
	 www.PRSGlobalOpen.com	 1

INTRODUCTION
In the Western population, upper extremity traumas 

and amputations are among the most common injuries 
presenting  in emergency rooms.1 Finger amputations 
have a higher incidence in male manual workers than in 
women (approximately 4–1), with a higher incidence of 
partial thumb amputations than complete thumb or long 
finger amputations.2–4

Digital replantation in a posttraumatic amputation 
remains the first procedure to perform.5 There are still 
controversies about the indications for replantation, open-
ing up a world of secondary reconstruction.6 Thus, sec-
ondary reconstruction has become increasingly important 
in the surgeon’s armamentarium over the past decades.

Local flaps, such as homodigital and heterodigital 
flaps,7–10 pedicled hand and forearm flaps, or thin free 
flaps,11,12 are commonly used to replace the loss of sub-
stance. However, these procedures do not restore the 
injured finger’s original length and tissue complexity, 
resulting in poor functional and cosmetic outcomes.13

Since the first toe-to-hand transplantation was per-
formed,14,15 the foot has been a precious warehouse for 
digital reconstruction. During the 1960s and 1970s, this 
consideration allowed surgeons to describe first microsur-
gical toe transplantations by different techniques, such as 
great-toe transfer, wrap-around toe, and trimmed great 
toe (TGT).16–20

The TGT flap  is a variation of the great toe transfer 
that involves reduction of both bone and soft tissue, usu-
ally at its medial side to overcome the aesthetic problem 
regarding the discrepancy in appearance due to differ-
ences in joint size, nail width, and circumference that con-
cerns many patients.21,22 Although this flap may be ideal 
for thumb reconstruction, it also allows a desired aesthetic 
result23,24 to be achieved even in patients with distal long 
finger amputations who are motivated to maintain their 
previous body image.
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thetic result achieved.
Conclusions: The trimmed great toe flap has proven to be a viable alternative to 
finger amputation in the reconstruction of thumb and long finger defects, leading 
to high aesthetic results. The morbidity of the donor site is reduced compared with 
the classic great toe flap, allowing a direct closure in most cases. (Plast Reconstr Surg 
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The purpose of this study is to evaluate the aesthetic 
and functional outcomes obtained with the TGT free flap 
in the thumb and long finger amputations, providing a 
viable alternative in the surgeon’s reconstructive toolbox.

METHODS
We retrospectively reviewed our prospective database 

and selected the patients who underwent TGT flap recon-
struction for digit amputations from September 2019 to 
November 2021, all performed by the first author (L.T.). 
We reviewed the patients’ medical records and included 
patients’ demographics, smoking status, type of trauma, 
flap reconstruction, operative time, ischemia time, and 
long-term complications.

All patients performed rehabilitation with therapists 
specialized in hand diseases and underwent a validated 
“Patient-Rated Wrist/Hand Evaluation” (PRWHE) ques-
tionnaire to assess functional and aesthetic outcomes.25,26 
After completing wound healing, all patients were exam-
ined using the “Michigan Hand Outcomes Questionnaire” 
(MHOQ).27,28 The overall score of the MHOQ was used 
to reinforce the global hand function data obtained with 
the PRWHE questionnaire. Subsequently, “section V” of 
this questionnaire concerning only the aesthetic results 
was calculated, thus assessing the degree of satisfaction 
of every single patient.

At physiotherapy sessions, patients were asked about 
any walking deficits or reduction in daily-covered dis-
tances compared with those before the operation.

This study was conducted according to the World 
Medical Association’s Declaration of Helsinki (1964, ver-
sion 2013) and Good Clinical Practice.

Summary statistics were calculated. Quantitative data 
are expressed as the mean ± SD, whereas nominal data 
were expressed as a percentage. Analyses were performed 
using SPSS software version 26.0.

Surgical Technique
For thumb amputation, we measured the circumfer-

ence of the contralateral thumb at three levels: (1) nail 
eponychium, (2) interphalangeal joint (which corre-
sponds to the widest point), and (3) middle of the proxi-
mal phalanx. Nail width was also measured in its central 
portion. A line was drawn longitudinally and proximally 
from the eponychium to the base of the first phalanx of 
the hallux.

