with paralytic disorders. Absolute contraindications 
include: presence of major deformities, infection, and failure 
of anterior union. The best-known relative contraindication 
is subtalar arthritis after calcaneus fracture, because of nar-
rowing of the joint space and presence of arthrofibrosis, which 
make the procedure more difficult(17).

Contraindications for this procedure are failed prior arthro-
desis, deformities that require correction and/or additional 
procedures that cannot be performed with the patient in ven-
tral decubitus. After the advent of this procedure, the majo-
rity of surgeons began to use lateral portals (anterolateral, 
posterolateral, and accessory)(14).

Arthroscopic procedures reduce morbidity and arthrosco-
pic subtalar arthrodesis is a surgical procedure for subtalar 
arthritis that achieves high union rates(12).

This procedure demands a high level of experience with 
ankle and subtalar arthroscopy, which can be considered a 
disadvantage compared with the open procedure. Patients 
should be carefully selected, since malalignment of the hind
foot exceeding 15 degrees in valgus or 5 degrees in varus are 
contraindications for this procedure, because correction of 
the deformity cannot be achieved with this technique(18).

Regardless of the approach – open or arthroscopic – non-
union of the site of subtalar arthrodesis is an unwelcome 
possibility. Risk factors for this outcome are: smoking, osteo
necrosis, ipsilateral union of the ankle, and surgery to re-treat. 
Progressive arthritis of the ankle and foot has been do-
cumented after subtalar arthrodesis, but was not clinically 
relevant(6).

The objective of this study is to evaluate the results and 
complications of arthroscopic subtalar arthrodesis treatment.

Methods
A systematic review of the literature was conducted to 

evaluate the arthroscopic subtalar arthrodesis technique, in 
accordance with the PRISMA guidelines (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses. This study 
is registered on PROSPERO (the International Prospective 
Register of Systematic Reviews).

Searches were run on PubMed/Medline and Google Scholar 
using the keywords: “arthroscopic subtalar arthrodesis” (n=75) 
and “arthroscopic subtalar fusion” (n=49). Studies published 
from January 2007 to March 2020 were included. 

Studies were selected by analyzing the title and/or abstract 
of all of the articles identified by the database searches. The 
full texts of potentially relevant studies were then retrieved 
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and assessed for eligibility. Additionally, the references of re-
levant studies were also searched for studies missed in the 
initial searches.

Studies were included that reported complication and union 
rates by technique used, with follow-up ≥ twelve months, and 
which administered at least one standardized scale to assess 
postoperative surgical results (the American Orthopedic 
Foot and Ankle Society – AOFAS – Ankle Hindfoot Scale).

Studies were excluded if they were published in languages 
other than English, if they employed unknown or little-used 
techniques, were case reports, reports of experience with te-
chniques, technical experiments on cadavers, descriptions of 
surgical anatomy, or articles with very poor evidence levels.

Four reviewers extracted data from the articles according 
to the following predefined: surname of first author, number 
of feet, duration of follow-up, before and after AOFAS sco-
res, rate of union and time taken, grafting and complications 
(Table 1). These data were used in the analysis and discussion 
in this article.

Results
A total of 124 references were identified, but after applica-

tion of inclusion and exclusion criteria and the PRISMA tool, 9 
articles were eligible for inclusion. 

The searches run with the keywords mentioned returned a 
total of 124 articles. After exclusion of duplicates and irrele-
vant articles, 23 studies were carefully analyzed by the au-
thors. Finally, 9 articles were found to be eligible and were 
selected for the meta-analysis. These steps are illustrated in 
a flowchart (Figure 1) according to the PRISMA guidelines, to 
aid understanding.

The majority of the articles have level 4 evidence – with a 
predominance of prospective studies and studies of treatment 
cases. There was also 1 article with level 3 evidence, in which 
Rungprai compares outcomes and complications between 
open and arthroscopic subtalar arthrodesis techniques.

An analysis was conducted of the 9 articles selected, in which 
a total of 180 feet were assessed, with a mean postoperati-
ve follow-up of 18 months (± 6) and with before and after 
AOFAS scores varying from 44±6 to 79±4 with p<0.001, de-
monstrating statistically relevant, significant improvement of 
AOFAS scores during the postoperative period (Table 2 and 
Figure 2).

