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1. INTRODUCTION 

Tibial fractures are among the most common long bone 

injuries, often associated with high-energy trauma such 

as vehicular accidents or falls from 3 meters.
[1]

 Due to 

their proximity to the skin, these fractures pose unique 

challenges, making them susceptible to complications 

ISSN: 2457-0400                                                                                    Impact Factor: 6.711 

Original Article                                                                                                                   Coden USA: WJAMA3 

            

 

Volume: 10, Issue: 2 

Page N. 118-125 

Year: 2026 

WORLD JOURNAL OF ADVANCE 

HEALTHCARE RESEARCH 
 

www.wjahr.com 

ABSTRACT 

Background: Tibial shaft fractures are common high-energy injuries that require precise implant selection to 

ensure stability, promote healing, and minimize complications. While intramedullary nailing is the gold standard 

of the management, accurate preoperative estimation of nail length and diameter remains challenging, often 

relying on intraoperative trial-and-error. Aim of the study: This study evaluated the accuracy of simple 

anthropometric and radiological measurements in predicting appropriate Tibial nail dimensions. Methods: A 

cross-sectional study was conducted from June 2024 to June 2025 in Basrah hospitals, Iraq, including 60 adult 

male patients with unilateral tibial shaft fractures. Preoperative measurements of the intact contralateral limb—

Tibial tuberosity to joint line of the ankle-(TT-JL)—Tibial condyle-medial malleolus (TC-MM)—Tibial 

tuberosity-medial malleolus (TT-MM) and measurement of tibial canal diameter at the isthmus, were recorded and 

correlated with intraoperative measurements determined nail length and diameter. Statistical comparisons 

employed paired t-tests for length and Wilcoxon signed-rank tests for diameter, with accuracy assessed at ±10 mm 

and ±5 mm (length) and ±0.5 mm (diameter). Results: The tibial tuberosity–to–joint line (TT-JL) method yielded 

the smallest mean difference from intraoperative nail length (3.13 mm, p = 0.004) and the highest accuracy within 

±10 mm (85%), outperforming Tibial Tuberosity-Medial malleolus (TT-MM) (80%) and Tibial Condyle-Medial 

malleolus (TC-MM) (76.67%) methods. Accuracy within ±5 mm was highest for Tibial Tuberosity-Medial 

malleolus (TT-MM) (68.33%), followed by Tibial Tuberosity to joint line of ankle (TT-JL) (66.67%) and Tibial 

Condyle-medial malleolus (TC-MM) (51.67%). Preoperative diameter estimates consistently underestimated 

intraoperative values (mean difference −1.29 mm, p < 0.001), with low precision (±0.5 mm accuracy: 16.67%). 

Mean operative time was 88.48 minutes, with a mean of 42.82 fluoroscopic exposures. Conclusion: 

Anthropometric measurements, particularly the TT-JL distance, can reliably estimate tibial nail length 

preoperatively, potentially reducing operative time and intraoperative adjustments. However, plain radiographic 

assessment of nail diameter remains unreliable, indicating the need for refined imaging protocols or advanced 

measurement tools. Standardizing preoperative length estimation methods could enhance surgical efficiency and 

safety in tibial shaft fracture management. 

 

KEYWORDS: Tibial shaft fracture, intramedullary nailing, preoperative planning, anthropometry, nail length 
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such as infection and delayed healing.
[2]

 Epidemiological 

studies have consistently shown a rising incidence of 

tibial fractures, further emphasizing their clinical 

significance.
[3]

 

 

The tibia, or shinbone, is the primary weight-bearing 

bone of the lower limb, extending from the knee to the 

ankle.
[4]

 It articulates proximally with the femoral 

condyles at the knee joint and distally with the talus at the 

ankle joint/
[4]

 The tibial plateau forms the upper surface 

of the tibia and is a critical load-bearing structure that 

plays a key role in knee stability and movement.
[5]

 The 

shaft of the tibia is triangular in cross-section and lies 

just beneath the skin, making it highly susceptible to 

open fractures, particularly in high-energy injuries.
[6]

 At 

the distal end, the tibia forms the medial malleolus, 

contributing significantly to ankle joint stability.
[4]

