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Abstract

functional outcome and patient satisfaction.

donor site pain and deformity.

Background Traditional reconstructive options of fingertip injuries are technically difficult, usually need donor site
skin grafting, leave visible scars, and need a protracted period of finger immobilization resulting in joint stiffness.
Electro-photobiomodulation (EPBM), is the process of combining intense pulsed light and radiofrequency to modify
tissues to help the body heal itself, lower inflammation, and promote wound healing.

Patients and methods This study included 60 patients presented with fingertip injuries. Patients were randomly
divided into two groups. Group 1 includes patients who were treated by EPBM. Group 2 includes patients who were
treated by cross finger flap (CFF). Six months after complete healing, evaluation was performed for aesthetic and

Results Compared to group 2 patients, group 1 patients had statistically significant better sensory outcome, better
total active motion of affected digits, grip strength, patient satisfaction, healing time, and plastic surgeon general
aesthetic evaluation and also, they had statistically significant less adverse events and cold intolerance with absent

Conclusion EPBM is safe and effective treatment of fingertip injuries which shortens the healing time, produces the
best aesthetic and functional result while avoiding donor site morbidity of the traditional reconstructive options.

Keywords Electrophotobiomodulation, Fingertip, Treatment

Introduction

The fingertip, a specialized structure that contributes
to hand dexterity and responsiveness, is located on the
distal phalanx, distal to the point where the flexor and
extensor tendons are inserted. More than half of the fin-
gertip’s volume is formed by the volar pulp [1]. Lesions on
the fingers are exceedingly common and are responsible
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for the majority of hand trauma cases that come into the
emergency room. Skilled functions of the hand can be
significantly impaired due to improper management [2].
The primary objectives of fingertip reconstruction
are quick healing, a brief period of functional impair-
ment, and the restoration or reproduction of a sensitive,
pain-free fingertip in a completely mobile finger of the
maximal feasible length. Skin grafting, primary closure,
secondary intention healing, and local or regional soft
tissue flaps are among the available treatment options for
these injuries. Cross finger flap is one of the commonest
workhorse flaps in fingertip reconstruction [3].
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While these flaps have numerous benefits, they also
invariably have some drawbacks, including being tech-
nically difficult, usually necessitating a skin graft at the
donor site, leaving visible scars, and needing a protracted
period of finger immobilization with the consequence of
joint stiffness [2].

According to a new Cochrane study, there is insuf-
ficient high-level evidence for the fingertip injury treat-
ment, and as a result, it is observed that there is no
uniform plan of care between different healthcare prac-
titioners. This acknowledges the requirement for level I
data and preventative actions [4].

Electro-photobiomodulation (EPBM), also called
E-light, is the process of combining intense pulsed light
(IPL) and radiofrequency (RF) to modify tissues to help
the body heal itself, lower inflammation, and promote
wound healing. EPBM was reported as a safe and effec-
tive tool for promoting wound healing in many appli-
cations including acute facial burns [5], posttraumatic
defects [6], Post-Fournier’s Gangrene peno-scrotal
defects [7], hypertrophic scars of hand [8] and face [9],
and extensive facial freckles [10].

In this article, we report our results with the utilization
of (EPBM) in the treatment of fingertip injuries in com-
parison with cross finger flap reconstruction.

Fig. 1 The two-handle E-light beauty machine
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Patients and methods

This study was carried out in the Department of Plastic
and Reconstructive surgery in our university and pri-
vate clinic and included 60 patients presented with fin-
gertip injuries. Patients were randomly divided into two
groups. Group 1 includes patients who were treated by
EPBM. Group 2 includes patients who were treated by
cross finger flap (CFF). Approval was obtained from the
concerned ethical committee in our university before we
commenced this work.

Excluded patients included those with wounds that
were not traumatic, wounds that were more than three
weeks old, patients on steroid medications, patients with
co-morbidities like diabetes or peripheral vascular dis-
ease that could affect the survival of the flap, and those
with stiffness, arthritis, prior injuries, nerve palsy, and
other conditions that could affect the assessment of the
results. The study excluded patients who had experienced
any extra trauma to the donor finger or those who had
any additional injury to soft tissues, bones or joints.

To eliminate debris, devitalized tissues, and foreign
bodies, all wounds were debrided and irrigated with
saline and povidone-iodine solution.

Group 1

Photosensitive patients were excluded. All patients
receiving treatment prior to presentation, were not
included in the study. The author started E-light treat-
ment sessions (intense pulsed light and radiofrequency)
as soon as the patient arrived.