The ages of the patients in the studies analyzed ranged 
from 37.8 to 50.9 years (mean: 45.2), but no correlations 
between age and other variables could be detected. 

With regard to the relationship between postoperative 
AOFAS score and number of complications, no strong rela-

Table 1. Characteristics of studies and surgical methods

Author and 
year N Grafting? Surgical 

method Follow-up Scales used AOFAS before AOFAS after Union rate Complications

Coulomb, 
R. (2019)

22 No Posterior 
approach,  
2 screws

≥12 months AOFAS, 
EVA, SF-12

46±13 76±10 91% 1 case of paresthesia of 
the tibial nerve and 1 of 

the sural nerve 

 2 cases symptomatic 
hardware, 2 did not 

achieve union

Albert,A. 
(2011)

10 Yes Posterior 
approach,  
2 screws

≥12 months AOFAS 47 (22-65) 78 (60-91) 100% 2, Lateral submaleolar 
entrapment

Amendola 
A. (2007)

11 Yes Posterior 
approach,  
2 screws

≥24 months AOFAS 36 (19-57) 86 (78-94) 91% 1 did not achieve union,  
1 symptomatic hardware 

El Shazly O. 
(2009)

10 No Posterior 
approach,  

1 screw

≥24 months AOFAS 38 74 100% 1, neuroma

Glanzmann 
M. (2007)

41 Yes Posterior 
approach,  

1 screw

≥24 months AOFAS 53 (22-69) 84 (41-94) 100% 10, Symptomatic 
hardware; 3, ankle pain;  

1 fibular tendinitis

Lee K. 
(2010)

16 No Posterior 
approach,  
2 screws

≥12 months AOFAS, 
Angus & 
Cowell

35±7 85±7 94% 1, did not achieve union

Vilá-Rico 
(2018)

37 No Posterior 
approach,  

1 or 2 screws

≥24 months AOFAS 49±11 76±8 92% 1, superficial infection;  
2, symptomatic hardware; 
3, did not achieve union

Martín Oliva 
(2017)

19 No Posterior 
approach,  
2 screws

≥24 months AOFAS & 
EVA

43±9 80±5 94% 1, reversible neuropraxia; 
2, implants removed;  

1 did not achieve union

Thaunat M. 
(2011)

14 No Posterior 
approach,  

1 or 2 screws

≥12 months AOFAS 51±10 77±9  

78%

3 did not achieve union; 1 
sural paresthesia 
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tionship was observed according to the Pearson correlation 
coefficient (used to measure correlations between numerical 
variables). Complications cited in the studies included: super-
ficial infection, neuropraxia, neuropathic pain, neuroma, and 
fibular tendinitis.

Discussion
The rate of union after arthroscopic subtalar arthrodesis 

found in the studies analyzed was 93%±7 (range: 78% to 
100%), which is compatible with Lee et al.(12), who report that 
arthroscopic subtalar arthrodesis is an acceptable surgical 
procedure for isolated subtalar arthritis, with union rates of 
94% (range: 91% to 100%).

Also in the abovementioned study by Lee et al.(12), the mean 
time taken for union was 11 weeks (range: 8 to 16 weeks). The 
time to union found in the studies reviewed here was 10.3 
weeks (range: 7 to 12.5 weeks). In a different study, union 
rates were reported that ranged from 65% to almost 100%, 
depending on whether bone grafts were added, on patient 
selection, and on operating technique(19).

In turn, a consecutive series of 65 patients treated with ar-
throdesis reported by Vilá-Rico et al.(5) had mean follow-up of 
57.5 months and union was achieved in 62 patients (95.4%) 
after a mean of 12.1 weeks, while nine patients (13.8%) exhi-
bited complications (superficial infection of the wound, need 
for removal of prominent screws because of pain, and failure 
to achieve union).

According to Vilá y Rico et al.(19), failure to achieve union is 
one of the most feared complications and surgeons recom-
mend debridement of joint surfaces and addition of bone 
grafting to avoid it. The majority of authors reported mean 
AOFAS scores in the postoperative period in the range of 70 
to 76 points, although some achieved mean postoperative 
AOFAS scores exceeding 80 points. 

