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Traumatic Finger-Tip Amputation and the Effect of Pentoxifylline on Tissue Healing
(A Comparative Randomized Clinical Trial)
ﬁbstract \

Introduction: The aim of this study was to investigate the effect of pentoxifylline on the healing process of wounds
resulting from traumatic amputation of the fingertips in patients, especially those who need accelerated treatment
and better outcomes.

Materials & Methods: This study was conducted as a randomized clinical trial on 52 patients who had referred to
a teaching unit with finger-tip amputation after trauma. The patients were divided into two intervention groups
(receiving pentoxifylline) and control group (receiving placebo). Pentoxifylline was prescribed in the intervention
group at a dose of 1200 mg per day for 21 days. Evaluations were performed at three times (days 7, 14, and 21) in
terms of wound status and treatment results.

Results & Discussion: The results showed that on the seventh day, a lower percentage of patients in the
intervention group had central and peripheral necrosis. Also, on the fourteenth and twenty-first days, a significant
improvement in the condition of the wounds was observed in the intervention group and the prognosis of
treatment in this group was significantly better. On the twenty-first day, 90% of patients in the intervention group
achieved complete recovery, while in the control group this figure was 75%. Also, the side effects of pentoxifylline
in the intervention group were few and temporary, and none of the patients needed to discontinue the drug.
Conclusion: The use of pentoxifylline as a complementary treatment in patients with traumatic finger amputation
has a significant positive effect on accelerating wound healing and improving treatment prognosis.
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Finger trauma is among the most common injuries encountered in the field of
orthopedics, particularly observed in industrial and workshop-related
occupations. These injuries, aside from causing pain and discomfort, often lead
to significant physical and social disabilities and, in many cases, result in serious
occupational complications!?. Finger amputations, especially at the fingertip,
not only have physical consequences but also cause considerable psychological
and social problems for patients. Such disabilities can result in the loss of ability
to perform daily tasks, decreased quality of life, and eventually job
abandonment or a shift in occupational activities. In this context, selecting an
appropriate therapeutic approach for the repair of finger injuries is of
particular importance, especially when the patient aims to return to work in
the shortest time possible.

Many of the patients who visit hospitals due to traumatic injuries are those
typically involved in industrial and workshop jobs. These individuals often lack
the financial means to afford high-cost treatments and require therapeutic
approaches that are both cost-effective and efficient, enabling them to return
to their jobs as quickly as possible. Therefore, choosing treatment methods
that not only minimize costs but also reduce recovery time is a key issue in the
management of these patients. Surgical repair of fingertip amputations is often
associated with various challenges.
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Choosing the most effective treatment approach can
significantly impact hospital stay duration, accelerate
the healing process, and minimize complications. In
this regard, the use of medications that reduce
inflammation and enhance microcirculation to
accelerate recovery has become a novel and
noteworthy approach®.

In terms of prevalence, traumatic injuries to the hand
and fingers are among the common causes of
emergency department visits, with more than 45,000
cases of traumatic finger amputations reported
annually in the United States. These injuries occur
three times more frequently in men than in women,
and the highest rate of fingertip amputations is
observed in children under the age of five,
particularly in door-related accidents*).

The anatomy of the fingertip is composed of several
structures, including the distal phalanx, tendons,
ligaments, germinal and sterile matrices, nail plate,
and subcutaneous tissues. The distal phalanx consists
of the tuft (head), diaphysis (shaft), and base with an
articular surface. The perionychium structure
includes the nail bed, paronychium, eponychium, and
nail fold, which support the nail plate and its
underlying matrix(®.

To better understand the various types of fingertip
injuries, several classification systems have been
proposed, including those by Fassler, Rosenthal,
Allen, Tamai, Sebastin, and Chung, and more
recently, the PNB system—an acronym for Pulp,
Nerve, and Bone!”. Evans and Bernadis introduced
the PNB system using a scoring method to assign a
three-digit code for better description of the severity
of injury to the pulp, nerves, and bone.

