
Conservative treatment of fingertip injuries in children –
first experiences with a novel silicone finger cap that
enables woundfluid analysis

Konservative Behandlung von Fingerendgliedverletzungen bei Kindern
– mikrobiologische Analysen der Wundflüssigkeiten und erste
Erfahrungen mit einem neuartigen Silikonfingerling

Abstract
Introduction: Human fingertips are able to regenerate soft tissue and
skin after amputation injuries with excellent cosmetic and functional
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Percy Schröttner2results when treated with semiocclusive dressings. Despite bacterial
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colonizations, proceeding infections are not reported with this manage-
Adrian Dragu3ment. The underlying mechanisms for this form of regenerative healing

as well as for the resilience to infections are not known. Due to the lack Silvana Sußmann1

of mechanical protection, the leakage of maloderous woundfluid and
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the sometimes challenging application, conventional film dressings
Guido Fitze1have their problems, especially in treating young children. We therefore

treated selected patients with a novel silicone finger cap with an
integrated wound fluid reservoir that enables atraumatic routine wound
fluid aspiration. 1 Pediatric Surgery, Faculty of

Medicine Carl Gustav Carus,Methods: We report on 34 patients in between 1 and 13 years with
traumatic fingertip amputations primarily treated with occlusive dress-
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ings. 12 patients were treated with a novel silicone finger cap. We
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summarized clinical data for each patient. This included photographs
and microbiological results from wound fluid analyses, whenever
available.
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Dresden, GermanyResults: The results of both, conventional film dressing and silicone

finger cap treatment, were excellent with no hypersensitivity and no
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restrictions in sensibility and motility. Even larger pulp defects were re-
arranged in a round shape and good soft tissue coverage of the distal Medicine Carl Gustav Carus,
phalanx was achieved. Nail deformities were not observed. We detected TU Dresden, Dresden,

Germanya wide spectrum of both aerobic and anaerobic bacteria in the wound
fluids but infections were not observed. Epithelialization times did not
differ significantly and no severe complications were seen in all
primarily conservatively treated patients.
Conclusion: This study provides preliminary data demonstrating that
the treatment with the silicone finger cap leads to excellent clinical
results in wound healing. Interestingly, the wounds were colonized with
a wide range of bacteria including species that may cause wound infec-
tions. However, we saw no proceeding inflammation and the regener-
ation was undisturbed. In the future, the efficacy of this new manage-
ment should be evaluated in randomized, controlled clinical trials to
confirm the results under standard conditions and get more insight into
the role of the wound microbiome as well as other factors that may
promote regeneration. The aspirable Reservoir of the finger cap will
enable easy atraumatic sampling of wound fluids both for diagnostic
and for research purposes as well as possibly allowing direct adminis-
tration of pro-regenerative drugs in the future.
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Zusammenfassung
Einleitung: Fingerendglieder können nach Amputationsverletzungen
mit hervorragenden kosmetischen und funktionellen Ergebnissen rege-
nerieren, wenn die Verletzungenmit semiokklusiven Verbänden behan-
delt werden. Trotz der bakteriellen Kolonisation dieser Wunden werden
keine fortschreitenden Infektionen berichtet. Der Mechanismus für
diese regenerative Heilung und die Resilienz gegen Infektionen ist un-
bekannt. Aufgrund der Leckage von übelriechender Wundflüssigkeit
und wegen des Fehlens eines mechanischen Schutzes sowie durch die
mitunter schwierige Anlage selbstklebender Folien, sind diese bei der
Versorgung von Kindern teilweise problematisch. Daher behandelten
wir ausgewählte Patientenmit individuell gefertigten Silikonfingerlingen.
Dabei wurde regelmäßigWundflüssigkeit aus einem integrierten Reser-
voir aspiriert und bakteriologisch untersucht.
Material und Methoden: Wir berichten über 34 Patienten zwischen 1
und 13 Jahren mit traumatischen Fingerendgliedteilamputationen,
welche primär semiokklusiv behandelt wurden. 12 Patienten wurden
dabeimit demneuartigen Fingerling behandelt.Wir werteten retrospektiv
die Patientenakten aus. Dies beinhaltet Fotodokumentationen und mi-
krobiologische Untersuchungsergebnisse wenn vorhanden.
Ergebnisse: Die Ergebnisse beider Behandlungsverfahren waren sehr
gut: Es gab weder Sensibilitätsstörungen noch Bewegungseinschrän-
kungen. Auch nach größerenWeichteildefekten resultierten kosmetisch
schöne Fingerkuppenmit guter Weichteildeckung der distalen Phalanx.
Nageldeformitäten wurden nicht festgestellt. In den bakteriologischen
Untersuchungen der Wundflüssigkeiten fand sich ein großes Spektrum
an aeroben und anaeroben Keimen. Fortschreitende Infektionen gab
es nicht. Die Heilungszeiten waren vergleichbar bei beiden Be-
handlungsformen. In den primär konservativ behandelten Patienten
wurden keine ernsten Komplikationen festgestellt.
Conclusio: Fingerendgliedteilamputationen bei Kindern können grund-
sätzlich erfolgreich konservativ mit dem neuen Silikonfingerling behan-
delt werden. Die Wunden sind dabei mit Bakterien kolonisiert. Dabei
sind auch als Erreger von Wundinfektionen bekannte Keime. Dennoch
kam es nicht zu fortschreitenden Infektionen und die regenerative
Heilung schien nicht gestört. In Zukunft bedarf es randomisierter, kon-
trollierter Studien, um die Wirksamkeit des Silikonfingerlings nachzu-
weisen und mehr über die Rolle des Mikrobioms und anderer Faktoren
zu erfahren, die möglicherweise die Regeneration beeinflussen. Durch
das punktierbare Wundflüssigkeitsreservoir im Silikonfingerling kann
dabei Wundflüssigkeit regelmäßig für diagnostische und wissenschaft-
liche Zwecke entnommen werden. Weiterhin könnten in Zukunft rege-
nerationsfördernde Substanzen auf diesem Weg atraumatisch in die
Wunde eingebracht werden.