Amendola et al.(11) described a series of 11 patients who 
were treated with arthroscopic posterior subtalar arthrodesis 
using bone grafting, with just one union failure in a mean pe-
riod of 10 weeks. Moreover, Albert et al.(4) reported a series of 
10 patients treated with bone grafting who were followed-up 
prospectively for a minimum of 1 year (range: 12 to 31 months), 
among whom there was a 100% union rate in a mean time of 
just 7 weeks. Union had occurred in all cases within 9 weeks,  
without complications and mean AOFAS score improved 
from 47 to 78. 
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n

124 articles identified on databases 
(PubMed/Medline & Google Scholar)

Se
le

ct
io

n

Exclusion of duplicates and articles  
that did not meet inclusion criteria: 101

E
lig

ib
ili

ty

23 full text articles assessed for eligibility

In
cl

us
io

n

23 articles, 9 selected for  
Results and Discussion

Figure 1. PRISM flowchart (adapted) illustrating process of selec-

tion of articles.

Figure 2. Comparison of AOFAS before vs. AOFAS after.

Table 2. Analysis of means and standard deviations for variables

Variable Mean Standard deviation
AOFAS after 79.5 4.4

AOFAS before 44.2 6.6

Union rate 93% 6.9

Time to union (weeks) 10.3 1.7

Complications per study 4.4 4
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Martín Oliva et al.(14) confirm that many researchers have 
used the arthroscopic technique and reported high rates of 
union and few complications.

Initially, arthroscopic subtalar arthrodesis was only used in 
cases of subtalar osteoarthrosis in isolation, with no mala
lignment. However, over time, indications have been expan-
ded to include increasingly severe deformities and a range 
of different pathologies. The lateral and posterior techniques 
are reproducible and are associated with very low rates of ia-
trogenic complications. The procedure has also gained popu-
larity because of evidence of bone union in more than 90% of 
cases, shorter healing times, a simpler postoperative course, 
and fewer complications than with open surgery(20).

Posterior arthroscopic subtalar arthrodesis achieves signifi-
cant improvement in pain scores and a good level of patient 
satisfaction, confirming the good union results(1). 

Rungprai et al.(21) conducted a study with level 3 evidence, 
involving retrospective review of the medical records of 121 
patients (129 feet) who underwent subtalar arthrodesis with 
the open technique (60 feet in 57 patients) or the arthros-
copic technique (69 feet in 64 patients) from 2001 to 2014. 
They did not observe significant differences between groups 
in terms of the rate of union or time taken for union when 
analyzed by different screw sizes and types of bone graft. 
Return to work, to activities of daily life, and to sporting acti-
vities were earlier in the arthroscopic arthrodesis group.

With regard to relationships between grafting and other va-
riables (grafting against union rate, against time to union in 
weeks, and against postoperative AOFAS scores), there was 
no statistical basis for determination of any relationship, be-
cause each study reported a different observation. 

Albert et al.(4) commented that, since arthroscopy cannot be 
used for structural bone grafting, it would be better to treat signi-
ficant deformities of the hindfoot with the open procedure.

There is not yet any consensus on the most effective te-
chnique for subtalar arthrodesis(22), although excellent results 
have been demonstrated with arthroscopy. 

In the past, double arthrodesis (subtalar and talonavicular) 
or triple arthrodesis (subtalar, talonavicular, and calcaneocu-
boid) were the preferred treatments for subtalar arthritis with 
major deformity. However, since the function of the talonavi-
cular joint has a great influence on the overall function of 
the hindfoot, subtalar arthrodesis only has become the op-
tion of choice, to preserve hindfoot mobility and reduce the 
risk of secondary degenerative disease of the neighboring 
joints(14,23).

One of the most unwelcome complications of arthrodesis 
is failure to achieve union and for this reason many surgeons 
prefer to use the open approach, to guarantee adequate de-
bridement of all affected joint surfaces. However, problems 

involving the soft tissues can occur and infections are com-
mon after open surgery(10). 

In the study by Vilá-Rica et al.(10), arthroscopic subtalar ar-
throdesis was shown to achieve higher union rates without the 
need for supplementation by bone grafting and lower rates 
of complications than open techniques, in addition to being 
a safe and reliable procedure, providing that the surgical te-
chnique is followed rigorously. The AOFAS scores improved 
significantly in all patients and patient satisfaction was high, 
even among patients followed for more than 5 years.

