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Discussion
Our study showed that the lateral plantar vein was the most 

frequent location of PVT. An intravascular filling defect was 
seen in all cases using post-contrast MRI sequences. Compared 
to the control group, all vessels had a greater diameter in the 
case group, and perivascular edema was observed in all cases. 
Our results also suggest that a clinical history of trauma or 
mechanical overload (physical activities) in the foot and ankle 
may be one of the causal factors of this pathology.

The mechanism related to PTE and PVT is still not fully 
understood. It is speculated that in patients with PVT who are 
not anti-coagulated, there may be thrombus fragmentation 
due to repeated compression of the foot determined by the 
muscular and venous gait action. Because of this significant 
biomechanical compression, the pressure transmitted to 
the plantar venous plexus can override the blood column 
of the calf’s deep venous system, causing thrombi in this 
region to spread to other parts of the body(10,11). Thus, the 
correct diagnosis of deep vein thrombosis is important, and 
improving the diagnosis of PVT represents a crucial factor in 
preventing PTE.
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Figure 4. MRI sequences in a 47-year-old woman who practices regular walks with plantar pain which is worse while walking. Coronal 

(A) and axial (B) fs T2-w sequences show enlargement and perivascular edema in the second intermetatarsal vein (arrow). Coronal (C) 

and sagittal (D) fs T1-w postcontrast also show perivascular edema and a filling defect in the intermetatarsal veins. Note that edema 

follows the neurovascular plexus and is not in the plantar fat, differing from bursitis.

plantar veins, and veins were overall largest in the plantar 
arch location.

Perivascular edema was not identified in any case in the 
control group. Also, the intravascular filling defect was not 
identified in the post-contrast MRI sequences in the control 
group.

Agreement between readers
Table 6 and Figure 6 shows the agreement of vascular 

diameter measurements between the two readers. The 
highest agreements were observed for the measurements 
of the calibers of the plantar arch (ARCH) and posterior 
tibial (PT), second space intermetatarsal (MET2), and medial 
plantar (MP) veins. However, all vessels had an ICC greater 
than 0.7, indicating good agreement between the two readers. 
The graphs with the lowest agreement between the readers, 
corresponded to the diameters of the intermetatarsal veins of 
the first and fourth interspaces (MET1 and MET4), probably 
because the vessels are smaller and more curved. 
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Table 3. Comparison between groups in numerical variables

Variable
Cases (N = 61) Controls (N = 224) p- value

Mean (SD) Median [Q1;Q3] Mean (SD) Median [Q1;Q3]
Age 49.2 (15.2) 47.0 [36.8;63.0] 47.4 (14.9) 47.0 [36.0;57.2] 0.461

BMI 27.5 (5.03) 26.3 [24.5;30.0] 27.3 (5.03) 26.6 [24.0;29.8] 0.890

Time (days) 8.5 (3.9) 7.0 [6.00;10.0]

SD: Standard deviation; Q1: Lower quartile; Q3: Upper quartile; BMI: Body mass index; Time: time in days from the onset of symptoms to the time of performing the MRI.

Figure 5. Measurements of vascular diameters (A to D) in a 38-year-old man presenting with heel pain for approximately three months, 

with progressive worsening. There were no signs of thrombosis in this study (control group). (A) Axial fs T2-w sequence in the bimal-

leolar plane. Caliber of the posterior tibial vein (arrow): 2.46 mm; fibular vein (arrowhead): 1.73 mm; anterior tibial vein (curved arrow): 

2.48 mm. (B) Coronal fs T2-w sequence in the plane of the longest longitudinal axis of the plantar arch (arrow): 2.43 mm. (C) Coronal 

fs T2-w sequence at the midpoint between the bimalleolar plane and the plantar arch. Medial plantar vein caliber (arrow): 1.29 mm; 

lateral plantar vein (arrowhead): 2.71 mm. (D) Coronal fs T2-w sequence of the forefoot at the midpoint between the plantar arch and 

the transition of the intermetatarsal veins with the beginning of the interdigital veins. First space intermetatarsal vein caliber (arrow): 

2.51 mm; second space intermetatarsal vein (arrowhead): 1.44 mm; third space intermetatarsal vein (curved arrow): 3.05 mm and fourth 

space intermetatarsal vein (larger arrow): 1.91 mm. 
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Table 4. Comparison between groups, categorical variables

Variable Case
(N = 61)

Control
(N = 224) p-value

Side 0.486

Right 31 (50.8%) 107 (47.8%)

Left 30 (49.2%) 117 (52.2%)

Sex 0.079

Female 26 (42.6%) 131 (58.5%)

Male 35 (57.4%) 93 (41.5%)

Comorbidities 0.178

No 22 (36.0%) 78 (47.9%)

Yes 39 (64.0%) 85 (52.1%)

Complaint 0.821

Pain 53 (86.9%) 175 (88.8%) #Considering 
only the 

categories pain 
and pain and 

swelling

Pain and swelling 4 (6.5%) 20 (10.2%)

Pain and paresthesia 0 (0%) 1 (0.5%)

Nodule 2 (3.3%) 0 (0%)

Paresthesia 2 (3.3%) 1 (0.5%)

Trauma/ 
Recent exercise

<0.001

No 10 (16.4%) 77 (52.4%)

Yes 51 (83.6%) 70 (47.6%)

Table 5. Vascular diameter in millimeters, comparison between groups in numerical variables

Variable  
Diameter 

Cases (N = 61) Controls (N = 224)
p-value

Mean in mm (SD) Median in mm [Q1;Q3] Mean in mm (SD) Median in mm [Q1;Q3]
PT 2.78 (0.82) 2.60 [2.20;3.00] 2.57 (0.52) 2.50 [2.20;2.90] 0.332

FIB 1.94 (0.48) 1.85 [1.60;2.20] 1.75 (0.49) 1.70 [1.40;2.00] 0.013

AT 1.92 (0.41) 1.90 [1.60;2.10] 1.75 (0.39) 1.70 [1.50;2.00] 0.007

LP 3.78 (0.79) 3.80 [3.23;4.20] 3.19 (0.90) 3.10 [2.40;3.80] <0.001

MP 2.45 (0.80) 2.30 [1.95;2.85] 2.10 (0.62) 2.00 [1.70;2.40] 0.001

ARCH 2.56 (0.93) 2.50 [2.00;3.10] 2.14 (0.72) 2.10 [1.60;2.50] 0.001

MET1 1.51 (0.46) 1.40 [1.15;1.90] 1.33 (0.41) 1.30 [1.00;1.50] 0.005

MET2 1.69 (0.70) 1.50 [1.25;2.00] 1.25 (0.37) 1.20 [1.00;1.50] <0.001

MET3 1.52 (0.50) 1.40 [1.15;1.85] 1.17 (0.35) 1.10 [0.90;1.40] <0.001

MET4 1.10 (0.35) 1.00 [0.90;1.20] 0.99 (0.27) 0.90 [0.80;1.10] 0.009

PT: Posterior tibial vein; FIB: Fibular vein; AT: Anterior tibial vein; LP: Lateral plantar vein; MP: medial plantar vein; ARCH: Plantar arch; MET 1: First space intermetatarsal vein; MET 2: Second space 
intermetatarsal vein; MET 3: Third space intermetatarsal vein; MET 4: Fourth space intermetatarsal vein; SD: Standard deviation.

Inflammatory cytokines play a crucial role in the development, 
differentiation, and reabsorption of the thrombus, and they 
also act in the coordination of immune system cells(12-14). 
The interaction between circulating leukocytes and injured 
endothelium is the major event that promotes thrombus 
formation, and they act together with proinflammatory 
cytokines such as interferon-gamma, interleukin-6, and 
tumor necrosis factor-alpha, increasing capillary permeability 
and favoring extravasation of fluid into the extravascular 

environment, which on MRI can be translated as perivascular 
edema(12). On the other hand, leukocytes play important 
roles in the thrombus reabsorption process. Neutrophils 
and monocytes invade the thrombus to modulate collagen 
and fibrin degradation through the secretion of matrix 
metalloproteinases (MMPs) and plasminogen activators. 

