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Abstract

Background: The use of tourniquet is very common in orthopedic surgeries. By obstructing blood flow in the limb, tourniquet may
result in muscle ischemia and skin flap hypoxia. This study aimed at determining and comparing the effects of tourniquet release
time on wound healing in patients undergoing tibia fracture plating surgery.
Methods: This study was a randomized clinical trial, wherein 40 patients with acute extra-articular tibia fractures were randomly
assigned to 2 groups of A (releasing the tourniquet after fracture fixation and before wound closure) and B (releasing the tourniquet
after wound closure and application of compression dressing). Duration of surgery in each group was recorded and independent t
test was utilized to compare the 2 groups. The wound healing rate was investigated in the patients 24 hours and 14 days after surgery
using the Redness, Oedema, Ecchymosis, Discharge, Approximation (REEDA) scale. In this tool, 0 represents “lack of the variable”
and 3 indicates “maximum variable score”. The scores in this scale range from 0 to 15. The Mann-Whitney test was used in order to
compare the wound healing rates between the 2 groups.
Results: There was no significant difference between the 2 groups concerning the average duration of surgery. Wound redness,
edema, ecchymosis, discharge, approximation, and the general condition of wound healing showed no significant difference in the
2 groups 24 hours after surgery, while there was a significant difference 14 days after surgery with the aforementioned parameters
being greater in group B than group A.
Conclusions: The results showed that releasing the tourniquet before wound closure in group A led to improved wound healing.
Wounds need oxygen for restoration and prevention from infections. As the use of tourniquet occludes blood flow to the limb for
a while, it can result in increased wound hypoxia after surgery and delayed healing process; hence, less tourniquet time is more
desirable for oxygenation of tissues and wound dryness.
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1. Background

The use of tourniquet is very common in orthopedic
surgeries. Tourniquet is used to prevent bleeding during
surgery and create a blood-free environment for the conve-
nience of the surgeon; in other words, tourniquet makes
the surgery more convenient (1). Generally, tourniquets
can be pneumatic (using air pump) or Esmarch. Nowa-
days, most tourniquets are of the pneumatic type (2). Pneu-
matic tourniquets, first proposed in 1904 by Cashing, con-
tain cuffs, which encircle the limb and are inflated with
compressed gas (3, 4). Tourniquets have been used for a
century by surgeons for operations on lower limbs, with
higher pressure than systolic blood pressure (5).

Tourniquets are widely used by orthopedic surgeons
as they have significant benefits such as reduced intraop-
erative bleeding, clean and bloodless surgical field, bet-
ter view of the surgical site and anatomical structures, im-

proved cementing via providing clean and dry bone sur-
faces, reduced operation time and therefore lower risks of
infections (6). However, similar to all other surgical inter-
ventions, the use of tourniquet may have its own compli-
cations (4). Neurovascular damage, limb pain, deep vein
thrombosis (DVT), edema, cardiorespiratory effects, pul-
monary embolism, acute pulmonary edema, cardiac ar-
rest, increased postoperative bleeding, muscle ischemia,
rhabdomyolysis, skin flap hypoxia, and delayed wound
healing are some of the reported complications of tourni-
quets (6).

The most prevalent methods of using a tourniquet in-
clude its release before wound closure and hemostasis, or
after wound closure and application of compression dress-
ing (7). Some researchers believe that releasing the tourni-
quet before wound closure and hemostasis is a credible
and sensible approach, in which the patients experience
less postoperative pain (8), less blood loss (9), improved
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and rapid performance (8, 9), and reduced risk of compli-
cations (10).

A common application of tourniquet is in leg fracture
fixation surgeries. Leg fracture is one of the most common
causes of referring to orthopedic centers and hospitals (11).
Among leg fractures, the tibial bone fracture is one of the
most common caused by urban trauma, which usually fol-
lows accidents with motor vehicles (12).

Based on previous studies, tibia is the most common
fracture area in individuals under 50 years of age (13).
According to the US National center for health statistics
(NCHS), about 490000 cases of tibia fractures occur annu-
ally in the United States. The annual incidence of this kind
of fracture is 1 in every 2 thousand individuals. In the past,
orthopedic surgeons tended to treat these fractures with
nonsurgical approaches. Nowadays, there is a greater ten-
dency toward surgical treatment of such fractures, includ-
ing plate and screw fixation with intramedullary nail and
external fixation (14).