Several published series have proved the safety and efficacy 
of arthroscopic subtalar arthrodesis, but the majority of them 
included patients with varied indications, both posttraumatic 
and non-traumatic. The ideal would be to conduct a study 
comparing open and arthroscopic arthrodesis, but it would be 
difficult to run such a study prospectively, in view of the low 
numbers of cases in the majority of published case series(5).

In general, the studies observed good correction of defor-
mities, with improvement of pain, good union rates, clinical 
improvement according to postoperative AOFAS scores, and 
low rates of complications. However, because of the hetero-
geneous nature of the studies, with variations in the techni-
ques used and the samples studied, findings cannot be ge-
neralized. 

Vilá y Rico et al.(19) explain that arthroscopic techniques 
cause less damage to soft tissues, preserving local vasculari-
zation and proprioception, which promotes union and faster 
recovery, in addition to reducing pain and shortening hospital 
stays. They also confirm that although the safety and effica-
cy of the technique have been confirmed in several different 
studies, the majority of series are limited to small numbers 
of patients with variables indications for subtalar arthrodesis, 
preventing comparisons between them.

The results of this review confirm the hypothesis that the 
arthroscopic technique is a reliable option for achieving con-
sistent union, with low rates of complications and high level 
of patient satisfaction.

Conclusion
As observed, subtalar arthrodesis can be performed using 

open or arthroscopic techniques. It was possible to conclude 
that arthroscopic surgery for subtalar arthrodesis achieves 
good results with low rates of complications, but that there 
are few studies with high evidence levels that confirm the 
efficacy of the technique, although preliminary results are 
encouraging.

The arthroscopic technique is safe and effective and achie-
ves significant clinical improvement in patients with indica-
tions for subtalar arthrodesis.
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Talocalcaneal coalition resection and bone block 
subtalar joint arthrodesis: a techinical tip
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Abstract
In this technical tip, we present the case of an obese 17-year-old female diagnosed with a severe, rigid, and symptomatic flatfoot on 
a background of exuberant talocalcaneal and residual calcaneonavicular coalition. Through a technical modification of the fusion re-
section, both coalitions were quickly and safely removed with two single cuts of an oscillating saw, resecting a medial wedge through 
a medial approach, without the need for “peel-off” tarsal coalition resection. To protect and guide the resection osteotomy, one Freer 
elevator ws inserted under direct visualization on the patent posterolateral aspect of the subtalar joint posterior facet and a second 
elevator was positioned underneath the talar neck. Under fluoroscopic guidance, an osteotomy was performed connecting these two 
points. The patient also received a bone-block subtalar joint arthrodesis and a Cotton osteotomy. Good short-term alignment correc-
tion and functional outcome were achieved. 

Level of Evidence V; Therapeutic Studies; Expert Opinion.

Keywords: Tarsal coalition; Talocalcaneal coalition; Calcaneonavicular coalition; Cotton osteotomy; Subtalar fusion.
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Introduction
Tarsal coalitions are a well-known cause of pain and disability 

in the foot and ankle, especially in the pediatric population(1,2). 
These problems often lead to inability to participate in acti-
vities of daily living and sports, decrease quality of life, and 
are often associated with foot deformities, most commonly 
flatfoot(3). The most common types of tarsal coalitions are cal-
caneonavicular (CNC) and talocalcaneal (TCC) coalitions(3-6). 

Many of these coalitions are asymptomatic, diagnosed only 
after trauma or incidentally during investigation of the limb(7). 
Nevertheless, some cases present with quite exuberant signs 
and symptoms, as well as pronounced hindfoot deformity, 
abnormal bone growth, and dysplasia(8). In severe cases with 
dysplastic talar formation, a ball-and-socket mortise joint 
may be found(9). 

There are osseous, fibrous, and cartilaginous subtypes of 
coalitions(3-6). Differentiation between subtypes is primarily 
radiographic, but magnetic resonance imaging (MRI) and 

computed tomography (CT) scans can also be used in diag-
nosis and treatment planning(10). Most mild and early cases 
are successfully treated with nonoperative measures, such as 
physical therapy and insoles, but failure of these modalities 
usually leads patients to surgical intervention(3-6,11). 

