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ABSTRACT

Background: In Irag, the external fixation is widely used for highly incident fractures caused by war,
violent accidents or road traffic accidents. The road traffic accidents represented the main cause for
fractures in Kurdistan region which needs reduction and holding by external fixator. The pin tract
infection is the most common complication of external fixation for fractures.. Objective: To assess the
incidence and commonest microorganisms causing pin tract infection in Sulaimani city. Patients and
Methods: A retrospective cross sectional review that carried out in Sulaimani Hospitals (Sulaimani,
Shar and Shoresh teaching hospitals) through duration period of ten years from first of February, 2010
to 31st of January, 2020 on 87 patients with bone fractures managed by external fixation. The diagnosis
of pin tract infection was according to the clinical features, microscopial examination and radiological
findings.. Results: The pin tract infection incidence of fractured patients was (34.9%). The infective
microorganisms for pin tract infection were staphylococcus aureus (50%), staphylococcus epidermidis
(36.7%) and E. Coli (13.3%). Checketts Otterburn classification of pin tract infection was classified
into; G1 (36.7%), G2 (23.3%) and G3 (40%).. Conclusion: The incidence of pin tract infection among
fractured patients after external fixation is (34.9%) that is within international range and the

staphylococcus aureus is the commonest microorganism.
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1. INTRODUCTION

The pin tract infections are the most common complications of external fixation. The exact
definition of pin track infection is any infection occurs in the skin tract of any metallic
implant used in orthopedics like Kirschner wires, traction pins and pins of external fixation™.
The incidence of pin tract infection among fractures treated by Kirschner wires reached to
1.4%, 2 while incidence of pin tract infection among fractures treated by external fixation
reached to 27.4%". Additionally, the pin tract infections are associated with high risk of toxic
shock syndrome and necrotizing fasciitis leading to high risk of limb amputation and death®.
Although the necessity of external fixation in correction of congenital malformations,
mobilizing stiff joints and non-union fractures, 1 the external fixation is accompanied with
high morbidity rates specifically when fixation is prolonged °.

A specific pathogenesis of pin tract infection is unknown till now. However, some authors
stated that pin tract infection starts from outside to inside®®. For that, the infection spread
from soft tissue to bone leading to pin loose and affect the bone fixation °. Other theories for
pin tract infection are fluid accumulation around the pin or instability of the external fixation
pin which leads to pin loosening and infection’. The staphylococcus epidermidis,
staphylococcus aureus and Escherichia coli are the main infective agents of external fixation
pin tract infections'®. Younger age of patients and longer duration of external fixation were
found to be the common risk factors of pin tract infection °.However, older age patients with
clinical morbidities are more prone to pin tract infections**. Other factors affecting incidence
of pin tract infections are type of fracture, fixator type, pin insertion technique and post-
operative care*. Classification or grading of pin tract infections is depending on clinical
symptoms like pain or erythema *® or on purulent discharge and swelling ** or on treatment
response '°>. The Paley classification was firstly introduced at 1990 that classified
complications following lengthening procedures according to the Ilizarov method into
problems (resolved by non-surgical methods), obstacles (resolved by surgical methods) and
complications (unresolved) °.

The treatment of pin tract infection is commonly depending on Checketts—Otterburn PTI
classification which categorized the infection into minor and major *”. For minor cases, the
treatment is concerned on improving infection site care and oral antibiotics with continuing

the external fixation'®. The pin site care includes disinfection solutions, cleansing methods,
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dressing materials and frequent dressing changes *°. For major cases, removing infected pins,
intravenous antibiotics and curettage are used for severe cases*?. In general, the acceptable
treatment strategy is byre-fitting infected pins and wires better than removal or replacement
and enhancing not removing of external fixation 2. The prevention of pin tract infection
should be taken in consideration before during planning of the external fixation by selecting
better fixator pins and shorter duration of pin application ?°. Many authors found that
prevention of pin tract infections are dependable on pin design, surgical technique, use of
cleansing solutions, frequency of pin site cleaning, dressing type, showering, prophylactic
antibiotics and other factors %',

In Iraq, the external fixation is widely used for highly incident fractures caused by war,
violent accidents or road traffic accidents %. The road traffic accidents represented the main
cause for fractures in Kurdistan region which needs for external fixation 2°. Neglected pin
site care, resistant antibiotics and poor planning for post-fixation care are the main reasons
for higher incidence of pin tract infection in Kurdistan®® *. For all of these reasons and
scarcity of national literatures discussing this problem, we conduct this research to assess the

incidence and commonest microorganisms causing pin tract infection in Sulaimani city.