Due to the wide gap of the surgical site and perios-
teum detachment, plating surgery may be accompanied
by bleeding and increased risk of infection (15). Tourniquet
is usually used to reduce bleeding during plating surgery
(1). Because tourniquet occludes the blood flow to the limb
for a while, it can improve wound healing. Wound healing
is especially important in tibia bone. In their 10-year ex-
perience of the surgical treatment of tibia fractures, Rom-
mens and Schmit-Neuerburg observed that minor wound
complications, relative necrosis of the wound edges, and
postoperative hematoma occurred in 12.7%, 9.5%, and 5.5%
of the patients with closed fractures, and 10.9%, 7.1%, and
3.9% of patients with open fractures of the tibia, respec-
tively (16). In their study of the role of tourniquet in wound
infection after fibula fracture surgery, Maffulli et al. (1993)
found that the use of tourniquet increased the possibil-
ity of infection (17). In contrast, Choksy et al. (2006),
who investigated the effect of tourniquet in transtibial
amputation, reported no difference in the wound healing
rate and wound breakdown between tourniquet and non-
tourniquet groups (18).

According to Boack (2011), timing of the tourniquet has
a direct impact on wound complications in Total Ankle Re-
placement (TAR), so that the patients with 30 minutes or
more of tourniquet time had 5.1% greater wound compli-
cations (19).

Since the studies on the effect of tourniquet on wound
healing showed inconsistent results, and only a few studies
have evaluated the impact of tourniquet time in tibia surg-
eries, the present study aimed at determining and com-
paring the effects of tourniquet time on wound healing
in internal fixation surgeries of tibia fractures in order to
promote knowledge of physicians, operating room techni-

cians, and nurses in this regard.

2. Methods

This was a randomized, double-blind controlled clini-
cal trial, wherein a total of 40 eligible participants (20 in
each group) were selected from candidates of tibia fracture
plating surgery in the orthopedic department of Imam
Reza hospital of Birjand, eastern Iran in 2016. The candi-
dates for tibia fracture plating surgery were visited the day
before. Sufficient information about the implementation
of the plan was provided for all participants. After signing
the informed consent form, eligible participants were se-
lected by the convenience sampling method. Immediately
before the surgery, the patients were randomly assigned
into 2 groups of A and B by permuted block randomization
method.

The patients with the following characteristics entered
the study: having tibia fracture, age of above 18 and be-
low 55 years old, having closed fracture, which was not
in the knee joint, undergoing surgery in the first week af-
ter the fracture, lack of history of surgery on the limb,
lack of fractures in other limbs, lack of chest, head or ab-
dominal trauma, lack of neurovascular damage and com-
partment syndrome; lack of coagulation difficulties, pe-
ripheral vascular disease, peripheral neuropathy and DVT
in the limb before the operation; lack of consumption of
steroidal and non-steroidal anti-inflammatory drugs and
anti-coagulation drugs, chemotherapy, cigarette and drug
abuse, body mass index of less than 30, systolic blood pres-
sure of less than 200 mmHg, and having class I and II (ASA
class I: healthy patients, no organic biochemical or psycho-
logical disease; ASA class II: the patient with mild systemic
disease that does not affect the routine activity) Amer-
ican society of anesthesiology (ASA) criterion. Patients
with more than 90 minutes of tourniquet time, those that
needed to be operated again due to any reason, those who
were not willing to cooperate in any phase of the research,
and those who passed away were excluded from the study.