Schlüsselwörter: Fingerendgliedregeneration, Fingerendgliedamputation,
Fingerendgliedverletzung, Infektion, Wundflüssigkeit, Kinderchirurgie,
Okklusivverband
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Introduction
In pediatric emergency departments, fingertip injuries
account for up to 2% [1] of presentations of children un-
der 14 years of age with 25% of these injuries beingmore
serious and needing surgical treatment, in 15% of the
cases under general anesthetics [1]. Already in 1974,
Illingworth reported on pediatric fingertip injuries with
substance loss, who were treated conservatively with very
good success [2]. The superiority of the conservative ap-
proach in comparison to surgical managements was
demonstrated thereafter [2], [3], [4], [5]. Later, sulpha-
diazine gloves and thus a method of occlusive dressing
that formed a wet chamber around the injury, were used
[6]. Söderberg et. al. used ink tattoos on the wound edge
to show that human fingertips regenerate de novo under
conservative treatment [7]. Additionally, the use of film
dressings to occlude the injured fingertips was demon-
strated in a series of 200 patients in 1993 [8]. For the
last 25 years, authors have concluded that this kind of
treatment should be recommended for all fingertip injur-
ies [8], [9].
Surgical approaches for fingertip amputation injuries that
cannot be subjected to primary closure include stump
plasties, local or distant flaps [10], microsurgical replant-
ation, composite grafts or skin transplants [11]. There is
only little and conflicting data on the indication of conser-
vative and surgical techniques. Controversies also exist
on necessary wound disinfection, if exposed bone should
be shortened before any occlusive dressing is applied
and, whether or not, amputates should be reattached as
composite grafts [11], [12].
The ability to regenerate severed limbs is well known in
nature. The most astonishing results can be found in
amphibians [13]. In mammals, this regenerative capacity
is reduced during ontogeny. In grown up humans, limb
regeneration can only be displayed at the distal fingertip.
The underlying mechanisms as well as an explanation
why limb regeneration in humans is confined to the fin-
gertip remain unknown.
Cellular and soluble factors play a role in the regeneration
of injured fingertips [14], [15]. Their pro-regenerative ef-
fects seem to be promoted in a wet chamber as it is
provided by an occlusive dressing. Furthermore, under
occlusive environments there is enhanced cell migration
and re-epithelialization [16]. The rate of infections can
be markedly reduced under occlusive dressings [17] and
finally there is reduced inflammatory response possibly
due to themaintenance of normal cellular hydration [18],
[19]. Therefore occlusive dressings of injured fingertips
follow the modern principles of wound care.
Inmany centers the conservativemanagement of fingertip
injuries is accomplished with self-adhesive film-dressings
[8], [20]. However, this management is sometimes diffi-
cult, especially since these dressings do not stick to wet
skin. Conventional dressings do not form a protected
chamber around the wound, additional splinting is often
needed [5], [6]. The leakage of malodorous wound fluid
is very disturbing and in some cases wounds can even

dry out completely leading to suboptimal results [21].
Therefore we optimized the conventional occlusive
dressings by applying techniques known from silicone
finger ortheses and designed a novel silicone finger cap
that deals with the aforementioned issues.
Thus far it has been very difficult to analyze wound fluid
from human fingertip injuries during regeneration [14],
[15]. The reservoir at the tip of our silicone finger cap al-
lows aspirating excess wound fluid without disturbing the
healing process and without causing pain. Therefore it is
possible to routinely gain samples of wound fluid from
regenerating human fingertips for clinical diagnostics and
research.

Objective
In order to gain insight into different means of occlusive
therapy for traumatic partial fingertip amputations used
in our clinic and to evaluate our first experiences with
silicone finger caps, we report on 34 pediatric patients
treated in between 2012 and 2013 primarily with conven-
tial occlusive dressings (n=22) or our silicone finger cap
(n=12). We designed and constantly improved this finger
cap to provide a more pleasant therapy for our patients
that possibly also provides a better environment for the
regenerating fingertips. We also retrospectively evaluated
our microbiological routine diagnostic results to gain in-
formation on the microorganisms present.

Materials and methods

Inclusion criteria

Our inclusion criteria were all full skin substance defects
distal to the distal interphalangeal joint (DIP-joint) in
between 1st January, 2012 and 31st December, 2013
unsuitable for primary surgical closure without further
substance loss. Injuries with exposed bone as well as in-
juries to the bony distal phalanx itself were included. The
application of the finger cap had to take place within
48 hours after the trauma. In between the injury and the
application of the finger cap, the fingers were occluded
with conventional film dressings. Secondary occlusions
after more than 48 hours, animal bite injuries [22] or
patients who had surgical interventions were excluded
from this retrospective evaluation. This study has ethical
board approval (EK116032016).