2. PATIENTS and METHODS

A retrospective cross sectional review that carried out in Sulaimani Hospitals (Sulaimani,
Shar, and Shoresh teaching hospitals) through duration period of ten years from first of
February, 2010 to 31% of January, 2020. The study population was all patients with bone
fractures managed by external fixation during study duration. Patients with bone fractures
from all age groups, treated external fixation, infected gap non union bone, multi-fragment
fractures and bone loss or bone defect were the inclusion criteria. Exclusion criteria were
congenital bone conditions, fibular hemimelia, tibial hemimelia, cosmetic bone elongation
and congenital psudo-arthrosis of tibia. The ethical considerations were implemented
according Helsinki Declaration regarding ethical approval of Health authorities; an ethical
approval was taken from Kurdistan Board Ethical Committee and confidentiality of data. A
convenient sample of 87 patients with bone fractures managed by external fixation was
selected after eligibility to inclusion and exclusion criteria.

Data collected either directly from the patients or from their saved medical records in
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Sulaimani Hospitals in a data collection sheet (Questionnaire) included the following data;
demographic characteristics of patients , fracture characteristics (bone types and diagnosis),
treatment characteristics of fractured patients (procedure, type of external fixation and
complications) and pin tract infection incidence and characteristics (pin tract infection
incidence, infective microorganism and Checketts Otterburn classification). The diagnosis
of pin tract infection was done to the clinical features, microscopial examination and
radiological findings, while, the classification of fractured patients was implemented
according to Checketts Otterburn criteria®.

Age of patients categorized into five groups (<20 years, 20-29 years, 30-39 years, 40-49
years and >55 years) and ranged from 14 years to 65 years. The diseased bones were tibia,
femur, humerus and foot bones. The procedures were bone transport or fibula protibia or
arthrodiastasis. The types of external fixations were Hybrid external fixation or
conventional external fixation. The external fixation surgical operation was done and the
complications were also assessed. The micromicroorganism culturing of pin tract infection
was implemented at Laboratories of Sulamini Hospitals. Follow up of fractured patients for
at least one month postoperatively. Methods to reduce pin tract infection: correct drilling
and insertion of wire/pin to reduce pin tract infection, they inserted in the save zone to avoid
ligament and tendon to prevent inflammation loosening and then infection, the wire was
drilled and the pin inserted manually and slowly without using drill and continuous cooling
with normal saline to prevent thermo necrosis which will lead to infection, meticulous skin
incision and releasing soft tissue at the insertion site to prevent injury and loosing which
complicated by infection. We avoided area of open injury or wound area to prevent pin tract
infection. Data were analyzed using the Statistical Package of Social Sciences (SPSS)
version 22 software for windows. Chi-square and Fishers exact tests were applied for
analyzing categorical variables accordingly. Level of significance (P. value) was regarded

statistically significant when it was 0.05 or less..
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3. RESULTS