The two-handle E-light beauty machine was used in
this research. The manufacturer is Beijing Oriental Wison
Mechanical & Electronic Co. Ltd. (Fig. 1). Thirty minutes
before the E-light session, lidocaine 2.5% gel is applied to
the area to be treated.

The fluence of the RF component of E-light was 5-7
joules. The IPL component of E-light had a fluence of 7 to
12 joules, spot diameter of 8 to 32 mm, pulse duration of
3 to 8 milliseconds, pulse delay of 10 to 15 milliseconds,
and was combined with different filters according to
skin color (560 nm, 580 nm, 630 nm, and 755 nm). Each
patient received two sessions per week.

Group 2

Local anesthesia, brachial plexus block, or general
anesthesia with tourniquet were used for the surgery.
Debridement was followed by the standard CFF proce-
dure with skin graft cover of the donor defect. Unaffected
digits were mobilized while the wounded digits were
splinted. After surgery, the flaps were separated after two
to three weeks, and patients began receiving supervised
physical therapy that included complete digit mobiliza-
tion and sensory reeducation. Following surgery, patients
were checked on every week for the first six weeks, and
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then every three, six, nine, and twelve months. Every
complication was noted and dealt with appropriately.

Final evaluation of patients of both groups was per-
formed, 6 months after complete healing, and included
the following items:

+ Occurrence of nail deformity (hook, split,
hypertrophic, spike, or absent nails are among the
potential deformities).

+ Length of injured pulp compared to, and presented
as a percent of, contralateral normal.

+ DPulp width compared to, and presented as a percent
of, contralateral normal.

+ Sensory evaluation including:

1- Semmes— Weinstein monofilament (divided into 5
grades starting from grade 1; normal sensation).

2- Static 2-point discrimination (S2PD) (According to
Dellon et al,, test results were divided into three groups:
normal; 1 mm to 5 mm, fair; 6 mm to 10 mm, and bad;
11 mm to 15 mm) [11].

+ Using a digital goniometer, the total active range of
motion (TAM) of the injured finger was measured.
The results were computed and reported as a
percentage of the matching contralateral unaffected
finger.

+ Time to complete healing of injured finger.

+ DPresence or absence of cold intolerance.

«+ DPatient or parent satisfaction on appearance and
function on a score 1-10 where 1 is the lowest
satisfaction.

+ Independent plastic surgeon evaluation of the result
regarding the general aesthetic result of the injured
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finger and the contour of the cross-finger flap donor
site in group 2 patients.

+ Adverse events including wound infection, distal
necrosis of fingertip, hypertrophic scarring and
contracture.

Statistical analysis

The Statistical Package of Social Sciences (SPSS) for
Microsoft Windows version 26 was used to manipulate
the data. The mean+Sd was used to quantify quantita-
tive data, while frequency and percentage were used to
measure qualitative data. Using the t test, quantitative
data were compared. Chi square is employed to compare
qualitative data. In the current investigation, a p-value of
less than 0.05 was chosen as the significant level.

Results (Figs. 2, 3,4, 5, 6, 7 and 8)
The mean age in group 1 patients was 15.7 years while in
group 2 patients it was 17.9 years. There was no statisti-
cally significant difference between both groups regard-
ing the age distribution of patients among the different
age groups. There was no predilection between either
group regarding the gender or the side of hand affected.
The thumb was the least affected digit in both groups
with no significant difference between both groups
regarding the frequency of affected digits. Most patients
had Allen 1 or 2 classification of their fingertip injury
with no statistically significant difference between both
groups. The most common mechanism of injury in both
groups was crush injury by door. Demographic and clini-
cal data of both groups are shown in (Table 1).

At the time of final evaluation, the mean pulp length
and pulp width were more in group 1 than in group 2,
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Fig. 3 a, b: ten years old male with fingertip injury before application of EPBM. ¢,d: after finishing EPBM sessions

A

Fig. 5 a:seven years old male with fingertip injury before application of EPBM. b: after finishing EPBM sessions

and the difference was statistically significant. Regard-
ing evaluation of sensory recovery using Semmes Wein-
stein monofilament, group 1 patient had statistically
significant much better outcome, with 90% responding
to grade 1 filament and the remaining 10% responded to
grade 2 filament. On the other hand, near half of group 2
patients responded to grade 1 and 2 filaments and near
a third of them responded to grade 4 and 5 filament.