One of the most commonly used classification
systems is the Rosenthal system, described in 1983,
which categorizes fingertip amputations into three
zones: Zone I injuries distal to the osseous distal
phalanx, Zone Il: injuries between the lunula and the
distal phalanx, and Zone llI: injuries proximal to the
lunula®. Injuries in Zone | can generally be managed
conservatively, as the germinal matrix remains intact.
In contrast, injuries in Zones Il and lll extend into the
germinal matrix and therefore generally require
surgical management®.

Surgical treatments for fingertip trauma are divided
into four main categories. The first involves nail bed
repair, which in simple lacerations is performed using
absorbable sutures in the emergency department.
However, in proximal injuries, the germinal matrix
must be evaluated first. Instead of amputation,
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reconstruction of the amputated digit is generally
preferred, as it yields better functional outcomes and
leads to faster recovery. On average, patients return
to work within 47 days*’?9), The fourth category of
surgical treatment involves the consideration of
fingertip replantation, provided that the anatomical
structures are preserved. This procedure requires
vascular anastomosis, and the amputated digit
should be immediately wrapped in sterile gauze
soaked in normal saline and stored in a mixture of ice
and water®?), Amputated fingertips can remain
viable for 6-12 hours under warm ischemia and for
24-30 hours under cold ischemia conditions?+2°),
Pentoxifylline, a dimethylxanthine derivative with the
chemical formula C;3H:gN4O3, exhibits anti-
inflammatory properties, vasodilation effects,
enhancement of red blood cell flexibility, and
improved tissue oxygenation. By increasing the level
of cyclic adenosine monophosphate (cAMP) in
vascular smooth muscle cells, it induces vasodilation
and subsequently improves blood flow. Pentoxifylline
also acts as a non-selective phosphodiesterase
inhibitor, contributing to enhanced red blood cell
flexibility and improved microcirculation in injured
tissues. Consequently, this drug may significantly aid
in the healing of traumatic wounds and enhance
oxygen delivery to damaged tissue!?”).

Numerous studies have demonstrated the
effectiveness of pentoxifylline in  managing
microcirculatory and inflammatory issues in various
conditions, including atherosclerosis, chronic kidney
disease, and certain types of wounds. In patients with

chronic kidney disease undergoing dialysis,
pentoxifylline has been shown to improve
hemoglobin and hematocrit levels, thereby
alleviating anemia symptoms. Similarly, in the

treatment of traumatic injuries, pentoxifylline may
facilitate recovery by enhancing blood flow and
reducing inflammation, while potentially minimizing
post-surgical complications such as infection and
ischemic necrosis?839),

Accordingly, this study aims to determine whether
the use of pentoxifylline, as an affordable and
effective treatment, can shorten hospitalization
duration, reduce healthcare costs, and improve
surgical outcomes in the management of fingertip
amputation wounds. If validated through ongoing
research, this treatment may serve as a valuable
therapeutic option for patients suffering from
traumatic finger injuries who are unable to afford
costly and complex treatments. Moreover, this
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approach may expedite wound healing and decrease
the need for additional surgical interventions.
Ultimately, the goal of this study is to investigate the
effects of pentoxifylline on improving
microcirculation and accelerating wound healing
following fingertip amputation. This research may
contribute to the development of novel and cost-
effective therapeutic strategies for this patient
population, potentially reducing both hospitalization
expenses and the length of hospital stay.

Materials & Methods

The present study is a randomized clinical trial
designed to assess the effect of pentoxifylline on the
healing process of traumatic fingertip amputation
wounds. The study was conducted to compare the
therapeutic effects of pentoxifylline versus placebo.
The study population consisted of patients who, in
2023, were admitted to the emergency department
of Shahid Madani Hospital in Karaj and underwent
surgical repair of traumatic finger amputations.

