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Abstract

Objective: To determine the diagnostic accuracy of smartphone thermal imaging for preoperative perforator
mapping in perforator-based flaps, taking visual inspection as gold standard.

Methodology: It was a cross-validation study conducted at the Department of Plastic Surgery, Dr. Ruth K.
Pfau Civil Hospital, Karachi, Pakistan, from August 2022 to January 2023. All adult patients aged 18 to 40
years of either gender undergoing perforator flap surgery were included. Each patient followed the same
treatment regimen, which involved the preoperative identification of the perforator location using the FLIR
One camera. Subsequently, confirmation was achieved during the surgical procedure through visual
inspection. A two-by two table was used to calculate sensitivity, specificity, positive predictive value,
negative predictive value, and diagnostic accuracy.

Results: The mean age of the patients was 30.10+6.87 years, ranging from 18 to 40 years. Most of the patients
were males (58.7%), and 41.3% were females. Almost 80.4% were pedicle flaps, and 19.6% were free flaps.
The accuracy of thermal imaging was found to be 83.2%, with a sensitivity of 84.3%, a specificity of 80%, a
PPV of 92.9%, and a NPV of 62.2%, respectively.

Conclusion: Smartphone-based thermal imaging is useful for the diagnosis of perforators and has high
sensitivity and specificity.

Categories: Plastic Surgery
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Introduction

Perforator-based flaps are one of the most effective reconstruction strategies, resulting in the development
of many new flaps, each associated with new pedicles distributed throughout the body and all offering
significant benefits. Perforator flaps are cutaneous and subcutaneous tissue patches that are supplied by
perforator arterial branches that originate from the main vascular bundles and travel intramuscularly or
intraseptally [1,2]. The efficacy of perforator-based flaps has been proven internationally [3,4]. However, the
procedure requires a combination of factors that include surgical expertise, detailed knowledge of the
anatomy, and exact perforator localization. Various studies have enabled a better understanding of vascular
anatomy and skin circulation patterns. Preoperative perforator assessment offers the reconstructive surgeon
a roadmap to help guide decision-making during flap raising, and it has surely contributed to the steady
development of surgical techniques. Doppler ultrasonography, hand-held doppler ultrasound, computed
tomography angiography, and, to a lesser extent, magnetic resonance angiography are currently the core
objective assessment modalities for preoperative perforator planning [5-7].

Though all these techniques have made perforator flaps easier, they have also shown good outcomes in
terms of complications and survival rate. However, limitations like highly advanced surgical skills, lack of
accessibility due to non-portable equipment, administration of intravenous contrast, and financial
constraints within low-resource healthcare settings, compounded by the need for highly specialized and
trained personnel, have made these modalities difficult to use frequently [8,9].

Perforator flaps have become easier since the emergence of smartphone thermal imaging in this regard.
Smartphone-based thermal imaging technology exploits the ability of perforator vessels to generate a
detectable heat signal, discernible through infrared thermography, facilitating their localization [10,11].
Evidence suggests that smartphone thermal imaging offers a cost-effective, easily accessible, and non-
invasive technique for pre-operative planning as well as intraoperative and post-operative assessment of
flap perfusion [12,13]. However, smartphone-based thermal imaging is a new technique, so limited data is
available on this topic from Pakistan. Therefore, the aim of the current study was to determine the
diagnostic accuracy of smartphone thermal imaging for preoperative perforator mapping in perforator-based
flaps, taking visual inspection as the gold standard.

How to cite this article
Ismail S, Zulfigar B, Sami W, et al. (January 06, 2024) Smartphone Thermal Imaging for Preoperative Perforator Mapping in Perforator Based
Flaps. Cureus 16(1): €51755. DOI 10.7759/cureus.51755


https://www.cureus.com/users/352286-sarosh-ismail
https://www.cureus.com/users/649553-bushra-zulfiqar
https://www.cureus.com/users/649561-waqas-sami
https://www.cureus.com/users/649565-sadaf-gulzar
https://www.cureus.com/users/649567-faisal-akhlaq
https://www.cureus.com/users/649572-erum-naz
https://www.cureus.com/users/649570-sukaina-rupani
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Materials And Methods