The silicone finger cap

The silicone finger cap consists of a thin and soft shaft
that surrounds the base of the finger and provides the
semi-occlusive seal without the need for additional
adhesives (Figure 1). It forms a protected chamber of
more rigid silicone around the distal phalanx that is close
to the original, anatomical form and size of the fingertip.
The more rigid silicone is continued in a narrow bar all
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the way to the base of the finger cap thus splinting the
injured finger enough to care for undisturbed healing
while allowing some movement in all finger joints. A
reservoir for excess wound fluid is connected to the
wound chamber by capillaries, thus enabling free diffusion
in between the wound and the reservoir (Figure 1,
Figure 2). This reservoir can be punctured with a regular
injection needle. The usedmedical silicone (Dragon Skin
Series Part A&B from the company KauPo, Silastic®
Q7–4720Biomedical Grade ETR Elastomer and Silastic®
Q7–4765 Biomedical Grade ETR Elastomer both from
the company Dow Corning) is permeable to oxygen to
some extent but impermeable to water vapour. For this
series all finger caps were individually handcrafted by
Orthopedic andRehabilitation EngineeringDresden (ORD),
Dresden, Germany.

Figure 1: Photograph of silicone finger cap

Figure 2: A) Dorsal view of the silicone finger cap, B) Cross
section of silicone finger cap 1=apex, 2=reinforced tip,

3=reservoir for woundfluid, 4=capillary connection to finger
chamber, 5=chamber modelling the original shape of the

finger, 6=thin and very soft wall of the finger cap, 7=reinforced
dorsal bridge, 8=base

Treatment algorithm

Haemostasis was achieved by elevation and gentle
pressure. 22 reviewed injuries werde occluded with con-
ventional film dressings (Suprasorb F, Lohmann &
Rauscher, Germany). These patients were treated accord-
ing to different protocols with or without disinfection of
the wound. Patients with film-dressings usually received
an additional protective finger splint. Treatment al-
gorithms for conventional film dressings were not stand-
ardized and often they were not recorded in the patients
notes in detail. In general, patients were reviewed weekly
to change the outer gauze dressings. Every two weeks,
the film dressing was removed to assess epithelialization.
However, unscheduled dressing changes were performed
due to the leakage of maloderous wound fluid.
Treatment with the finger cap always followed the same
protocol, initiated at latest within two days after the injury.
Parents or patients were offered the treatment with a
silicone finger cap if the wound was deeper, i.e. Type II
or III according to the Allen classification [23] or if the
patient or parents asked for a more convenient therapy.
Wounds were thoroughly cleaned with isotonic saline
solution. Disinfecting agents were not used. Antibiotics
were not administered. Using a set of finger cap dummies
the correct diameter is selected on the corresponding
finger of the contraleteral hand. The finger cap can be
cut to length using conventional scissors. The transparent
material of latest generation finger caps makes it easy
to verify the correct fitting. We conducted a first clinical
control, aspiration of wound fluid and renewal of outer
gauze dressings within 24 hours of the initial application
to ensure excellent fitting of the finger cap. Thereafter
we conducted clinical controls, aspiration of wound fluid
and renewal of outer gauze dressings weekly. Biweekly
we additionally removed the finger cap to photograph the
injury and document regeneration progress. If epithelial-
ization was close to complete, we sometimes planned
for the removal already one week later. Whenever suffi-
cient wound fluid could be aspirated, swabs were sent in
transportmedium (Sterile Transport Swab, NUOVA APTACA
SRL, Canelli, Italy) for microbiological cultures and Gram-
staining. Final assessment and documentation of the
clinical outcomewas done on 7 of 9 evaluated cases (two
were lost to follow-up) in between 1.3 to 7.5 months after
the injury.

Microbiological analysis

Gram-staining was carried out and evaluated. Smears
were plated on Colombia Blood Agar containing 5% sheep
blood, Bile-Chryosidin-Glycerol agar (BCG-Agar) for selec-
tion of Gram-negative, Sabouraud agar for identification
of yeasts and Glucose Yeast Extract Cysteine agar for
isolation of anaerobic bacteria. Aerobic bacterial growth
was checked after 24 and 48 hours. Anaerobic cultures
were evaluated after 48 hours and 7 days. The identific-
ation of bacterial species was performed by automated
systems VITEK 2 (bioMérieux, Nürthingen, Germany)
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Figure 3: Overview of patients included in this study

and/or MALDI-TOFMS (Bruker Daltonics GmbH, Bremen,
Germany). Antimicrobial resistance profiles were per-
formed by VITEK 2 (bioMérieux, Nürthingen, Germany)
and/or E-test stripes (bestbion dx GmbH, Cologne,
Germany). E-Tests were performed and MIC values
evaluated according to EUCAST (“The European Commit-
tee on Antimicrobial Susceptibility Testing”. Breakpoint
tables for interpretation of MICs and zone diameters.
Version 5.0, 2015. http://www.eucast.org). Additionally,
of 22 patients treated initially with conventional semi-
cocclusive film dressings, microbiological analyses were
carried out in 9 visits of 4 patients when dressings had
been completely removed.

Data

We collected all data written in the patients charts and
in our computer system during the treatment process.
Additionally we used the photographs from the injured
fingers and the microbiological analyses.

