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Abstract
Background. Indocyanine green (ICG) fluorescence imaging is a surgical tool with increasing applications in various surgical 
disciplines. During nonunion resection, the assessment of bone vascularization is currently based only on the surgeon’s 
experience. We introduced the use of indocyanine green (ICG) angiography in orthopedics. 
The aims of the study: 1) to use ICG fluorescence angiography to evaluate the bone perfusion in patients with atrophic 
nonunion, where poor or absent ICG flow reveals avascular tissue associated with bone necrosis requiring surgical 
resections; 2) to describe our case series of patients operated with this technique.
Methods. We used ICG angiography in patients operated for tibial nonunion resection. We administered 0.5 mg/kg of ICG 
powder dissolved in sterile saline at 2.5 mg/ml concentration. The time from the injection to the beginning of appreciation 
of the green dye was measured. Non-viable bone was resected accordingly. Patient underwent routine follow-up. We 
enrolled all the suitable patients operated from April 2019 to June 2021 and matched three control patients for each of them.  
We reviewed their medical records and noted any relevant data. 
Results. We enrolled 4 cases and 12 controls, all male. The mean age was 30.8±6.9 years. The mean duration from 
trauma to surgery was 10.5 (0.7-25.0) months. The mean duration of surgery was 190.8±40.3 min. The defect size was  
4.89±2.03 cm. ICG allowed rapid visualization of bone vascularization after 25-45 sec. No adverse events were observed.  
The mean external fixation time was 11.8±5.0 months. The mean external fixation index was 2.69±1.10. Seven patients 
needed a surgical revision during treatment. Three patients underwent reintervention after frame removal. There are no 
statistically significant differences between cases and controls.
Conclusions. The research findings of this study are limited by the small number of observations. However, this technique 
is safe, easy, and rapid and may contribute to intraoperative decision of how much to resect. Using ICG could objectively 
demonstrate bone perfusion to help surgeons to avoid massive bone defects.
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Реферат
Введение. Флуоресцентная визуализация индоцианином зеленым (ICG) — это хирургический метод исследова-
ния, который находит все более широкое применение в различных хирургических специальностях. В настоящее  
время оценка жизнеспособности костной ткани в ходе резекции по поводу несращения перелома основывается 
только на опыте хирурга. Мы апробировали ангиографию с индоцианином зеленым при ортопедических вмеша-
тельствах. 
Материал и методы. ICG-ангиография проводилась пациентам, которым выполняли резекцию большеберцо-
вой кости по поводу несращения. Мы вводили 0,5 мг/кг порошка с ICG, растворенного в стерильном физрастворе 
в концентрации 2,5 мг/мл. Измеряли время от инъекции до обнаружения зеленого красителя в зоне несращения.  
На основании полученного результата нежизнеспособная костная ткань резецировалась. Пациент проходил пла-
новое наблюдение. В исследование вошли все пациенты, удовлетворяющие критериям включения и проопери-
рованные с апреля 2019 по июнь 2021 г. Для каждого пациента были подобраны по три контрольных пациента.  
Мы изучили их медицинские документы и зафиксировали все клинически значимые данные. 
Результаты. В исследование были включены 4 исследуемых пациента и 12 контрольных, все мужчины. Средний 
возраст составил 30,8±6,9 года,  среднее время от травмы до операции — 10,5 (0,7–25,0) мес., средняя длительность 
операции — 190,8±40,3 мин. Средний размер дефекта был равен 4,89±2,03 см. ICG-ангиография позволяла оценить 
степень васкуляризации костной ткани через 25–45 сек. с момента введения красителя. Нежелательных явлений 
не наблюдалось. Средняя продолжительность внешней фиксации составила 11,8±5,0 мес., средний индекс внешней 
фиксации — 2,69±1,10. В ходе лечения семи пациентам потребовалась хирургическая ревизия. Трем пациентам было 
проведено повторное вмешательство после демонтажа аппарата. Статистически значимых различий между груп-
пой исследования и контрольной группой выявлено не было.
Заключение. Результаты данного исследования ограничены небольшим количеством наблюдений. Тем не менее 
описанный метод исследования безопасен и прост, при необходимости позволяет во время операции быстро при-
нять решение об объеме резекции. ICG-ангиография является объективным методом визуализации перфузии кости, 
помогая хирургам избежать массивных костных дефектов.
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INTRODUCTION