Also, sensory recovery measured by S2PD was statisti-
cally better in group 1 patients where the majority of
them (93.3%) achieved normal sensation. In contrast,
only less than half of group 2 patients achieved normal
sensation and, their third had poor postoperative sensory
recovery as measured by S2PD. Compared to group 2
patients, group 1 patients had statistically significant bet-
ter TAM, grip strength, patient satisfaction, healing time,
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Fig. 6 Appearance of donor and recipient site after cross finger flap for cover of fingertip injury: a: 2 weeks after flap separation. b, ¢ three months after

flap separation

Fig. 7 Appearance of donor and recipient site after cross finger flap for cover of fingertip injury three months after flap separation: a: posterior view. b:

anterior view

Fig. 8 Appearance of donor and recipient site after cross finger flap for
cover of fingertip injury three months after flap separation

and plastic surgeon general aesthetic evaluation and also,
they had statistically significant less adverse events and
cold intolerance with absent donor site pain and defor-
mity (Table 2).

Discussion
The fingertip’s unique function and sensory components
allow it to serve numerous vital functions in our interac-
tions with the environment. The objectives of treating
any damaged fingertip should be to restore a long-lasting,
painless sensory interface for manipulating items while
maintaining the fingertip’s length, making it appear as
normal as possible, and allowing the manipulation of
small objects by restoring the nail plate’s geometry [12].
The level of amputation along the wounded finger, the
patient’s condition, and the surgeon’s preferences, all
influence the treatment plan for fingertip amputations.
Treatment options include non-surgical measures (occlu-
sive dressing, medicated gauze dressings) that allow
the fingertip to regenerate naturally or covering flaps to
replace lost skin. The restoration of fingertip function,
including fine sensory perception, durable skin that per-
mits the fingertips to grasp items, and pleasing look, is
another goal of this treatment. Coverage flaps have been
used to accomplish these objectives over the years. But
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Table 1 Sociodemographic data of patients in both groups

Sociodemographicdata  Group | (30 Groupll (30 P
patients) patients) value
Number of Number of
patients (%) patients (%)

Age

0-10 years 12(40%) 9(30%) 0.7

11-20 years 12(40%) 13(43.3%)

21-30 years 3(10%) 4(13.3%)

31-40 years 2(6.7%) 1(3.3%)

41-50 years 1(3.3%) 3(10%)

Sex: 04

male 2(70%) 18(60%)

Female 9(30%) 12(40%)

Hand affected: 0.1

Right 13(43.3%) 19(63.3%)

Left 17(16.7%) 11(36.7%)

Finger affected: 09

Thumb 2(6.7%) 1(3.3%)

Index 6(20%) 8(26.7%)

Middle 11(36.7%) 9(30%)

Ring 4(13.4%) 6(20%)

Little 7(23.3%) 6(20%)

Allen’s level of injury: 0.8

| 15(50%) 14(46.7%)

Il 13(43.3%) 11(36.7%)

Il 2(6.7%) 4(13.3%)

% 0(0%) 1(3.3%)

Mechanism of injury 7.05

Crushing by door 23(76.7%) 19(63.3%) 0.07

Crushing by machine 1(3.33) 5(16.7%)

Crushing by heavy object  0(0%) 3(10%)

laceration 6(20%) 3(10%)

flaps come with drawbacks like necrosis, infection,
diminished sensation, stiff fingers, wound healing conse-
quences, and unstable fingertip [2].

According to one study, the choice of treatment for
Allen II, III, and IV fingertip injuries did not affect the
result. This is at least a surprising result in an era where
the vast array of surgical alternatives suggests that flap
reconstruction is optimal [3].

To avoid donor site morbidity, some authors adopted
non-surgical measures for treatment of fingertip injuries.
However. treatment of fingertip injuries with occlusive
dressing resulted in nail dystrophy and ridges especially
in Allen zone 3 amputations [13]. 6% of patients treated
with moist dressing suffered from a deformity of their
nails including hook nails and parrot beak appearances
[14]. Additionally, moist dressing treatment resulted in
healing time up to 12 weeks in Allen 3 amputations and
was associated with cold sensitivity and numbness which
negatively impacted their ability to perform everyday
tasks [15].
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Table 2 Clinical postoperative evaluation data of patients of
both groups

Variable Group | Group Il Test of
(30 (30 patients) sig
patients)

Number Number of
of patients  patients (%)
(%)

