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ABSTRACT 

Background: Distal fingertip amputations with exposed bone is challenging for the surgeon to manage. In order to re-
construct a good sensate pulp with appropriate closure, various flaps are advocated in the literature. Of these, palmar 
advancement flap, first described by Moberg in 1964, comprises one of the most popular options. 
Methods: Thirteen patients (11 male, 3 female) with fingertip injuries were operated. Following the elevation of Moberg 
flap, proposed modifications were carried out. Joint mobility and pulp sensitivity were recorded as well and advancement 
scores were noted before and after the modification. These scores were assessed statistically. 
Results: No complications were noted and there was no need for additional surgery. Excellent joint mobility and pulp 
sensitivity were maintained. This modification showed a statistically significant improvement in the advancement (p<0.05). 
Conclusions: Moberg flap is a good option for the closure of fingertip defects. Some simple modifications, as described in 
here, can enhance the advancement while securing the entire advantages of the flap.
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Enhancement of Palmar Advancement Flap: 
A Simple Modification

Oguz Kayiran1, Ercan Cihandide2

Introduction
The hand is a unique part in the body in and plays 

important and often irreplaceable functions. In the in-
dustrialized world, occupational hand injuries need to 
be healed as soon as possible. Meanwhile, several heal-
ing techniques with various options are being applied 
to hundreds of thousands of patients by experienced 
practitioners. 

Unlike other hand injuries, fingertip amputations 
need additional attention in order to establish a normal 
pulp sensibility and maximum range of motion, and 
like others to maintain the upmost level of hand func-
tioning.

In 1964, the volar advancement flap was first de-
scribed by Moberg for the reconstruction of pulp de-
fects of the thumb (1). This flap is a pedicled advance-

ment flap proximally based on an intact skin pedicle 
including both neurovascular bundles. This technique 
establishes a successful neurosensation of the pulp with 
a limited advancement as well. However, a simple mod-
ification as described here, and never been reported 
elsewhere, can enhance additional advancement.

Patients and Methods
The study was performed with informed consents 

obtained from all participants.
Technique
Thirteen patients (11 males, 3 females) with fin-

gertip injuries were operated under regional anaes-
thesia. Palmar advancement flap was raised over the 
parathenon (1) (Figure 1a). Both neurovascular bun-
dles were included in the flap so that neurosensible 
coverage is accomplished (Figure 1b). To increase the 
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ABSTRACT 
Background: Effectiveness of ischemic postconditioning to salvage tissues from ischemia-reperfusion damage has been 
shown in animal models but exact timing and duration of reperfusion/reocclusion cycles have not been studied in the liter-
ature. In this study we have evaluated the effects of short-interval postconditioning and tried to elucidate the most suitable 
reperfusion/reocclusion regime.
Methods: From forty rats 5 groups have been created. After dissection, the femoral artery has been clamped to produce 
ischemia which was maintained for 4 hours. Then, all extremities were reperfused. The first group was IR (ischemia + rep-
erfusion) control group. In the other 4 study groups after ischemia postconditioning for 5 seconds (PC5), postconditioning 
for 10 seconds (PC10), postconditioning for 15 seconds (PC15), and postconditioning for 20 seconds (PC20) were applied. 
The animals were sacrificed, the gastrocnemius muscles were excised, and tissue analyses were utilized biochemically 
and macroscopically. Superoxide dismutase and nitric oxide (SOD and NO) level and muscle viability were evaluated.
Results: The muscle viability was found to be statistically increased in the postconditioning groups compared to the control 
group. In the postconditioning PC 15 group, NO, and muscle necrosis levels significantly decreased compared with the 
control group. In the PC10 and PC15 groups tissue NO levels were decreased but only between PC15 group and other 
groups this finding was statistically significant.
Conclusion: Reperfusion injury can be prevented by short-interval postconditioning and 15 seconds × 10 times reperfu-
sion-reocclusion cycles were found to be the most suitable approach. 
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The effects of short-interval postconditioning in preventing muscle 
ischemia-reperfusion injury in rats

Heval Selman Ozkan, Ali Murat Sonel, Saime Irkoren, Huray Karaca

Introduction
After amputations, embolisms and free flap sur-

gery ischemic insults may occur in plastic surgery. 
These generally unpredicted conditions may cause se-
rious complications. Following ischemic attack even 
the circulation is reestablished as soon as possible ir-

reversible tissue damage can occur by sudden circula-
tion restoration which in turn causes reperfusion injury 
[1]. For treatment of this disastrous reperfusion injury 
phenomenon several approaches have been proposed. 
Murry et al. developed ‘‘ischemic preconditioning 
(pre-con)’’ concept in 1986 and several other authors 
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have skeletal muscle ischemia/reperfusion (I/R) inju-
ry and pre-con has been studied and beneficial effects 
have been proven.