Our results showed that vein enlargement and perivascular 
edema were present in all plantar thrombosis cases and were 
not identified in the control group. Our results highlight that 
this finding could be used as an imaging biomarker of vascular 
abnormalities, and whenever it is present, the possibility 
of vascular thrombosis must be considered. This becomes 
even more important as, currently, most of the foot and 
ankle MRI studies are performed without the paramagnetic 
contrast agents, and these findings were identified in non-
enhanced sequences. In cases of suspicion, the diagnosis can 
be confirmed with post-contrast MRI imaging, as all studied 
cases with thrombosis on Doppler ultrasound presented with 
an intravascular filling defect on MRI. Note that this is the first 
study to describe the non-contrast MR imaging aspects of 
PVT, correlating with Doppler ultrasound.

Most patients reported a history of recent physical exercise 
or foot trauma, suggesting that the trauma/mechanical 
overload could be related to endothelial wall injury activating 
the blood clotting cascade. This injury mechanism may 
also explain why the most affected was the lateral plantar 
vein, which has a more superficial path along the lateral 
segment of the plantar arch and usually bears more load in 
the biomechanics of gait(10). There was no case in which the 
medial plantar vein was affected alone, probably due to its 
deeper intermuscular course in the medial segment of the 
plantar arch(3,15).

The caliber of vessels in cases of thrombosis was greater 
in all segments analyzed in relation to the examinations of 
controls. This difference can be explained by the presence 
of the thrombus inside the vessels impairing venous return, 
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Table 6. Agreement between readers: Measurements of position and dispersion per reader and intraclass correlation coefficient to 

assess agreement between readers

Vein Reader N Mean SD Min Median Max ICC 95% CI
(ICC)

ARCH 1 261 2.2 0.8 0.8 2.1 6.0 0.948 0.934; 0.959

2 261 2.2 0.8 0.2 2.0 5.5

FIB 1 253 1.7 0.5 0.3 1.7 3.9 0.815 0.769; 0.852

2 253 1.8 0.5 1.0 1.8 4.0

MET1 1 263 1.3 0.4 0.3 1.2 2.9 0.707 0.642; 0.763

2 263 1.4 0.5 0.7 1.3 5.0

MET2 1 263 1.3 0.5 0.2 1.2 3.9 0.911 0.888; 0.929

2 263 1.3 0.5 0.6 1.2 3.5

MET3 1 263 1.2 0.5 0.2 1.1 3.0 0.849 0.812; 0.88

2 263 1.2 0.4 0.5 1.1 2.8

MET4 1 261 1.0 0.4 0.5 0.9 3.1 0.777 0.725; 0.821

2 261 1.0 0.3 0.7 0.9 2.5

LP 1 262 3.3 1.0 1.2 3.2 6.8 0.895 0.868; 0.917

2 262 3.3 0.9 1.4 3.2 5.5

MP 1 259 2.2 0.7 0.9 2.0 5.6 0.906 0.882; 0.926

2 259 2.2 0.7 1.0 2.0 5.2

AT 1 253 1.8 0.4 0.9 1.7 3.4 0.845 0.805; 0.877

2 253 1.8 0.4 0.9 1.8 3.4

PT 1 253 2.6 0.6 1.1 2.6 6.1 0.930 0.911; 0.945

2 253 2.6 0.6 1.0 2.5 5.5

PT: Posterior tibial vein; FIB: Fibular vein; AT: Anterior tibial vein; LP: Lateral plantar vein; MP: medial plantar vein; ARCH: Plantar arch; MET 1: First space intermetatarsal vein; MET 2: Second space 
intermetatarsal vein; MET 3: Third space intermetatarsal vein; MET 4: Fourth space intermetatarsal vein; SD: Standard deviation; ICC: Interclass correlation coefficient; CI: Confidence interval.

Figure 6. Scatter plots of the measurements of the two readers. 

PT: Posterior tibial; FIB: Fibular; LP: Lateral plantar; ARCH: Plantar arch; MET 2: Second intermetatarsal vein. 



Maruichi et al. Magnetic ressonance imaging findings of plantar venous thrombosis: a comparative study with doppler ultrasound

248 J Foot Ankle. 2024;18(2):239-49

causing vascular congestion, and increasing intravascular 
hydrostatic pressure and vascular caliber; this also contri
butes to the extravasation of fluid into the extravascular envi
ronment even in more prolonged cases of thrombosis, which 
also present perivascular edema(16).

In pathologies such as vasculitis, there may also be peri
vascular edema; however, these conditions tend to affect 
more vascular segments, often with bilateral involvement and 
a more systemic and prolonged clinical scenario(17).

Although the exact cause of PVT is unknown, it is usually 
associated with coagulopathies, paraneoplastic syndromes, 
trauma, contraceptive medication, and postoperative 
conditions. Recent studies report an idiopathic cause in up to 
50% of cases(13,15). It is worth mentioning that, in the absence 
of a defined causal factor, it is recommended to continue 
the diagnostic investigation in search of thrombophilia and 
paraneoplastic syndromes, and any respiratory symptoms 
that may be related to PTE should be considered(2,11,15,18).

The mean duration of symptoms in patients with thrombosis 
until the MRI was performed was 8.5 days, consistent with 
the literature(19,20). The clinical scenario of PVT is nonspecific, 
usually including pain, local edema. and tenderness on 
palpation, and it is often confused with other more frequent 
causes of pain on the plantar surface of the foot, such as 
plantar fasciitis, musculotendinous injuries, stress fractures, 
plantar plate, bursitis, and neuromas. Thus, the diagnosis of 
PVT is usually first made through imaging exams, such as MRI 
or ultrasonography, and our data support that the presence 
of perivascular edema on foot MRI studies should raise this 
diagnosis. 

Ultrasonography is an accessible and inexpensive method 
that allows the evaluation of the entire compromised vascular 
segment and the performance of dynamic maneuvers such as 
compression of the affected vascular segment. However, there 
are limitations to its use, which include challenges with the 

clinical diagnosis, the fact that the evaluation of the plantar 
veins is not part of the routine protocol for investigating foot 
pain syndrome, the difficult evaluation of vascular segments 
with smaller caliber, and impaired evaluation in obese patients 
and patients with very thick skin. 

Due to its increasingly frequent use, MRI is often the 
first method for detecting PVT. MRI can assess all foot 
structures simultaneously and three-dimensionally, with 
good differentiation between structures, and demonstrating 
vascular filling defects using contrast-enhanced imaging. 
Furthermore, perivascular edema and an increase in vascular 
caliber were identified in most cases of thrombosis already in 
MRI sequences without contrast.

Our study had limitations, including the retrospective study 
design. However, we could review 61 patients with PVT, and 
we compared the case cohort with a control group, one of the 
largest cohorts to investigate this abnormality and correlate 
imaging and clinical data. Another limitation is the lack of 
longitudinal follow-up, and cases were not reevaluated after 
treatment and resolution of symptoms. 

Conclusion
Plantar venous thrombosis is an underdiagnosed cause 

of acute painful foot syndrome, and due to nonspecific 
clinical symptoms, the diagnosis is challenging. Our study 
demonstrated that the most frequent location of the PVT 
was the lateral plantar vein. Also, it demonstrated that post-
contrast MRI of PVT revealed intravascular filling defects in all 
cases and highlighted that vein enlargement and perivascular 
edema were identified in non-enhanced MRI sequences in 
most cases.

Additionally, it was demonstrated that one of the contri
buting causes to this pathology is the clinical history of 
trauma or mechanical overload in the foot and ankle.
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Tibial hemimelia: a surgical approach for  
bone reconstruction and lengthening
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Abstract 
Tibial hemimelia is a rare condition with a reported incidence of approximately one in one million live births. Although tibial hemimelia 
can vary its presentation, it often presents a shortened lower limb associated with deformities in the knee and ankle. The objective of 
this study is to present a case of tibial hemimelia and the surgical technique performed to correct the deformity and bone lengthening 
using a circular external fixator in several stages. A 15-year-old male patient was evaluated, presenting Jones type 3 tibial hemimelia 
(visible distal part, but no proximal) in the right lower limb associated with congenital clubfoot and ankle deformity. Studying and 
planning the patient’s case was essential to classify and define the best treatment. These treatments can be flawed and often reach 
amputation. In the case described, several surgical approaches were performed with the objective of reconstructions and deformity 
correction, followed by limb lengthening, presenting excellent results. 