Nail deformity 0(0%) 2(6.7%) 0.2

Adequate pulp length 30(100%) 22(73.3%) 0.0001*

Adequate pulp width 30(100% 19(63.3%) 0.0001*

SemmesWeinstein mono-

filament test:

1 27 (90%) 13(43.3%) 0.001*
2 3(10%) 4(13.3%)
3 0(0%) 3(10%)
4 0(0%) 5(16.7%)
5 0(0%) 5(16.7%)
S2PD: normal 28(93.3%) 1 (46.7%) 0.0001*
Fair 2(6.7%) 6(20%)
poor 0 10(33.3%)

TAM as % of contralateral: 100% 77.93% 0.0001*

Grip strength as percent of ~ 100% 86% t=4.1,

normal contralateral 0.0001*

Healing time 13-28 days  27-42 days t=114,

0.0001*

Donor site pain 0(0%) 12(40%) 0.0001*

Donor site deformity 0(0%) 27(90%) 0.0001*

Fingertip cold intolerance 6(20%) 21(70%) 0.0001*

Satisfaction: (mean £SD) 9.7+05 76+1.1 t=96,

-Function 9.8+04 5714 0.0001*

-Appearance t=155,

0.0001*

Plastic surgeon Gen- 96+06 65+15 t=10.8,

eral aesthetic evaluation 0.0001*

(mean=+SD)

Adverse events 0(0%) 7(23.3%) (partial ~ 0.005*

flap loss, hyper-
trophic scar in
donor, stiffness)

When treating fingertip injuries with exposed bone,
other authors utilized semi-occlusive dressings and
reported that the average healing period was 6.5 weeks
[3-8, 16]. Therefore, compared to alternative reconstruc-
tive techniques, this treatment approach is regarded to be
time-consuming, may prohibit an early return to work,
and may produce a less aesthetically pleasing result [17].

Despite being a simple solution, primary closure of a
fingertip lesion causes some loss of digital length and has
a reported 13.8% rate of complications, the most preva-
lent of which are soft-tissue necrosis, painful neuromas,
and nail deformities [18]. Skin graft coverage of fingertip
injury has many disadvantages including intolerance to
cold, hyperesthesia and early loss of sensation [19].

While both homodigital and heterodigital pedicled
island flaps can be executed in a single operation, their
precise dissection of the neurovascular bundle lengthens
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the duration of the operation. Furthermore, because
reverse flow flaps divide the digital artery, they may
result in flap loss [2]. Following the reverse homodigital
island flap, cold intolerance developed in up to 100% of
patients, which had a detrimental effect on the functional
result [20]. These flaps are also linked to certain prob-
lems, such as flexion contracture, partial flap necrosis,
venous congestion, and cold sensitivity. S2PD on aver-
age was 7.2 mm [21]. The most significant adverse effect
of reverse homodigital neurovascular island flaps is the
presence of postoperative neuropathic pain in 47% of
patients, which is most likely caused by compression of
the digital nerve following flap rotation to inset into the
fingertip defect [22].

Several patients experienced abnormalities in the mor-
phology of their nails and pulp, as well as pain and intol-
erance to cold in a study evaluating the long-term results
of the V-Y advancement flap [23]. When this flap was
used on children, 73% of them developed hook nail defor-
mities, and only 43% of them had normal pulp shape [24].

One of the common flaps in thumb fingertip recon-
struction is the Moberg flap. However, many studies
reported several complications of this flap such as super-
ficial necrosis (17%), infection (17%), and cold intoler-
ance in most patients [14].

The primary disadvantage of these flaps is the restricted
amount of advancement that could be made. The Atasoy
flap has a limited potential for distal advancement, even
though the Moberg flap can cover a 2-cm deficiency of
the volar distal thumb. As a result, its application is typi-
cally limited to small, 1 cm distal transverse fingertip
lesions [19].

The first dorsal metacarpal artery flap, which is taken
from an undamaged digit, is another often used flap. A
skin graft is needed at the flap donor location. Flap har-
vest may cause pain or stiffness in the index finger. The
skin obtained from the flap is nonglabrous. Because the
flap receives innervation from dorsoradial sensory nerve
branches, it offers a nonanatomical and poor restoration
of sensory function. Reorienting the flap cortically is nec-
essary. Out of all the patients, only half of them identify
that the sensation originates from the thumb and not
from the dorsum of the index finger [19].