It was a cross-validation study conducted at the Department of Plastic Surgery, Dr. Ruth K. Pfau Civil
Hospital, Karachi, Pakistan, from August 2022 to January 2023. The sample size was calculated using an
online sample size calculator by Wan Nor Arifin [14]. The sample size of 143 was calculated using sensitivity
as 86.2%, specificity as 80%, prevalence as 57%, absolute precision as 10%, and confidence level as 95% [15].
All adult patients aged 18 to 40 years of either gender undergoing perforator flap surgery were included. All
patients with any conditions-such as acute inflammation, osteomyelitis, vasculitis, chronic kidney or liver
illness, gross heart dysfunction, or usage of vasoactive drugs (nitroglycerin, beta blockers, and calcium
channel blockers)-that could change tissue temperatures or patients with hyperthermia (>99.50F) or
hypothermia (<98.60F) were excluded.

The study was conducted after getting approval from the institutional review board of Dow University of
Health Sciences (Ref# IRB-2303/DUHS/Approval/2022/942). Signed informed consent was obtained from all
study participants after explaining the pros and cons of the study.

The day before surgery, a pre-operative examination, thermal camera, and hand-held doppler-aided marking
and photography were performed. The flap was raised intraoperatively, and perforators were found. The
dominant perforators were pulsatile or had a bigger size than the smaller ones. Photographs taken during
and after surgery, as well as discoveries, were kept on file.

The extremity and wound were exposed, and the room temperature was maintained at 22°C by keeping the
thermostat of the heat ventilation and conditioning system at this temperature. The primary investigator
employed a thermal imaging camera based on a mobile phone, the FLIR ONE®. The timer was started, and
the first image was taken after one minute, which was the amount of time required to bring the surface
temperature into balance with the ambient temperature. The skin surface was dried, and the image was
captured. Then, until the thermal picture showed a uniformly cold surface, an ice pack was applied. Once hot
areas formed after the ice pack was removed, a thermal image was taken to mark the locations of prominent
perforators. The countdown was stopped once the perforator areas had been indicated. Brighter areas that
arrived before the smaller, less luminous dots were regarded as dominant. Photographs were taken, and any
markings were wiped away. As a gold standard for evaluating the diagnostic accuracy of the thermal imaging
camera, perforators were confirmed by per-operative ocular or visual inspection. Data regarding age, gender,
co-morbidities, and perforator flap type were collected.

IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0. Armonk, NY: IBM Corp. was used
for the purpose of statistical analysis. The mean and standard deviation were computed for quantitative
variables like the age of the patients. Frequencies and percentages were calculated for qualitative variables
like gender, comorbidities, type of perforator-based flap, thermal scan findings, and visual inspection
findings. True positives were perforators on thermal imaging that matched visual inspection findings. False
positives were perforators found on thermal imaging but not on visual inspection. False negatives were
perforators found on visual inspection but not on thermal images. True negatives were perforators neither
found on thermal images nor on visual inspection. A two-by two table was used to calculate sensitivity,
specificity, positive predictive value, negative predictive value, and diagnostic accuracy.

Results

The mean age of the patients was 30.10+6.87 years, ranging from 18 to 40 years. Most of the patients were
males (n=84, 58.7%), and 59 (41.3%) were females. Of 143 patients, 10 (7%) had hypertension, six (4.2%) had
diabetes, and three (2.1%) had paraplegia, respectively. Almost 115 (80.4%) were pedicled flaps, and 28
(19.6%) were free flaps (Table 7).
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Characteristics Statistics
Age (years) 30.1046.87
Gender

Male 84 (58.7)
Female 59 (41.3)
Comorbids

Hypertension 10 (7)
Diabetes 6 (4.2)
Paralagia 3(2.1)

Region of flap

Upper limb 22 (15.3)
Lower limb 31(21.7)
Abdomen 55 (38.5)
Groin 35 (24.5)
Type of flap

Free flap 28 (19.6)
Pedicled flap 115 (80.4)

TABLE 1: Baseline characteristics of study participants (n=143)

The data is presented as n (%) or MeanSD.