Level of evidence IV; Therapeutic studies; Case Report.

Keywords: Hemimelia; Outcome measures; Tibia. 
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Introduction
Tibial hemimelia is a rare congenital pathology with an 

incidence of one in one million live births(1). An important 
heritage correlation has been observed, with the condition 
linked to an autosomal recessive gene appearing unilaterally 
in 70% of cases(2). Although tibial hemimelia can vary its 
presentation, it often presents a shortened lower limb 
associated with deformities in the knee and ankle. Initially, 
radiographs are requested for classification, indication of 
treatment, and prognosis. The first classification was pro
posed by Jones et al.(3) in 1978, which divides the deficiency 
into four main groups based on radiographs and bone 
morphology. Later, Weber(4) introduced a classification 

that considered the present cartilage, dividing it into seven 
types and 12 subtypes. Finally, in 2003, Paley(5) presented a 
new classification, modified in 2015, whose differentiation is 
directly related to treatment and prognosis(2). 

Currently, the most used therapeutic approach remains 
amputation and prosthetics due to well-tolerated adaptation. 
However, recent studies and protocols have evolved to allow 
deformity correction and lengthening, preserving the limb, 
especially in mild presentations. In these cases, it is possible 
to use circular external fixators on the femur, tibia, and foot 
for limb stabilization and lengthening. In other cases, it is 
possible to apply Brown’s procedure(6) to centralize the 
fibula between the femoral condyles and talus using gradual 
distraction for fibula centralization.
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https://orcid.org/0000-0002-3003-2631
https://orcid.org/0009-0003-4421-9549
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The objective of this study is to present a rare case of 
tibial hemimelia, treatment with bone reconstruction using a 
circular external fixator in several stages, and to systematize 
knowledge and therapeutic possibilities. 

Case presentation and surgical technique 
A male patient presented with deformity in the right lower 

limb at birth and was diagnosed with a cavo-adducto-varus 
deformity at three days of life and started clinical treatment 
with serial cast immobilization for two months without 
satisfactory results. He was diagnosed with tibial hemimelia 
at six months; however, the patient was followed up in another 
service where surgical treatment was performed with tibia 
and distal fibula resection, talar dome associated with plantar 
fasciotomy, maintaining irregular follow-up. 

At 16, he resumed follow-up with the persistence of con
genital malformation, including cavo-adducto-varus, as well 
as deformity and joint instability in the knee and ankle. Addi
tionally, there was a shortening of approximately 9 cm in the 
right lower limb, affecting both the thigh and leg (Figure 1). 

Surgical treatment was planned in a single time, with 
tibiotalar synostosis and limb lengthening to correct dysme
tria, and outpatient follow-up with lengthening presenting 
satisfactory bone regeneration, with programming for exter
nal fixator including the knee due to instability and continuity 
of treatment. 

Surgical technique 
The patient was operated on in dorsal decubitus, initially 

using the tourniquet. The first approach was anterolateral 
access to the ankle, with a slightly curved incision starting 
from 5 cm proximal to the lateral malleolus to 2 cm medial to 
the fifth metatarsal. Then, dissection was performed by layers 
until bone exposure of the tibia and fibula. A 4 cm resection 
of the distal portion of the tibia and fibula was performed, 
repositioning the right foot to a plantigrade shape and 
fixing it with three Kirschner wires. Once the tourniquet was 
removed, a new anteromedial incision in the proximal third of 

the tibia was performed for osteotomy in this same segment, 
following the Italian technique with multiple perforations 
with drill and irrigation with saline, completed with the use 
of an osteotome. After positioning a circular external fixator 
encompassing the hindfoot and tibial block to increase 
arthrodesis stability, these procedures were performed in 
July 2021 (Figure 2). 

 After the tenth postoperative day, the lengthening started 
at 0.75 mm/day (0.25 mm every eight hours) for one week, 
evolving to 1 mm/day (0.25 mm every six hours) until the 
end of the first month. In the second month, change the 
lengthening rhythm to 0.25 mm/day four times daily. Initially, 
the patient was resistant to the treatment using a circular 
fixator; however, he progressed slowly at the beginning of 
the third month, with partial weight-bearing using crutches. 
The radiographic follow-up showed distraction osteogenic 
with satisfactory bone regeneration, and the replacement 
of the fixator was scheduled to start the second stage of 
lengthening in December 2022. 

In June 2023, the patient still resisted the total discharge 
of body weight on the limb, walking with compensation in 
footwear and crutches-no pain complaints, with strength 
deficit of the extensor mechanism. A new circular external 
assembly was then performed to finalize the lengthening, 
encompassing the knee in this second moment due to 
cruciate ligament agenesis. In addition, a new osteotomy 
of the proximal tibia was performed to allow distraction to 
continue (Figure 3). 

After six months of outpatient follow-up, maintaining 
partial weight-bearing using crutches and lengthening with 
a distraction of 0.25 mm/day, it was reopened to remove the 
distal assembly in the femur and distal reassembly (Figure 
4) in the hindfoot, allowing the patient to load and reinforce 
the formed bone regenerate (Figure 5). At this moment, the 
patient presented a stable right knee joint for daily activities, 

Figure 1. (A) Clinical aspect of deformity and shortening of the 

right lower limb (shortening of approximately 9 cm, with the right 

foot in cavo-adducto-varus) (B) anteroposterior radiography.

A B
BAA

Figure 2. Anteroposterior (A) and profile (B) radiographs of the 

right lower limb after the first single-time approach of attempting 

talar tibial arthrodesis, fixed with Kirschner wire and assembly of 

a circular external fixator encompassing the tibial block and foot.
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Discussion 
The first case of tibial hemimelia was described in 1841; by 

1941, there were already 79 documented cases(7)
. Prenatal 

diagnosis can be made from the 16th week of gestation by 
ultrasound, and the genetic inheritance can be autosomal 
dominant or recessive. 

There are different classifications for tibial hemimelia; 
Jones(3) is one of the most popular, using simple radiographs 
to differentiate into four main groups and 11 subtypes(1)

. Type 
I has total distal tibia aplasia, subdivided into Ia, with distal 
hypoplasia of the femur, and Ib, with normal ossification of 
the epiphysis of the femur. Type II with ossified proximal tibia 
and distal tibial agenesis. Type III is the ossified distal tibia, 
and type IV is the shortened tibia with diastasis in the distal 
region between the tibia and fibula, as in the case above. 
The Paley classification(5), published in 2003 and modified in 
2015(2), relates treatment to disease prognosis. The pathology 
is divided into five types and 11 subtypes, progressively 
evolving according to the involvement(2) (Figure 6).

Type 1: Hypoplastic tibia: valgus proximal tibial, relative 
growth of proximal fibula, tibial plateau present and normal.

Type 2: Proximal and distal tibial epiphysis present with 
dysplastic ankle

2A: Well-formed distal tibial physis; dysplastic tibial plateau; 
relative growth of proximal fibula. 

2B: Delta tibia, proximal and distal growth plates connected 
through the epiphysis, ankle joint dysplasia; relative growth 
of proximal fibula. 

2C: Delayed ossification (cartilaginous enlargement) of 
part, or all, of the tibia; dysplastic ankle joint; absence of tibial 
distal physis, relative growth of proximal fibula. 

Type 3: Proximal tibia and knee joint present, medial 
malleolus present, distal tibial plateau absent, tibio-fibular 
diastasis. 

3A: Lateral malleolus present, varus diaphyseal tibia, distal 
fibula with foot internally rotated around the tibia, talus can 

Figure 3. Anteroposterior and profile radiographs of the leg and 

knee, with the assembly of circular external fixator, including knee 

and ankle for bone lengthening, with osteotomy in the proximal 

tibia. 

Figure 4. Internal and external oblique radiographs of the knee 

and right leg show bone regeneration in the formation process in 

the proximal third of the tibia after outpatient follow-up.