Many studies reported various complications of cross
finger flaps. One study reported decreased range of
motion (ROM) in 50% of patients, postoperative numb-
ness in 21% of patients, stiffness in 28%, and hyperes-
thesia in 38%. They noticed that hyperpigmentation of
the donor site is the most common complication (82%),
and they advised taking into account the possibility of
growth restriction due to scarring on the donor digit
when selecting this reconstructive option, particularly in
younger children who still have a significant amount of
longitudinal digital growth left [24].
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According to a different study, poor color match and
obvious contour deformity were linked to skin graft cov-
erage of the secondary defect in half of the instances (88%
hyperpigmented, 12% hypopigmented). There were no
clinically significant variations in outcomes between full
thickness and split skin grafts for coverage of the donor
finger [25]. Other studies reported potential donor fin-
ger pain and significantly decreased grip strength and
ROM of proximal interphalangeal (PIP) and metacarpo-
phalangeal (MCP) joints after cross finger flap compared
to contralateral control [14, 22]. Chitta et al. observed a
substantial disparity in pain and appearance between the
donor and control digits. They found it unacceptable that
47% of patients had contour deformity and 53.8% showed
hyperpigmentation [26].

The findings of our group 2 patients are similar to the
above-mentioned studies on cross finger flaps where we
had nail deformity in 6.7% of patients, inadequate pulp
length in 26.7% and inadequate pulp width in 36.7%,
TAM was 77.9% of contralateral normal, grip strength
was 86% of contralateral normal, in addition to the donor
site pain and deformity which were present in 40% and
90% of group 2 patients respectively. In contrast to this,
we find that none of group 1 patients developed nail
deformity, donor site pain or deformity or had any degree
of deficiency in TAM, grip strength or pulp length or
width when compared to the contralateral normal.

The incidence of cold intolerance in cross finger flap
patients was reported to be 66% [24], 25% [14], 39% [27],
63% [25], 43% [28], and 32% after average 19.7 years fol-
low up [29]. 70% of our group 2 patients developed cold
intolerance compared to only 20% of group 1 patients.

Our group 1 patients had statistically significant better
sensory recovery compared to group 2 patients, whether
using Semmes-Weinstein monofilament test or S2PD.
In a recent systematic analysis of cross finger flaps, the
authors found that the postoperative weighted mean two-
point discrimination of the donor digits was 8.84 mm,
while it was 4.89 mm of contralateral (control) digits.
They also found studies reporting significant postopera-
tive reduction in overall range of motion of PIP joints,
32% of patients experienced cold intolerance in the donor
digits. 54% had hyperpigmentation, 8% had hypopigmen-
tation, 47% had contour deformity and 10% had pain in
the donor digits during follow up period [30].

The thenar flap is known for its major limitations
including unsightly donor site and flexion contracture,
particularly in individuals who are over the age of thirty
[2]. Two stages are needed for the procedure. The result-
ing skin coverage, inspite of being glabrous, has no sen-
sory perception in the early postoperative period and
ends with a mean 7 mm S2PD. The donor site scar usu-
ally becomes hypertrophic [19].
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When Chakraborty et al. compared the results of the-
nar flap with CFF, they observed that the former pro-
duced greater aesthetic results and sensory recovery. On
the other hand, partial flap necrosis was more common
in the case of thenar flaps. Additionally, they noticed a
statistically significant difference in passive ROM at the
PIP and MCP joints between reconstructed and the con-
tralateral normal digit in CFF patients. Nevertheless, this
notable distinction in passive ROM between the recon-
structed and contralateral normal digit was limited to
the PIP joint in the thenar flap group. Cold intolerance
occurred in (35%) of thenar flaps and in (43%) of CFFs
with no statistically significant difference between both
groups [28].

The mean healing time in our study was in group 1
and in group 2. So, EPBM results in a shorter healing
time whether compared to surgical or non-surgical treat-
ment options mentioned previously. None of our group 1
patients had adverse events, compared to 23.3% of group
2. Additionally, our group 1 patients had statistically sig-
nificant better patient satisfaction (with both function
and appearance) and plastic surgeon aesthetic evaluation,
compared to group 2 patients.

Limitations

The main limitation in our study may be the limited
number of cases however, the results obtained from the
present number are valuable and more patients undergo-
ing the same treatment will be reported in further studies
to strengthen our findings.

Conclusion

Based on the findings of the present study, we can con-
clude that the use of Electrophotobiomodulation is safe
and effective treatment of fingertip injuries which short-
ens the healing time, produces the best aesthetic and
functional result while avoiding donor site morbidity of
the traditional reconstructive options.
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