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The Outcomes of intramedullary fixation of surgical implant generation network (SIGN) nail in fractures of the tibia in Bhutan


Abstract
Background
Tibial bone fractures are the most common type of long bone fractures, primarily affecting the most productive age groups in developing countries. The SIGN nail is commonly used implant to treat these fractures. While its use among tibial fractures in other countries have shown good patient outcome or recovery, its effectiveness has not been evaluated in Bhutan.Therefore, the primary objective of this study was to assess the treatment outcome of patients with tibial fractures treated with the SIGN intramedullary nail at Eastern Regional Referral Hospital (ERRH) in Bhutan.  	Comment by Hp: Full term as first appear (abbreviation) 

Methods 
All patients with acute tibial fractures who underwent intramedullary nailing at Eastern Regional Referral Hospital in Bhutan over a 15-year period (2009-2024) were retrospectively identified. Medical records and radiography were reviewed from the SIGN Online Surgical database. Patients were followed up with clinical examination and radio graphs at 6weeks, 3 & 6 months, one year after surgery. The data were analyzed using SPSS version 21.	Comment by Hp: Add number of those patients with mean age ± SD	Comment by Hp: Delete 

Results 
A total of 445 patients with tibial fractures were managed with intramedullary SIGN nailing during the study period. The mean age of the patients was 36 years [ranged: 13 to 76 years). A majority of the fracture cases occurred in males (67.9%, n=302). Road traffic accidents were the commonest mode of injury (48.3%, n=215) followed by falls (28.3%, n=126) and work related injuries (18.2%, n=81).   Closed fractures accounted for 80.7% (n = 356). (Table 1) Within the open fracture group, Gustilo-Anderson grade 2 (6.3%) and grade 1 (5.8%) fractures were more common compared to grades 3a (3%) and 3b (4%).Fractures were almost evenly distributed between sides.	Comment by Hp: remove this to methods.	Comment by Hp: Avoid repetition 	Comment by Hp: Make sure that summation of these equal to 445	Comment by Hp: Delete 
The cohort consisted of 445 consecutive patients (mean age,36 years [range 13-79 years],67.9% [302]  males & 32.1% [143] females with M:F ratio of 2.1:1).80.7% [356]  cases were closed fracture and road traffic accident were most common mechanism of injury accounting to 48.3%.The mean time to surgery was 12.8 days.	Comment by Hp: Avoid repetition 
Fracture union was achieved in 97% of fractures with an average time to union of 21.5weeks. Nonunion occurred in 10 [2.24%] patients. Infection occurred in 4.5% [20] patients. Open fractures had higher rate of complications than the closed fractures. In the multivariate logistic model, patients with open fracture were 5.5 times more likely to have complications (OR=5.46; p = 0.04).There were no statistically significant differences in complication rates between the closed and open reduction of fractures during intramedullary nailing.

Conclusion
The SIGN intramedullary nail is an effective and reliable treatment for tibial fractures, yielding good outcomes. Its use does not require a fluoroscopic machine, making it an ideal implant for resource-limited settings.
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Introduction
Trauma is a global epidemic which has been given more importance very recently.(1) Traumatic injuries including the musculoskeletal injuries mostly occur in developing countries.(2)
Tibia bone fractures are the most common fractures of the long bones.(3) The incidence of tibia shaft fractures are 16.9/100,000 per year and is more common among the male person.(6) This is because of  subcutaneous nature of  the anteromedial surface of tibia  with minimal soft tissue coverage.(4) Therefore, tibia bone is susceptible to severe bone and soft tissue injury in high energy trauma.(5)
 Different mechanisms of injury results in different patterns of tibia bone fractures. High energy mechanism of injuries such as road traffic accident, penetrating injuries, crush injuries and three point bending injuries produce a transverse or comminuted diaphyseal fracture. Indirect mechanism such as torsional, low energy injuries leads to spiral, non-displaced, minimally comminuted fractures with little or no soft tissue damage.(7) (8)
In Bhutan, there are no recent data on prevalence of traumatic injuries. A study carried out on the burden of injuries at Jigme Dorji Wangchuk National Referral Hospital, Thimphu,Bhutan  in  2012 by |Dr.Richard and his colleagues  showed  falls as major mechanism of injuries.(9) With expansion of road networks and increased number of motor vehicles, road traffic accidents are on the rise leading to increased number of traumatic fractures. The recent peak in construction industry have also resulted in drastic increase in number of cases. At the rural setting, work related injuries are common which causes the injuries. However, the turn out for the follow-up of operative patients are very poor. This could be due to low literacy level, financial problems and number of days to travel to the nearest health center.
Tibia bone fractures are difficult to treat in developing countries mainly  due to lack of access to the  implants.(10) The Surgical Implant Generation Network (SIGN) Standard IMN has played a crucial role in providing uninterrupted implants for intramedullary fixation of both tibia and femur bone fractures in the developing countries including Bhutan. The network provided SIGN intramedullary interlocking nails along with its instrument set, free of cost to the Eastern Regional Referral Hospital (ERRH), Bhutan in 2009 which was facilitated with the assistance of Dr Sameul Baker who was a health volunteer overseas to Bhutan.(Fig 1) The SIGN intramedullary nail is solid stainless steel nail, designed for the treatment of long bone fractures in low resource settings as it can be used without image intensifier.(11) (12).The people of Bhutan has been hugely benefitted by these implants for the treatment of long bone fractures.
This is the first study in the country to assess the effectiveness of SIGN implant for fixation of tibia bone fractures. Our primary outcome was to assess the clinical outcomes of intramedullary nailing of tibia fractures in terms of union and implant breakage with intramedullary SIGN nail at Eastern Regional Referral Hospital from 2009 till 2024. 