Neoplastic pathology, congenital deformity, and post-
traumatic conditions could result in large bone defects. 
The management of such bone defects, including 
maintaining bone length and achieving bone union, 
remains a challenge to orthopedic surgeons [1, 2, 3]. 
Many reconstructive techniques are available to 
reach these objectives. All these procedures include 
meticulous debridement of all necrotic tissues and 
stabilization of the skeleton [4, 5]. Assessment of 
arterial perfusion and venous drainage are important 
prognostic criteria [6, 7]. 

Nonetheless, intraoperative assessment is based 
predominantly on the subjective characteristics, 
such as tissue color, capillary reperfusion, and the 
presence of “paprika sign”, a punctuate bleeding from 
osseous vessels [8, 9, 10, 11]. Therefore, the success of 
bone defect treatment is strongly dependent on the 
experience of the operating surgeon. None of these 
measures have been applied systematically because 
they are not reliable and repeatable [11]. 

Fluorescent imaging with indocyanine green 
(ICG) is a useful technology currently used in several 
surgical fields, such as reconstructive flap in plastic 
surgery, colorectal resection and anastomosis, to 
determine tissue perfusion [12, 13, 14, 15, 16, 17]. ICG 
binds to plasma lipoproteins and emits a fluorescent 
signal when excited by near-infrared light, providing 
anatomic information about organ vascularization 
and tissue perfusion [12, 13, 18]. The benefits of 
fluorescent imaging with ICG include high contrast 
(all tissues are enhanced except for necrotic one), 
high sensitivity (extremely small concentrations 
can often be made visible), low cost and ease of use. 
Furthermore, ICG fluorescence is safe because it is 
nontoxic and nonionizing, and adverse reactions 
related to its clinical use are rare; it has a short 
lifetime in blood circulation allowing repeated 
applications [5, 13, 19 ]. During our literature search, 
we found no documentation of the ICG use in 
orthopedic trauma [20].

The aims of the study: 1) to use ICG fluorescence 
angiography to evaluate the bone perfusion in 
patients with atrophic nonunion, where poor or 
absent ICG flow reveals avascular tissue associated 
with bone necrosis requiring surgical resections;  
2) to describe our case series of patients operated 
with this technique.

METHODS
Preoperative assessment

Our preoperative assessment protocol includes: 
– interview for a history of iodine allergy  

or previous anaphylactic reaction to contrast media  
or dye injection;

– limb examination for neurovascular status and 
skin condition;

– evaluation of clinical and biochemical 
evidence of active infection (draining sinus, local 
inflammation, pain, tenderness, swelling);

– X-ray and CT scan for radiographic assessment 
of the level and size of bone defect, bone quality, and 
signs of infection (cavities, sequestrated and sclerotic 
bone);

– PET/CT or MRI as a second-level investigation 
to better establish the limits of bone necrosis. 

Patients

Due to the explorative nature of this study, it enrolled 
all the suitable patients from April 2019 to June 2021 
and matched three control patients for each of them 
coupled for age (±5 years), sex, and bone defect size  
(±3.5 cm). We estimated four patients in the ICG group, 
a control cohort composed by 12 patients, so the final 
sample size accounted for 16 patients.