A cuff with a length of 75 cm and a width of 15 cm was
placed on the most muscular area of the patients’ femur
after putting 3 layers of Webril padding. The tourniquet
pressure was adjusted as 150 mmHg higher than the sys-
tolic blood pressure of each patient. Tourniquet pressure
levels and blood pressure were recorded for all patients.
After prepping and draping, the limb blood drainage was
performed by raising the limb for 3 minutes. The tourni-
quet cuff was then inflated according to the adjusted pres-
sure. All patients underwent open reduction and inter-
nal fixation of fractures of the tibia with plate and screws
by a surgeon using standard techniques and implants. In
group A, the tourniquet was released after completion of
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fracture fixation and before wound closure. In group B,
the tourniquet was released after wound closure and ap-
plication of compression dressing. The utilized tourniquet
was of pneumatic type with MICROBACE brand (I. type BF-
class, manufactured by RAEENSANAT Co., Iran). In all pa-
tients, hemostasis with electrocauter was performed by
Matin electrocautery device (MEG1 model, manufactured
by KAVANDISH SYSTEM Co., Iran). The subcutaneous tis-
sue was re-approximated with Supabon sutures and the
skin was closed with nylon sutures. In both groups, the
limb was bandaged with Webril and stretch bandages. The
Hemovac drain was placed on the surgical site in order to
control the bleeding and discharge, and it was removed 24
hours after surgery.

For data collection, the demographic form and red-
ness, edema, ecchymosis, discharge, approximation
(REEDA) scale were used. Follow up of the wound healing
process was performed 24 hours and 14 days after surgery,
based on REEDA scale for assessment of the wounds.
This tool has 5 criteria of redness, edema, ecchymosis,
discharge, and approximation, each being assigned a
score of 0 to 3: 0 represents a lack of the variable and 3
is the maximum score for presence of the variable (Table
1). The validity and reliability of this tool were confirmed
in previous studies (20). The follow-up of wound healing
process within 24 hours after surgery was performed by
the examiner, who visited the hospitalized patients. In
order to evaluate the wound healing process 14 days after
surgery, all patients received a special clinic card with a
specified date and time on it for referring to the clinic.
Also, the day before the visit, every patient was reminded
of the date by a phone call. It should be noted that the
evaluators were not aware of each patient’s group and
intervention type.

This study received medical code of ethics
(Ir.bums.1394.84) from the ethics committee of Birjand
University of Medical Sciences, and was registered in the
Iranian registry of clinical trials under the following code
IRCT2015092824252N1. After completion of the implemen-
tation phases of the study, data were coded and analyzed
in the SPSS V-22 statistical software. After ensuring the
accuracy of data entry, descriptive statistics was used for
preparation of the frequency tables, and in order to deter-
mine the relationship between quantitative variables, the
independent t test was utilized. The difference between
the intergroup means was calculated by independent t
test (for normality of the data) and Mann-Whitney U test
(for abnormality of the data) and the difference between
the intragroup means was calculated by paired t test.
Spearman’s correlation coefficient and univariate GLM
model were also used for data analysis. In all of the tests,
the confidence coefficient was estimated as 95% and the

significance level as 0.05.

3. Results

The present study was carried out on 40 patients with
acute extra-articular tibia fracture, who were randomized
to 2 groups. The 2 groups were similar with respect to their
age, gender, and other demographic characteristics, and
there was no statistically significant difference between
them (Table 1).

Results of the independent t test showed that there was
no significant difference in the average tourniquet time
and duration of surgery between the 2 groups of A and B
(P > 0.05). The average duration of surgery in group A was
approximately 13 minutes more than group B, yet, no sig-
nificant difference was ultimately observed between the 2
groups (P = 0.107). The Mann-Whitney test showed that the
amount of wound redness, edema, ecchymosis, discharge,
approximation, and the general condition of wound heal-
ing had no significant difference in the 2 groups of A and B,
24 hours after surgery (Table 2), while there existed a signif-
icant difference between the 2 groups 14 days after surgery
and the foregoing amounts in group B were greater than
group A (Table 3).

Based on the results of the independent t test, 14 days
after surgery the overall score of wound healing was 2.05
± 0.3 in group A and 6.1± 0.6 in group B, which revealed a
statistically significant difference between the 2 groups (P
< 0.001). The average changes of the total wound healing
score in group B was more than group A, which indicates
a significant difference between the 2 groups (P < 0.001)
(Table 4).