Methods 	Comment by Hp: Add a paragraph of study participants defining the participants (number and mean age ±SD or median) in the first, cite the selection criteria, then add excluded cases. 
Objectives 	Comment by Hp: Remove, as you add the aim above at the end of introduction 
To evaluate the clinical outcomes of tibial fractures treated with Surgical Implant Generation Network (SIGN) nail at Eastern Regional Referral Hospital from 1st June 2009 till 31st January 2024.	Comment by Hp: Make sure that only abbreviated form be used in the whole manuscript, after first time definition 

Study Area
This study was conducted at the Orthopaedic Department of the Eastern Regional Referral Hospital (ERRH) in Bhutan. ERRH's Orthopaedic Department is the second oldest in the country, following the Jigme Dorji Wangchuk National Referral Hospital. As a 150-bed teaching hospital, ERRH serves as a referral center for six districts in eastern Bhutan.	Comment by Hp: Not necessary 

Study Design and Study Period
A retrospective review was conducted using data from the SIGN Online Surgical Database (SOSD) on intramedullary fixation of tibial fractures at the Eastern Regional Referral Hospital from 1st June 2009 to 31st January 2024. Signed consent for data use was obtained from the SIGN organization based in United States of America.Ethic approval for the study was approved by the	Comment by Hp: Use Abbreviated 	Comment by Hp: delete

Ethical Considerations
Signed consent for data use from SIGN Online Surgical Database (SOSD) was obtained from the SIGN organization based in United States of America. Ethic approval and site clearance for the study was approved by the institutional review board.	Comment by Hp: Number of approval and data ??

Study Variables 
Demographic data such as age and sex are included. The types of fracture, mechanism of trauma, fracture reduction, associated injuries, size of the nail, and the number of screws used were retrieved from the online SIGN database. Complications such as infection, nonunion, shortening, and rotational deformities were also assessed.


Data Collection Tools and Procedures 
For this study, we utilized the SIGN Online Surgical Database (SOSD) to retrospectively identify all patients who sustained tibial shaft fractures and were treated with an intramedullary SIGN nail at ERRH. 
Patient demographics, injury mechanisms, surgical procedures, and postoperative complications were recorded. Surgical details included the time from injury to fixation, reduction technique (open or closed), and the implant's size and length.
We reviewed radiographs to classify fractures, assess deformity, and evaluate radiographic healing. Open fractures were classified according to the Gustilo-Anderson classification system. Immediate postoperative and follow-up images were analyzed for coronal and sagittal plane alignment.	Comment by Hp: It should be cited 
Fracture union was defined as the absence of tenderness at the fracture site during weight-bearing, along with radiographic evidence of callus bridging at least three cortices on two different views. Nonunion was defined as a tibial fracture that failed to unite within nine months and showed no radiographic signs of healing for three consecutive months.	Comment by Hp: Provide one standardized definition of nonunion and apply it consistently
Malunion, nonunion, and postoperative complications such as wound infection or dehiscence, etc. were assessed. Malunion was defined as angulation greater than 5 degrees in any plane. Nonunion was defined as a lack of radiologic progression between 6 to 9 months. Deep wound infection was characterized by the need for surgical debridement due to a purulent wound or osteomyelitis, requiring antibiotic treatment.	Comment by Hp: It should be cited 

Statistical Analysis
Statistical analysis was performed using SPSS version 21. Demographic characteristics are reported with percentages and means for continuous variables. Statistical significance was assumed at the P < 0.05 level. The Fisher's exact test was used to determine whether there was a significant difference in union rates between open and closed fractures, as well as between closed and open fracture reduction techniques.