Angiography technique

Among several fluorescent angiography systems 
available we use Stryker Platform (ENV, Stryker 
Endoscopy, USA), which has already been available in 
our institute. The fluorescent dye ICG is intravenously 
administered, and the tissue in the region of 
interest is illuminated using near-infrared light at 
a wavelength of 830 nm; the total output is 80 mW 
in a field of view of 10 cm in diameter, operating at 
a distance of approximately 30 cm above the tissue 
[18]. ICG in powder form (25 mg/vial) is water-
soluble and albumin-bound. Its plasma half-life is  
3-5 min., and its biliary excretion is completed in  
15-20 min. [14]. The blood and ICG suspension under 
a tissue absorbs the excitation wavelengths and emits 
a fluorescent band. The emitted light is detected by 
an infrared-sensitive charge-coupled device camera 
system through a low-pass filter.

Operative technique

After anesthesia, the patient is placed on the operating 
table in the supine position. A tourniquet is applied 
on the upper thigh. The skin incision is made on the 
nonunion site. Implants are removed where present 
and tissue samples are obtained for microbiological 
analysis. The circular external fixator (the Ilizarov 
frame manufactured by Sintea Plustek s.r.l.) is 
placed. After the preliminary soft tissue debridement 
is completed, the tourniquet is deflated. The ICG 
angiography device is draped and brought into the 
field. The ICG powder is dissolved in sterile saline 
at 2.5 mg/ml concentration. The ICG dye solution 
is injected intravenously as a bolus at a dose of 0.2-
0.5 mg/kg body weight (e.g., 8 ml of ICG for a patient 
weighing 80 kg). The time from the injection and 
the beginning of an appreciation of the green area is 
measured. The area of the tissue examined is centered 
within the screen, including also a tissue with normal 
perfusion using it as an internal reference. 
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(StataCorp. 2023.  Stata Statistical Software: Release 
18. College Station, TX: StataCorp LLC).

RESULTS
Cohort description

We enrolled 16 patients undergone bone resection 
for septic nonunion of the tibia and reconstruction 
with the Ilizarov method: 4 cases and 12 controls.  
All surgical procedures were performed by the same 
surgeon. The mean age was 30.8±6.9 years. All patients 
were male. The mean duration from trauma to surgery 
was 10.5 (0.7-25) months. The mean duration of 
surgery was 190.8±40.3 min. The defect size was 
4.89±2.03 cm. The affected bone segment was the 
proximal tibia in 2 patients (12.50%), the tibial shaft 
in 9 patients (56.25%) and the distal tibia in 5 patients 
(31.25%). There are no statistically significant 
differences between cases and controls (Table 1).

Surgical procedure

During the surgery, ICG analysis guided the 
identification of bone perfusion and supplied 
information about the surrounding vascular anatomy. 
In 25-45 sec after the dye solution was injected, 
the visual effects were observed on the surface 
of the resecting bone (Fig. 2). ICG fluorescence 
imaging under near-infrared light was obvious and 
distinguishable in all patients. In addition, during 
bone resection, the visual effect of ICG fluorescence 
continued. We confirmed the bone boundary by 
observing ICG fluorescence on the cut surface of 
the resecting side. As indicated in Supplemental 
Video 1, the appearance of the bone changed from 
a faint or absent area on the necrotic bone to a 
clear bright area after debridement and osteotomy. 
During all procedures, we compared the area  
of interest with tissues with normal perfusion for 
use as an internal reference. The ICG angiography 
was repeated after 10±15 min. to confirm complete 
resection of necrotic bone (Fig. 3). A minimal residual 
fluorescence was visible before the new ICG injection 
that did not negatively affect the image quality of the 
new ICG angiography.

Outcomes and complications

The average external fixation time was 11.8±5.0 
months. The average external fixation index was 
2.69±1.10. After ICG was injected, the oxygen level 
was reduced due to a bias in the pulse oximeter 
reading without any clinical relevance. However, no 
other local or systemic complications were noted 
during or after surgery. Seven patients needed a 
surgical revision surgery during external fixation 
time. Three patients underwent a reintervention after 
frame removal. There are no statistically significant 
differences between cases and controls (Table 1).