According to the results of the GLM model, in the uni-
variate state, no significant relationship was observed be-
tween tourniquet time and wound healing levels within
24 hours after surgery, yet, 14 days after surgery, there was
a significant relationship between tourniquet time and
wound edema, wound discharge, and the general condi-
tion of wound healing. Results of Tukey’s Post Hoc test re-
vealed that the average tourniquet time in patients with
wound discharge score of 1 was more than patients with
wound discharge score of 0, presenting a significant dif-
ference. Moreover, the average tourniquet time in patients
with wound ecchymosis score of 1 was more than patients
with wound ecchymosis score of 0, again presenting a sig-
nificant difference.

Spearman’s correlation coefficient revealed no signifi-
cant correlation between wound healing and fracture area,
surgery duration, tourniquet pressure, and age, yet, a cor-
relation coefficient of about -0.37 was estimated between
the body mass index and total wound healing score 14 days
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Table 1. REEDA Scale

Points Score Total

Redness Edema Ecchymosis Discharge Approximation

0 None None None None Close

1 Within 0.25 cm of the incision bilaterally less than 1 cm from incision Within 0.25 cm bilaterally or 0.5 cm unilaterally Serum Skin separation 3 mm or less

2 Within 0.5 cm of the incision bilaterally between 1 and 2 cm from the incision Between 0.25 cm and 1 cm bilaterally or between 0.5
and 2 cm unilaterally

Serosan-guinous Skin and subcutaneous fat separation

3 Beyond 0.5 cm of the incision bilaterally greater than 2 cm from incision Greater than 1 cm bilaterally or 2 cm unilaterally Bloody, purulent Skin, subcutaneous fat and fascial layer separation

Table 2. Distribution of Demographic and Clinical Variables in the Study Groupsa

Group Age Gender Limb Anatomic Site of Fracture Systolic Blood Pressure Tourniquet Pressure Time,min

Female Male Right Leg Left Leg Proximal Shaft Distal Tourniquet Surgery

A 31.85±2.65 3 (15) 17 (85) 10 (50) 10 (50) 1 (5) 12 (60) 7 (35) 119.7±4.7 269.7± 4.7 53.2±4.7 77. 5±5.5

B 29.35±7 3 (15) 17 (85) 8 (40) 12 (60) 1 (5) 13 (65) 6 (30) 118.2±2.4 268.8±2.4 55.5±4.4 64.7±5.4

P Value 0.932 0.999 0.525 0.943 0.781 0.859 0.730 0.107

Statistical Test Fisher’s Test Independent T-Tests

a Values are expressed as No. (%).

Table 3. Distribution of Wound Healing Variables in the Study Groups

Variable 24 Hours After Surgery 14 Days After Surgery

Groups Mann-Whitney test Groups Mann-Whitney test

A B A B

Redness 0.4 (0.1) 0.2 (0.1) 0.221 1.0 (0.2) 1.7 (0.1) 0.015

Edema 0.5 (0.1) 0.7 (0.1) 0.192 0.8 (0.1) 1.5 (0.1) 0.007

Ecchymosis 0.8 (0.1) 0.4 (0.1) 0.056 0.1 (0.06) 1.0 (0.2) 0.001

Discharge 0.5 (0.1) 0.6 (0.1) 0.620 0.1 (0.06) (0.2) 1.2 < 0.001

Approximation 0 0.05 (0.05) 0.330 0.05 (0.05) 0.6 (0.1) 0.002

Total score 2.2 (0.3) 2.1 (0.4) 0.718 2.05 (0.3) 6.1 (0.6) < 0.001

Table 4. The Average Total Score of Wound Healing in the Study Groups

Group Total Score ofWoundHealing After 24 Hours Total Score ofWoundHealing After 14 Days Paired t Test Average Changes

A 2.2 ± 0.3 2.05 ± 0.3 0.943 -0.1 ± 0.5

B 2.1 ± 0.4 6.1 ± 0.6 < 0.001 4.1 ± 0.7

Independent T-tests 0.718 < 0.001 - < 0.001

after surgery, which indicates an inverse relationship be-
tween the body mass index (BMI) and total wound healing
score (P = 0.019).

