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S U M M A R Y  
 
 The use of maggot therapy (MT) is proving effective in the treatment of complicated diabetic foot ulcers 
(DFUs). Most of the previous studies have focused on the comparison of MT and routine treatment approaches for the 
management of DFUs. The aim of this study was to add MT to routine treatment line of DFUs as a new approach. In 
this study, the principal expectation from MT method was to prepare wound bed for continuation of the treatment 
with other measures. This study was designed as a before-after observational study. Twenty-five out of the initial 47 
volunteers who presented with DFUs to our wound clinic were included in our study. In the present study, a total of 
27 DFU cases were managed with maggot therapy using the Karaj Strain of Lucilia sericata (L. sericata). MT was added 
to routine treatments as a complementary therapy. Surface areas of the necrotic tissues and granulation tissues over 
time were calculated. Satisfaction of patients and physicians was evaluated with a questionnaire. There was a 
significant reduction in the surface area of necrotic tissues and increase in the surface area of granulation tissues (p < 
0.0001) as early as four days after the initiation of maggot therapy. After adjusting for confounding variables, statistical 
analysis confirmed a significant reduction in the size of necrotic tissues and increase in granulation tissues formation 
(p < 0.001). About 96.3% of the physicians and patients involved in our study were satisfied with the results of the 
treatment. The time for significant reduction of the size of necrotic tissues was less than in similar studies. This study 
confirmed that effective, faster and satisfactory results can be achieved when MT is added to routine treatments as a 
complementary therapy for healing DFUs. This approach can be introduced as a new treatment modality for healing 
DFUs with high rate success. 
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I N T R O D U C T I O N  
 

According to recent reports, about 422 million 
adults lived with diabetes in 2014 (1). One of the 
major complications of diabetes is non-healing foot 
ulcers, which frequently leads to lower extremity 
amputation. Over the past decade, the rate of am-
putation ranged from 1.5 to 3.5 events per 1,000 
confirmed diabetic patients annually. Some high 
income countries have reported a 40 – 60% reduction 
in the rate of amputation during the last 10 – 15 
years, however, such data do not exist for low or 
moderate income countries (2).  

Diabetic foot ulcers (DFUs) stand for a very 
complicated condition due to blood vessel disorders, 
high load of bacterial flora and biofilms, and resis-
tance to antibiotics. These factors increase necrotic 
tissue formation and delayed wound healing (3), 
representing a major challenge to various treatment 
approaches for healing DFUs. The routine treatment 
modalities for DFUs are associated with limited 
efficacy, need for anaesthesia, pain, and mechanical 
damage to the underlying healthy tissues (4). One 
treatment protocol which proves effective in over-
coming complicated conditions of DFUs is the use of 
maggot therapy (5). 

Effectiveness of Lucilia sericata (Diptera: 
Calliphoridae) as the agent for maggot therapy for 
the removal of necrotic tissue (debridement), dis-
infection, rapid elimination of infecting microor-
ganisms, and enhancement of the healing process of 
DFUs has been proven (6). The use of maggots as 
medicinal agents is an ancient practice and the oldest 
documents related to maggot therapy were recorded 
in the 16th century (7). A new approach to modern 
maggot therapy re-emerged during the 1980s (8). 

Following the successful use of this method in 
various parts of the world, especially in the US and 
some European countries, the FDA has approved the 
use of the larvae of L. sericata as medicinal devices 
(9). There is one documented report on the use of 
maggot therapy in Iran for the management of DFUs 
(10) and plenty of other studies conducted in differ-

ent countries, but most of these studies tried to 
compare the efficacy of maggot therapy with routine 
modern therapies and sharp debridement.  

The wound preparation is important for 
wound management especially for the hard-to-heal 
wounds (11). This process has been mentioned as 
one of the best result of the MDT (12). The hypoth-
esis for new approach in this study was to show the 
effectiveness of MDT for preparing the granulated 
wound bed in wounds along with other conven-
tional healing measures. Therefore, the aim of this 
study was to introduce a new approach to maggot 
therapy as a complimentary therapy to other routine 
treatment protocols of DFUs.  

Some limitations in the use of maggot therapy 
and patients and physicians dissatisfaction due to 
the need for continuous and long-term application 
require new approach to maggot therapy, partic-
ularly as a complimentary therapy along with other 
routine therapeutic methods. Satisfaction of patients 
and approval by the clinical team can affect the 
introduction of new approaches to treatment pro-
tocols. In the modern medical practice, decisions are 
based on evidence-based protocols (13). A literature 
review indicated that patient’s satisfaction may be 
much more important in treatment protocols of 
diabetes (14). Satisfaction of patients and physicians 
with maggot therapy for the treatment of DFUs was 
assessed in this study with a questionnaire. 