Observation is made at a distance of 30-50 cm 
from the tissue of interest. ICG becomes fluorescent 
once excited by near-infrared light at wavelengths  
of 830 nm. The fluorescence intensity reaches its 
maximum within the first 60 sec after injection, and 
then slowly decreases, depending on the perfusion 
conditions and hepatic elimination. After resection of 
necrotic bone, angiography might be repeated waiting 
approximately 3-5 min. after the initial run to obtain 
a wash out of the dye from the tissues. If the dye still 
shows evidence of an avascular bone, further resection 
is necessary. 

After resection, we use bone transport to treat 
defects >3-5 cm. The osteotomy is performed and 
the segment is transported gradually (0.25 mm 
four times per day) to the other side of the defect 
to regenerate the bone by distraction osteogenesis.  
In these patients, partial weight-bearing is allowed.  
To treat bone defects <3-5 cm, we use acute 
compression at the nonunion level and osteotomy 
for progressive lengthening (Fig. 1). In these cases, 
patients are allowed to fully weight-bear immediately. 
After the procedure is completed, the subcutaneous 
tissue and skin are sutured, and 2 g of prophylactic 
cefazolin is administered. 

Statistical analysis

Data were described as frequencies and percentages 
for qualitative variables, or as median, minimum and 
maximum value (range). Differences between groups 
were explored using the chi-square test and Fisher 
correction, for categorical variables, or with the Mann-
Whitney U test for continuous variables. P-values 
lower than 0.05 were considered as statistically 
significant. All analyses were made with Stata 

Fig. 1. Nonunion before (а) and after (b) acute  
compression during surgery

а

b
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DISCUSSION

In the treatment of nonunion fractures, surgeons 
often deal with necrotic tissues resection. Despite 
technical advances, the surgeons continue to assess 
bone viability without any instrument. Therefore, the 
success of the surgical procedures depends on the 
surgeon’s experience. However, large bone defects may 
sometimes occur because of the surgeon’s decision 
to resect the affected bone in a completely subjective 
manner. In our study, we explored the potential of 
indocyanine green (ICG) fluorescence angiography 
as a novel technique for assessing bone perfusion in 
patients with atrophic nonunion. Our findings show 
the feasibility and utility of ICG fluorescence imaging 
in guiding surgical decision-making. ICG fluorescence 
imaging helps the surgeon to establish limits of 
resection basing on objective parameters in addition 
to preoperative planning on PET/CT or MRI. Thus, one 
can avoid over- or underestimation of tissue to resect. 

The same technique is routinely applied in 
different fields such as colorectal [14], plastic and 

Table 1
Characteristics, outcome and complications of patients undergone bone resection  

for septic nonunion of the tibia and reconstruction with the Ilizarov method

Parameter All Cases Controls p
Number of patients 16 4 12
Age, years 30.8±6.9 30.3±6.8 31.0±7.2 0.789
Duration from trauma to surgery, mons 10.5 (0.7-25) 18.5 (10-25) 8.5 (0.7-20) 0.070
Defect size, cm 4.89±2.02 4.50±2.35 5.03±2.00 0.720
District 0.769
Proximal tibia 2 (12.50%) 0 2 (16.67%)
Tibial shaft 9 (56.25%) 2 (50.00%) 7 (58.33%)
Distal tibia 5 (31.25%) 2 (50.00%) 3 (25.00%)
Surgery duration, min 190.8±40.3 185.8±34.5 192.4±43.4 0.770
TEF 11.8±5.0 14.0±6.5 11.0±4.5 0.578
EFI 2.69±1.10 3.25±0.56 2.51±1.19 0.204
Revision 7 (43.75%) 2 (50.00%) 5 (41.67%) 1.000
Re-surgery 3 (18.75%) 2 (50.00%) 1 (8.33%) 0.136
Re-surgery, n 1 3
Revision or re-surgery, n 1 (0-3) 1 (0-2) 0.5 (0-3) 0.515

*p<0.05.

gynecological surgery [15, 16, 17]. A recent review by 
S.S. Streeter et al. comprehensively reports current 
and future applications of fluorescence guidance 
in orthopedics [21]. Regarding traumatology, an  
ICG-based dynamic contrast-enhanced fluorescence 
imaging (DCE-FI) was developed to objectively assess 
and quantify endosteal and periosteal perfusion in a 
porcine trauma model [22, 23]. 