A joint-sparing procedure with adequate coalition resection 
is the cornerstone of surgical treatment and, in several cases, 
the only required technique for treatment, especially when 
less than 50% of the mediolateral extension of the subtalar 
joint is involved(3). Even when deformity is present, removal 
of the bone bridge is essential to correct foot alignment and 
relieve pain(12). Different surgical techniques have been des-
cribed for this purpose; all share the intention of safely remo-
ving the coalition as easily and quickly as possible(13-16). 

This article describes the treatment of a 17-year-old fema-
le with a symptomatic severe flatfoot deformity and obesity 
on a background of massive TCC and residual CNC, with his-
tory of a prior failed attempt at CNC resection. The patient 
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underwent resection of the coalitions through a novel me-
dial approach (the subject of this technical tip) consisting of 
an osteotomy line connecting two fluoroscopic landmarks, 
followed by a medial wedge resection for hindfoot valgus 
correction and corrective lateral-wedge bone-block allograft 
arthrodesis and Cotton osteotomy for residual forefoot su-
pination. 

Case description
A 17-year-old (BMI 36) presented to an outside orthopedic 

service with a complaint of chronic right medial foot and ankle 
pain since childhood. The patient reported a history of rigid 
symptomatic flatfoot in childhood, which had been treated 
with physical therapy and insoles. She also had a history of an 
attempt at surgical CNC resection 18 months earlier, with only 
partial resolution of her symptoms (Figure 1). Following a re-
cent minor injury, she had experienced a flare-up of symp-
toms. On physical examination at the time, a severe flatfoot 
deformity was observed, with significant hindfoot valgus of 
approximately 20-25° and a supinated forefoot. There was 
evidence of a healed sinus tarsi approach, with painful, rigid 
passive hindfoot inversion and eversion. She was also tender 
to palpation along the medial side of the foot and ankle, whe-
re a bony prominence could be palpated at the level of the 
sustentaculum talus, and had moderate tenderness on the 
sinus tarsi area. Conventional radiographs showed possible 
residual CNC, with indirect signs of a TCC (talar beaking and 

C-sign) in the right foot, and a mild valgus talar tilt of the talar 
dome (Figure 2). Initial treatment plans included a walking 
cast for 6 weeks and brace immobilization; however, there 
was no significant improvement in the symptoms. MRI and 
weightbearing CT (WBCT) images were obtained to elucida-
te the extent of the coalition, assess the subtalar joint, and, 
possibly, assist in surgical planning.

Images demonstrated a recurred/residual CNC, mostly plan-
tar, and a massive TCC affecting both the middle and the pos-
terior facets of the subtalar joint, compounded by with severe 
hindfoot valgus (tibiocalcaneal angle of approximately 45°) 
and a mild valgus tilting of the talar dome (Figures 3 and 4).

The patient and her family decided to proceed with surgi-
cal treatment. Coalition resection followed by a bone block 
arthrodesis and a Cotton osteotomy were proposed to the 
patient and her family. Once the participants had agreed, sur-
gery was formally indicated and performed. 

Surgical technique and technical tip
The operation began with aspiration of bone marrow from 

the right iliac crest for concentration and later injection into 
the subtalar joint fusion mass. 

An extensive medial foot approach was selected and per-
formed along the trajectory of the posterior tibial tendon 
(PTT), from the medial malleolus down to the navicular tube-
rosity. The tendon was exposed and found to be intact pro-

Figure 1. Intraoperative fluoroscopic views of prior surgical treatment of calcaneonavicular coalition, (A) before and (B) after resection.

A B
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Figure 2. (A) AP bilateral foot radiographs and (B) lateral view of the right foot demonstrating severe flatfoot, forefoot abduction, 

dysplastic talar head/neck, and indirect signs of tarsal coalition (C-sign and dorsal talar beak). (C) AP view of the right ankle demons-

trating mild valgus talar tilt. 

ximally, but with some insertional tendinopathy. The PTT was 
partially detached from the navicular tuberosity and retrac-
ted plantarly. The flexor digitorum longus (FDL) and flexor 
hallucis longus (FHL) tendons were identified by periosteal 
dissection, isolated, and retracted plantarly with the PTT, thus 
protecting the neurovascular bundle and exposing the medial 
aspect of the subtalar joint (SJ). A large bony prominence 
at the level of the sustentaculum tali, middle, and anterome-
dial aspect of the SJ posterior facet was identified, consistent 
with a talocalcaneal bony coalition. 