At this point, all the measurements of the finger could 
be transposed, starting from this reference line at the cor-
responding levels on the great toe leaving excess tissue 
on the tibial aspect of the hallux (usually 0.5–1.5 cm in 
width) to allow a free-tension donor site closure. The same 
approach has been used in long finger amputations using 
the contralateral digit as a template.

We identified the dorsalis pedis artery course using a 
handle-Doppler. We drew the planned curvilinear S inci-
sion with a marking pen on the dorsal aspect of the first 
web space of the chosen foot.

All operations were performed under general anesthe-
sia and tourniquet control (~300 mm Hg) at the level of 

the thigh. Two teams worked simultaneously. One team 
harvested the flap, and the other prepared the recipient 
site and vessels.

The toe incision was started at first web space under 
loupes magnification (3.5×). The neurovascular bundle 
based on the fibular artery, digital nerve, and a superfi-
cial vein was identified, isolated, and protected during 
the dissection. When the first dorsal metatarsal artery 
lacked adequate caliber, the first palmar metatarsal artery 
was preferred. Tendons and nerves dissections were per-
formed differently and tailored to the type of injury. 

The flap was harvested from distal to proximal, and 
the osteotomy was performed with a piezoelectric surgi-
cal saw at the chosen amputation levels. No pedicle was 
divided before releasing the tourniquet to assess flap per-
fusion. All flaps and remaining tissues demonstrated good 
reperfusion allowing division of their vascular pedicle and 
transfer to the recipient site. The recipient arteries we 
used were usually digital arteries ipsilateral to the lesion 
if undamaged or the dorsal radial artery with a superficial 
vein nearby. One or multiple K-wires have been applied 
for the fixation of the hallux to the amputation stump 
(Fig. 1, 2).

The postoperative routine followed a rigorous proto-
col based on flap clinical assessment and Doppler signal, 
blood testing, 38° thermal blanket, hand elevation, and 
complete bed rest for the first 3 days. From day 5 to 2–3 
weeks after surgery, ambulation was permitted only with a 
medical shoe that prevented anterior foot bearing.

RESULTS
A total of 10 patients underwent a TGT between 

September 2019 to November 2021, with a median of 27.5 
years of age (range, 25–48). Seven of these 10 patients 
had only one finger amputation, while three had com-
plex hand trauma with multiple digits affected. Complete 
patient demographics are illustrated in Table 1.

Nine out of 10 flaps were taken from the ipsilateral 
foot to the injured hand. A total of seven neo-thumb and 
three neo-long fingers (second, third, and fourth) were 
reconstructed with TGT. At intraoperative dissection, in 
eight cases, first dorsal metatarsal artery was successfully 
found, whereas in two, first palmar metatarsal artery 
was preferred due to anatomical variants. We used four 
branches of the dorsal radial artery, three digital collater-
als, and two radial arteries for arterial anastomoses.

In three cases, a vein graft was necessary to lengthen 
the arterial pedicle due to ruined dorsal radial artery and 

Takeaways
Question: Is the trimmed great toe flap a viable recon-
structive option for different types of amputated fingers?

Findings: The results show that the trimmed great toe flap 
provides length maintenance and a very high aesthetic 
result.

Meaning: The trimmed toe flap could be an ideal option 
for reconstructing thumb and long finger defects.
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digital collateral arteries. In one case, we used the arterial 
branch for the second toe as a flow through to revascular-
ize a superficial iliac perforator flap, which was needed to 
cover the second and third metacarpal bones left exposed 
by the trauma. In all patients, a superficial dorsal vein of 
the foot was used as a donor vessel, anastomosed to super-
ficial veins of the hand of appropriate size.

The median ischemia time was 80.6 (± 14.96 SD), while 
the total surgery time was 354.8 (± 72.61 SD) minutes per 
procedure (Table 2).