In clinical and experimental settings brief cycles of 
ischemia and reperfusion producing increased ischem-
ic period tolerance have been successfully adapted. 
Traumatic amputations and embolic events are unpre-
dictable and due to this sudden onset even though pre-
con is an accepted strategy application is impractical 
or impossible [2-7]. Postconditioning (post-con) and 
programmed conditioning were first proposed by Nn 
et al. in 1996. This concept is defined as repetitive cy-
cles of brief reperfusion and reocclusion series applied 
after reperfusion is secured following ischemic event. 
In many experimental models effectiveness of post-con 
has been established especially in heart and liver tissues 
[7-15]. In particular in free flap microsurgical recon-
struction and traumatic amputations skeletal muscle 
tissue is most sensitive to prolonged ischemia. Criti-
cal ischemia time is 2 hours for warm ischemia and 6 
hours for optimum conditions after these time points 
and generally irreversible damage occurs [4,12,14-24]. 
Abrupt reestablishment of circulation after these cut-
off points may further increase damage and may cause 
systemic consequences. Decreasing ischemia time and 
reperfusion injury are therefore of primal importance 
in reconstructive microsurgery [1,15]. Post-con con-
cept does not have the clinical limitation of pre-con. 
This concept can easily be applied to various clinical 
settings, during emergency and elective operations as 
an after-injury strategy [1,15]. In the literature substan-
tial data have accumulated regarding beneficial effects 
of post-con but implications on skeletal muscle are still 
obscured due to different blood supply and ischemic 
characteristics. This study was designed to evaluate the 
effects of post-con on I /R injury and to find the most 
suitable periods of reperfusion for postconditioning 
in gastrocnemius muscle I/R model designed in a rat 
model, which has not been evaluated before in the lit-
erature.

Materials and Methods
The study was approved by the Local Animal Care 

and Ethics Committee. In the study, forty Sprague-Daw-
ley male rats weighing between 250 and 300 g were used 
and intraperitoneal ketamine hydrochloride (90 mg/
kg, Ketalar1) and xylazine (10 mg/kg, Rompun1) an-
aesthesia were performed. When needed booster doses 
are applied for maintenance of anaesthesia. Five groups 
have been created: IR group (ischemia + reperfusion 
[n = 8]); PC5 group (ischemia + postconditioning 5 
seconds [n = 8]); PC10 group (ischemia + postcon-
ditioning 10 seconds [n = 8]); PC15 group (ischemia 
+ postconditioning 15 seconds [n = 8]); and PC20 
group (ischemia + postconditioning 20 seconds (n = 
8]). After proper surgical site preparation in the supine 
position femoral vessels were exposed following ingui-
nal incision, pulled aside of fat pad, and dissection. The 
femoral artery and vein were clamped for 4 hours to in-
duce ischemia. Clamp was removed following ischemia 
period in the IR control group and no other procedure 
was applied. In the study groups the clamps were re-
leased for 5, 10, 15, and 20 seconds, respectively, and 
10-second clamping of the artery was performed. For 
each group the procedure was repeated for 10 cycles. 
Vessels were replaced back to their original places in all 
groups following 60 minutes of reperfusion (Figure 1). 
Muscles were harvested after 72 hours of reperfusion. 
The acquired specimens were divided into two. One 
part is used for NO and SOD level determination and 
the other part was used for microscopic evaluation. 

Biochemical Analysis
Determination of Tissue NO Level
Levels of NO metabolites in tissue samples were 

determined with Cd reduction method described by 
Navarro-Gonzalves et al. [25]. By the help of the Cd 
or catalytic enzymes samples are pretreated and nitrate 
to nitrite reduction is achieved. Samples of 500 μL 
were deproteinized by adding 30% ZnSO4 suspension. 
Ten-minute centrifugation and stirring of tissue sam-
ples were performed at 10,000 rpm at 4°C. Cd granules 
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were activated using CuSO4 solution in glycine-NaOH 
buffer. After 20 minutes of continuous stirring the 
samples were transferred to a microplate. Diazotiza-
tion of sulfanilamide and coupling to naphthalene di-
amine were used to determine the nitrite produced. A 
microplate reader was used to read the absorbance at 
540 nm. The nitrite intensity was verified automatically 
with regard to a measurement curve by the use of 2.0 to 
80 μmol concentrations of sodium nitrite.