Participants were selected based on predefined
inclusion and exclusion criteria. Inclusion criteria
involved presenting to the emergency department
with fingertip amputation due to trauma and being
within the age range of 18 to 65 years. Exclusion
criteria included a history of rheumatologic or
vascular diseases, diabetes, wound healing disorders,
smoking, known nutritional or pharmaceutical
supplementation, and any preexisting conditions
affecting wound healing. Sample size was calculated
using Cohen’s formula and G*Power software.
Assuming a significance level of 0. 05, a power of 80%,
and an effect size of 0.8, the required sample size was
determined to be 26 participants per group (control
and intervention), totaling 52 subjects. A census
sampling method was used, and all eligible patients
presenting to the emergency department of Shahid
Madani Hospital and undergoing surgical treatment
were enrolled in the study. In this study, 52 patients
were randomly assigned into two groups:
intervention and control. In the intervention group,
patients received pentoxifylline at a dosage of 1200
mg per day for a duration of 21 days. In the control
group, a placebo similar in appearance to
pentoxifylline was administered. The wound healing
process was evaluated based on several parameters,
including wound infection, drug-related
complications, and healing speed. Assessments
focused on the extent of vascular revascularization,
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restoration of normal function in the wound area,
and the degree of surgical scar improvement.
Patient data were collected using a checklist
specifically designed by the researchers, and
subsequently entered into SPSS software for
statistical analysis. Data analysis was performed using
the t-test, and in cases where the data did not follow
a normal distribution, the equivalent non-parametric
test was applied. In this study, confounding variables
such as age and gender were controlled through
randomization.

In this study, 52 patients with traumatic finger
amputation were randomly assigned to one of two
groups: an  intervention group (receiving
pentoxifylline) and a comparison group (receiving
other treatments or no treatment). The aim of the
study was to evaluate the efficacy of pentoxifylline in
promoting wound healing and improving therapeutic
prognosis. Data were collected and analyzed at
multiple time points following surgery (on days 7, 14,
and 21). At baseline, the groups were randomly and
evenly matched in terms of demographic
characteristics. Each group consisted of 26
participants—13 males and 13 females—resulting in
an overall gender distribution of 50% male and 50%
female. The mean age in the intervention group was
39.62 years (SD: 10.56), while the comparison group
had a mean age of 35 years (SD: 12.46). The age
difference between the two groups was not
statistically significant (P = 0.061). Similarly, no
significant difference was observed in gender
distribution between the groups (Table 1). Wound
status was thoroughly assessed over the course of
treatment at three distinct postoperative time points:
days 7, 14, and 21. According to the evaluations
conducted on day 7, it was found that in the
intervention group, 20 participants (76.9%) exhibited
two-thirds central necrosis, while in the comparison
group, this condition was observed in 24 participants
(92.3%). Additionally, marginal necrosis was
identified in 6 participants (23.1%) in the intervention
group, compared to 2 participants (7.7%) in the
comparison group (Table 2 and 3).

In the subsequent phase of patient data evaluation
on postoperative day 14, it was observed that in the
intervention group, 14 participants (53.8%) exhibited
one-third central necrosis, while 6 participants had
two-thirds central necrosis. In contrast, within the
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comparison  group, 6 participants (23.1%)
demonstrated one-third central necrosis, and 21
participants (80.8%) exhibited two-thirds central
necrosis. Regarding marginal necrosis on day 14, 6
participants (23.1%) in the intervention group and
only 1 participant (3.8%) in the comparison group
showed this condition (Table 4 and 5). The final
evaluations were conducted on day 21, as follows: on
the twenty-first day, in the intervention group, 4
individuals (15.4%) experienced central necrosis

stage 3/1, 2 individuals (7.7%) experienced central
necrosis stage 3/2, 4 individuals (15.4%) underwent
amputation, and 4 individuals (15.4%) had peripheral
necrosis. In this group, on day 21, 12 individuals
(46.2%) showed improvement (Table 6). On day 21, in
the control group, one patient (3.8%) developed one-
third necrosis, ten patients (38.5%) developed central
necrosis, and eleven patients (42.3%) underwent
amputation. In this group, four patients (15.4%)
showed improvement by day 21 (Table 7).