4. Discussion

This study aimed at determining and comparing the
effects of tourniquet release time on wound healing in
patients undergoing tibia fracture plating surgery. The
results showed that group A patients, whose tourniquet

was released before wound closure, experienced better
wound healing procedures compared with group B pa-
tients, whose tourniquet was released after wound clo-
sure and application of compression dressing. Twenty-
four hours after surgery, there was no significant differ-
ence between the 2 groups of A and B with respect to the
amount of wound redness, edema, ecchymosis, discharge,
approximation, and the general condition of wound heal-
ing; however, 14 days after surgery, there was a signifi-
cant difference between the 2 groups and the foregoing
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amounts were greater in group B than group A.
A few studies have evaluated the impact of tourni-

quet release time on wound healing rates in orthopedic
surgeries of the tibial bone. However, various animal
and human studies have investigated the use of tourni-
quet in tibia fractures. Although, these studies have not
specifically dealt with wound healing rates as done in the
present study, they noted some of the wound complica-
tions. In their study of the effect of tourniquet in plat-
ing of tibia fractures, Anvar Salam et al. (1991) reported 6
cases of erythema and wound induration in the tourniquet
group, while neither of these complications were observed
in the non-tourniquet group (21); in contrast, Choksy et
al. (2006), who investigated the effect of tourniquet in
transtibial amputation, reported no difference in wound
healing and wound breakdown rates between the tourni-
quet and non-tourniquet groups (18).

Olivercrona et al. (2012) studied the effects of tourni-
quet pressure on wound complications in knee arthro-
plasty, based on limb occlusion pressure (LOP) and sys-
tolic blood pressure (SBP) methods. At the time of dis-
charge from the hospital, 47 patients (30%) had surgery
wound complications such as blisters, wound discharge
or signs of infection, 40 of which had experienced higher
than 225 mmHg cuff pressure during the surgery. During
the 2-month follow up after surgery, 7 patients (4%) had
wound infection and 9 patients (6%) suffered from delayed
wound healing. Four of these patients had deep wound in-
fection and needed repeated hospitalization and surgery
(22). In our study, there was no statistically significant dif-
ference between the 2 groups in the mean tourniquet pres-
sure, and no significant correlation was observed between
wound healing and tourniquet pressure at any of the men-
tioned times.

Certain studies have measured the amount of wound
infection after surgery with tourniquet (1, 17, 23). Wound in-
fection is an important criterion for wound healing, so that
increased incidence of infection can be associated with a
decrease in wound healing. In this regard, these studies
can be compared with the present study. Saeid et al. (2010)
studied the effect of tourniquet in tibia fracture plating
surgery, and reported no statistically significant difference
in the overall “infection” items between the 2 tourniquet
and non-tourniquet groups (1). In their meta-analysis of
the efficacy of tourniquet on ankle trauma surgery, Jiang
et al. (2015) reported no significant difference between
the tourniquet and non-tourniquet groups, regarding the
amount of postoperative infection (23). In their study on
the role of tourniquet in wound infection after fibula frac-
ture surgery, Maffulli et al. (1993) found that the use of
tourniquet increases the possibility of infection (17).