Eighty seven fractured patients were enrolled with mean age of (30 years) and range of 14-
65 years; 19.5% of patients were at age group of less than 20 years, 40.2% of them were at
age group 20-29 years, 16.1% of them were at age group 30-39 years, 10.3% of them were
at age group 40-49 years and 13.8% of them were at age of 50 years and more. The male to
female ratio was 2.5:1.0, (Table 1), The diseased bones of studied patients were commonly
distributed as followings; tibia (54%), femur (23%), humerus (21.9%) and foot fracture
(1.2%). Traumatic bone defect represented 77% of fractures and gap non-union represented
23% of fractures. (Table 2). The procedure of treatment used was mainly bone transport
(96.6%), followed by fibula protibia (2.3%) and arthrodiastasis (1.1%). The external
fixation types used were mostly Hybrid external fixation (82.8%) and conventional external
fixation (17.2%). The postoperative complications according to paley classification
encountered in 26.4% of fractured patients; problem was reported in 60.9% of complicated
patients and obstacle in 39.1% of them. (Table 3). The incidence of pin tract infection for
fractured patients was (34.9%). The infective microorganisms for pin tract infection were
staphylococcus aureus (50%), staphylococcus epidermidis (36.7%) and E. Coli (13.3%).
Checketts Otterburn classification of pin tract infection was classified into; G1 (36.7%), G2
(23.3%) and G3 (40%). (Table 4). No significant differences were observed between
patients with pin tract infection and patients with no pin tract infection regarding age
(p=0.1) and gender (p=0.8). (Table 5). There was a highly significant association between
femoral fractures and higher incidence of pin tract infection (p<0.001), 73.7% of femoral
fractures had pin tract infection. A highly significant association was observed between
infected gap non-union fractures and higher incidence of pin tract infection (p<0.001), 70%
of infected gap non-union fractures had pin tract infection. (Table 6). There was a
significant association between fibula protibia procedure and pin tract infection (p=0.05).
No significant differences were observed between patients with pin tract infection and
patients with no pin tract infection regarding type of external fixation (p=0.4) and
complication types (p=0.2). A highly significant association was observed between presence
of postoperative complications and higher incidence of pin tract infection (p<0.001), 90.9%
of postoperatively complicated patients had pin tract infection. (Table 7).

Furthermore (Figures 1-7) demonstrate the sequel of a twenty eight years old man, with
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chronic Osteomyelitis of left tibia for the last 20 years as a complication of fracture and

tight bandaging causing 11 cm infected gap non-union and outcomes of corrections

Table 1. Demographic characteristics of fractured patients.

Variable | No. | %
Age at diagnosis (year)

<20 years 17 19.5
20-29 years 35 40.2
30-39 years 14 16.1
40-49 years 9 10.3
>50 years 12 13.8
Mean (SD*) 30.0 £13.8 -
Gender

Male 62 71.3
Female 25 28.7
Total 87 100.0
SD: standard deviation of mean

Table 2. Fractures characteristics

Variable No. %
Diseased bones

Tibia 47 54.0
Femur 20 23.0
Humerus 19 21.9
Foot 1 11
Diagnosis

Traumatic bone defect 67 77.0
Gap non-union 20 23.0
Total 87 100.0
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Table 3. Treatment characteristics of fractured patients.

Variable No. %
Procedure

Bone transport 84 96.6
Fibula protibia 2 2.3
Arthrodiastasis 1 1.1
Type of external fixation

Hybrid 72 82.8
Conventional external 15 17.2
Complications

Yes 23 26.4
No 64 73.6
Complication types according to paley classification
Problem 14 60.9
Obstacle 9 39.1
Total 87 100.0

Table 4. In tract infection incidence

Variable No. %
Pin tract infection

Yes 30 34.9
No 56 65.1
Infective microorganisms

S. Aureus 15 50.0
S. Epidermidis 11 36.7
E. Coli 4 13.3
Checketts Otter burn classification

Gl 11 36.7
G2 7 23.3
G3 12 40.0
Total 87 100.0
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Table 5. Distribution of fractured patients' demographic characteristics
according to incidence of pin tract infection

Pin tract infection
Variable Yes No P
No. % No. %
Age
<20 years 2 12.5 14 87.5
20-29 years 16 45.7 19 54.3 01N
30-39 years 5 35.7 9 64.3
40-49 years 2 22.2 7 77.8
>50 years 5 41.7 7 58.3
Gender
Male 21 344 40 65.6 08"
Female 9 36.0 16 64.0
NS=Not significant.
Table 6. Distribution of fractures characteristics according to incidence
of pin tract infection in different bones.
Pin tract infection
Variable Yes No P
No. % No. %
Diseased bone
Tibia 13 27.7 34 72.3
Femur 14 737 5 263 | <0.001°
Humerus 2 10.5 17 89.5
Foot 1 100.0 0 -
Diagnosis
Traumatic bone defect 16 24.2 50 75.8 <0.001°
Gap non-union 14 70.0 6 30.0
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Table 7. Distribution of treatment characteristics according to incidence of pin
tract infection.