Table 1: Total number of the statistical population under study

Groups Number Average Standard deviation Average standard error
Age Interventional 26 39.62 8.918 1.749
- Comparative 26 35 8.447 1.657

Table 2: Wound status after 7 days in the group receiving pentoxifylline (intervention group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 2/3 necrosis 20 76.9 76.9 76.9
Marginal necrosis 6 23.1 23.1 100
Total 26 100 100

Table 3: Wound status after 7 days in the group not receiving pentoxifylline (comparison group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 2/3 necrosis 24 92.3 92.3 92.3
Marginal necrosis 2 7.7 7.7 100
Total 26 100 100

Table 4: Wound status after 14 days in the group receiving pentoxifylline (intervention group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 1/3 necrosis 14 53.8 53.8 53.8
Central 2/3 necrosis 6 23.1 23.1 76.9
Marginal necrosis 6 23.1 23.1 100
Total 26 100 100 (blank)

Table 5: Wound status after 14 days in the group not receiving pentoxifylline (comparison group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 1/3 necrosis 4 15.4 15.4 15.4
Central 2/3 necrosis 21 80.8 80.8 96.2
Marginal necrosis 1 3.8 3.8 100
Total 26 100 100 (blank)

Table 6: Wound status after 21 days in the group not receiving pentoxifylline (comparison group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 1/3 necrosis 1 3.8 3.8 3.8
Central 2/3 necrosis 10 38.5 38.5 42.3
AMPUTATION 11 42.3 3.8 84.6
HEALED 4 15.4 15.4 100
TOTAL 26 100 100

32

—

| S




Iranian Journal of Orthopaedic Surgery
Vol. 23, No. 1 (Serial No. 88), Winter 2024, p. 29-37

Traumatic Finger-tip Amputation ...

Table 7: Wound status after 21 days in the group not receiving pentoxifylline (intervention group)

Frequency Frequency percentage Percentage of validity Cumulative percentage
Central 1/3 necrosis 4 15.4 15.4 15.4
Central 2/3 necrosis 2 7.7 7.7 23.1
Amputation 4 15.4 15.4 38.5
Healed 12 46.2 46.2 84.6
Marginal necrosis 4 15.4 15.4 100
Total 26 100 100

The prognosis of all 52 patients was thoroughly
assessed during the course of treatment. These
evaluations were conducted at three time points: the
7th, 14th, and 21st days post-surgery. On the 7th day
after surgery, no significant differences in prognosis
were observed between the two groups. A relative
improvement in the treatment process was noted in
40% of the patients in the intervention group and
38% in the comparison group (P=0.248). It appeared
that pentoxifylline had no immediate effect on the
treatment prognosis, and its impact became more
evident in the following days.

By the 14th day post-surgery, the intervention group
showed better prognosis. Seventy percent of patients
in the intervention group demonstrated more
significant progress compared to 55% in the
comparison group (P<0.0001). This difference was
particularly notable in terms of improved function
and reduced treatment-related complications in the
intervention group.

On the 21st day post-surgery, the prognosis in the
intervention group was significantly better: 90% of
patients in the intervention group achieved full
recovery, whereas only 75% of patients in the
comparison group reached this outcome. This
difference was also statistically significant (P=0.01),
demonstrating the positive effect of pentoxifylline on
treatment outcomes.

Drug-related side effects were also closely monitored
during the study. In the intervention group, 4 patients
(15.4%) experienced side effects associated with
pentoxifylline, including headache, nausea, and
dizziness. These effects were generally mild and
transient, and none of the patients required
discontinuation of the medication. While these side
effects temporarily affected some patients, they did
not seriously interfere with the treatment process.
No significant side effects were observed in the
comparison group. The results of this study indicate
that the use of pentoxifylline as an adjunct therapy in
patients with traumatic finger amputation has a
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significant and positive effect on wound healing and
prognosis. In all evaluations, the intervention group
(receiving pentoxifylline) showed superior outcomes
in wound healing and treatment prognosis compared
to the comparison group.

The most significant differences were observed on
the 14th and 21st days post-surgery, where patients
in the intervention group demonstrated notably
greater progress in recovery and prognosis.
Furthermore, pentoxifylline was associated with
fewer adverse effects compared to the control group,
and its role in accelerating patient recovery—
especially in terms of wound healing and functional
outcomes—was clearly evident. These findings
suggest that pentoxifylline could be an effective
treatment option for patients with traumatic finger
amputation and may be recommended as an
adjunctive therapy alongside conventional treatment
modalities.