Determination of Tissue SOD Activity 
The technique described by Sun et al. has been 

used to analyze the activity of SOD [26]. From the tis-
sue supernatant haemoglobin was removed, 0.3 mL of 
chloroform and 0.5 mL of ethanol have been added to 
the tissue supernatant, and by continuous vortex mix-
ing 1 mm hemoglobin was removed. The matrix was 
centrifuged at 18 000 x g for 60 minutes. To assess the 
Cu, ZnSOD activities supernatant fluid is diluted to 
100 and 0.5 mL of suspension. Chloroform and etha-
nol were used to purify plasma and serum samples. To-
tal amount of tissue SOD concentrations in nanomoles 
was calculated per gram tissue.

Measurement of Infarct Size
Pathological examination was performed in blind-

ed fashion. Triphenyl tetrazolium chloride assay was 
used to measure the ischemia-reperfusion induced in-
farct size [27]. After harvesting gastrocnemius muscle 
samples were washed with 0.9% standard saline imme-
diately following completion of the ischemia-reperfu-
sion protocol. All the fasciae, adipose tissues, and liga-
ments were removed and then samples were sliced into 
1.5 mm pieces with scalpel. For the second time, these 

small pieces were cleaned free of plasma using cold 
saline. After drying one-hour incubation at room tem-
perature with 1% triphenyl tetrazolium chloride (Sig-
ma-Aldrich, St. Louis, MO) suspension was utilized. A 
fair brown dye indicates infarcted muscle and dark pur-
ple colour indicates healthy muscle tissue; the samples 
illustrations were digitalized. Adobe Photoshop CS3 
(Adobe Systems Incorporated, CA, USA) was used to 
assess the ratio (%) of the necrotic tissue to the entire 
gastrocnemius muscle mass. 

Statistical Analysis 
For statistical analysis SPSS 14.0 for Windows 

(SPSS Inc., Chicago, Ill) was utilized. The mean ± 
standard error of the means (SEM) was calculated. 
Data were analyzed by Mann-Whitney U test. Macro-
scopic score was evaluated by χ2 test. Statistically sig-
nificant accepted p values were less than 0.05.

Results
Biochemical parameter results of groups were pre-

sented in Table 1. Tissue SOD levels were 491,52±33,09 
ng/g tissue, 440,38±1,75 ng/g tissue, 404,12±2,38 ng/g 
tissue, 351,11±13,00 ng/g tissue, and 425,76±2,07 
ng/g tissue in the IR, PC5, PC10, PC15, and PC20 
groups, respectively. Tissue NO levels were 0,265±0,01; 
0,220±0,05; 0,172±0,01; 0,131±0,01; and 0,193±0,00 
µM/g tissue in the IR, PC5, PC10, PC15, and PC20 
groups, respectively. Comparing other groups SOD 
tissue levels were decreased statistically significantly in 
the PC10 and PC15 groups (P< 0 .05) (Table 1). Tis-
sue NO levels were lower in the PC10 and PC15 groups 
but only statistically significant difference was between  
PC15 group and other study groups (P<0.05) (Table 1). 

Figure 1. Experimental protocol and timeline of short-interval postconditioning.
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In the PC15 and PC10 groups tissue viability percent-
ages were significantly higher (P <0,05) (Figure 2). 