Figure 5. Clinical image after removal of the knee assembly, with 

a new distal assembly, encompassing the ankle to perform full 

weight-bearing on the right lower limb using crutches.

with a good range of motion, without pain complaints, with 
the plantigrade foot, allowing gait, however, with the pre
sence of residual cavus. 



Fraga et al. Tibial hemimelia: a surgical approach for bone reconstruction and lengthening

253J Foot Ankle. 2024;18(2):250-4

be positioned between the tibia and fibula due to absence of 
tibial plateau, relative growth of proximal fibula.

3B: Same as 3A with skin cleft separating the tibia and 
fibula, foot always follows the fibula.

Type 4: Distal tibial aplasia. 

4A: Knee joint present, complete absence of tibia from 
diaphysis, pointed bone end often covered by skin pouch, 
relative growth of proximal fibula. 

4B: Proximal tibial epiphysis present, knee joint present, 
relative growth of proximal fibula.

Type 5: Complete tibial aplasia. 

5A: Complete absence of tibia, patella present; flexion 
contracture of knee, equinus-varus contracture of dislocated 
foot and ankle. 

5B: Complete absence of tibia, no patella; flexion contracture 
of knee, auto-centered fibula, quadriceps present, knee 
capsule present.

5C: Complete absence of tibia, no patella; flexion 
contracture of knee, dislocated fibula, quadriceps present, no 
knee capsule.

In addition to the changes already described, they may 
present joint instability in the ankle and knee, malformations, 

Figure 6. Paley Classification.

Source: Paley Foundation.

and even muscular agenesis of the quadriceps and patella, 
cruciate ligaments, and dysplastic or absent collaterals. 

The treatment of tibial hemimelia is controversial, with 
amputation being the gold standard, especially in Jones’ 
subtypes Ia and Ib, arguing for faster adaptation, especially 
in younger people. However, treatment acceptance varies 
across cultures and bone reconstruction has become more 
common. Recent studies show that satisfaction and quality of 
life tend to be better with reconstruction, but complications 
such as contractures, instability, and infections occur. 

The choice of reconstruction method depends on the 
classification, experience of the surgeon, and quality of soft 
and joint parts of the limb. In 1965, Brown(6) proposed a 
surgical technique for centralizing the fibula, with the purpose 
of transforming it into a functional tibia, combined with the 
Ilizarov technique for gradual correction of dysmetria and 
soft tissue distraction. In 2015, Paley(2) proposed an update 
to the classification, allowing new surgical approaches 
associated with existing techniques, including correction of 
foot deformity, femoral osteotomy, and patelloplasty when 
necessary, allowing improvement of soft tissues. However, the 
benefits and applicability of the treatment remain uncertain, 
especially regarding the persistence of contractures, the pro
longed duration of treatment, and associated complications. 
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It is important to reinforce the decision between early 
amputation or correction. Studies state that patients who 
have been submitted to serial reconstruction procedures 
with prolonged use of the fixator experience improved self-
esteem after correcting the deformity(7). Subjective aspects 
such as decreased pain and a higher degree of satisfaction 
after length correction were also observed, presenting better 
psychological results. In the case presented, the previous 
approach and the patient’s desire was the surgical approach 
for correction and stabilization of the ankle joint and bone 
reconstruction to correct deformities with a circular external 
fixator. At the end of the treatment, the patient presented an 
excellent result from the functional point of view, the right 
knee, despite the cruciate ligament agenesis, underwent 
good stability to demand daily activities, in addition to a 
wide range of motion, without evolving with residual knee 
flexion, an evolution described in some studies after the use 
of an external fixator encompassing this joint. A 7 cm length 
was obtained in the right tibia, with persistence of 2 cm of 
final discrepancy in the lower limbs. Regarding the foot, 
corrected until reaching the plantigrade position, allowing 

the discharge of total weight on the limb during the gait, 
using crutches, despite persisting with residual cavus, which 
will be later programmed and corrected. Finally, the patient 
preserved proprioception in the foot, which allowed greater 
stability during ambulation.

Final Considerations 
Given the rarity and wide variety of presentations of tibial 

hemimelia, understanding its treatment becomes complex 
and challenging. Before choosing the best therapeutic 
approach, it is important to identify and classify the type 
of hemimelia, determining the prognosis and the best 
therapeutic options. There are several reconstructive techni
ques, but many end up failing and require amputation. In 
the case described, the patient had multiple approaches, 
using a circular external fixator for a long period, obtaining 
an excellent lengthening result, providing a plantigrade foot 
with satisfactory sensitivity and proprioception, in addition to 
allowing the functional quality of the limb. 
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Bizarre parosteal osteochondromatous proliferative 
lesion of the hallux
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Abstract
Foot tumors are a rare occurrence, which can make diagnosis and management difficult. Certain benign tumors can be locally 
aggressive, with a rapid progression resembling a malignancy. We present a case of bizarre parosteal chondromatous proliferative 
(BPOP) lesion, also known as Nora lesion, arising from the sesamoid. This is a benign lesion with overlapping clinical and radiological 
features of a malignant neoplasm. Highlighting classic BPOP characteristics is crucial in avoiding potentially incorrect management 
and resulting morbidity. 

Levels of evidence IV; Therapeutic studies; Case Report.
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Introduction
Primary bone tumors account for 2% to 4% of all neoplasms. 

With regard to soft tissue tumors, 8% of benign tumors and 
5% of malignant tumors occur in the foot and ankle(1). 

Common benign soft tissue tumors found in the foot include 
plantar fibromatosis, ganglion cyst, giant cell tumor of tendon 
sheath, pigmented villonodular synovitis, and lipoma. More 
prevalent benign osseous lesions include osteoid osteoma, 
enchondroma, aneurysmal bone cyst, and chondroblastoma(1).

The possibility of any lesion being malignant should always 
be considered, as it has been shown that pain, lesion size, 
and symptom duration are not reliable in differentiating 
benign and malignant lesions(2). Although malignant bone 
tumors are rare in the foot, osteosarcoma, Ewing sarcoma, 
and chondrosarcoma do occur(1). Malignant melanoma is also 
fairly common in the foot, with potential life-threatening 
consequences if left untreated(3). 

The low incidence of large soft tissue tumors in the foot 
makes the diagnosis and management of these lesions 
challenging. We present a rare case of bizarre parosteal 
osteochondromatous proliferation (BPOP) in the foot. This 
case study aid the reader in making this difficult diagnosis 
and managing the lesion appropriately. Informed consent 
was obtained from patient.

Case report
Clinical history

We present the case of a 56-year-old female patient who 
presented with a progressively slow growing mass under the 
left hallux. She reported a previous soft tissue injury to this 
left hallux three years prior. Wound healed uneventfully with 
local dressings. Eighteen months ago, she noticed a mass 
growing under the left hallux. The mass increased significantly 
in size over time, causing difficulties in wearing and walking 
in closed shoes. She consulted her local podiatrist, who 
recommended having the mass assessed by a surgeon. She 
reported no night pain.

Examination
Examination revealed a generally well Caucasian female. 

She walked on the lateral border of the left foot with 
supination of the forefoot to avoid pressure on the mass. 
Clinically, she had a 3 cm x 5 cm mass under the left first 
metatarsal head. The mass had a firm rubber-like consistency 
and was not adherent to the overlying soft tissue. There were 
no skin changes or increased local temperature. There was 
no tenderness on palpation. Sensation was altered over the 
plantar aspect of the hallux. Range of motion was limited in 
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the metatarsophalangeal joint (MTPJ) due to impingement 
by the mass. 

Special investigations
Radiographs of the foot showed a soft tissue lesion 

containing calcifications below the first metatarsal head 
(abutting the medial sesamoid), with no bony changes 
(Figure 1).

Magnetic resonance imaging (MRI) of the hallux showed a 
56 mm x 27 mm x 30 mm heterogeneous septate mass with 
calcifications. Rim was calcified and enhanced with contrast 
(Figure 2). The mass enveloped the medial sesamoid and 
communicated with the MTPJ, displacing the flexor hallucis 
longus (FHL) medially. Differential diagnosis on MRI was 
tenosynovial giant cell tumor (calcification is rare in this type 
of tumor) and tumoral calcinosis (rare in the foot). 