There were no major complications, whereas two 
minor complications were observed. The acute complica-
tion involved minimal bony exposure of the implanted 
distal neo-phalangeal, which required surgical revision 
with a local flap under local anesthesia. The chronic com-
plication involved pseudarthrosis between the P2 of the 
great toe and the base of the P3 of the reconstructed digit, 
which required surgery to place a bone graft. Donor site 
morbidity occurred in a single case, resulting in acute foot 
hematoma, resolved spontaneously.

The mean time between surgery and hospital discharge 
was 5.5 days. No functional deficit of the lower limb was 
observed, with complete restoration of walking as soon as 
the talus shoe was removed.

Functional assessment was evaluated using PRWHE 
questionnaire with a median result of 5.75 (IQR, 0–12.5).

The higher score indicates more pain and functional 
disabilities (eg, 0 = no disability). After complete wound 
healing, all patients underwent the MHOQ with a median 
overall score of 95.44 (IQR, 78.94–97.08). We further eval-
uated the aesthetic section V of the MHOQ with a median 
score of 100 (IQR, 81.25–100) (Table 3).

DISCUSSION
Surgical techniques have evolved over the years, 

starting from the first digital replantation performed 
by Komatsu and Tamai29 in 1965 up to the most recent 
attempts of multiple replants. Several approaches have 
been widely documented14,30,31 since the first trimmed toe 
transfer technique was described as an alternative option 
for thumb reconstruction.32 The TGT was born to com-
bine the wrap around and the total great toe transfer, thus 
recreating a normal toe without major functional sacri-
fice. In 1998, Wei20 described in detail this procedure in 
the reconstruction of thumb defects, allowing its propor-
tionate and aesthetic reconstruction without sacrificing 
the entire length of the big toe.

In our surgical experience, the use of the TGT has 
highlighted many advantages over traditional surgery. The 
aesthetic result obtained by reducing the initial size of the 
great toe allows obtaining a “neo-thumb” as similar as pos-
sible to the contralateral one. Thanks to like-with-like prin-
ciple surgery, no other procedures are needed to restore 
function and aesthetics of the reconstructed thumb/digit. 
The morbidity of the donor site is reduced compared with 
other free flaps,33 allowing a closure in almost all cases by 
first the intention. No patient complained of partial or 
total gait deficits in alignment with the literature’s out-
comes of TGT reconstruction in finger amputation.34–36

Fig. 1. A 21-year-old female patient with an oblique amputation 
of fourth digit after trauma. A and B, Preoperative photographs. C, 
Design of the flap.

Fig. 2. A, Flap inset immediate postoperative. B and C, Follow-up 
after 3 months.
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There are no cases described in the literature of 
long toe reconstructions with TGT flaps, focusing on 
both the functional and aesthetical aspects. Our prac-
tice aims to treat the thumb and distal aspect of long 
finger injuries using the same surgical technique. 
Examining the results obtained from both the PRWHE 
and the MHOQ, it is possible to appreciate an overall 
high median score in both items. Suitable median val-
ues can be found through a separate analysis of section 
V of the MHOQ.

Our data have highlighted, once again, the TGT 
as an aesthetically valid reconstructive option for digit 
amputations and led to new perspectives in the literature 
for its application in long finger defect reconstruction. 
We believe that meticulous preoperative measurements, 
attention to detail, and a clear reconstructive plan are 
essential to achieve the best aesthetic outcome. In our 

clinical experience, symmetry of the reconstructed 
finger with its counterpart allows the patient to gain a 
higher level of satisfaction. Due to the versatility of this 

Table 2. Reconstruction Technique including Ischemia and Surgical Time, Recipient Vessels, and Anastomosis Features

Patient 
Number 

Ischemia  
Time (min) 

Surgical  
Time (min) 