Results

Descriptive analysis of patients and
injuries

In between 2012 and 2013, we conservatively treated
34 patients with traumatic partial amputation injuries, of
whom 22 were treated with conventional occlusive film
dressings (group A) and 12 with our novel silicone finger
cap (group B) (Figure 3). In group A, the index finger was
most frequently affected and the majority of the injuries
were cutting injuries (Table 1). Taken together, we treated
12 girls and 10 boys in between 1 and 13 years (mean
age 7.0 years) with a convential occlusive dressing. No
fractures were seen in this group. Injuries treated conven-
tionally were not rated according to any established
classification. We calculated clinical results for 12 pa-
tients since five patients were changed to fucidine gauze
dressings due to minor complications or patient com-

plains regarding the disturbing odour. Another 5 patients
were excluded because they were lost to follow-up or
available data was incomplete.

Table 1: Distribution of injuries to digit number andmechanism
of injury

During the same time, we used our novel silicone finger
cap on 12 patients with traumatic partial amputation in-
juries to the fingertip. Primarily operated injuries were
excluded. One bite injury is not included in this series but
reportet separately [22]. 5 type I injuries, four type II in-
juries and three type III injuries according to Allen 1980
[18] were treated. Index and ring fingers were most fre-
quently affected (Table 1). In seven cases the nail bed
was affected. Of these seven cases, three had an injured
or partially amputated lunula. In 4 cases an X-ray showed
a tuft fracture. In total, we report on 4 boys and 8 girls in
between 1 and 12.8 years of age. The mean age was
7.7 years.
The most common accident was a cutting accident with
an automatic bread slicer (n=4). In 2 cases the injury was
caused with a knife and one finger was cut with a shard
of glass. Five patients had jammed their finger either in
a closing door (n=3) or in between a scooter and a wall
or underneath a foot. We reported our clinical results for
9 finger cap occlusions, since three patients were
changed to other treatments (Figure 3).
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Table 2: Epithelialization times according to Allen classification of finger cap occlusions

Clinical outcome

The results at the follow-up visit (1.3 to 7.5 months after
the trauma) were excellent: We saw no restrictions in
sensibility andmotility. Hypersensitivity was not reported.
Even larger pulp defects were rearranged in a round
shape and normal soft tissue coverage of the distal
phalanx was achieved. Common nail deformities like
parrot beak or relief inconsistencies were not observed
(Figure 4).
In two cases there was aminimal residual non-adherence
of the nail body to the distal nail bed. Only in two cases
we saw an interruption of the regularly regenerated pat-
tern of dermal ridges by a small scar. Epithelialization
time reached from 20 to 36 days in the patients treated
with a finger cap. Where data was available, film
occlusions were found to be equally successful with epi-
thelialization times from 6 days to 36 days (Table 2).

Complications

Out of 12 patients treated with the finger cap, one patient
was changed after one day to a film occlusion because
the initial finger cap wasmeasured too small. Additionally,
two toddlers who were treated with an early design finger
cap with a very thick wall in the basal shaft area were
changed to a film dressing due to skin irritations at the
bases of the finger cap (Figure 3). Furthermore, we had
to perform one additional, unplanned dressing change
because of sub-febrile temperatures with unknown focus.
We prescribed 3 days of oral cefuroxime even though a
local inflammation was not seen (Table 3, patient ID 7).
The further course of the treatment of all patients men-
tioned above was successful and the final outcomeswere
excellent.
Among the patients treated initially with a film dressing,
five patients were changed to fucidine gauze dressings
because parents did not want to tolerate leakage of

wound fluid and disturbing odours. One patient generated
a rather large hypergranulation under the film dressing
that was successfully treated with silver-nitrate.

Microbiology

Besides normal aerobic and anaerobic skin flora, the
bacteria in wound fluid aspirates from finger caps identi-
fied to genus or species level are summarized in Table 3
and Table 4. Similar bacterial species were seen in all
patients regardless whether they were treated with finger
caps or conventional semi-occlusive techniques. However,
besides skin flora, no Gram-negative bacteria were iden-
tified in patients treated with film dressings.

Discussion
Conventional film dressings for the semi-occlusive treat-
ment of fingertip injuries are sometimes challenging to
apply, especially on bleeding wounds and in pediatric
patients. After the application of film dressings, we have
often felt the need for additional splinting of the injured
finger for mechanical protection of the wound. Further-
more, many patients and parents found constant leakage
of malodorous wound fluid very disturbing, especially in
a sometimes unforgiving social environment such as
kindergarten or school. In summary of these problems,
some authors even concluded, that the treatment of fin-
gertip injuries by occlusive devises is not suitable for
children [5], [6]. To our knowledge, there is currently no
suitable occlusive dressing available, that is classified as
type IIb medical device and certified for longterm use on
deep wounds.
We therefore designed the described silicone finger cap.
There is no need for excessivemanipulation of the finger,
especially no drying is needed, since the finger cap does
not depend on any adhesives. Excess wound fluid is col-
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Figure 4: Photo documentation during clinical course and outcome at follow-up of three exemplary patients treated with silicone
finger cap