Pin tract infection P

Variable Yes No

No. % No. %
Procedure
Bone transport 27 325 | 56 67.5 0.05°
Fibula protibia 2 1000 O 0.0
Arthrodiastasis 1 1000 O 0.0
Type of external fixation NS
Hybrid external fixation 26 36.6 | 45 | 634 04
Conventional ex-fix 4 26.7 | 11 73.3
Complications S
Yes 20 909 | 2 | 91 | <0001
No 10 15.6 54 84.4
Complication types according to paley classification 02"
Problem 11 84.6 2 154
Obstacle 9 1000 O -

NS=Not significant, S=Significant., S: significant

Figure 1. Twenty eight years old man, with chronic Osteomyelitis of left tibia for the last 20 years
as a complication of fracture and tight bandaging causing 11 cm infected gap non-union.
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Figure 3. Same patient with Ilizarov frame; the middle block for compression of Fibula-Pro-Tibia,
while proximal and distal blocks for correction of tibial bowing and elongation
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Figure 4. The same patient achieved pin tract infection obstacle according to the D. paley
classification which was treated by removing middle block of the ilizarov frame and remaining the
proximal and distal rings with good stability.

Figure 5. Plain radiograph A.P and lateral views , well corticalised distraction sites
hypertrophied distal fragment of fibula.
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Figure 6. The same patient after removal of the Ilizarov frame .

Figure 7. Plain radiograph A.P and Lateral views, union between hypertrophied distal fragment
of fibula with proximal fragment of the tibia & fibula after removal of the llizarov frame
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4. DISCUSSION

The pin tract infection is the main postoperative complication of skeleton fractures external
fixation *. The common poor outcome of these pin tract infections is lowering the pin-bone
construct stability. For that, the pin tract infection represented the most common clinical
challenge facing the surgeon, especially for patients with priority of limb lengthening or
deformity correction .

Present study found pin tract incidence of fractured patients managed by external fixation in
Sulaimani city was (34.9%). This incidence rate is lower than pin tract infection incidence
rate of (59.1%) reported by Abalo et al * one year prospective study in Togo on 50 patients
with 52 fractures. However, our study incidence rate is higher than results of Lobust and Liu
systematic review study in USA * which found that incidence of pin tract infection among
fractured patients managed by external fixation was (27.4%). According to our knowledge,
this study is the first Iraqi study assessing specifically the incidence of pin tract infection.
Recent Iragi study on fifteen fractured patients managed by external fixation reported that
two (13.3%) patients developed pin tract infection **. Many authors recorded the incidence
of pin tract infection among fractured managed by external fixation with range of (0-100%)
%41 These differences in pin tract infection incidence rates might due to many factors such
as patients factors, fractures factors, external fixator factors and surgeons experience in
addition to factors related to health infrastructure. In many literatures, the main hypothesis
in pathogenesis of pin tract infection stated that the infection develops from outside to the
inside by soft tissue inflammation progressing to soft tissue infection that leading to bone
infection regardless of pin stability ** *®. However, other literatures documented that pin

tract infection is related to pin loosening “* **

. It was shown that common preventive
measures were pin insertion manually by hand using on and off technique not by drilling
addition to use gauze and normal saline to decrease thermonecrosis of bone and soft tissue
The common infective microorganism for pin tract infection in current study was
staphylococcus aureus (50%). This finding is similar to results of Kortor et al *
retrospective study in Nigeria on 102 patients with open fractures treated by external
fixation which found that thirty two patients (31.3%) had pin tract infection and the
staphylococcus aureus was the common infective microorganism. The Checketts Otterburn

classifications of pin tract infection in our study were G1 (36.7%), G2 (23.3%) and G3
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(40%) that indicating minor pin tract infection cases. This finding is inconsistent with

results of Ferreira et al *

study in South Africa on 80 fractured patients managed by
external fixator which found pin tract infection incidence of (26.25%) and reported one case
of major pin tract infection (G6) and the others had minor infection. This inconsistency
might be due to differences in quality care, surgeon experience and awareness of patients
between different communities.