Computed tomography (CT) scan confirmed calcification 
within the mass. The mass enveloped the medial sesamoid 
but did not breach the cortex (Figure 3).

Management
Patient was consented for an excisional biopsy of the soft 

tissue mass. An L-shaped incision was made in the flexor 
crease of the first MTPJ, extending along the medial border of 
the lesion (Figure 4). Lesion was found to be well encapsulated 
and excised en bloc, while protecting the sensory nerves 
(Figure 5). The FHL was intact and not adherent to the 
lesion (Figure 6). The lesion seemed to originate from the 
medial sesamoid. The mass was sent for histology. Wound 

was closed in layers. Patient was mobilized in a heel weight-
bearing wedge shoe. Stitches were removed at three weeks, 
by which time the wound had healed well. Patient was placed 
in supportive shoes at four weeks. At the 12-week follow-up, 
patient was back to normal shoe wearing and performing 
normal daily activities without any discomfort (Figure 7).

Histopathology
Histology reported a 49 mm x 35 mm x 20 mm specimen, 

showing a well-circumscribed, multilobulated lesion (Figure 
8). Within the lobules, there was irregular and immature 
cartilage with enlarged bizarre binucleated chondrocytes. 
Chondro-osteoid tissue stained characteristically blue using 
hematoxylin and eosin stain (H&E), with enlarged bizarre 
binucleated chondrocytes. There was spindle cell proliferation 
between the bone trabeculae (Figure 9). Diagnosis of BPOP 
was reached. Specimen was reported to have clear margins.

Discussion
Bizarre parosteal osteochondromatous proliferation is a rare 

benign, non-infiltrative bone surface lesion. It was originally 
described by Nora et al.(4) in 1983, hence the term Nora lesion. 
This type of lesion is mostly found in tubular bones of the 
hands and feet, with a 59% to 27% distribution respectively(4).  
Infrequently, they occur in long bones and the skull. Atypical 
presentations have been reported in the calcaneus and 
talus(5). These lesions commonly occur in middle-aged 
patients, but have been reported in patients ranging from 12 
to 81 years of age, with no specific gender predilection(6). Its 

Figure 1. Antero-posterior and lateral radiographs showing the soft tissue mass with calcifications below the first metatarsal head.
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Figure 2. (A) T1-weighted axial MRI image showing a mass with uniformly low signal. (B) T1-weighted sagittal MRI image showing a 

mass with uniformly low signal. (C) Fat-saturation with contrast axial MRI image showing increased signal with calcification and rim 

enhancement. (D) Fat-saturation with contrast sagittal MRI image showing increased signal with calcification and rim enhancement.

A

C

B

D

A B

Figure 3. (A) CT scan axial image showing calcification within the 

lesion. (B) CT scan sagittal image showing no cortical breach of 

the metatarsal head by the lesion.

Figure 4. Lesion was approached using an L-shaped incision in 

the flexor crease of the first MTPJ extending along the medial 

border of the lesion.
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Figure 5. Lesion was found to be well encapsulated, being excised 

en bloc.

Figure 6. The FHL was intact and not adherent to the lesion.

Figure 7. Wound had healed well in six weeks, with no painful scaring. 

Figure 8. Macroscopic image showing a well-circumscribed, mul-

tilobulated lesion.

features resemble a malignancy, such as rapid growth, high 
rate of recurrence, and an atypical histological appearance. 
No case of malignant transformation has been reported, but 
these lesions can become aggressive and locally invasive.

Bizarre parosteal osteochondromatous proliferation can 
either be a slow or rapidly growing lesion which is inherently 
not painful. Overlying soft tissue is generally not affected by 
the lesion. As presented in our case, patient had no tenderness 



Siyo et al. Bizarre parosteal osteochondromatous proliferative tumor of the hallux

259J Foot Ankle. 2024;18(2):255-60

Figure 9. Histological images showing a chondro-osteoid tissue which stained characteristically blue using hematoxylin and eosin stain. 

There is a spindle cell proliferation between the bone trabeculae and enlarged bizarre binucleated chondrocytes.

over the lesion but struggled with activity and shoe-wearing 
problems related to the increasing lesion size. There is no 
specific known etiology, but previous traumatic periosteal 
damage has been suggested to be a predisposing factor, 
as seen by histological similarities to callus and subungual 
exostosis(4). Edoardo et al.(7) suggested that these lesions have 
a multifactorial pathogenesis, with trauma being a high-risk 
factor(7). Our patient reported a significant soft tissue injury 
to her left hallux prior to developing the lesion. Nilsson et al.(8) 
detected a translocation between chromosome 21 and 32 t 
(q32;21) in five cases, and also found balanced translocation 
between chromosome 1 and 17 t (1;17) in four of five cases, 
indicating a genetic predisposition(8). Similar findings of 
balanced translocation of chromosomes t (1:17) and q (32;21) 
in BPOP cases have been identified by other authors(9).

Radiological features of BPOP have close resemblance to 
those of bone reactive lesions and benign neoplasms such 
as florid reactive periostitis, myositis ossificans, osteochon
droma, and periosteal chondroma(10). Malignant lesions like 
parosteal osteosarcoma and chondrosarcoma are part of 
the differential diagnosis in cases of rapid growing BPOP 
lesions. Plain radiographs show a classic well-circumscribed, 
mineralized lesion that abuts the cortex of the neighboring 
bone. This radiographic feature differentiates a BPOP lesion 
from myositis ossificans, which has characteristic islands 
of calcification not arising from the adjacent bone. The CT 
scan of BPOP lesions clearly demonstrates the absence of 
medullary communication between the adjacent bone and 
the lesion, which distinguishes it from an osteochondroma. 
Lack of cortical erosion and periosteal reaction differentiates 
this lesion from malignant tumors(11). Current case’s CT scan 
showed the lesion originating from the medial sesamoid, but 
not compromising the cortex. Typical BPOP MRI findings are 
that of uniformly low signal in T1-weighted images, while on 
T2-weighted and STIR images the lesion has intermediate 
signal  in the center, with high signal intensity around the 
periphery(6,11). 

Histological confirmation must always be attained when 
managing tumors. Microscopic features of BPOP lesions 
are bizarre cartilage with hypercellular large binucleated 
chondrocytes blending with woven bony trabeculae on a 

fibrous background comprised of reactive-looking spindle 
cells. Thus, the lesion is a mixture of cartilaginous, osseus, 
and fibrous tissue. The research conducted by Cocks et al.(12) 
on the histological variability of 16 BPOP cases reported 
a characteristic finding of “blue bone” in all specimens. 
“Blue bone” has been defined as an unusual mineralized 
cartilaginous matrix. Presence of “blue bone” and significant 
fibrous tissue is highly suggestive of a BPOP lesion(12). There 
is no presence of cellular atypia, which would be suggestive 
of malignancy(4).

Such BPOP lesions are best managed by performing a wide 
local excision with clear margins as definitive treatment. It is 
important to get clear margins, as these lesions have a local 
recurrence rate of 37.4%(7). In a case series of 22 Nora lesion 
cases by Berber et al.(13), 21 patients had surgical excision 
and one patient had amputation of the toe due to the size 
and local infiltration of the lesion. Recurrence occurred in 
six patients (27.3%), with a mean time to recurrence of 49 
months. Two of eight patients with clear margins on histology 
had recurrence (25%), compared to 4 of 14 patients with 
marginal or incomplete resection (28.6%)(13). There is no 
mention in the available literature regarding the possible use 
of radiation therapy to try to prevent recurrence. There has 
been no recurrence in our case at one-year follow-up after 
management with local excision. 

Atypical BPOP lesions have been reported. Lesions are 
considered as being atypical according to either their location 
or radiological appearance. Atypical locations include facial 
bones, spine, clavicle, radius, fibula, calcaneus, talus, and 
sesamoids. Atypical imaging features are erosion of the 
cortex by the lesion and extension into the medullary canal. 
These atypical BPOP lesions are difficult to differentiate from 
malignant tumors without histological confirmation(7,14). 