Discussion
Tissue damage even death can occur following 

prolonged ischemia which is a surgical emergency [1]. 
Excessive amounts of free radicals accumulate in the 
ischemic tissue following interruption of blood flow. 
SOD and glutathione peroxidase and some other en-
zymatic antioxidants remove accumulated free radicals 
from tissues [26]. After reperfusion these excess oxy-
gen derived free radicals cause tissue injury and due to 
inflammatory response several systemic complications 
occur [15,18]. Therefore, tissue damage after reper-

fusion can outweigh the damage which occurs during 
ischemia [12]. There is a delicate balance between 
production and scavenging of oxygen derived free rad-
icals which is deteriorated depending on the degree 
of ischemia-reperfusion injury [15]. Oxygen derived 
free radical accumulation in ischemic period and sud-
den burst of these radicals after reperfusion seem to be 
the pathophysiological process behind I/R injury so it 
should be possible to prevent this process by postcon-
ditioning [12-15]. The muscle is one of the most sensi-
tive tissues to oxidative free radical injury. Reperfusion 
following ischemia is an important clinical problem 
in various vascular disease and musculoskeletal inju-
ries especially the skeletal muscle tissue [16,20,22]. 
Rhabdomyolysis, CS, limb injury also organ, and sys-
tem damage in urinary and mesenteric systems can be 
seen [16-24]. The significance of ischaemia time has 
been stressed as a cumulative increase of ultrastructur-
al lesions views among 2 and 7h ischaemia injuries in 
skeletal muscular tissues [16-18]. Concerning reper-
fusion injury, numerous articles have indicated that to 
ascertain the muscular damage a cycle of more than 2 
h of reperfusion is sufficient. Preconditioning has been 
widely investigated in the literature to decrease I/R in-
jury along with many other strategies. Following land-
mark study of Murray et al. several experimental and 
clinical studies have been published. Clinical applica-
tion of preconditioning is not possible or practical in 
ischemic insults and reconstructive microsurgery [2]. 
Zhao et al. first described postconditioning to decrease 
reperfusion injury in rat cardiac ischemia model [3-5]. 
Other studies confirmed the success of this strategy 
in many other tissues and organs like kidney and lung 
[6,7]. Beneficial effects of this innovative approach 
have been demonstrated in both experimental and clin-
ical settings. Heart, brain, lung, and adipocutaneous 
tissues have been studied and protective effects of this 
procedure have been shown.

Even though literature revealed that this innovative 
procedure had clear beneficial effects on reperfusion 

Figure 2. Viability percentages of the groups.  

Table 1: Tissue NO and SOD levels for all groups.

No Mean±SD

NO 
(µM/g wet tissue)

Control 8 0.265±0.01

5 sec 8 0.220±0.05

10 sec 8 0.172±0.01

15 sec† 8 0.131±0.01

20 sec 8 0.193±0.01

SOD 
(ng/g wet tissue)

Control 8 491.52±33.09

5 sec 8 440.38±1.75

10 sec 8 404.12±2.38

15 sec† 8 351.11±13.00

20 sec 8 425.76±2.07
† p <0.05 statistically significant

Year 2018 | Volume 7 | Issue 1 | 1-8
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injury effects on musculoskeletal and muscular tissue 
are still not demonstrated in the literature. In a study 
on rat cremasteric I/R model showed that after critical 
ischemia intermittent reperfusion and reocclusion pre-
conditioning decreased arteriole vasospasm [3-7]. Park 
et al. showed effectiveness of post-con in I/R injury in 
rat extensor digitorum longus (EDL) model [15]. In a 
study by Yan et al. effectiveness of postconditioning in 
prevention of I/R injury has been shown in rat gracilis 
muscle tissue [28]. In the light of current literature it 
is obvious that besides myocardium post-con can also 
have protective effects in skeletal muscles [28]. 

There are many different ‘‘on-off ’’ post-con practic-
es published in the literature to study effects of I/R in-
jury in several animal models [29]. In rat myocardium 
3 or 6 cycles of reperfusion/reocclusion and in rat cer-
ebral tissue 3 cycles of 10-second reocclusion/30-sec-
ond reperfusion have been studied [30]. Moon et al. 
have described that short-interval postconditioning 
six cycles of 15 s reocclusion and 15 s reperfusion are 
effective in reducing I/R injury [31]. Ozkisacik et al. 
performed the same post-con protocol as Moon et al. 
have described and found that a new model of short-in-
terval postconditioning (5 s reperfusion followed by 10 
s of reocclusion) could protect against ischemia-reper-
fusion injury in rats [32]. According to all the protocols 
utilized in literature, it is hard to determine exact cycle 
number or interruption period is optimal. We designed 
our experimental model according to a study of Ozki-
sacik et al. in which they evaluated the effects of I/R 

injury in testis tissue (Figure 1).
In our literature search there was no study con-

cerning the best time of reperfusion in short-interval 
postconditioning in the rat gastrocnemius muscle is-
chemia model. Other studies on muscle ischemia post-
conditioning models do not evaluate the optimal tim-
ing and duration of reperfusion [4,12-29].