Current study showed a highly significant association between femoral fractures and higher
incidence of pin tract infection (p<0.001). This finding is consistent with results of many
literatures like Muragi et al *’ study in USA and Mohammed et al *® study in Kenya which
reported higher incidence of pin tract infection among patients with femoral fractures
managed by external fixation. The main reasons for this finding are that femur is close to
perneal region cause cross contamination from perianium (dieper) microorganism (E.coli)
and poor higene. Our study revealed a highly significant association between gap non-union
fractures and higher incidence of pin tract infection (p<0.001). This finding coincides with

results of Singh et al *°

study in India on 27 patients with gap non-union of fractures had
higher incidence rates of pin tract infection. The pin tract infection is directly related to gap
non-union complication of external fixation for fractures especially for limb fractures *°.

In present study, there was a significant association between fibula protibia procedure and
pin tract infection (p=0.05), two patients with fibula protibia procedure had pin tract

infection. This finding is consistent with results of Said et al >

study in Egypt which
reported that main complications of fibula protibia procedure were the pin tract infection
and non-union. Our study found a highly significant association between presence of
postoperative complications and higher incidence of pin tract infection (p<0.001). This

finding is similar to reports of Ceroni et al %°

study in Switzerland which stated that pin tract
infection incidence is increased with higher co-morbidities following external fixation of

fractures.

5. CONCLUSIONS

The incidence of pin tract infection among fractured patients after external fixation is
(34.9%) that is within international range. The main infective microorganism responsible

for pin tract infection is staphylococcus aureus. All cases with pin tract infection are
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classified with minor infection according to Checketts Otterburn criteria. The common risk
factors of pin tract infection are femoral fracture, gap non-union fracture, fibula protibia
procedure and co-morbidities following external fixation. Our study urged the orthopedic
surgeons to be aware for risk factors of pin tract infection and earlier management of
infection and testing of tank water to detect E. coli because it's the source of this

microorganism

Ethical Clearance: Ethical clearance and approval of the study are ascertained by the authors. All
ethical issues and data collection were in accordance with the World Medical Association
Declaration of Helsinki 2013 for ethical issues of researches involving humans. Data and privacy of
patients were kept confidentially.

Conflict of interest: Authors declared none

Funding: None, self-funded by the authors

Acknowledgment
Authors register their great thanks to all medical and health staff working in Sulaimani hospitals for

their efforts and help to complete my research.

References

1. Lobst CA. Pin-track infections: Past, present, and future. J Limb Lengthen Recontr
2017; 3: 78-84.

2. Tosti R, Foroohar A, Pizzutillo PD, Herman MJ. Kirschner wire infections in pediatric
orthopaedic surgery. J Pediatr Orthop 2015; 35:69-73.

3. lobst CA, Liu RW. Systematic review of incidence of pin track infections associated with
external fixation. J Limb Lengthen Reconstr 2016; 2:6-16.

4. Jauregui JJ, Bor N, Thakral R, Standard SC, Paley D, Herzenberg JE, et al. Life- and
limb-threatening infections following the use of an external fixator. Bone Joint J 2015;
97-B: 1296-300.

5. Sella EJ. Review: Prevention and Management of Complications of the lIlizarov
Treatment Method. Foot & Ankle Specialist 2008; 1(2):105-107.

6. Antoci V, Ono CM, Antoci V, Raney EM. Pin-tract infection during limb lengthening
using external fixation. Am J Orthop (Belle Mead NJ) 2008; 37(9):E150-E1544.

126



Sharif and Barawi, JMSP , 2021; 7 (3): 112-30

7. Clasper JC, Cannon LB, Stapley SA, Taylor VM, Watkins PE. Fluid accumulation and
the rapid spread of bacteria in the pathogenesis of external fixator pin track infection.
Injury 2001; 32(5):377-381.

8. Davies R, Holt N, Nayagam S. The care of pin sites with external fixation. J Bone Joint
Surg Br 2005; 87(5):716-719.

9. Ferreira N, Marais LC. Prevention and management of external fixator pin track sepsis.
Strateg Trauma Limb Reconstr 2012; 7(2):67—72.

10. Charville GW, Hetrick EM, Geer CB, Schoenfisch MH. Reduced bacterial adhesion to
fibrinogen-coated substrates via nitric oxide release. Biomaterials 2008; 29(30):4039—
4044.

11. Egol KA, Paksima N, Puopolo S, Klugman J, Hiebert R, Koval KJ. Treatment of external
fixation pins about the wrist: a prospective, randomized trial. J Bone Joint Surg Am
2006; 88(2):349-354.