 
PARTICIPANTS AND METHODS 

 
This study was designed as a before-after 

observational study. Twenty-five volunteers who 
presented with 27 DFUs to the wound treatment 
clinic, ACECR, of Tehran University of Medical 
Sciences (TUMS) were involved in our study (Figure 
1). All the wounds were categorized as grade 2 DFUs 
based on the Wagner Ulcer classification (15). 

Inclusion criteria for our study included the 
following: patients who have at least one DFU, with- 
out a history of entomophobia, alcohol or opium 
abuse, and had signed the informed consent. Pa-
tients who appeared to have severe pains, bleeding, 
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Figure 1. A diagram of the interviewed, excluded and included cases in the study 
 

 
mental disorders, and special unexpected situations 
leading to hospitalization were excluded from the 
study. Immunocompromised patients other than 
diabetics, like HIV/AIDS patients, were also ex-
cluded from the study. For better application of 
maggot therapy, hard-to-heal wounds were selected.  

The Karaj Strain of L. sericata was used for the 
maggot therapy in this study. Sterile larvae of L. 
sericata were prepared and stored at the laboratory of 
therapeutic flies, Tehran University of Medical 
Sciences.  

Maggots were applied directly onto the 
wound at a dose of 8 - 10 L1 instar maggots per 1 
cm2 of wound surface. Special dressing was placed 
over the wound to prepare a place like a small cage 
for the activities of the larvae. The method for 
wound dressing was somehow similar to that of 
Gottrup and Jørgensen (16). Maggots were re-ap-
plied every 48 hours. Alongside the maggot therapy, 
patients underwent routine DFU treatment in-

cluding sharp debridement, antibiotic therapy, ozon 
therapy, vacume therapy and new dressings such as 
silver dressings. Routine treatment differed due to 
the wounds. Maggot therapy was added to the 
routine treatment as a complementary therapy.  

Indication of wound bed preparation in this 
study was to calculate the surface areas of necrotic 
tissues and granulation tissues which were photo-
graphed and analyzed by Matlab 6.1 Software® 
before and after treatment. To minimize errors in the 
calculation of wound surface area, the photography 
and software analyses were repeated three times for 
each DFU.  

Statistical analyses were performed using 
ANCOVA and Wilcoxson in SPSS 18 software®. 
Similar to the criteria used by some other scientists 
(17), reduction in the size of necrotic tissues and 
appearance or extent of granulation tissue formation 
were the main factors used for the evaluation of 
maggot therapy in this study. 
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R E S U L T S  
 

The patients in our study included 13 (52%) 
males and 12 (48%) females. The average age of the 
patients was 59.7 ± 11.5 years. Patients had a history 
of 17.7 ± 10.1 years of diagnosed diabetes and 10.3 ± 
13.8 months of DFUs.  

In this study, a wide variety of other routine 
healing procedures (summarized in Table 1) were 
involved in the management of the 27 wounds in 
addition to the maggot therapy.  

Patients received maggot therapy for an 
average of 2.8 ± 1.6 days. Based on Wilcoxon 
analysis, there was a significant difference (p < 0.0001)  

 
 

Table 1. Other routine healing procedures applied together with maggot therapy. ACECR, 2017. 
 

Oral 
antibiotics 

Injectable 
antibiotics 

Silver 
dressings 

PRP Ozone 
therapy 

Sharp 
debridement 

Medical 
intervention 

  
9 

 
13 

 
9 

 
11 

 
27 

Number of 
wounds 

 
 

Table 2. The mean scores of the surface area of necrotic tissue before and after maggot therapy in  
the study participants, based on ANCOVA results. ACECR, 2017. 

 

Variable Sum of squares Degree of freedom Mean Square F P-value 

Intercept 1.6 1 1.6 4.6 .045 

Before necrotic space 8.15 1 8.15 24.2 < 0.001 

Gender .17 1 .17 .52 .48 

Days of intervention 22.38 2 11.2 33.3 .000 

Age .633 1 .633 1.88 .19 

Duration of ulcer .041 1 .041 .121 .73 

History of diabetes .044 1 .044 .129 .72 

Error 6.4 19 .336   

Total 171.2 27    

 
Table 3. The mean scores of the surface area of granulation tissue formed in the wounds before and after 

 maggot therapy in the study participants, based on ANCOVA results. ACECR, 2017. 
 