Ischemia-reperfusion injury mediated by nitric ox-
ide causes DNA injury, proapoptotic effect, and lipid 
peroxidation in tissues [3,10]. On the contrary some 
studies showed that increased NO synthase activity is 
related to decreased I/R injury [32]. 

 We determined that in control group NO levels 
were significantly increased compared to all the study 
groups (Table 1). This in turn indicates that NO has 
a destructive effect in the PC15 groups. In the PC15 
group NO levels were the lowest and this was statisti-
cally significant compared to other groups (p<0,05) 
(Table 1). In contrast to our results, Ozkısacik et al. de-
termined that NO levels were the highest in the PC5 
group and noticed that NO has a protective effect in 
the PC5 group, but this finding was not statistically sig-
nificant [32]. Decreased ischemia-reperfusion injury 
is correlated with increased NO synthase activity in a 
study by Thadhani et al. [33]. 

In the muscle tissue main source of superoxide 
is mitochondria [34]. Under physiologic conditions 
overall mitochondria produce 2% of ROS as superox-
ide anion, in ischemia-reperfusion injury mitochondria 
hyperfunctions by superoxide production [35]. There 

Figure 3. Infarct size of the groups.
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occurs a vicious cycle during ischemia in which in-
creased ROS levels lead to ETC damage which in turn 
leads to further increased ROS production [36]. After 
reperfusion sudden release and burst of these ROSs 
lead to further damage in ETC and cell membrane 
which causes oxidative damage and cell death [37]. 
Under physiologic conditions conversion of superox-
ide to H2O2 is mediated by MnSOD in mitochondria 
and subsequently H2O2 is reduced to water by mito-
chondrial glutathione peroxidase [34-37]. 

Statistically significant decreases in SOD levels 
were observed in PC15 group (P <0,05) (Table 1). We 
conclude that 15- and 10-second “off ” reperfusion cy-
cles were suitable regime for postconditioning. Sugino 
et al. also reported that I/R injury in the rat ovary re-
duces levels of superoxide dismutase (SOD) [37]. Our 
result of decrease in SOD levels is in accordance with 
the current literature.

Surgical or chemical delay procedures have been 
described to augment the flap survival and extensively 
studied in the literature. Choke vessels exist between 
neighbouring angiosomes and these vessels became 
patent after an ischemic insult. Augmenting the sur-
viving length of flaps by these means is possible in the 
human that may be possible.

 More recently, McAllister et al. showed increased 
flap survival in a pig latissimus dorsi muscle flap I/R 
model with postconditioning [12]. Yan et al. demon-
strate that post-con as an “after-injury strategy” notice-
ably increased the survival of gracilis muscle flaps after 
I/R injury [28]. Theoretically post-con procedure can 
be applied in skeletal muscle I/R injury in the light of 
the positive results obtained from these studies. 25 per-
cent mean viability was observed in the control group 
which is significantly lower when compared with study 
groups. The viability percentages were 25, 31, 43, 57, 
and 66 in groups IR, PC5, PC10, PC15, and PC20, 
respectively. PC15 group showed increased muscle vi-
ability comparing other groups in our study (p<0,05) 
(Figures 2 and 3). 

Different from other researches, 15-second inter-
val times were found to be the most suitable time ta-
ble in postconditioning. During reperfusion protective 
levels of biochemical markers were obtained in PC15 
group. Reperfusion injury can be reduced by short-in-
terval post-con in muscular I/R rat model. Besides 
standard care of myocardial infarct, several clinics used 
this technique with relative success clinically in prima-
ry coronary intervention [30]. In our study 10 cycles of 
15 seconds of reperfusion and 10 seconds of occlusion 
post-con procedure produced considerable increase in 
muscle viability. This technique seems valid and there-
fore similar procedures may be considered during re-
constructive microsurgery.

Conclusion 
 In this study we demonstrated the effects of post-

conditioning on I/R injury on muscle tissues. Muscle 
viability can be improved with post-con as an “after-in-
jury” strategy. Compared with the pre-con procedure 
it is more practical and applicable in clinical settings. 
Further studies are required to elucidate best post-con-
ditioning duration and algorithm in I/R injury and to 
investigate the real protective pathophysiology.
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