Our results were confirmed by a clinical study on  
42 patients with high-energy open fractures. Moreover, 
ICG-based DCE-FI compared to intraoperative DCE-
magnetic resonance imaging (MRI), demonstrated 
higher sensitivity to perfusion changes, while DCE-MRI 
provided superior depth-related perfusion information 
[24]. Furthermore, an automated motion artifact 
correction approach was developed to reduce motion 
artifacts due to the patient’s involuntary respiration 
during data acquisition and to improve the accuracy  
of bone perfusion assessment [25]. 

The use of ICG angiography was described also for 
perfusion assessment of scaphoid nonunions and it 

Fig. 2. Nonunion site before bone resection. Pictures show 
the normal view (a), lights off (b), and monitor view with 
lights off and the infrared lamp on (c, d)

Fig. 3. Nonunion site after bone resection. Pictures show 
the normal view (a), lights off (b), and monitor view with 
lights off with the infrared lamp on (c, d)

а а

b b

с с dd
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showed promising results to improve intraoperative 
decision-making [26]. ICG fluorescence imaging offers 
several advantages over conventional subjective 
intraoperative assessment methods. Firstly, it 
provides real-time visualization of tissue perfusion, 
allowing surgeons to accurately identify areas of 
compromised vascularity and necrotic bone. This 
capability is particularly crucial in cases of atrophic 
nonunion, where impaired blood supply can impede 
successful bone healing. By precisely delineating 
viable tissue, ICG angiography helps to guide the 
extent of debridement, ensuring thorough removal of 
necrotic material while preserving a healthy bone.

Secondly, ICG fluorescence imaging enhances 
intraoperative decision-making by providing objective, 
quantifiable data on tissue perfusion. Unlike subjective 
assessments based on visual cues such as tissue 
color and capillary refill, ICG angiography offers a 
standardized method for evaluating vascular integrity. 

Furthermore, the safety profile of ICG makes it a 
viable option for routine use in orthopedic trauma 
surgery. Its low toxicity and minimal risk of adverse 
reactions ensure patient safety, while its short half-life 
and rapid excretion minimize the duration of exposure. 
This makes ICG angiography a practical and cost-
effective intraoperative imaging modality, with the 
potential to improve outcomes and reduce healthcare 
costs associated with nonunion management.

Our paper opens new perspectives that can help 
surgeons in performing bone resections to preserve 
vital tissues where antibiotic and immune cells might 
be delivered. The use of ICG fluorescence imaging in 
surgery continues to evolve. Concerning nonunions 
treatment, it can assist surgeons in intraoperative 
decision-making to establish the resection levels 
avoiding massive bone defects.

While our study demonstrates promising results, 
several limitations warrant consideration. The sample 
size was small limiting the generalizability of our 
findings. Larger multicenter studies are needed to 
further validate the efficacy of ICG fluorescence 
imaging in nonunion management and to explore its 
applicability across different patient populations and 
clinical scenarios.

Conclusions

Our study highlights the potential of ICG fluorescence 
angiography as a valuable tool in the management of 
atrophic nonunion. By providing real-time assessment 
of tissue perfusion and guiding surgical decision-
making, ICG imaging enhances the precision and 
effectiveness of reconstructive procedures, ultimately 
improving outcomes for patients with complex bone 
defects. Further research is warranted to validate 
these findings and optimize the integration of ICG 
angiography into routine orthopedic practice.
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