Variable Sum of squares Degree of freedom Mean Square F P-value 

Intercept .154 1 .154 .060 .81 

Before granular space  44.05 1 44.05 17.2 .001 

Gender 1.41 1 1.41 .55 .47 

Days of intervention 8.92 2 4.46 1.74 .20 

Age 1.68 1 1.68 .65 .43 

Duration of ulcer 1.37 1 1.37 .54 .47 

History of diabetes 6.62 1 6.62 2.59 .12 

Error 48.7 19 2.56   

Total 647.8 27    
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between the average surface area of necrotic tissue 
before (3.51 ± 2.6 cm2) and after treatments (2.35 ± 
0.99 cm2). Wilcoxon analysis also showed a signif-
icant increase (p < 0.0001) in the surface area of gran-
ulation tissue before (1.52 ± 0.96) and after treatment 
(4.1 ± 2.78). 

Effects of confounding variables such as age, 
gender, duration of diabetes, duration of wounds, and 
duration of maggot therapy on the results were 
evaluated using ANCOVA. After adjusting for the con- 

founding variables, ANCOVA analysis confirmed a 
significant reduction in the size of necrotic tissues and 
increase in the size of granulation tissues (p < 0.001) 
(Table 2 and 3). All of the cases were neuropathic 
diabetic foot ulcer and in their history clearly had the 
features of hard-to-heal wounds. Photos of four 
successfully treated cases are shown in Figures 2 - 5 as 
representative to point out the effectiveness of the 
new approach of maggot therapy with other routine 
treatment procedures.  
 

      
 

Figure 2. Diabetic foot ulcers in the right leg of a 40-year-old female, which have been treated with three rounds  
of maggot therapy in ACECR, Tehran, Iran (Original photos) 

 

        
  
Figure 3. Diabetic foot ulcers in the right leg of a 37-year-old male, which have been treated with two rounds  

of maggot therapy in ACECR, Tehran, Iran (Original photos) 
 

      
 

Figure 4. Diabetic foot ulcers in the right leg of a 45-year-old female, which have been treated with two rounds 
  of maggot therapy in ACECR, Tehran, Iran (Original photos)  

 

   
 

Figure 5. Diabetic foot ulcers in the right leg of a 55-year-old male, which have been treated with one round 
of maggot therapy in ACECR, Tehran, Iran (Original photos). 
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Satisfaction of the patients and their relevant 
medical team was evaluated by a questionnaire. 
About 96.3% of the patients and physicians involved 
in our study were satisfied with the results of our new 
approach to the treatment of DFUs. Visual imagery of 
live larvae in wounds and social contacts in 
hospital/home atmosphere were the main factors that 
discouraged patients from undergoing the maggot 
therapy. 
 

D I S C U S S I O N  
 
Most of the previous studies conducted on 

maggot therapy have focused on comparing of its ef-
ficacy with other routine treatments (4). On the other 
hand, the compatibility of maggot therapy with 
other DFU healing methods has become a frequent 
question among clinicians. In the present study, 
maggot therapy was added to routine treatment 
approaches as a complimentary therapy. There were 
no contradictions between maggot therapy and the 
other DFU healing methods used in this study.  

The time interval for maggot therapy re-
application in each patient was 48 hours. To evaluate 
the efficacy of this new approach to maggot therapy, 
we calculated the active hours of larvae in the 
wounds and converted them to daily activities. In 
this regard, the duration for a significant reduction 
in the surface area of necrotic tissues was about four 
days. This finding is similar to that of many other 
studies (3), particularly the study of Sherman et al. 
who recorded a significant reduction in the size of 
diabetic wounds after one week following treatment 
with maggot therapy (16). Wang et al. also reported 
a reduced time of healing with maggot therapy 
compared to routine healing (19).  

Lucilia sericata has been associated with 
nosocomial myiasis in Iran (20, 21). The presence of 
its larvae in human tissues confirms the diagnosis of 
myiasis, but the invasive behavior of this species is 
still debatable. However, some studies have shown 
that some strains of L. sericata can invade the healthy 
tissues (22). It has therefore been recommended that 
the safety and effectiveness of each L. sericata strain 
as medicinal agents for maggot therapy should be 
evaluated (23). The results of this study show that 
the Karaj Strain of L. sericata is safe and can effec-
tively be used as agents of maggot therapy which can 
be recommended for importing as a medical prod-
uct to the neighbouring countries.  