Only in total knee arthroplasty studies, researchers

have investigated the impact of tourniquet release time,
similar to the present study. In their systematic review
and meta-analysis of the “effects of the timing of tourni-
quet release in cemented total knee arthroplasty” Zhang
et al. (2014) indicated that releasing the tourniquet be-
fore wound closure could decrease the risk of major
complications, such as infection, wound dehiscence, and
hematoma with the need for drainage or debridement (P
< 0.049) (7). In their meta-analysis study, F. Zan et al. (2014)
reported that releasing the tourniquet after wound clo-
sure increased the risk of minor complications such as ery-
thema, necrosis of wound edges, cellulitis, superficial in-
fection, discharge, and edema as well as major complica-
tions, including wound dehiscence, hematoma, and deep
infection with the need for drainage or debridement (P <
0.05) (24). Kashif Abbas et al. (2013) reported in their study
titled “effect of early release of tourniquet in total knee
arthroplasty” that in Group B with tourniquet release af-
ter application of compression dressing, 4 patients (3.1%)
had wound complications, 3 of whom had trivial ones and
1 of whom needed a second surgery, yet, no such cases
were observed in group A (P = 0.1192). According to the au-
thors of that article, hematoma at the surgical site and clo-
sure of the tissues without homeostasis may be the cause
of increased wound complications (25). Christodoulou et
al. (2004) asserted that even though wound complica-
tions and hematoma were greater in group B, no signifi-
cant difference was observed between the 2 groups (26).
This may be due to the short ischemia period resulting
from tourniquet in group A and blood opportunity for
rushing to the edges of the wound before suturing and ap-
plication of compression dressing. In group B, suturing
the skin and subcutaneous tissue and application of com-
pression dressing before releasing the tourniquet could
completely inhibit the blood flow to the tissues by collaps-
ing and occluding the arteries, consequently delaying the
wound healing process due to the lack of oxygen and other
nutrients. The wound needs oxygen for restoration and
prevention from infection. While there are various reasons
for delayed wound healing, oxygen delivery is the limiting
factor, and delayed healing must be reduced by minimiz-
ing hypoxia. Tourniquet is supposed to be used for provid-
ing a blood-free surgical field, and it is an obvious cause of
hypoxia during the surgery and a significant risk factor for
hypoxia after surgery (27). When the tourniquet is inflated
and the blood flow stops, small distal vessels are occluded
by cellular debris and vascular contraction. This occlusion
is not resolved in the early revascularization and, there-
fore, re-oxygenation of the tissue is prohibited, leading to
the increased possibility of damaged tissues around the
wound (28). Butt et al. (2011) believed that the migration
of macrophages and fibroblasts to the wound is secondary
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to the formed oxygen gradient between the capillaries of
the wound edges. This means that if the wound edges are
hypoxic, angiogenesis and the migration of macrophages
and fibroblasts, and consequently cell response to restora-
tion are inhibited. Accordingly, lesser tourniquet times are
more beneficial for oxygenation of the tissues and wound
healing (29). Therefore, the use of tourniquet can increase
wound hypoxia after surgery, particularly at higher pres-
sures, and this can affect wound healing and may increase
wound infection.

From the point of view of some researchers, hematoma
at the surgical site and wound closure without homeosta-
sis may be responsible for increased wound complications
(25). In contrast, several studies have suggested that releas-
ing the tourniquet before wounds closure increases the
required time for tissue homeostasis, duration of surgery
and anesthesia (30-32), and thus increases the possibility
of postoperative infection. In the present study, the mean
duration of surgery did not have a significant difference
between the 2 groups of A and B, and was in line with the
results of the study by Yu Fan (2014) for knee arthroplasty
(33).

In the current study, a significant relationship was
observed between tourniquet time and the amount of
wound edema, discharge, and the general condition of
wound healing 14 days after surgery. Butt et al. (2010)
also reported a significant relationship between the in-
crease in tourniquet time and wound discharge after to-
tal knee arthroplasty (29), which is consistent with the re-
sults of this study. Several studies have approved that pro-
longed wound discharge increases the risk of infection (13-
17). Wound discharge is generally inevitable in the process
of treatment, yet, if it continues for a long time, it will turn
to a risk factor for infection and an increase in costs and
length of hospital stay (34). Therefore, it is more efficient
to release the tourniquet before wound closure and reduce
the tourniquet time in order to reduce the possibility of
this complication and therefore the risk of wound infec-
tion.

Despite the same drug treatment (antibiotics, anal-
gesics, and vitamin c) in both groups, one of the limita-
tions of this study was the lack of full control over the nu-
tritional condition and the amount of physical mobility in
different participants. Nevertheless, it was tried to some-
how control these issues by randomized selection of peo-
ple and presentation of identical training.

4.1. Conclusion

According to the results, the total score of wound heal-
ing with the indices of wound redness, edema, ecchymosis,
discharge, and approximation in group A, whose tourni-
quet was released during the surgery and before wound

closure was significantly lower 14 days after surgery, and
therefore the wound healing levels were better in this
group. The potential cause can be quicker blood supply to
the limb and decreased tissue hypoxia. Theoretically, due
to the fact that the use of tourniquet occludes blood flow to
the limb for a while, it can lead to infection, and this is of
greater importance in tibia surgeries. Since a few studies
have evaluated the impact of tourniquet on wound heal-
ing in tibia fracture surgeries, it is suggested that more re-
search must be conducted in this regard.
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