In two cases there was a minimal residual non-adherence of the nail body to the distal nail bed. Only in two cases we saw an
interruption of the regularly regenerated pattern of dermal ridges by a small scar. Epithelialization time reached from 20 to 36
days in the patients treated with a finger cap. Where data was available, film occlusions were found to be equally successful with

epithlialization times from 6 days to 36 days (Table 2).
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Table 3: Overview of the bacteria detected in the wound fluid samples aspirated from the silicone finger cap
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Table 4: Summary of bacteria identified in the wound fluids

lected in a reservoir at the tip of the finger cap thus giving
additional protection to the wound surface as well as
minimizing leakage of wound fluid at the base of the fin-
ger cap. A bridge of more rigid silicone is incorporated in
the finger cap. This bridge is splinting the injured finger
and protects the chamber around the wound to allow for
undisturbed regeneration. For clinical monitoring, our
finger cap is made of transparent and radio-translucent
silicone.
The reservoir for excess wound fluid also allows sampling
of the wound fluid that surrounds the fingertip injury
during regeneration without disturbing the regeneration
process or causing discomfort or pain. By the same route,

medications to foster the regeneration process could be
administered directly into the wound fluid in the future.
Three complications were encountered in the finger cap
group: in one case we felt the initial finger cap was a little
small in diameter and therefore changed to a film occlu-
sion. Two further patients showed skin irritations at the
base of the finger cap due to early thick-walled finger
caps rubbing against the volar skin when the MCP-joint
was in maximal flexion. Both problems could be solved
for future patients technically: There is now a simple way
of finding the correct diameter by employing a set of
measuring rings on the corresponding finger of the con-
tralateral hand. Furthermore the ventral wall of the finger
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cap has been changed to be fabricated as thin as a con-
ventional condom. Therefore the finger cap is less likely
to excert any kind of compression and basal skin irritation
has not been a problem ever since.
In the conventional film dressing occlusions (group A) we
saw a comparable rate of patients that had to be changed
to different therapies (5 out of 22 vs 3 out of 12). The
clinical results were comparable in both groups. Epitheli-
alization times are difficult to compare due to the variety
of different wounds with inconclusive classifications and
highly individual injury mechanisms. So far, we cannot
state that any means of occlusion is leading to faster
epithelialization.

Microbiology

The overall risk for infections in conservatively treated
fingertip injuries is very low. According experiences gained
from semi-occlusively treated wounds, the infection rates
under occlusion are even lower than under conventional
gauze dressings [17]. In several large series of semi-oc-
clusively treated fingertip injuries, there is no report of a
clinically relevant infection [3], [8], [20], [24].
The necessity, mode and extend of wound disinfection
prior to the occlusion of fingertip injuries is reported
controversially. Many authors confine themselves to
cleansing of the wound with sterile sodium solution
without encountering any clinically relevant infections [2],
[5], [7], [25]. While not reporting on treatment-relevant
infections either, other authors, who employ rigorous
disinfection protocols, find regular colonization of the
wounds with a variety of bacteria similar to the spectrum
of organisms we report in this series [3], [8], [15].
Some authors see the commensal skin flora as a protec-
tion against clinically relevant infections with pathogens
and consequently omit wound disinfection prior to occlu-
sion [26]. Following this line of arguments and in order
to limit painful manipulation on our pediatric patients to
an absolute minimum, we did not use wound disinfec-
tions. Due to this protocol, we have not seen the need
for painful finger block anesthesia.
Local signs of inflammation or infection were absent in
all cases we observed in this report. This is of special in-
terest, since some bacteria we identified can indeed
cause wound infections after trauma or surgery. The skin-
dwelling bacterium Staphylococcus aureus for instance,
inherits a large number of different virulence factors (such
as collagenases, lipases and hyaluronidases) which en-
able invasive wound infections, including abscesses and
cellulitis that may also lead to blood stream infections
(Table 3 and Table 4).
Further bacteria associated with wound infections in im-
munocompromised patients or after trauma respectively
surgery, were identified in our specimen: Acinetobacter
pitii [27], [28], [29] (a Gram-negative non-fermenting rod
of growing clinical importance), Acinetobacter ursingii
[30] (a species related to Acinetobacter baumannii),
Leclercia adecarboxylata [31], Citrobacter brakii [32]
(both are Gram-negative rods belonging to the family of

Enterocerobacteriacea),Bacillus cereus [33] andBacillus
pumilus [34], Gram-positive spore-forming rods, which
are ubiquitously found in the environment and mostly
regarded as contaminants. Brevibacillus parabrevis was
detected in one case (patient ID 1). It is a Gram-positive,
motile aerobic rod with a still unresolved role in human
pathogenecity.
In addition, wound infections caused by Fusobacterium
spp. (Gram-negative anaerobic, non-spore forming bac-
teria, which are part of human oral flora and primarily
cause peridontal diseases), Neisseria elongata or Eikan-
ella corrodens [35], [36] (a fastidious, Gram-negative
bacterium, which belongs to the family of Neisseriaceae
and is also part of the normal mucosal flora) that are
seen after bite injuries could be identified in our study
[37], [38].
We also identified Corynebacterium amycolatum. It has
been shown to be a causative agent for prosthetic joint,
blood stream infections and endocarditis [39], [40], [41].
Since it predominantly causes infections in immunocom-
promised patients it is seen as an emerging pathogen
[42].
Moreover, we found members of the genus Clostridium.
However, we could not define the species. These bacteria
are strictly anaerobic and ubiquitously found in nature.
The species Clostridium perfringens, septicum, novyi and
histolyticum cause one of the most worrisome diseases,
the trauma-associated gas gangrene. This disease war-
rants an immediate surgical intervention and is associ-
ated with fatal outcome.
Despite of a severe trauma and the aforementioned co-
lonializations, we could not find proceeding wound infec-
tions. This may be explained by some fundamental
mechanisms. On the one hand, bacterial growth could
be inhibited by the innate immune system. Zhang et al.
for example demonstrated that antimicrobial peptides
produced by adipocytes are able to eliminate Staphylo-
coccus aureus and thus inhibit skin infections [43].
Moreover, many bacteria competing for the same ecolo-
gical alcove may restrict the growth of pathogenic bac-
teria.
Lactobacillus fermentum for example is able to limit the
growth of Staphylococcus aureus [44]. Similarlymicrocins
may eliminate Enterobacteriaceae. Microcins are small
bacterial molecules which help to inhibit the growth of
rival species [45]. Future research will investigate the
microcine production of bacteria under semi-occlusive
conditions and possibly even elicit a beneficial role of
certain bacterial colonialization to fingertip regeneration.