Perforator flaps included in this study were the deep inferior epigastric artery perforator flap, the abdominal
perforator flap, the thoracodorsal artery perforator flap, the anterior interosseous artery perforator flap, the
posterior tibial artery perforator flap, and the superficial circumflex iliac artery perforator flap.

Out of 143, 98 (68.5%) perforators were detected on thermal imaging, and 108 (75.5%) were detected on
visual inspection. The accuracy of thermal imaging was found to be 83.2%, with a sensitivity of 84.3%, a
specificity of 80%, a PPV of 92.9%, and a NPV of 62.2% (Table 2).

Visual inspection Total
Thermal imaging

Yes No
Yes 91 (84.3%) 7 (20%) 98 (68.5%)
No 17 (15.7%) 28 80%) 45 (31.5%)
Total 108 (100%) 35 (100%) 143 (100%)

Sensitivity=84.3%, Specificity=80%, PPV=92.9%, NPV=62.2%, Accuracy=83.2%

TABLE 2: Diagnostic accuracy of thermal imaging for detecting perforators by taking visual
inspection as the gold standard (n=143)

The data is presented as n (%).
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Discussion

The use of smartphone-based thermal imaging for preoperative perforator mapping in perforator-based flaps
is a relatively new and promising approach, aiming to overcome the limitations associated with traditional
techniques such as Doppler ultrasonography, computed tomography angiography, and magnetic resonance
angiography [16,17]. These traditional techniques require highly specialized skills and experience, access to
non-portable equipment, the administration of intravenous contrast agents, and often significant financial
resources. Moreover, in resource-constrained healthcare settings, these limitations can further restrict the
use of these techniques [18,19]. Whereas smartphone thermal imaging leverages the heat generated by
perforator vessels, making it detectable through infrared thermography. This technology has the potential to
provide a cost-effective, easily accessible, and non-invasive means of preoperative planning, intraoperative
guidance, and post-operative assessment of flap perfusion [17]. The limitation of using this device is the use
of an ice pack and patient discomfort related to it. Further comparison and studies using an ice pack and
some other skin cooling agent like alcoholic disinfection, a wet laparotomy sponge, or simple fan cooling
that is less uncomfortable for the patient might be helpful in the future.

In the current study, the diagnostic accuracy of thermal imaging for the detection of perforators was 83.2%,
the sensitivity was 84.3%, and the specificity was 80%. Similarly, in another Pakistani study by Rabbani et al.,
the sensitivity of thermal imaging was 86.2%, and the specificity was 80% [15]. In the study by Muntean et
al., the diagnostic accuracy of thermal imaging was 77.4%, with sensitivity of 95% and positive predictive
value of 81%, respectively [20]. Weum et al. concluded that perforators are adequately detected on thermal
imaging and have a relatively high accuracy of 96% [21]. In the study by Pereira et al., smartphone-based
thermal imaging had 100% sensitivity and 98% specificity for the detection of cutaneous perforators by
taking CT angiographs as a reference standard [22]. Sheena et al. also revealed that thermal imaging is an
effective tool for detecting cutaneous lesions, with a 97% confirmation by hand-held Doppler [23]. Paul et al.
found that the thermal imaging camera was able to capture accurately the thermal readings of photographic
images, allowing for the identification of reliable perforator locations in the lower limbs [24]. Hardwicke et
al. also confirmed that FLIR ONE smartphone-based thermal imaging is a cost-effective and reliable
technique in the field of plastic surgery [25].

These findings suggest that smartphone thermal imaging is a valuable tool for preoperative perforator
mapping, with a high sensitivity and specificity ensuring the reliable identification of perforators and a high
accuracy indicating that positive findings on thermal imaging are likely to be accurate (Figures 7-4).

S

FIGURE 1: This marking is of ALTF for the patient undergoing
reconstitution of a cheek defect secondary to buccal mucosa OSCC
tumor excison. Marking was done one day before surgery; perforators
from a hand-held doppler ultrasound were also marked.

ALTF: Anterio-lateral thigh flap, OSCC: Oral squamous cell carcinoma
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FIGURE 2: The ice pack was applied to the marked flap region after
maintaining the temperature of the room at 22°C. This is the first image
taken after removing the ice pack.