In conclusion, BPOP is a rare benign lesion that mimics both 
benign and malignant processes. It can be differentiated 
from other tumors by its typical radiological and histological 
characteristics. This atypical presentation of a BPOP lesion 
arising from the sesamoid highlights the need for a high index 
of suspicion and good clinical acumen when dealing with 
this condition so as to avoid inappropriate and destructive 
management. 
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Timely tibiotalar fusion after utilization of  
Masquelet technique guided by in-hospital 3D printing
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Abstract
The following report describes a case of a 24-year-old female who presented with a traumatic open trimalleolar ankle fracture with 
severe distal tibial bone loss. She was submitted to a staged acute Masquelet technique, where the in-hospital 3D printing was utilized 
to guide the shaping and sizing of the antibiotic cement spacer and, subsequently, the bone allograft utilized two months later during 
tibiotalar fusion. Adequate bony consolidation was achieved at the 7-week follow-up, and the patient was able to bear weight at 12 
weeks fully. 
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Introduction
The induced membrane technique, the Masquelet technique, 

typically comprises two-stage surgery using temporary 
antibiotic-loaded bone cement (Polymethyl methacrylate - 
PMMA) as a spacer to promote pseudo membrane formation 
in the surgical bed that enhances bone healing(1). Since its 
introduction, the Masquelet technique has been utilized in 
the management of multiple orthopedic conditions, including 
reconstruction of traumatic or pathological critical bone 
defects(1-5), among other indications, with excellent results.

Three-dimensional printing (3DP) is a rapidly evolving 
technology increasingly gaining popularity in several aspects 
of orthopedic surgery. Given its widespread utilization, 
efforts are made to improve the cost efficiency of 3DP in the 
health system. Several health institutions have integrated the 
radiology-based, in-hospital 3DP(6). 

The benefit of combining 3DP applications with the Mas
quelet technique for surgical planning or manufacturing 
of implants and bone fillers has been reported to manage 
infections and traumatic bone defects(7). In this case study, 

we report a case of traumatic distal tibial bone loss that was 
managed successfully with 3DP-assisted, acute Masquelet 
technique(3) followed by tibiotalar fusion. Our aim is to add 
to the literature about the utility of in-hospital 3DP in acute 
trauma management and describe the effect of the Masquelet 
technique in achieving a timely bone consolidation after limb 
salvage arthrodesis. The patient signed the informed consent 
form and agreed to utilize the de-identified data for research 
purposes. To our knowledge, a similar case and surgical 
technique has not been published before.

Case description
An otherwise healthy 24-year-old female with a body mass 

index (BMI) of 32 presented to the emergency room of our 
level-1 trauma center with an open Gustilo grade III B, left 
Trimalleolar ankle fracture associated with a large anterior 
distal tibial bone loss and secondary ankle subluxation 
(Figure 1A-C), after a motor vehicle accident. After ensuring 
neurovascular integrity, emergency wound coverage, closed 
reduction, and splinting were performed (Figure 1D, E). After 
clearing the patient for surgery, the patient was taken for 

https://orcid.org/0000-0002-5869-133X
https://orcid.org/0000-0001-9467-3297
https://orcid.org/0009-0008-0680-8840
https://orcid.org/0000-0001-5139-3308
mailto:amahmoud@geisinger.edu


Mahmoud et al. Timely tibiotalar fusion after utilization of Masquelet technique guided by in-hospital 3D printing

262 J Foot Ankle. 2024;18(2):261-5

wound debridement and irrigation, an external fixator was 
placed, and an antibiotic bead pouch was applied (Figure 1F-
H). Intraoperative findings (Figure 1A, H) and postoperative 
computed tomography (CT) scan (Figure 1I, J) showed 
a large triangular bone defect in the distal anterior tibia, 
representing approximately 40% of the articular surface. The 
patient returned to the OR for a second-look debridement 
and exchange of antibiotic delivery system. 

Given the large area of articular bone, cartilage loss, and 
the wound condition, the decision was to continue using 
external fixation with the utilization of acute Masquelet 
technique with plans for a delayed ankle fusion after proper 
soft tissue healing. The consulting plastic surgeon decided 
on a free lateral femoral fasciocutaneous flap with a skin graft 
for coverage. To create a bone graft that would fit the bone 
defect during the fusion surgery, the surgery team decided 
that the antibiotic delivery system should precisely fit the 
bone defect to preserve the space for later fusion and, more 
importantly, create a similarly shaped and sized bone graft 

fragment during the planned fusion surgery. After performing 
a 3D reconstruction CT scan (Figure 2A), the in-hospital, 
radiology-based 3DP service was used to create a custom-
made bone mold of the patient’s distal tibia (Figure 2 B-D).

Two days later, the planned surgery was performed. 
The bone models were used intraoperatively inserted in 
sterile ultrasound bags (Figure 2E), and gentamicin and 
vancomycin-loaded bone cement (PALACOS® fast R+G) were 
utilized to create a cement spacer fragment that matched the 
size of the tibial bone defect (Figure 2 E, F). After wound 
re-debridement, irrigation, and adjustment of the external 
fixator, the cement spacer was fitted into the bone defect 
(Figure 2F-H). On the next day, the planned plastic surgery 
was performed. The patient was discharged after 14 days. 
After six weeks, soft tissue coverage was confirmed, and 
definitive fusion was planned.

The decision was to utilize the anterolateral ankle approach 
for performing the ankle fusion surgery(8), lateral to the 
edge of the flap, based on the native soft tissue that was 

Figure 1. A) Clinical photo, and B, C) Plain radiographs of the limb upon presentation. D, E) Plain radiographs after closed reduction 

and splinting. F, G) Plain radiographs after debridement, antibiotic beads insertion, and placement of external fixator. H) Clinical photo 

after application of external fixator. I, J) Postoperative axial CT scan cuts showing anterior tibial bone loss.
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not disturbed by the previous flap (Figure 3). After removal 
of the external fixator, incision and exposure of the bony 
articular surface were performed (Figure 3B-D), and the old 
cement spacer was removed and preserved in a sterile saline 
for reference. The ankle was then distracted using a laminar 
spreader, and the remaining articular surface was carefully 
prepared for arthrodesis by removing the remaining cartilage 
and subchondral bone, ensuring no damage to the fibrous 
pseudo membrane (Figure 3C). A calcaneal cross-section 
allograft was then shaped to the size of the extracted cement 
spacer (Figure 3E-H) and mixed with 10CC demineralized 
bone fiber and bone marrow aspirate concentrate. The 
ankle joint was irrigated, then compressed and fixed with 
preliminary pins in the appropriate, aligned position, and the 
custom allograft wedge was placed in the anterior defect. 
(Figure 3I). An anterolateral ankle fusion locking plate was 
utilized to stabilize the bone graft and fix the tibia to the talus 
(Figure 3J, K, and Figure 4A-C). The wound was then closed 
without a drain.

Postoperatively, the patient was instructed to wear a cam 
boot and maintain a non-weight-bearing status until the 
achievement of bone fusion, and the patient had biweekly 
follow-ups. At the 7-week follow-up radiographs, bony con

solidation was observed (Figure 4D, E), and the patient began 
20% weight bearing using an assistive device. Progressive 
radiological fusion was observed at 12-week radiographs, and 
the patient was allowed to advance weight-bearing in a cam 
boot with gradual progression to full weight-bearing. At the 
last follow-up, 28 weeks postoperatively (Figure 4L-N), the 
patient was pain-free, fully weight-bearing without assistive 
devices, and was cleared to return to work.

Discussion
This case study highlights the efficacy of the Masquelet 

technique in the achievement of timely, uneventful ankle 
fusion after reconstruction of severe distal tibial bone loss. 
The utilization of in-hospital 3DP allowed for the creation of 
a properly sized cement spacer and, more importantly, the 
allograft that fitted the bone defect during the fusion surgery. 