Conclusions
Fingertip injuries in children have an astonishing potential
for regenerating ad integrum under semi-occlusive condi-
tions. Despite being colonized by a variety of different
bacteria, they can heal without infectious complications.
The role of bacteria identified in wound fluid during finger-
tip regeneration will be further examined in future re-
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search [46]. Our silicone finger cap provides a save,
comfortable and easy to handle device to establish a
protected semi-occlusive dressing around injured finger-
tips that overcomes many problems of conventional film
dressings. The finger cap also permits routine aspiration
of wound fluid for diagnostic and research purposes thus
facilitating future research into soluble factors that foster
regeneration of human fingertips. Our finger cap also al-
lows for painless administration of medications that pro-
spectively could promote fingertip regeneration.

Notes

Statement of human rights

All procedures performed in studies involving human
participants were in accordancewith the ethical standards
of the institutional and/or national research committee
and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. This study
has been approved by the responsible Ethic Committee
(approval no.: EK 116032016).

Conflict of interest

The TU-Dresden, Dr. Jurek Schultz and Prof. Guido Fitze
have filed a patent application for the silicone finger cap
(PCT/DE2014/100088; 14721743.4–1308;
14/774,997). Besides, the authors declared no potential
conflicts of interest with respect to the research, author-
ship, and/or publication of this study.

References
1. Macgregor DM, Hiscox JA. Fingertip trauma in children from

doors. Scott Med J. 1999 Aug;44(4):114-5. DOI:
10.1177/003693309904400406

2. Illingworth CM. Trapped fingers and amputated finger tips in
children. J Pediatr Surg. 1974 Dec;9(6):853-8. DOI:
10.1016/S0022-3468(74)80220-4

3. Arbel R, Goodwin DR, Otremski I. Treatment of finger-tip injuries
with silver sulphadiazine occlusion dressing. Injury. 1989
May;20(3):161-3. DOI: 10.1016/0020-1383(89)90089-2

4. Damert HG, Altmann S. Behandlung von
Fingerkuppenamputationen mittels Semiokklusivverband
[Treatment of fingertip amputation with semiocclusive dressing].
Unfallchirurg. 2012 Sep;115(9):798-801. DOI: 10.1007/s00113-
012-2258-0

5. Das SK, Brown HG. Management of lost finger tips in children.
Hand. 1978 Feb;10(1):16-27. DOI: 10.1016/S0072-
968X(78)80021-7

6. de Boer P, Collinson PO. The use of silver sulphadiazine occlusive
dressings for finger-tip injuries. J Bone Joint Surg Br.
1981;63B(4):545-7. DOI: 10.1302/0301-620X.63B4.7298681

7. Söderberg T, Nyström A, Hallmans G, Hultén J. Treatment of
fingertip amputations with bone exposure. A comparative study
between surgical and conservative treatment methods. Scand
J Plast Reconstr Surg. 1983;17(2):147-52.

8. Mennen U, Wiese A. Fingertip injuries management with semi-
occlusive dressing. J Hand Surg Br. 1993 Aug;18(4):416-22.
DOI: 10.1016/0266-7681(93)90139-7

9. Quadlbauer S, Pezzei C, Jurkowitsch J, Beer T, Keuchel T, Hausner
T, Leixnering M. Der Okklusionsverband zur Behandlung von
Allen III und IV Fingerkuppenverletzungen als Alternative zu
lokalen Lappenplastiken [The semi-occlusive dressing in treating
Allen III and IV fingertip injuries as an alternative to local skin
flaps]. Unfallchirurg. 2017 Nov;120(11):961-8. DOI:
10.1007/s00113-016-0237-6

10. Tan HL, Tan DY, Zhao JK. Treatment of thumb soft-tissue defects
using a bipedicle island flap of the index finger: anatomical basis
and clinical application. Arch Orthop Trauma Surg. 2013
May;133(5):721-8. DOI: 10.1007/s00402-013-1704-y

11. Muneuchi G, Tamai M, Igawa K, Kurokawa M, Igawa HH. The
PNB classification for treatment of fingertip injuries: the boundary
between conservative treatment and surgical treatment. Ann
Plast Surg. 2005 Jun;54(6):604-9. DOI:
10.1097/01.sap.0000158066.47194.9a

12. Miller AJ, Rivlin M, Kirkpatrick W, Abboudi J, Jones C. Fingertip
Amputation Treatment: A Survey Study. Am J Orthop. 2015
Sep;44(9):E331-9.