12. Ferreira N, Marais LC. Prevention and management of external fixator pin track
sepsis. Strategies Trauma Limb Reconstr 2012; 7(2):67-72.

13.Santy J, Vincent M, Duffield B. The principles of caring for patients with Ilizarov
external fixation. Nursing standard 2009; 23(26):50-55.

14. Ward P. Care of skeletal pins: a literature review. Nursing Stand 1998; 12(39):34-38.

15. Saleh MSB, PacilltSe SO. Pitfalls and complications in leg lengthening: the Sheffield
experience. Semin Orthop 1992; 7:207-222.

16. Lascombes P, Popkov D, Huber H, Haumont T, Journeau P. Classification of
complications after progressive long bone lengthening: proposal for a new
classification. Orthop Traumatol Surg Res 2012; 98(6):629-637.

17. Checketts RGMA, Otterburn M. Pin track infection and the principles of pin site care.
In: DeBastiani AGAA, Goldberg DE (eds) Orthofix external fixation in trauma and
orthopedics. Springer, Berlin Heidelberg New York, 2000: pp 97-103.

18. Bhattacharyya MBH. Antibiotics vs an antimicrobial dressing for pin-track infection.
Wounds 2006; 2(2):26-33.

19. Lethaby A, Temple J, Santy J. Pin site care for preventing infections associated with
external bone fixators and pins. Cochrane Database System Rev 2008; 4:CD004551.

20. Ceroni D, Grumetz C, Desvachez O, Pusateri S, Dunand P, Samara E. From prevention

127



Sharif and Barawi, JMSP , 2021; 7 (3): 112-30

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

of pin-tract infection to treatment of osteomyelitis during paediatric external fixation. J
Child Orthop 2016; 10(6):605-612.

Saithna A. The influence of hydroxyapatite coating of external fixator pins on pin
loosening and pin track infection: a systematic review. Injury 2010; 41(2):128-132.
Rozbruch SR, Fragomen AT, llizarov S. Correction of tibial deformity with use of the
Ilizarov-Taylor spatial frame. J Bone Joint Surg Am 2006; 88(Suppl 4):156-174.
W-Dahl A, Toksvig-Larsen S, Lindstrand A. No difference between daily and weekly pin
site care: a randomized study of 50 patients with external fixation. Acta Orthop Scand
2003; 74(6):704-708.

Camilo A, Bongiovanni J. Evaluation of effectiveness of 10% polyvinylpyrrolidone-
iodine solution against infections in wire and pin holes for Ilizarov external fixators. Sao
Paulo Med J 2005; 123(2):58-61.

Gordon JE, Kelly-Hahn J, Carpenter CJ, Schoenecker PL. Pin site care during external
fixation in children: results of a nihilistic approach. J Pediatr Orthop 2000; 20(2):163—
165.

Parameswaran AD, Roberts CS, Seligson D, Voor M. Pin site infection with
contemporary external fixation: how much of a problem? J Orthop Trauma 2003;
17(7):503-507.

Kazmers NH, Fragomen AT, Rozbruch SR. Prevention of pin site infection in external
fixation: a review of the literature. Strategies Trauma Limb Reconstr 2016; 11(2):75-85.
Al-Shahwani ZW. Early & Definitive Treatment of War Compound Fracture. Iraqi J
Comm Med 2012; (4): 352-356.

Moore M, Anthony CR, Lim YW, Jones SS, Overton A, Yoong JK. The Future of Health
Care in the Kurdistan Region - Iraq: Toward an Effective, High-Quality System with an
Emphasis on Primary Care. Rand Health Q 2014; 4(2):1.

Saeed OM, Abdulgadir SH. Immobilization of open tibial diaphyseal fracture by POP
splint and external fixation device. Zanco J Med Sci 2014; 18 (1): 667-673.

Muhammad RA, Barawi OAR. Management of Infected Gap Nonunion of Shaft of
Femur by Ilizarov Method. Journal of Kurdistan Board of Medical Specialties 2018; 4
(1): 41-45.

W-Dahl A, Toksvig-Larsen S. Undisturbed theatre dressing during the first

128



Sharif and Barawi, JMSP , 2021; 7 (3): 112-30

postoperative week. A benefit in the treatment by external fixation: a cohort study. Strat
Traum Limb Recon 2009; 4:7-12.