Acute Masquelet technique(3) is a recent term that describes 
an existing procedure. It utilizes the induced membrane 
technique as a primary treatment of bone defects in the 
acute setting of open fractures(3-5). In this technique, the bone 
defect secondary to trauma is filled with PMMA to create a 
pseudo membrane that can support and promote the bone 

Figure 2. A) 3D CT cuts of the ankle and distal tibia showing distal tibial bone loss and fracture configuration. Note the cement beads 

on the medial side of the distal tibia B, C, D) 3D printed bone molds. E) The intraoperative clinical photo showing the formation of a 

cement spacer of the size of the bone defect and fitting it inside the wound. Note that the 3D molds were placed in sterile ultrasound 

bags. Also, note the right (normal) side mold used to size the spacer in the anteroposterior dimensions. G, H) Intraoperative C-arm 

radiographs showing properly fitting antibiotic spacer.
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Figure 3. The ankle fusion surgery: A) Condition of the skin flap after external fixator removal. B) Skin marking for the anterolateral 

incision, lateral to the flap edge. C) After exposure, the articular cartilage is removed using a bone Rongeur. D) The articular surface 

is devoid of cartilage and drilled. E-H) Shaping and sizing of the allograft to the shape and size of the extracted cement spacer. I) The 

shaped bone graft fits into the bone defect. J, K) Fixation with anterolateral locking plate and screws over the bone graft.
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Figure 4. A-C) Intraoperative C-arm radiographs showing plate placement during the ankle fusion surgery. D, E) A 7-week postope-

rative plain radiographs showing early progressive consolidation of the fused surfaces. F-H) 12-week, weight-bearing follow-up ankle 

radiographs showing almost complete fusion. I-K) 19-week, and L-N) 28-week weight-bearing radiographs showing stable fusion cons-

truct and complete healing of the fusion surfaces.
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graft later in surgery. Several studies reported the success 
of this technique in acute trauma, particularly in decreasing 
the need for lengthier and/or potentially demanding recons
truction techniques such as bone transport and vascularized 
grafts. Hatashita et al.(3) reported seven femoral and tibial 
open fracture reconstruction cases using the acute Masquelet 
technique. They reported successful bone union in all of 
the seven cases despite the occurrence of deep infection 
in one case. The authors recommended the technique in 
open fractures with segmental bone loss or partial defects 
of less than 6 cm(3). Ronga et al.(5) reported a proximal tibial 
acute traumatic bone defect of 6 cm in length that was 
successfully managed with the same technique. Luengo-
Alonso et al.(4) reported 12 cases of open femoral and tibial 
fractures managed with the acute Masquelet technique. Bone 
consolidation was achieved in all but one case after a mean 
of 8.4 months. In all of the previous reports, however, none of 
the cases described subsequent arthrodesis, which was the 
final management in our case. Our report suggests that the 
acute Masquelet technique is a reasonable surgical procedure 
if fusion is planned. This result agrees with other reports 

highlighting the success of the Masquelet technique before 
joint fusion in the foot(9,10).

As described, applications of 3DP have been increasingly 
utilized in orthopedic and spine surgery during the last 
decade. Their use included manufacturing surgical guides, 
bone molds, custom-made implants, and bone grafts and 
scaffolds(6). Combined with the Masquelet technique, 3DP has 
created cement spacers in a few reports. For example, Zhang 
et al. reported four cases of traumatic (three had associated 
infection) calcaneal bone defects that were reconstructed with 
the 3DP-guided Masquelet technique to create well-fitting 
antibiotic PMMA spacers. All the cases were reconstructed in 
the second stage surgery with bone graft to fill the defects, 
and successful consolidation was obtained in all cases(7). 

In our case, the utilization of in-hospital 3DP helped in 
performing a sound surgical technique that led to a successful 
outcome. There are several other independent factors, 
however, that may have promoted the favorable outcome 
in this case, such as the patient’s medical fitness, repeated 
surgical debridement, successful soft tissue coverage, and 
neurovascular integrity.
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The Amniotic membrane burrito wrapping technique 
for surgical repair of closed rupture Tendoachilles -  
A case report
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Abstract
After surgical repair of TA rupture, peritendinous adhesions may arise with a potential to re-rupture. The best way to prevent 
peritendinous adhesions is not well known, even though they can occur after open, mini-invasive, or percutaneous repair procedures. 
This case report aims to document the efficacy of the human amniotic membrane burrito wrapping (AMBW) technique in repairing 
acute closed TA rupture over an extended follow-up period, considering tendon healing, gliding, and re-rupture prevention.
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Introduction
Following Tendoachilles (TA) injury repair, postoperative 

peritendinous adhesions, whether deep or superficial, may 
develop(1). TA adhesions impair tendon mobility and gliding, 
which results in ankle stiffness and adversely affects the 
outcome of surgical repair. Adhesiolysis may be necessary 
for deep adhesions that do not improve with physiotherapy. 
They also have the potential to cause tendon re-rupture(2). 
As peritendinous adhesions can follow any type of repair 
procedure as open, mini-invasive, or percutaneous repair, 
there is a lack of awareness regarding the best way to 
prevent them(1,3). Considering tendon healing, gliding, and re-
rupture prevention, the purpose of this study is to document 
the effectiveness of the human amniotic membrane burrito 
wrapping (AMBW) technique in repairing acute closed TA 
rupture over an extended period of follow-up. 

Case report
A 43-year-old carpenter who had fallen while climbing 

stairs showed up in the emergency department with an injury 
to his left ankle. He didn’t have any prior medical issues. The 

Thompson test was used to make a clinical diagnosis of a 
Tendoachilles injury. The patient was asked to lie prone and 
the degree of bilateral ankle plantarflexion was measured 
after the calf muscle was squeezed(4). A gap was felt at the 
tendon insertion into the calcaneal tuberosity. There was no 
associated neurovascular injury. An avulsion fracture of the 
calcaneal tuberosity with a thin bony chip was visible on the 
lateral ankle radiograph (Figure 1A). Magnetic resonance 
imaging (MRI) confirmed a complete avulsion of tendon 
form its insertion and proximal retraction of fibers with a 
39-millimeter gap (Figure 1). After being made aware of the 
potential advantages and disadvantages of the procedure, 
the patient gave his informed consent. The ethics committee 
of our institution approved the study. 

AM preparation 
The amniotic membrane was obtained with the written 

consent of a 33-year-old healthy female patient from our 
institution’s Department of Obstetrics who was scheduled 
for an elective caesarean section (CS) for her first child, to 
guarantee its viability and sterility. Before CS, serological 
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testing verified her negative status for AIDS, syphilis, and 
hepatitis B and C. Additionally, the cytomegalovirus test 
came back negative. Before delivery, the patient had not 
previously received or donated blood in the previous year.

At the CS, the amniotic membrane (AM) was processed 
and prepared in a sterile environment. The membrane was 
gently rinsed after the AM and was meticulously cleaned 
several times with sterile saline solution to remove any 
blood clots that adhered to its chorionic surface. After 
being thoroughly cleaned, the AM was covered in water 
in a balanced saline solution and treated with antibiotics 
(Amphotericin, Vancomycin, Neomycin, and Streptomycin) to 
cover anaerobic, Gram-negative, and Gram-positive bacteria 
and fungi. Following rinsing, the membrane was placed in an 
appropriately sized, sterile, airtight container that was filled 
with 50% glycerol in Dulbecco’s Modified Eagle Medium 
(DMEM, Gibco), along with an equivalent combination of 
antibiotics. To enable the antibiotics to permeate the tissue 
and destroy any potential bacteria or other microorganisms, 
the tissue was then kept at -80°C for the following day(5). The 
AM was defrosted at room temperature, rinsed with regular 
buffered saline solution, and kept ready for use before our 
surgical intervention.

Surgical technique
The patient underwent surgery on the 5th day of injury. 

The patient received spinal anesthesia. The two legs were 
prepped and dapped. A tourniquet was raised following the 
exsanguination of the injured limb. The patient was kept in a 
prone position. A 12cm vertical incision on the posteromedial 
side was made, going all the way to the paratenon. The 
tendon was then attempted to be approximated distally to 

the calcaneus, ineffectually. stepladder tendon lengthening 
was done to lengthen the tendon to reach its insertional 
site (Figure 2). After that, two stitches were used to weave 
the tendon’s vertical limbs together, using non-absorbable 
sutures (Ethibond number 5). 