Instead of using a “peel-off” coalition resection technique 
with resection of multiple slices of bone or a small wedge 
resection technique, both usually used to identify a line of 
fibrotic tissue where the articular line was supposed to be 
positioned, we performed a modified technique that can be 

applied in cases where a collation resection or a SJ fusion is 
plane. The technique modification consists of using two Freer 
elevators as fluoroscopic markers to guide a single-cut osteo-
tomy to separate the talus and the calcaneus. To achieve that, 
the deep dissection is carried posterolaterally along the pos-
terior aspect of the SJ and ankle to identify the posterolateral 
and patent aspect of the SJ posterior facet. The first Freer 
elevator is inserted into the joint under direct visualization. 
The second Freer elevator is positioned under the talar neck, 
to ensure that no talar neck bone is resected or osteotomized 
(Figure 5). 

Under fluoroscopic guidance, an oscillating saw was used to 
perform the osteotomy connecting the two markers. In this 
specific case, as a severe hindfoot valgus existed and a SJ fu-
sion was planned, once the talus and calcaneus were separated 
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Figure 3. (A) Weightbearing CT (sagittal view). Talocalcaneal and calcaneonavicular (residual) coali-

tions. (B) Weightbearing CT (coronal view). Subtalar joint middle facet coalition. (C) Weightbearing 

CT (coronal view). Severe hindfoot valgus (approximately 45°). (D) Weightbearing CT (axial view). 

Residual calcaneonavicular.

A B C

DFE

Figure 4. (A) Posterior, (B) medial, and (C) anterior weightbearing CT 3D reconstructions of patient’s foot and ankle surface anatomy, 

demonstrating severe hindfoot valgus and flatfoot. (D, E, and F) Weightbearing CT 3D bony reconstruction showing extensive SJ middle  

(MF) and posterior facet (PF) coalitions, as well as the residual plantar calcaneonavicular coalition (CN).
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Figure 5. Technical tip. (A) Two Freer elevators are inserted under direct visualization to guide the orientation of the osteotomy: one in 

the posterolateral patent aspect of the posterior facet of the subtalar joint and one underneath the talar neck. (B) 3D Weightbearing 

CT bony reconstruction showing the dots representing the tip of the Freer elevators and a straight line connecting the dots, following 

a very similar path when considering a patent posterior facet.

by the first osteotomy, an additional osteotomy line was then 
performed in the calcaneus to resect a medial wedge of bone 
aiming to correct the valgus deformity. In cases where the 
posterior facet would be preserved and an isolated coalition 
would be performed, this second osteotomy line and wedge 
resection would not be performed. After removing the wedge 
and being able to correct the valgus deformity to some ex-
tent, the residual cartilage on the talar SJ facets was resected 
with curettes and osteotomes, and the extra bone on the me-
dial surfaces of the talus and calcaneus, composing the bulky 
aspect of the talocalcaneal coalition, was resected with the 
oscillating saw and sharp osteotomes. 

During a trial for a bone-block arthrodesis with a lateral 
wedged allograft (inserted from the same medial approach), 
no adequate correction was achieved secondary to residual 
stiffness for mobilization of the calcaneus. At that point, the 
osteotomy line created previously was extended distally in 
the calcaneus side aiming to separate the residual connection 
between the calcaneus and the navicular bone, aiming for the 
plantar aspect of the anterior process of the calcaneus, and 
avoiding injury to the calcaneocuboid joint. Following this 
step, adequate mobilization of the calcaneus was possible, 
and correction of the valgus deformity was achieved with 
medial displacement of the calcaneus and a lateral-based 
allograft bone-block trial wedge (12mm lateral base height) 
(Figure 6). 