13. Tanaka EM. Regeneration: if they can do it, why can't we? Cell.
2003 May 30;113(5):559-62. DOI: 10.1016/S0092-
8674(03)00395-7

14. Kisch T, Klemens JM, Hofmann K, Liodaki E, Gierloff M,
Moellmeier D, Stang F, Mailaender P, Habermann J,
Brandenburger M. Collection of Wound Exudate From Human
Digit Tip Amputations Does Not Impair Regenerative Healing. A
Randomized Trial. Medicine (Baltimore). 2015Oct;94(41):e1764.
DOI: 10.1097/MD.0000000000001764

15. Lasserre G, Bakkouch S, Pauchot J, Binda D, Robin S, Humbert
P, Elias BE, Tropet Y, Obert L. Reconstruction pulpaire par
pansement occlusif: évaluation clinique et analyse biologique
du contenu du pansement [Fingertip reconstructionwith occlusive
dressing: clinical results and biological analysis of the dressing
content's]. Chir Main. 2010 Oct;29(5):315-20. DOI:
10.1016/j.main.2010.03.011

16. Schunck M, Neumann C, Proksch E. Artificial barrier repair in
wounds by semi-occlusive foils reduced wound contraction and
enhanced cell migration and reepithelization in mouse skin. J
Invest Dermatol. 2005 Nov;125(5):1063-71. DOI:
10.1111/j.0022-202X.2005.23890.x

17. Hutchinson JJ, McGuckinM. Occlusive dressings: amicrobiologic
and clinical review. Am J Infect Control. 1990 Aug;18(4):257-68.

18. Kloeters O, Schierle C, Tandara A, Mustoe TA. The use of a
semiocclusive dressing reduces epidermal inflammatory cytokine
expression and mitigates dermal proliferation and inflammation
in a rat incisional model. Wound Repair Regen. 2008 Jul-
Aug;16(4):568-75. DOI: 10.1111/j.1524-475X.2008.00404.x

19. Mustoe TA, Gurjala A. The role of the epidermis and the
mechanism of action of occlusive dressings in scarring. Wound
Repair Regen. 2011 Sep;19 Suppl 1:s16-21. DOI:
10.1111/j.1524-475X.2011.00709.x

20. Quell M, Neubauer T, Wagner M. Die Behandlung von
Fingerkuppendefektverletzungen mit einem semiokklusiven
Verband. [Treatment of fingertip defect injuries with a semi-
occlusive dressing]. Handchir Mikrochir Plast Chir. 1998
Jan;30(1):24-9.

21. Hoigne D, Hug U. Amputationsverletzungen am Fingerendglied:
Regeneration mittels Folienverband. Swiss Medical Forum.
2014;18(14):356-60. DOI: 10.4414/smf.2014.01908

22. Schröttner P, Schultz J, Rudolph W, Gunzer F, Thürmer A, Fitze
G, Jacobs E. Actinobacillus equuli ssp. haemolyticus in a semi-
occlusively treated horse bite wound in a 2-year-old girl. Ger Med
Sci. 2013 Sep 24;11:Doc14. DOI: 10.3205/000182

11/12GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2018, Vol. 7, ISSN 2193-8091

Schultz et al.: Conservative treatment of fingertip injuries in children ...



23. AllenMJ. Conservativemanagement of finger tip injuries in adults.
Hand. 1980 Oct;12(3):257-65. DOI: 10.1016/S0072-
968X(80)80049-0

24. Lee LP, Lau PY, Chan CW. A simple and efficient treatment for
fingertip injuries. J Hand Surg Br. 1995 Feb;20(1):63-71. DOI:
10.1016/S0266-7681(05)80019-1

25. Gang RK, Lenghi M. Conservative management of guillotine
amputations of finger tips. Chir Plastica. 1982;7(1):75-81. DOI:
10.1007/BF00266808

26. Mühldorfer-Fodor M, Hohendorff B, Vorderwinkler KP, van
Schoonhoven J, Prommersberger KJ. Behandlung von
Fingerkuppendefektverletzungen mit dem
Semiokklusionsverband nach Mennen und Wiese [Treatment of
fingertip defect injuries with a semiocclusive dressing according
to Mennen and Wiese]. Oper Orthop Traumatol. 2013
Feb;25(1):104-14. DOI: 10.1007/s00064-012-0192-5

27. Ali A, Botha J, Tiruvoipati R. Fatal skin and soft tissue infection
of multidrug resistant Acinetobacter baumannii: A case report.
Int J Surg Case Rep. 2014;5(8):532-6. DOI:
10.1016/j.ijscr.2014.04.019

28. Al-Anazi KA, Al-Jasser AM. Infections Caused by Acinetobacter
baumannii in Recipients of Hematopoietic Stem Cell
Transplantation. Front Oncol. 2014 Jul 14;4:186. DOI:
10.3389/fonc.2014.00186

29. Azzopardi EA, Azzopardi E, Camilleri L, Villapalos J, Boyce DE,
Dziewulski P, Dickson WA, Whitaker IS. Gram negative wound
infection in hospitalised adult burn patients – systematic review
and metanalysis. PLoS ONE. 2014;9(4):e95042. DOI:
10.1371/journal.pone.0095042

30. Turton JF, Shah J, Ozongwu C, Pike R. Incidence of Acinetobacter
species other than A. baumannii among clinical isolates of
Acinetobacter: evidence for emerging species. J Clin Microbiol.
2010 Apr;48(4):1445-9. DOI: 10.1128/JCM.02467-09

31. Keren Y, Keshet D, EidelmanM, Geffen Y, Raz-Pasteur A, Hussein
K. Is Leclercia adecarboxylata a new and unfamiliar marine
pathogen? J Clin Microbiol. 2014 May;52(5):1775-6. DOI:
10.1128/JCM.03239-13