Approximation of the distal tendon to its insertional site was 
rechecked compared to the contralateral limb, before taking 
the stitches. Every time, approximation was made easier by 
ankle plantarflexion. The distal tendon was debrided, and the 
edges were refreshened. Care was taken not to injure the 
sural nerve and the posterior tibial neurovascular structures.

Next, the amniotic membrane placement site was prepared 
on the bed of the Tendoachilles facing underlying muscles 
(Figure 3A). The AM was positioned with its smooth surface 
(amnion surface) facing the soft tissue and skin above and 
its rough surface (chorion surface) facing the Tendoachilles. 
The four suture ends of a double-loaded titanium Corkscrew® 
suture anchor, measuring 5.0 mm, were then ready to pass 
through the tendon after the suture anchor was inserted 
into the calcaneus. With the foot placed in plantar flexion, 
the restoration of appropriate tendon length was guided by 
the contralateral extremity. Subsequently, the sutures of the 
anchor were inserted into the tendon in an upward direction, 
and two knots were fastened to secure the repair.

Next, the AM that had been previously placed was stretched 
over the entire exposed length of the repaired tendon 
and wrapped around the Tendoachilles (Figure 3). Using 
absorbable Vicryl 2-0 sutures, the AM was carefully sewn 
into the tendon, stretching both the insertional site and the 
entire length of the exposed tendon. Any excess AM was then 
excised. Any paratenon remnants were then approximated 
with the same absorbable sutures. After the tourniquet 

Figure 1. Lateral ankle radiograph (A) shows Tendoachilles avulsion injury from calcaneal insertion. MRI images: sagittal T1 (B), sagittal 

fat suppression (C), and coronal (D) slices reveal Tendoachilles insertional tear with tendon retraction.
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Figure 2. Intraoperative clinical photo after stepladder Tendoachilles lengthening.

Figure 3. Intraoperative clinical photos demonstrate the AMBW technique: (A) The TA is displaced superiorly, and the AM is placed as 

a bed for the tendon such that its chorionic surface faces the TA and the amniotic surface faces the underlying tissues and overlapping 

skin, (B) TA is retained into its position, (C) Following reinsertion of TA into its calcaneal insertion, (D) AM is wrapped and stretched 

along the entire length of exposed TA, (E) AM is fashioned, secured, and stitched into the TA via absorbable vicryl sutures.

A B C D E

was deflated, proper hemostasis was assured. Prolene 2-0 
interrupted sutures were inserted into the skin layer to 
guarantee careful closure. There was no suction tube placed.

Postoperatively, a posterior back slab splint was applied 
with the foot at approximately 20 degrees of plantar flexion. 
Two weeks after surgery, a wound check was performed. 
Once full skin healing was evident, skin sutures were 
taken out. After four weeks, the splint was removed, and a 
controlled action motion (CAM) walker was used to achieve 
a neutral ankle position. The patient progressed with weight-
bearing. Six weeks postoperative, isometric contractions 
of the gastrocnemius-soleus complex were initiated as the 

starting point of the rehabilitation program that focused 
on stretching and strengthening exercises. The patient 
commenced his daily heavy activities and running after 18 
weeks, postoperatively.

The patient’s 56-month follow-up was finished. No iatro
genic sural nerve injury, tendon re-rupture, wound infection, 
or dehiscence were observed during this time. There were 
no directories of deep or superficial adhesions through the 
plantar and dorsiflexion of the ankle or heel rise in comparison 
to the normal ankle (Figure 4). Visible subcutaneous tethe
ring, tightness, or stiffness during tendon movement may be 
indicative of superficial adhesions. Additionally, deep tendon 
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Figure 4. Clinical photos at final follow-up visit; (A) wound scar, (B) double heel rise revealing no visible subcutaneous tethering or 

bounce all over the tendon, (C and D) active ankle plantarflexion and dorsiflexion.

A B C D

Figure 5. One year postoperative; Lateral ankle radiograph (A) shows restoration of TA continuity to its insertion via an inserted an-

chor. Sagittal T1 (B), sagittal fat suppression (C), and coronal (D) MRI slices reveal restoration of TA continuity with increased diameter.

pain associated with decreased ankle range of motion (ROM) 
due to the tendon’s decreased stretchability and elasticity 
may indicate the presence of deep adhesions(1).

At 6 months, 12 months, and the last visit, the functional 
status according to the American Orthopedic Foot and Ankle 
Society (AOFAS) Scale(6) was 78, 99, and 100, respectively. At 
the last visit, the Achilles tendon Total Rupture Score (ATRS)(7)  
was 96. The active non- weight bearing ankle (tibiotalar) 
motion using the orthopedic goniometer revealed active 
plantar- and dorsiflexion of 44° and 20°, respectively, lower 
than the contralateral normal tibiotalar motion by 1.5° and 

2°. The ankle plantarflexion strength(8) measured with the 
microFET®2TM digital handheld dynamometer(9) (HOGGAN 
Industries, Inc., West Jordan, UT, USA) was 534.5 Newtons 
(N), or 96.4% of the normal side (554.5 N). The maximum calf 
circumference was assessed using flexible tape in a sitting 
position with the knee and ankle at a right angle and the feet 
resting on the floor, at 15 cm below the medial joint line. The 
calf circumference was 42.5 centimeters with 1.8 centimeters 
lower than the sound limb. One year after surgery, MRI 
imaging confirmed the TA integrity and full healing with 
increased diameter of the repaired tendon (Figure 5).
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Discussion
Peritendinous adhesions with the potential to re-rupture, 

and wound healing issues may occur after surgical repair of 
TA rupture(2). The cuts made during repair to allow for the 
passage of needles and sutures may result in superficial 
adhesions. Nevertheless, deep adhesions develop slowly 
and are easily overlooked; they are frequently incorrectly 
identified as chronic regional pain syndrome, neurogenic leg 
pain, or deep vein thrombosis(10). Deep adhesions primarily 
result from the tendon remodeling around non-absorbable 
suture material, which affects the thickness of the tendon(1). 
Various surgical strategies, such as minimally invasive and 
percutaneous repair techniques, have been employed to 
prevent these postoperative complications(10). These choices 
are still insufficient, though.

As previously noted, AM is used in many specialties, in
cluding Ophthalmology, Gynecology, Plastic surgery, Gas
trointestinal, Neurosurgery, and Orthopedics, to treat a variety 
of ailments, including wounds, ulcers, burns, and adhesions(11). 
Its application demonstrated encouraging outcomes in the 
healing of peripheral nerves and ulnar nerve transposition 
revision surgeries(12). 

This study employed the AMBW technique as a viable 
approach to managing acute TA rupture, to functionally 
regenerate the tissue during the healing process, rather than 
replacing the defects with scar tissues(13,14). Along with the 
excellent outcome in terms of AOFAS & ATRS scores, ROM, 
calf muscle strength, and an early return to daily activities, the 
lengthy follow-up period-especially with MRI confirmation of 
tendon healing-represents a strong point for evaluating this 

procedure. The healed Tendoachilles showed an increased 
diameter at MRI slices. This widening may be explained by 
the membrane circumference itself together with the healed 
fibers. Morphologically, a surgically repaired tendon can be 
larger and wider than an intact one(15). In this case, there 
were neither postoperative superficial nor deep adhesions. 
Any surgical technique that allows for earlier tendon healing 
and mobility can guard against postoperative adhesions and 
tendon rupture. The AMBW technique is presumed to issue 
both early tendon mobility and healing.

The concept of using human AM is predicated on its potential 
for healing, its status as a fully functional biological scaffold, 
and its cellular composition(14). Therefore, we can reduce the 
immune antibody response and the ensuing inflammatory 
reaction that causes scarring when comparing these advan
tages to the artificial AM(11). The AMBW technique might be 
an option to provide a properly healed tendon within a rea
sonable postoperative period that permits for early tendon 
mobility with secure gliding without adhesions, subsequently, 
this might be beneficial to limit the re-rupture rate.

Conclusion
This case may pave the way for the wider application of the 

AMBW technique as a low-immunogenic, biocompatible, and 
affordable procedure, particularly in highly active patients 
-who refuse conservative management- with medical con
ditions that impede soft tissue healing. Future clinical studies 
including large number of patients, with a comparative nature 
to different surgical options could be more conclusive.
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