FIGURE 3: Bright yellow-colored spots appeared in the marked territory
of flaps—brighter areas that arrived before the smaller, less luminous
dots will be regarded as dominant.
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FIGURE 4: Perforators were confirmed by a preoperative visual
inspection.

Conclusions

With its high sensitivity and specificity, smartphone-based thermal imaging provides a practical, readily
available, portable, and affordable method of diagnosing perforators. This noninvasive device helps to
obtain the best possible outcome by giving the surgeon real-time imaging of the most appropriate perforator
and enabling continuous monitoring of the flap perfusion at various stages before and following flap
harvest.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Sarosh Ismail, Bushra Zulfiqar, Wagas Sami, Sadaf Gulzar, Faisal Akhlaq, Sukaina
Rupani, Erum Naz

Acquisition, analysis, or interpretation of data: Sarosh Ismail, Bushra Zulfiqar, Waqas Sami, Sadaf
Gulzar, Faisal Akhlaq, Sukaina Rupani, Erum Naz

Drafting of the manuscript: Sarosh Ismail, Bushra Zulfiqar, Wagas Sami, Sadaf Gulzar, Faisal Akhlaq,
Sukaina Rupani, Erum Naz

Critical review of the manuscript for important intellectual content: Sarosh Ismail, Bushra Zulfigar,
Wagqas Sami, Sadaf Gulzar, Faisal Akhlaq, Erum Naz

Supervision: Sarosh Ismail, Bushra Zulfiqgar, Waqas Sami, Sadaf Gulzar, Faisal Akhlaq, Erum Naz

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Dow university of health
sciences issued approval IRB-2302/DUHS/Approval/2022/942. Thankyou for submitting the above mentioned
study proposal. I am pleased to inform you that IRB-DUHS has reviewed the proposal in its 179th meeting
held on 5th march 2022 and gives approval for the period of one year to conduct this study. Any change in
the protocol or extension in the period of study should be notified to the board for approval. interim report
on the progress of study should be submitted to IRB from time to time. Animal subjects: All authors have
confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance

2024 Ismail et al. Cureus 16(1): €51755. DOI 10.7759/cureus.51755 60f7


https://assets.cureus.com/uploads/figure/file/831387/lightbox_8119d22089d011eebaae4d861bffa4cc-perforators-on-visual-inspection.png

Cureus

with the ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All
authors have declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at present or
within the previous three years with any organizations that might have an interest in the submitted work.
Other relationships: All authors have declared that there are no other relationships or activities that could
appear to have influenced the submitted work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Tenekeci G: Perforator flaps: principles and techniques. Sherif A (ed): InTechOpen, Rijeka; 2018.
10.5772/intechopen.71270

Yamamoto T, Yamamoto N, Kageyama T, Sakai H, Fuse Y, Tsuihiji K, Tsukuura R: Definition of perforator
flap: what does a "perforator" perforate?. Glob Health Med. 2019, 1:114-6. 10.35772/ghm.2019.01009

Yasir M, Wani AH, Zargar HR: Perforator flaps for reconstruction of lower limb defects . World J Plast Surg.
2017, 6:74-81.

Artiaco S, Battiston B, Colzani G, Bianchi P, Scaravilli G, Boux E, Tos P: Perforator based propeller flaps in
limb reconstructive surgery: clinical application and literature review. Biomed Res Int. 2014, 2014:690649.
10.1155/2014/690649

Yu XX, Yang SF, Ji CS, Qiu SQ, Qi YD, Wang XM: A novel computed tomography angiography technique:
guided preoperative localization and design of anterolateral thigh perforator flap. Ins Ima. 2022, 13:190.
10.1186/s13244-022-01318-0

Ali H: Dorsal ulnar artery perforator based flap for coverage of composite soft tissue defects of hand . Jr Sur
Pak. 2019, 24:197-203. 10.21699/jsp.24.4.8

Mohan AT, Saint-Cyr M: Anatomic and physiological fundamentals for autologous breast reconstruction.
Gland Surg. 2015, 4:116-33. 10.3978/j.issn.2227-684X.2015.04.01

Cajozzo M, Jiga LP, Jandali Z, Muradov M, Pignatti M, Cordova A, D'Arpa S: Complications and solutions in
propeller flap surgery. Semin Plast Surg. 2020, 34:210-20. 10.1055/5-0040-1714087