Clinical evaluation (with the heel centered underneath the 
leg from a posterior view and the leg elevated) and fluoros-
copic assessment demonstrated adequate correction of the 
deformity and apposition of the trial bone block with the cal-
caneal and talar surfaces. The trial was removed and both 
osseous surfaces were prepared with multiple drill holes to 
stimulate healing, using a 1.9-mm drill bit. The wedge-shaped 
allograft was soaked in the bone marrow aspirate for 5 minu-

tes and then inserted into the fusion site. Additional morse-
lized cancellous bone allograft with demineralized bone ma-
trix and viable cells (with osteoconductive, osteoinductive, 
and osteogenic potential) was also inserted in between the 
bone block and calcaneal and talar surfaces (Bonus Triad®, 
Zimmer-Biomet®). After adequate deformity correction un-
der clinical and fluoroscopic guidance, two slightly divergent 
guidewires for 5.5-mm cannulated screws were inserted. 
Adequate deformity correction and positioning of the wires 
was confirmed, followed by insertion of the headed screws, 
one of them partially threaded (compression) and the second 
one fully threaded (position). Adequate compression between 
bone block and bone surfaces was noted under direct visua
lization, as was the stability of the construct. An additional 
amount of the same morselized cancellous bone graft was 
inserted in the sinus tarsi and around the bone block. 

With the hindfoot corrected into neutral alignment, atten-
tion was turned to the forefoot. Palpation of the heads of the 
first and fifth metatarsals demonstrated residual fixed supi-
nation of the forefoot. We then proceeded with a Cotton os-
teotomy to reestablish the foot tripod and protect the fusion 
site and the ankle from a valgus thrust. A 6-mm trial wedge 
was inserted and was noted to correct the deformity. The trial 
was removed, and a 6-mm Cotton wedge allograft, soaked in 
bone marrow aspirate, was inserted into the osteotomy site. 
Insertion of the allograft provided adequate osteotomy sta-
bility and resulted in the correction of forefoot supination, 
bringing the heads of the first and lesser metatarsals to a 
more harmonic plantigrade position.

The patient was released with a non-weight–bearing splint. 
This was replaced with a boot at the 14-day visit, while the 
non-weight bearing regime gains momentum. During this 
period, physical therapy was introduced, and ankle range of 
motion exercises were slowly initiated. By the 7th week, pro-
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Figure 6. (A) The sagittal saw was used to connect the dots marked by the Freer elevators and, later, the osteotomy line in the calca-

neus was extended distally to the plantar aspect of the calcaneocuboid joint to free up the residual calcaneonavicular coalition. (B) 

Fluoroscopic view. The bone block (12-mm lateral-based trial wedge) is inserted, and its alignment checked. (C) Fluoroscopic view of 

the bone block allograft in place and secured with two guidewires for 5.5-mm cannulated screws. (D) Fluoroscopic view of the 6-mm 

trial wedge for Cotton osteotomy correcting the residual forefoot supination. (E) Final lateral fluoroscopic view after insertion of the 

Cotton osteotomy wedge allograft. (F and G) Final fluoroscopic calcaneal axial and anterior ankle views demonstrating adequate har-

dware positioning.

A

E F G

B C D

A B

Figure 7. (A and B) Postoperative non-weightbearing radiographs demonstrating the correction achieved on lateral and hindfoot alig-

nment views, with adequate apposition of the bone-block arthrodesis and positioning of the hardware, as well as significant correction 

of the hindfoot and forefoot deformities.

gressive bearing was initiated, and the boot was removed by 
the 12th week. A good short-term alignment correction and 
functional result were achieved (Figure 7). 

During evaluation, this study received approval from the 
Institutional Review Board and both patient and family provi-
ded written informed consent for participation.

Discussion
Tarsal coalitions are found in less than 1% of the popula-

tion(17). Though it is not an extremely common condition, its 
management remains challenging. The TCC in this case was 
drastic, involving a large fusion between the two bones. Pre-
sence of an adjunctive CNC and a severe hindfoot valgus and 
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residual forefoot supination, although not unprecedented, 
portended a complex scenario(4,18,19). 

Tarsal coalitions are commonly identified in pediatric pa-
tients. Although the coalition is already present at birth, ne-
gative effects are not normally observed until later growth 
stages. Pain during physical activity is the main symptom, 
with recurrent ankle sprain sometimes arising as another. 
Approximately 90% of tarsal coalitions are either TCC or 
CNC(1). 