At admission, all fractures were initially immobilized with a posterior leg splint either from the other referral hospital or at our emergency department. Open fractures of Gustilo-Anderson grade 2 and above underwent initial debridement and temporary external fixation, followed by definitive treatment with nailing after soft tissue settling. All fractures were treated with solid intramedullary interlocking SIGN nails, and patients were followed up with clinical and radiological examinations at 6 weeks, 3 months, 6 months and 1 year.


Operative intervention	Comment by Hp: Does the operation standardized? who performed the surgery? 
Tourniquet pressure: the protocol should be cited 
Trans patellar approach: cite the protocol 
 Reaming: justify criteria of nail size selection.
[bookmark: _Hlk218500801]All nailing procedures were performed under spinal anesthesia. The patients were positioned supine, and a tourniquet was inflated to 350 mmHg. A 5 cm longitudinal incision was made over the anterior knee, extending from the inferior pole of the patella to the tibial tuberosity. Trans patellar approach was used identify the insertion point. (Fig 2) Reaming was performed manually using tactile sensation, and the length of the nail was determined by the reamer. Closed reduction was achieved using traction and maintained with circumferential esmarch compression. Open reduction were done in cases with irreducible closed reduction and proximal tibial fractures.  The interlocking nails were inserted with the aid of an aiming device, and the procedure was completed successfully without the use of fluoroscopy.

Results and Discussion
A total of 445 patients with tibial fractures were managed with intramedullary SIGN nailing during the study period. The mean age of the patients was 36 years [ranged: 13 to 76 years). ). A majority of the fracture cases occurred in males (67.9%, n=302). 80.7% (356) had closed fractures, while 19.3% (86) presented with open fractures. (Table 1) Within the open fracture group, Gustilo-Anderson grade 2 (6.3%) and grade 1 (5.8%) fractures were more common compared to grades 3a (3%) and 3b (4%).Fractures were almost evenly distributed between sides, with 50.8% (226) occurring on the right side and 49.2% (219) on the left side. (Table 2)
Based on fracture location, 56.6% (252) were located in the distal one-third of the tibia, followed by 37.8% (168) in the middle one-third, 4% (18) in the proximal one-third, and 1.6% (7) were segmental fractures. Of the total cases, 83 % (n=371) underwent closed reduction]. The most commonly used nail diameter were 9mm and 10mm. (Table 3).The majority of nail length used were 320mm. (Table 4)
The fracture union rate without any events was around 85%(378).There were only 10 (2.24%) reported cases of nonunion. 2 cases of interlocking screw breakage .15(3.4%) cases of superficial wound infection with 5 (1.1%) cases of deep wound infection.80%(8) of nonunion cases were in open fracture cases (p<0.05). Multivariate logistic regression analysis showed that the method of reduction (open vs. closed) was not a significant predictor of nonunion (p > 0.05). The infection rate was approximately 4.5%, with a significantly higher occurrence in open fractures (p < 0.05) (Table 5)