Low OW, Sebastin SJ, Cheah AE: A review of pedicled perforator flaps for reconstruction of the soft tissue
defects of the leg and foot. Indian ] Plast Surg. 2019, 52:26-36. 10.1055/5-0039-1688103

Hennessy O, Potter SM: Use of infrared thermography for the assessment of free flap perforators in
autologous breast reconstruction: A systematic review. JPRAS Open. 2020, 23:60-70.
10.1016/j.jpra.2019.11.006

Unger M, Markfort M, Halama D, Chalopin C: Automatic detection of perforator vessels using infrared
thermography in reconstructive surgery. Int ] Comput Assist Radiol Surg. 2019, 14:501-7. 10.1007/s11548-
018-1892-6

Afzal MO, Haq AU, Riaz MA, et al.: Lower extremity reconstruction: utility of smartphone thermal imaging
camera in planning perforator based pedicled flaps. ] Ayub Med Coll Abbottabad. 2020, 32:612-7.

Sheena Y, Jennison T, Hardwicke JT, Titley OG: Detection of perforators using thermal imaging . Plast
Reconstr Surg. 2013, 132:1603-10. 10.1097/PRS.0b013e3182a80740

Arifin WN: Sample size calculator. 2023.

Rabbani MJ, Ilyas A, Rabbani A, Abidin ZU, Tarar MN: Accuracy of thermal imaging camera in identification
of perforators. J Coll Physicians Surg Pak. 2020, 30:512-5. 10.29271/jcpsp.2020.05.512

Steenbeek LM, Peperkamp K, Ulrich DJO, et al.: Alternative imaging technologies for perforator mapping in
free flap breast reconstructive surgery - A comprehensive overview of the current literature. JPRAS Open.
2022, 75:4074-84.

Yassin AM, Kanapathy M, Khater AM, El-Sabbagh AH, Shouman O, Nikkhah D, Mosahebi A: Uses of
smartphone thermal imaging in perforator flaps as a versatile intraoperative tool: the microsurgeon's third
eye. JPRAS Open. 2023, 38:98-108. 10.1016/j.jpra.2023.08.004

Mijuskovic B, Tremp M, Heimer MM, et al.: Color Doppler ultrasound and computed tomographic
angiography for perforator mapping in DIEP flap breast reconstruction revisited: A cohort study. J Plast
Reconstr Aesthet Surg. 2019, 72:1632-9. 10.1016/].bjps.2019.06.008

Tian Z, Wang S, He Y, Ma C: Comparative study of three preoperative imaging modalities for the evaluation
and design of superficial circumflex iliac artery perforator flap: color doppler ultrasound, computed
tomography angiography and magnetic resonance angiography. I ] Radiol. 2020, 17:97168.
10.5812/iranjradiol.97168

Muntean MV, Strilciuc S, Ardelean F, Pestean C, Lacatus R, Badea AF, Georgescu A: Using dynamic infrared
thermography to optimize color Doppler ultrasound mapping of cutaneous perforators. Med Ultrason. 2015,
17:503-8. 10.11152/mu.2013.2066.174.dyn

Weum S, Mercer JB, de Weerd L: Evaluation of dynamic infrared thermography as an alternative to CT
angiography for perforator mapping in breast reconstruction: a clinical study. BMC Med Imaging. 2016,
16:43. 10.1186/512880-016-0144-x

Pereira N, Valenzuela D, Mangelsdorff G, Kufeke M, Roa R: Detection of perforators for free flap planning
using smartphone thermal imaging: a concordance study with computed tomographic angiography in 120
perforators. Plast Reconstr Surg. 2018, 141:787-92. 10.1097/PRS.0000000000004126

Sheena Y, Hardwicke J, Jennison T, Titley OG: Reply: detection of perforators using thermal imaging . Plast
Reconstr Surg. 2014, 134:851e-2e. 10.1097/PRS.0000000000000631

Paul SP: Using a thermal imaging camera to locate perforators on the lower limb . Arch Plast Surg. 2017,
44:243-7. 10.5999/aps.2017.44.3.243