Surgery is an expected denouement to these patients, as 
non-operative treatment usually presents a certain fragility 
in maintaining a pain-free environment(20). Coalition resection 
is a well-established technique, often employed alone, espe-
cially in patients with small coalitions, focal pain/tenderness, 
and absence of associated deformities(21,22). Removal of the 
correct amount of bone without harming good cartilage or 
neighboring structures is vital to the procedure success. This 
study presents a technical tip for middle TCC resection using 
landmarks easily identifiable under direct visualization that 
can also be used as fluoroscopic landmarks for a safe, rapid, 
and reliable separation of talus and calcaneus, allowing quicker 
access to the residual SJ posterior facet. 

A subtalar arthrodesis is usually anticipated in severe ca-
ses, when more than half of the joint is affected and arthritic 
changes may be found, as well as in recurrences. It may be 
also the first line of treatment, as advocated by some authors 
who believe this is a more durable strategy(23,24). In situ fusions 
are normally implemented, but vast deformities associated 
with dysplastic anatomical changes through the bones requi-
re hindfoot alignment correction and a bone-block arthrode-
sis(25). This is accomplished in order to regain alignment and 

talar/hindfoot height, measures that may be lost due to the 
disease or its withdrawal. Indeed, this was the proposed tactic 
in this case, which required a medial wedge resection and 
insertion of an additional lateral-based bone wedge graft for 
adequate correction of the severe hindfoot valgus. In addi-
tion, the forefoot supination and medial column insufficien-
cy was addressed by a medial cuneiform plantarflexion os-
teotomy (Cotton), reestablishing the foot tripod, correcting 
the forefoot supination and protecting the ankle joint, that 
already demonstrated mild valgus talar tilting preoperatively. 
Although largely performed in the flatfoot environment, the 
use of bone-block arthrodesis in the tarsal coalition patients 
remains anecdotal. 

In summary, as nonsurgical measures had been exhausted, 
a prior attempt at surgical calcaneonavicular coalition had 
been unsuccessful, and pain was persistent, a comprehensi-
ve approach to addressing and treating the patient’s severe 
hindfoot valgus, rigid flatfoot, and exceptional tarsal coali-
tions was employed. This approach involved a modification 
of surgical technique to expedite intraoperative resection 
time of the talocalcaneal coalition using two Freer elevators 
as fluoroscopic landmarks, positioned in the posterolateral 
aspect of the patent posterior facet of the subtalar joint and 
underneath the talar neck, allowing a single saw cut to se-
parate the talus and calcaneus and providing access to the 
subtalar joint. This specific patient needed additional medial 
wedge resection and lateral wedge bone-block arthrodesis 
for adequate correction of severe hindfoot valgus, as well as a 
Cotton osteotomy to correct forefoot supination and reesta-
blish the foot tripod. We would recommend this technical tip/
technique modification for resection of TCC in an accelerated 
fashion intraoperatively.
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Professor Roberto Attilio Lima 
Santin (1938-2020)

Professor Roberto Attilio Lima Santin passed away peacefully on the 
morning of July 13, 2020. Born in the countryside of the state of Sao 
Paulo, he graduated from University of Sao Paulo at Ribeirao Preto. He 
entered residency in orthopedic surgery in the early 1960s at Santa Casa 
de Misericordia de Sao Paulo, where he later became a staff member. Prof. 
Santin was appointed chief of the Foot and Ankle Group on two different 
occasions. He was also president of several professional societies, such as 
the Brazilian Society of Orthopedics and Traumatology (SBOT), Paulista 
Association of Orthopedics and Traumatology, Brazilian Society of Ortho
pedic Trauma, and Brazilian Society of Limb Lengthening and Recons
truction (ASAMI), and was known for his ethical and peaceful attitude. 

Prof. Santin’s pioneering and consistent support for a single Latin 
American scientific journal for foot and ankle surgery led to its creation. 
He constantly sought opportunities for learning and teaching and found 
special joy in sharing his wide knowledge. Although he had a preference for 
foot and ankle surgery, his practice involved all areas of orthopedic surgery. 
His work combined simplicity in handling unique situations, devotion to helping 
those in need, elegance while performing operations, and cordiality in  
coexisting with different personalities. The remarkable characteristics of 
this beloved master have earned him wide recognition and admiration in 
the medical community. His ideas, advice, and his standing as physician 
and professor will always be remembered, and he will be dearly missed by 
those who had the honor and pleasure of his company.

May God bless and comfort his family and friends in this time of 
grief. Rest in peace beloved teacher.
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