33. Abalo A, Tomta K, Walla A, Ayouba G, Dossim A. Incidence And Risk Factors For Pin
Tract Infection In External Fixation Of Fractures. Nigerian Journal of Orthopaedics
and Trauma 2010: 9 (1):17-20.

34. Faraj AA. Temporising external fixation for hind foot trauma. Irag Medical Journal

2020; 3(3). Available on: http://www.jocms.org/index.php/imj/article/view/677

35.Sims M, Saleh M. External fixation - The incidence of pin site infection: A prospective
audit. J Orthop Nurs 2000; 4:59-63.

36. Moroni A, Vannini F, Mosca M, Giannini S. State of the art review: Techniques to avoid
pin loosening and infection in external fixation. J Orthop Trauma 2002; 16:189-195.
37.Parameswaran AD, Roberts CS, Seligson D, Voor M. Pin tract infection with
contemporary external fixation: How much of a problem? J Orthop Trauma 2003;

17:503-507.

38. Cavusoglu AT, Er MS, Inal S, Ozsoy MH, Dincel VE, Sakaogullari A. Pin site care
during circular external fixation using two different protocols. J Orthop Trauma 2009;
23:724-730.

39. Holt J, Hertzberg B, Weinhold P, Storm W, Schoenfisch M, Dahners L. Decreasing
bacterial colonization of external fixation pins through nitric oxide release coatings. J
Orthop Trauma 2011; 25:432-437.

40. Lee CK, Chua YP, Saw A. Antimicrobial gauze as a dressing reduces pin site infection:
A randomized controlled trial. Clin Orthop Relat Res 2012; 470:610-615.

41. Ferreira N, Marais LC. Prevention and management of external fixator pin track sepsis.
Strategies Trauma Limb Reconstr 2012; 7:67-72.

42. Antoci V, Ono CM, Antoci V, Jr., Raney EM. Pin-tract infection during limb lengthening
using external fixation. Am J Orthop (Belle Mead NJ) 2008; 37(9):E150-E1544.

43. Davies R, Holt N, Nayagam S. The care of pin sites with external fixation. J Bone Joint
Surg Br 2005; 87(5):716-719.

44. Parameswaran AD, Roberts CS, Seligson D, Voor M. Pin tract infection with
contemporary external fixation: how much of a problem? J Orthop Trauma 2003;
17(7):503-507.

129


http://www.jocms.org/index.php/imj/article/view/677

Sharif and Barawi, JMSP , 2021; 7 (3): 112-30

45. Kortor JN, Kepla TM, Poopola SO. Pin-Tract Infections Following External Fixation of
Open Fractures. Journal of Medicine in the Tropics 2011; 13:2: 105-108.

46. Ferreira N, Marais LC. Pin tract sepsis: Incidence with the use of circular fixators in a
limb reconstruction wunit. SA orthop. J 2012; 11(1): 40-47. Available on:

http://www.scielo.org.za/scielo.php

47.Murgai RR, Compton E, Illingworth KD, Kay RM. The Incidence of Pin Tract Infections
and Septic Arthritis in Percutaneous Distal Femur Pinning. J Pediatr Orthop 2019;
39(6):e462-e466.

48. Mohammed RM, Atinga EO, Sitati FC, Gakuya EM. Pin Tract Infection after Uniplanar
External Fixation of Open Fractures at a National, Teaching and Referral Hospital.
East & Central African Journal of Surgery 2017; 22 (1): 42-48.

49.Singh AK, Parihar M, Bokhari S. The Evaluation of the Radiological and Functional
Outcome of Distraction Osteogenesis in Patients with Infected Gap Nonunions of Tibia
Treated by Bone Transport. Open Access Maced J Med Sci 2019; 7(4):559-566.

50. Ahmad S, Kalra M, Selvamari M. Induced membrane formation in a case of infected gap
nonunion of radius: Case report. J Clin Orthop Trauma 2013; 4(3):147-150.

51.Said GZ, El-Sharkawi MM, Said HG, Refai OA. Fibula-pro-tibia in plating tibial non-
unions. Int Orthop 2011; 35(11):1713-1718.

130


http://www.scielo.org.za/scielo.php