Hardwicke JT, Osmani O, Skillman JM: Detection of perforators using smartphone thermal imaging . Plast
Reconstr Surg. 2016, 137:39-41. 10.1097/PRS.0000000000001849

2024 Ismail et al. Cureus 16(1): €51755. DOI 10.7759/cureus.51755

7of7


https://dx.doi.org/10.5772/intechopen.71270
https://dx.doi.org/10.5772/intechopen.71270
https://dx.doi.org/10.35772/ghm.2019.01009
https://dx.doi.org/10.35772/ghm.2019.01009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5339613/
https://dx.doi.org/10.1155/2014/690649
https://dx.doi.org/10.1155/2014/690649
https://dx.doi.org/10.1186/s13244-022-01318-0
https://dx.doi.org/10.1186/s13244-022-01318-0
https://dx.doi.org/10.21699/jsp.24.4.8
https://dx.doi.org/10.21699/jsp.24.4.8
https://dx.doi.org/10.3978/j.issn.2227-684X.2015.04.01
https://dx.doi.org/10.3978/j.issn.2227-684X.2015.04.01
https://dx.doi.org/10.1055/s-0040-1714087
https://dx.doi.org/10.1055/s-0040-1714087
https://dx.doi.org/10.1055/s-0039-1688103
https://dx.doi.org/10.1055/s-0039-1688103
https://dx.doi.org/10.1016/j.jpra.2019.11.006
https://dx.doi.org/10.1016/j.jpra.2019.11.006
https://dx.doi.org/10.1007/s11548-018-1892-6
https://dx.doi.org/10.1007/s11548-018-1892-6
https://dx.doi.org/10.1097/PRS.0b013e3182a80740
https://dx.doi.org/10.1097/PRS.0b013e3182a80740
http://wnarifin.github.io
https://dx.doi.org/10.29271/jcpsp.2020.05.512
https://dx.doi.org/10.29271/jcpsp.2020.05.512
https://dx.doi.org/10.1016/j.jpra.2023.08.004
https://dx.doi.org/10.1016/j.jpra.2023.08.004
https://dx.doi.org/10.1016/j.bjps.2019.06.008
https://dx.doi.org/10.1016/j.bjps.2019.06.008
https://dx.doi.org/10.5812/iranjradiol.97168
https://dx.doi.org/10.5812/iranjradiol.97168
https://dx.doi.org/10.11152/mu.2013.2066.174.dyn
https://dx.doi.org/10.11152/mu.2013.2066.174.dyn
https://dx.doi.org/10.1186/s12880-016-0144-x
https://dx.doi.org/10.1186/s12880-016-0144-x
https://dx.doi.org/10.1097/PRS.0000000000004126
https://dx.doi.org/10.1097/PRS.0000000000004126
https://dx.doi.org/10.1097/PRS.0000000000000631
https://dx.doi.org/10.1097/PRS.0000000000000631
https://dx.doi.org/10.5999/aps.2017.44.3.243
https://dx.doi.org/10.5999/aps.2017.44.3.243
https://dx.doi.org/10.1097/PRS.0000000000001849
https://dx.doi.org/10.1097/PRS.0000000000001849

	Smartphone Thermal Imaging for Preoperative Perforator Mapping in Perforator Based Flaps
	Abstract
	Introduction
	Materials And Methods
	Results
	TABLE 1: Baseline characteristics of study participants (n=143)
	TABLE 2: Diagnostic accuracy of thermal imaging for detecting perforators by taking visual inspection as the gold standard (n=143)

	Discussion
	FIGURE 1: This marking is of ALTF for the patient undergoing reconstitution of a cheek defect secondary to buccal mucosa OSCC tumor excison. Marking was done one day before surgery; perforators from a hand-held doppler ultrasound were also marked.
	FIGURE 2: The ice pack was applied to the marked flap region after maintaining the temperature of the room at 22°C. This is the first image taken after removing the ice pack.
	FIGURE 3: Bright yellow-colored spots appeared in the marked territory of flaps—brighter areas that arrived before the smaller, less luminous dots will be regarded as dominant.
	FIGURE 4: Perforators were confirmed by a preoperative visual inspection.

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