The study population consisted predominantly of male patients  reflecting the higher exposure of men to occupational and road traffic-related trauma.(13) (14) (15)This gender distribution aligns with global trends in trauma epidemiology.(16) (17)indicating that tibial fractures are more prevalent in the younger, economically active population.(18)
Closed fractures constituted the majority (80.7%) of cases, while open fractures represented 19.3%.(19) Among open fractures, Gustilo-Anderson grade I and II fractures were more common than grade III fractures.(20) This finding suggests that while high-energy trauma contributes significantly to tibial fractures, a substantial proportion of injuries still result in relatively low-grade open fractures. The high rate of distal-third fractures (56.6%) correlates with biomechanical vulnerability and exposure to direct impact forces in this region.
The mean time to surgery was 12.8 days, which is relatively longer than timelines reported in high-resource settings. Delayed surgical intervention in low-resource settings is often due to logistical challenges, availability of operating theaters, and resource limitations. Despite this delay, the overall nonunion rate was low (2.2%), highlighting the efficacy of SIGN nails in fracture stabilization and promoting union even in delayed presentations.
Nonunion was significantly higher in open fractures (80% of nonunion cases; p<0.05), underscoring the challenges of managing these injuries due to compromised vascularity, soft tissue damage, and infection risks. Infection was observed in approximately 4.4% of cases, predominantly in open fractures (p<0.05). These findings align with previous studies, where infection and nonunion are consistently reported as complications associated with open tibia fractures.
Closed reduction was performed in the majority of cases (83.4%), while open reduction was utilized in 16.6%. There was no statistically significant difference in nonunion rates between open and closed reduction (p>0.05), suggesting that both techniques, when appropriately indicated, can yield favorable outcomes. However, the decision for open reduction often reflects more complex fracture patterns and associated failed closed reductions.
The most commonly used nail diameters were 9mm and 10mm, with 320mm being the most frequently used nail length (51.7%). This indicates a standardized approach to implant selection at ERRH, tailored to fracture type and patient anatomy.
The outcomes of this study reinforce the utility and reliability of SIGN nails in managing tibial fractures, particularly in resource-limited settings where access to intraoperative imaging is limited. The low rate of nonunion and acceptable infection rates highlight the effectiveness of this system in promoting fracture healing and minimizing complications.

Conclusion	Comment by Hp: The conclusion does not display union rates and implant breakage, making a scope mismatch.
SIGN intramedullary nailing is an effective and reliable treatment modality for tibial fractures in resource-limited settings. While open fractures remain a challenge due to higher risks of infection and nonunion, the overall outcomes in this study are encouraging. Future research should focus on long-term functional outcomes and patient-reported satisfaction to further strengthen evidence supporting the use of SIGN nails in tibial fracture management.



Limitations
This study's retrospective design introduces inherent biases, including reliance on recorded data, which may lack completeness. Additionally, variables such as comorbidities, smoking status, and fracture classification details (e.g., AO/OTA classification) were not included.
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Fig 1: One of SIGN nail set donated to ERRH since 2009. (Initiative taken by Dr Sam Baker)
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Fig 2: Aiming device being used for inserting interlocking screws after the intramedullary nail insertion 
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Fig 3: Post-operative X ray with Intramedullary SIGN nail.
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Table 1: Demographic details of the patients 	Comment by Hp: About results: 
Tables do not display union and implant breakage.
 Tables title must be presented above each table. 
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Table 2: Types of Fractures of Tibia 



	

	

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	
	Closed
	371
	83.4
	83.4
	83.4

	
	Open
	74
	16.6
	16.6
	100.0

	
	Total
	445
	100.0
	100.0
	



Table 3:Types of fracture reduction
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Table 4: Nail size and length used for Tibial fracture fixation
	

	
	Frequency
	Percent
	Valid Percent
	Cumulative Percent

	
	Closed
	2
	20.0
	20.0
	20.0

	
	Gustilo II
	4
	40.0
	40.0
	60.0

	
	Gustilo IIIa
	4
	40.0
	40.0
	100.0

	
	Total
	10
	100.0
	100.0
	



Table 5: Percentage variation of nonunion in different types of fractures 
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Characteristics  N (%)

Age (years)

<20 39 (8.9%)

21-50 334 (75%)

51-70 67 (15%)

>70 5 (1.1%)

Sex 

Male 

302 (67.9)

Female  143 (32.1)

Modes of Injury 

Falls 126 (28.3%)

RTA 215 (48.3%)

Work related injuries  81 (18.2%)

Sports injuries  23 (5.2%)
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Fracture  Number Percentage

Side 

Right

219 49.2

Left

226 50.8

Type

Closed 

359 80.7

Open :

              Gustilo I

26 5.8

Gustilo II 28 6.3

Gustilo IIIA 14 3.1

Gustilo IIIB 18 4

Location

Distal  252 56.6

Middle  168 37.8

Proximal 18 4

Segmental 7 1.6


image8.emf
Nail Millimeter(mm) N (%)

280 mm 87 (19.6%)

300 mm 96 (21.6%)

320 mm 230 (51.7%)

340 mm 32 (7.2%)

10 mm 164 (36.9%)

11 mm 23 (5.2%)

12 mm 3 (7%)

8 mm 96 (21.6%)

9 mm 159 (35.7%)

Length

Diameter 