Recipient  
Artery 

Stitch Size and  
Anastomosis Recipient Vein 

Stitch Size and Anas-
tomosis 

  1 82 342 DRA 9/0 E-E + vein graft Dorsal vein 9/0 E-E
  2 77 340 DUC 9/0 E-E Dorsal vein 10/0 E-E
  3 80 359 DRA 9/0 E-E Dorsal vein 9/0 E-E
  4 70 295 DRC 9/0 E-E Dorsal vein 9/0 E-E
  5 110 431 RA 9/0 E-S Dorsal vein 9/0 E-E
  6 57 246 DRA 9/0 E-S Dorsal vein 9/0 E-E
  7 90 328 DRA 9/0 E-E Dorsal vein 9/0 E-E
  8 90 470 RA 8/0 E-S + vein graft Dorsal vein 9/0 E-E
  9 60 277 DUC 10/0 E-E Volar vein 10/0 E-E
10 90 460 RA 9/0 E-E + vein graft Dorsal vein 9/0 E-E
DRA, dorsal radial artery; DUC, digital ulnar collateral; E-E, end to end; E-S, end to side; RA, radial artery.

Table 3. Postoperative Follow-up and Questionnaire 
Results

Patient 
Number 

Overall 
MHOQ (%) 

MHOQ 
Score V (%) 

PRWHE 
Score Complications 

  1 98.17 100 2 None
  2 78.94 81.25 6.5 Pseudoarthrosis
  3 96.25 100 0 None
  4 38 75 33 P3 bone exposure
  5 94.64 100 5 None
  6 93.24 93.75 9 None
  7 97.08 100 12.5 Foot hematoma
  8 76.25 75 18.5 None
  9 98.3 100 0 None
10 96.67 100 0 None

Fig. 3. A, A 28-year-old male patient with a replant failure of left 
thumb after trauma. B and C, Rx of the defect. D, TGT flap inset 
immediate postoperative.

Table 1. Demographics of the Patients with Associate Lesions

Patient Number Sex Age Laterality 
Smoking 

Status Reconstructed Digit Associate Lesions 

  1 M 23 Right Yes I None
  2 M 27 Left No II Third, fourth, and fifth distal phalanx amputation of the right 

hand
  3 M 27 Left No I Fifth metacarpal fracture and nail avulsion of the second and 

third digit
  4 M 48 Left No III None
  5 M 57 Right Yes I Nail avulsion of the second finger and P3 bone exposure of 

the fourth finger
  6 M 25 Right Yes I None
  7 M 74 Right Yes I Former brachial plexus injury of the left limb
  8 M 45 Right No I Second, third, and fourth digit amputation
  9 F 21 Right No IV None

10 M 28 Left No I Third and fourth P3 amputation
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flap, combined with great surgical skill, TGT is capable 
of offering a truly attractive and promising tailored sur-
gical option (Figs. 3–5). (See Video [online], which dis-
plays the 28-year-old patient with a replant failure of the 
left thumb.)

All values achieved from the PRWHE and MHOQ must 
be related to residual deficits following complex trauma 
that also affects the other digits or the contralateral hand.

The drawback of this study is the small sample size, but 
it can pave the way to further research. In our opinion, 
the patient’s choice of restoring length and aesthetics 

of the long digit defects should be accepted to and, if 
possible, granted. The contraindications of the TGT 
technique are the unavailable recipient vessels of the 
traumatized hand or previous surgery to the great toe or 
foot. Compared with a simple regularization, the general 
disadvantages of this technique are the prolonged surgi-
cal time with general anesthesia, length of stay, donor 
site morbidity, and more prolonged rehabilitation. In 
our experience, we have found no disadvantages in this 
technique compared with the classic great toe flap or 
other microsurgical flaps.

Fig. 4. A, TGT flap inset immediate postoperative. B and C, Rx after the inset of the flap.

Fig. 5. A–C. Follow-up after 5 months. D, Donor site after 5 months.
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CONCLUSIONS
Based on our preliminary findings, we think that the 

TGT flap is a viable option for digit reconstruction fol-
lowing amputation, as it provides both functional and 
aesthetic results. Therefore, this technique should be 
included in the hand surgeon’s toolbox and offered to the 
patients.

“Aesthetically normal, since in aesthetic importance, the 
hand is second only to the face.”

—Morrison WA. 1992

Luigi Troisi, MD, PhD, FEBOPRAS
Reconstructive Microsurgery Service

University Department of Hand Surgery and Rehabilitation
San Giuseppe Hospital

IRCCS Multimedica Group
Via San Vittore 1220123 

Milan, Italy
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