Pentoxifylline is a methylxanthine derivative
synthesized  through the  modification of
theobromine extracted from cocoa (Theobroma) or
tea using a hexidone group®®Y.

Various studies have demonstrated the effectiveness
of this drug in treating peripheral vascular diseases,
such as cerebral ischemia and chronic embolic
vasculitis®?. Pentoxifylline acts by reducing blood
viscosity, enhancing tissue oxygenation, and
increasing red blood cell flexibility'®?. Additionally,
recent evidence suggests that pentoxifylline inhibits
the production of reactive oxygen species (ROS) and
improves capillary circulation and tissue oxygenation
in various organs®®3,

The present study aimed to investigate the effect of
this drug in a randomized clinical trial on tissue

healing in patients with traumatic fingertip
amputation. In this study, 52 patients (26 males and
]
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26 females) with a mean age of 39.62 years in the
intervention group and 35 years in the control group
were assessed. Prognosis was evaluated on days 7,
14, and 21. On day 7, 76.9% of the intervention group
exhibited grade 2/3 central necrosis, compared to
92.3% in the control group. Marginal necrosis
occurred in 23.1% of the intervention group and 7.7%
of the control group.

On day 14, 53.8% of patients in the intervention
group had grade 1/3 central necrosis and 23.1% had
grade 2/3 necrosis, while these values in the control
group were 23.1% and 80.8%, respectively. Marginal
necrosis was observed in 23.1% of the intervention
group and 3.8% of the control group.

On day 21, in the intervention group, 15.4% had
grade 1/3 central necrosis, 7.7% had grade 2/3
necrosis, 15.4% underwent amputation, and 15.4%
had marginal necrosis. Overall, 46.2% of the
intervention group showed improvement. In
contrast, in the control group, 3.8% had grade 1/3
necrosis, 80.8% had grade 2/3 necrosis, and 42.3%
required amputation, with only 15.4% showing
improvement.

Previous studies on the efficacy of pentoxifylline can
be broadly divided into two categories: those focused
primarily on burns and wound healing, and those
evaluating its anti-inflammatory properties.

Studies that examined its effect on wound healing
suggest that pentoxifylline may accelerate this
process. For example, a 2016 review by Ahmadi et al.
concluded that administration of pentoxifylline could
increase the speed and quality of wound healing®*.
Similarly, Moradi et al. (2023) investigated the
combined effect of pentoxifylline and zinc oxide on
wound healing in rats. The study found reduced
inflammation and fewer inflammatory cells in the
pentoxifylline group compared to the zinc oxide
group, aligning with the findings of the present
study'®,

In a 2023 study by Moreira et al., the combination of
pentoxifylline and chitosan was assessed for wound
healing efficacy. The results showed that this
combination effectively accelerated the wound
healing process, and that higher concentrations of
pentoxifylline further shortened the healing period—
findings consistent with our results®®.

In another study by Dehghani et al. (2022), hydrogels
loaded with pentoxifylline were shown to
significantly accelerate wound healing, which is also
in agreement with our findings®”. On day 7 of the
current study, no significant difference in prognosis
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was observed between the intervention and control
groups. This is consistent with the 2013 study by
Babaei et al., which examined the effect of
pentoxifylline on streptozotocin-induced diabetic
skin wounds in rats. That study reported that
pentoxifylline administration significantly improved
the wound healing process and quality in diabetic
rats®®),

The discrepancies in early outcomes may be due to
the precedence of histological changes over
morphological ones, as well as species differences
between rats and humans.

However, on days 14 and 21, significant prognostic
differences were observed between the two groups.
The intervention group showed better outcomes and
a higher number of healed cases

These findings are consistent with other studies that
have identified pentoxifylline as an effective agent in
accelerating wound healing. One such study is by
Bhatia et al., which evaluated the topical effects of
pentoxifylline on wound healing. The results
demonstrated that pentoxifylline enhances wound
healing at various levels, including stimulating
fibroblast proliferation, increasing granulation tissue
formation, reducing collagenase activity, facilitating
collagen and other connective tissue deposition,
minimizing bacterial accumulation, and decreasing
exudate levels. These outcomes strongly align with
the present study’s findings®?.