Patients compliance is a global problem in 
maggot therapy (24, 25), mainly due to the dis-
gusting feeling caused by the presence of live 
creatures such as worm-like larvae in the wounds. 
This can be expected from the ordinary people, but it 
is recommended that physicians encourage their 
clients to embrace maggot therapy because it is not 
an unusual picture in the medical sciences. Some 
healthcare professionals also avoid maggot therapy 
mainly due to the bad odor. Stinky smell produced 
during the process is due to the rupture of pyogenic 
abscesses at the wound site, and it seems to be a 
good sign of bacteria removal, which facilitates 
wound healing. Some of the physicians in Iran were 
reluctant to embrace maggot therapy because of lack 
of the approved national protocol.  

Acceptability of maggot therapy by patients 
was 75% in a clinical trial conducted by Petherick et 
al. (24). Patient acceptance of maggot therapy did not 
vary with changing the method of application of 
larvae (24, 25). Maggot therapy acceptance rate was 
77% in another study conducted by Spilsbury et al. 
(25). In the studies of Spilsbury and Patherick, the 
main factors for the refusal of maggot therapy were 
similar to those reported in our study. The main 
factor which affects maggot therapy acceptance is 
the visual appearance of larvae in wounds. In the 
present study, the acceptance rate of maggot 
debridement therapy among patients and their 
clinical team was about 96.3%. Patients were highly 
satisfied with the results of the treatment approach. 

 
C O N C L U S I O N  
 
In this study, we added maggot therapy to 

other routine methods of healing DFUs and 
demonstrated that this type of therapy can be added 
to conventional treatment approaches such as sharp 
debridement, antibiotic therapy and modern dress-
ings to achieve a satisfactory results. We therefore 
recommend the application of maggot therapy as a 
complimentary therapy to other routine healing 
approaches. Finally, in our study, there was a very 
high degree of acceptance for this new approach to 
maggot therapy for healing DFUs, and most im-
portantly, patients were very satisfied with the re-
sults of the treatment. 
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S A Ž E T A K  
 

 
Primena terapije larvama pokazala se delotvorno u lečenju komplikovanih ulkusa dijabetičkog 

stopala. Većina prethodnih studija fokusirala se na poređenje terapije larvama i rutinskih tretmana u lečenju 
ulkusa dijabetičkog stopala. Cilj ove studije bilo je priključivanje novog pristupa, terapije larvama, 
rutinskom lečenju. U ovoj studiji, osnovno očekivanje od terapije larvama bila je priprema rane za nastavak 
lečenja drugim merama. Studija je dizajnirana kao “before–after” opservaciona studija. Studija je uključila 
dvadeset pet od početnih četrdeset sedam volontera, koji su se na našoj klinici pojavili sa ulkusima 
dijabetičkog stopala. Ukupno dvadeset sedam bolesnika lečeno je terapijom larvama, pri čemu je korišćen 
Karaj soj Lucilia sericata (L. sericata). Terapija larvama priključena je rutinskom lečenju, kao 
komplementarna terapija. Tokom vremena, računata je površina nekrotičnog i granulacionog tkiva. 
Zadovoljstvo bolesnika i lekara procenjivano je pomoću upitnika. Četiri dana od početka terapije larvama 
zabeleženo je značajno smanjenje u površini nekrotičnog tkiva, kao i povećanje granulacionog tkiva (p < 
0,0001). Nakon određivanja pridruženih varijabli, statistička analiza potvrdila je značajno smanjenje veličine 
nekrotičnog tkiva, kao i povećanje površine granulacionog tkiva (p < 0,001). Oko 96,3% lekara i bolesnika, 
koji su učestvovali u ovoj studiji, bilo je zadovoljno rezultatima lečenja. Vreme, u kome je zabeleženo 
značajno smanjenje površine nekrotičnog tkiva, bilo je kraće nego u sličnim studijama.  

Ova studija potvrdila je to da se efikasni, brzi i zadovoljavajući rezultati mogu dobiti kada se 
terapija larvama, kao komplementarna terapija u lečenju ulkusa dijabetičkog stopala, priključi rutinskom 
lečenju. Ovaj pristup može se uvesti kao novi modalitet u lečenju ulkusa dijabetičkog stopala, sa velikom 
stopom uspešnosti. 
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