32. Arens S, Verbist L. Differentiation and susceptibility of Citrobacter
isolates from patients in a university hospital. Clin Microbiol
Infect. 1997 Feb;3(1):53-7. DOI: 10.1111/j.1469-
0691.1997.tb00251.x

33. Bottone EJ. Bacillus cereus, a volatile human pathogen. Clin
Microbiol Rev. 2010 Apr;23(2):382-98. DOI:
10.1128/CMR.00073-09

34. Tena D, Martinez-Torres JA, Perez-Pomata MT, Sáez-Nieto JA,
Rubio V, Bisquert J. Cutaneous infection due to Bacillus pumilus:
report of 3 cases. Clin Infect Dis. 2007 Feb 15;44(4):e40-2. DOI:
10.1086/511077

35. Bilos ZJ, Kucharchuk A, MetzgerW. Eikenella corrodens in human
bites. Clin Orthop Relat Res. 1978 Jul-Aug;(134):320-4. DOI:
10.1097/00003086-197807000-00049

36. Weinberg A, Nyska M, Zeligowsky A, Newman A, RotemM, Peled
I, Wexler MR. Eikenella corrodens infection of the hand--a case
report and literature review. Orthop Rev. 1987 Sep;16(9):659-
62.

37. Raval P, Khan W, Haddad B, Mahapatra AN. Bite injuries to the
hand - review of the literature. Open Orthop J. 2014;8:204-8.
DOI: 10.2174/1874325001408010204

38. Talan DA, Abrahamian FM, Moran GJ, Citron DM, Tan JO,
Goldstein EJ; Emergency Medicine Human Bite Infection Study
Group. Clinical presentation and bacteriologic analysis of infected
human bites in patients presenting to emergency departments.
Clin Infect Dis. 2003 Dec;37(11):1481-9. DOI: 10.1086/379331

39. Dalal A, Urban C, Segal-Maurer S. Endocarditis due to
Corynebacterium amycolatum. J Med Microbiol. 2008 Oct;57(Pt
10):1299-302. DOI: 10.1099/jmm.0.2008/003343-0

40. Cazanave C, Greenwood-Quaintance KE, Hanssen AD, Patel R.
Corynebacterium prosthetic joint infection. J Clin Microbiol. 2012
May;50(5):1518-23. DOI: 10.1128/JCM.06439-11

41. Yoon S, Kim H, Lee Y, Kim S. Bacteremia caused by
Corynebacterium amycolatumwith a novel mutation in gyrA gene
that confers high-level quinolone resistance. Korean J Lab Med.
2011 Jan;31(1):47-8. DOI: 10.3343/kjlm.2011.31.1.47

42. Letek M, Ordóñez E, Fernández-Natal I, Gil JA, Mateos LM.
Identification of the emerging skin pathogen Corynebacterium
amycolatum using PCR-amplification of the essential divIVA gene
as a target. FEMSMicrobiol Lett. 2006Dec;265(2):256-63. DOI:
10.1111/j.1574-6968.2006.00492.x

43. Zhang LJ, Guerrero-Juarez CF, Hata T, Bapat SP, Ramos R, Plikus
MV, Gallo RL. Innate immunity. Dermal adipocytes protect against
invasive Staphylococcus aureus skin infection. Science. 2015
Jan;347(6217):67-71. DOI: 10.1126/science.1260972

44. Gan BS, Kim J, Reid G, Cadieux P, Howard JC. Lactobacillus
fermentum RC-14 inhibits Staphylococcus aureus infection of
surgical implants in rats. J Infect Dis. 2002 May 1;185(9):1369-
72. DOI: 10.1086/340126

45. Rebuffat S. Microcins in action: amazing defence strategies of
Enterobacteria. Biochem Soc Trans. 2012 Dec;40(6):1456-62.
DOI: 10.1042/BST20120183

46. Schultz J, Leupold S, Grählert X, Pfeiffer R, Schwanebeck U,
Schröttner P, Djawid B, Artsimovich W, Kozak K, Fitze G. Study
protocol for a randomized controlled pilot-trial on the
semiocclusive treatment of fingertip amputation injuries using
a novel finger cap.Medicine (Baltimore). 2017Oct;96(41):e8224.
DOI: 10.1097/MD.0000000000008224

Corresponding author:
Jurek Schultz
Pediatric Surgery, Faculty of Medicine Carl Gustav Carus,
TU Dresden, Fetscherstraße 74, 01307 Dresden,
Germany
jurek.schultz@uniklinikum-dresden.de

Please cite as
Schultz J, Schröttner P, Leupold S, Dragu A, Sußmann S, Haase M,
Fitze G. Conservative treatment of fingertip injuries in children – first
experiences with a novel silicone finger cap that enables woundfluid
analysis. GMS Interdiscip Plast Reconstr Surg DGPW. 2018;7:Doc05.
DOI: 10.3205/iprs000125, URN: urn:nbn:de:0183-iprs0001254

This article is freely available from
http://www.egms.de/en/journals/iprs/2018-7/iprs000125.shtml

Published: 2018-10-19

Copyright
©2018 Schultz et al. This is an Open Access article distributed under
the terms of the Creative Commons Attribution 4.0 License. See license
information at http://creativecommons.org/licenses/by/4.0/.

12/12GMS Interdisciplinary Plastic and Reconstructive Surgery DGPW 2018, Vol. 7, ISSN 2193-8091

Schultz et al.: Conservative treatment of fingertip injuries in children ...