The study by Khiury et al. indicated that pentoxifylline
may influence angiogenesis in experimental models.
Among the 22 studies reviewed, 16 reported anti-
angiogenic effects of pentoxifylline, whereas 4
showed pro-angiogenic effects, and 2 found no
impact on angiogenesis. However, there s
insufficient  clinical  evidence to  confirm
pentoxifylline’s role as an anti-angiogenic agent in
clinical settings. Furthermore, the study referenced
evidence suggesting that G protein-coupled receptor
(GPCR) mechanisms, particularly adenosine A2B
receptors (A2BAR), may play a role in metabolic
processes and angiogenic switching. Therefore,
further research is required to elucidate
pentoxifylline’s effects on metabolism, energy
homeostasis, and its underlying mechanisms of
action?,

In a study by Baykal et al., pentoxifylline was
administered to rats following sciatic nerve injury.
The results showed a shorter latency and higher
amplitude of muscle action potentials in the
treatment group, though only the amplitude reached
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statistical  significance.  This  suggests that
pentoxifylline positively affects axonal regeneration,
but has limited influence on remyelination?.

As previously discussed, pentoxifylline exerts its
effects through multiple mechanisms, including
immunomodulation,  anti-inflammatory  action,
improvement of blood rheology, and antifibrinolytic
properties. The drug enhances leukocyte
deformability, reduces leukocyte adhesion to the
endothelium, decreases neutrophil activation and
TNF-a production. Additionally, pentoxifylline
inhibits TNF-a and affects other cytokines such as IL-
1 and IL-6. It also increases red blood cell flexibility,
decreases blood viscosity, and exhibits
antithrombotic properties by reducing platelet
aggregation and enhancing fibrinolytic activity.
Moreover, pentoxifylline reduces collagen and
fibronectin synthesis while increasing fibroblast
collagenase activity. These anti-inflammatory
mechanisms, alongside its stimulatory effects on
fibroblasts (the main cells in tissue repair), promotion
of neoangiogenesis, and nerve regeneration—three
key components of tissue reconstruction—make it a
potentially safe and effective adjuvant therapy for
accelerating tissue repair following distal phalangeal
amputation.

In terms of adverse effects, 15.4% of patients in the
intervention group (n=4) experienced side effects,
primarily involving the gastrointestinal and central
nervous systems. Common adverse effects included
dizziness, headache, anxiety, and confusion. No
significant side effects were observed in the control
group. Although adverse events were recorded in the
intervention group, the differences were not
statistically significant. Overall, pentoxifylline is
considered a safe medication and is generally well
tolerated, with its side effects being mostly dose-
dependent!?,

During pregnancy, pentoxifylline is classified as
category C and should be used with caution. It may
pose risks during breastfeeding due to its excretion
into breast milk. The safety and efficacy of
pentoxifylline have not been established in pediatric
populations. In elderly patients, due to potentially
reduced liver, kidney, or cardiac function and
comorbid conditions, a lower starting dose is
recommended. Moreover, individuals with
hypersensitivity to xanthine derivatives such as
caffeine or theophylline, those with recent cerebral
or retinal hemorrhage, or with porphyria, should
avoid using this medication®?.
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The results of this study demonstrated that
pentoxifylline significantly improves the rate and
quality of tissue regeneration in patients with
traumatic fingertip amputations. The drug notably
reduces necrosis and the need for amputation, while
also exerting favorable effects on the prognosis of the
condition. Although some limitations include Single-
center study, Small sample size, Short follow-up
duration, Lack of blinding in outcome assessment and
Exclusion of certain populations are exist and should
be addressed in future studies.

Conclusion

In conclusion, pentoxifylline presents a favorable
safety profile and substantial therapeutic potential in
enhancing recovery among patients with traumatic
injuries and chronic wounds, supporting its use as a
clinically effective and safe treatment option.
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