 The 

bone receives its blood supply mainly from the nutrient 

artery which is arising mainly from the posterior tibial 

artery, supported by periosteal and metaphyseal vessels, 

which are crucial for fracture healing.
[6]

 Due to its 

minimal soft tissue coverage, tibial fractures carry a 

higher risk of complications such as infection, delayed 

union, and nonunion, especially in cases of open or high-

energy trauma.
[4]

 The tibia has a triangular cross-section 

proximally that becomes more oval distally, with the 

mediolateral diameter wider than the anteroposterior 

throughout. At the tibial plateau, the mediolateral 

diameter averages 70–80 mm compared to 40–50 mm 

anteroposteriorly, while the shaft narrows to about 25–35 

mm mediolateral and 20–30 mm anteroposterior. 

Distally, the bone remains oval with a mediolateral width 

of 35–45 mm, and its intramedullary canal tapers from 

12–16 mm proximally to 8–10 mm distally, features that 

are critical for weight-bearing mechanics and surgical 

fixation.
[4]

 

 

Tibial fractures are commonly categorized based on 

anatomical location into proximal, diaphyseal (shaft), 

and distal fractures to guide clinical assessment and 

treatment decisions.
[6]

 Proximal tibial fractures, 

especially those involving the tibial plateau, are most 

frequently classified using the Schatzker system, which 

consists of six distinct types based on fracture 

morphology and the involved compartment.
[6]

 Despite its 

clinical utility, the Schatzker classification may not fully 

capture complex fracture configurations, especially with 

advances in imaging modalities.
[7]

 To address this, the 

AO/OTA classification system has been widely adopted, 

offering a more detailed framework by dividing proximal 

fractures into extra-articular (Type A), partial articular 

(Type B), and complete articular (Type C) types.
[7]

 

 

For tibial shaft fractures, the AO/ASIF system is the 

most utilized, categorizing fractures by pattern into 

simple, wedge, or complex types while considering 

location along the diaphysis.
[8]

 This classification is 

integral for planning operative intervention and 

evaluating prognosis.
[8]

 

 

The diagnosis of tibial fractures begins with a thorough 

clinical assessment, including history of trauma, visible 

deformity, swelling, tenderness, and functional 

impairment of the affected limb. Standard biplanar 

radiographs (anteroposterior and lateral views) remain 

the first-line imaging modality and are often sufficient 

for detecting most shaft and plateau fractures.
[9]

 

However, in cases of complex or subtle fractures—such 

as non- displaced posterior malleolar fractures or stress 

injuries, computed tomography (CT) is recommended to 

better delineate fracture geometry and guide surgical 

planning.
[10]

 For stress fractures, especially in athletes or 

military populations, bone scintigraphy or MRI is 

preferred due to their high sensitivity in early detection 

before radiographic changes appear.
[11]

 In pediatric cases 

or high- energy trauma, associated injuries such as 

growth plate damage or compartment syndrome must 

also be evaluated clinically and with imaging.
[12]

 

 

The management of tibial fractures depends on fracture 

location, complexity, and associated soft tissue injury, 

with treatment ranging from conservative casting to 

complex surgical interventions.
[13]

 For proximal tibial 

fractures, operative techniques such as minimally 

invasive plate osteosynthesis (MIPO), locking 

compression plating, and intramedullary nailing are 

commonly used depending on fracture type and joint 

involvement.
[14]

 Newer concepts like the three-column 

and 10-segment classification systems help guide more 

tailored surgical approaches, with growing evidence 

supporting the use of arthroscopically- assisted reduction 

for joint surface accuracy.
[15] 

In diaphyseal fractures, 

intramedullary nailing remains the gold standard of the 

management, with most trauma surgeons preferring 

reamed or unreamed nailing based on case specifics and 

soft tissue condition.
[16]

 Bone stimulators, such as low-

intensity pulsed ultrasound or electrical stimulation, are 

often used adjunctively in difficult-to-heal fractures to 

enhance union, especially in complex or open injuries.
[17]

 

Open tibial fractures require special consideration, with 

initial management focused on surgical debridement, 

prophylactic antibiotics, and early stabilization using 

either external fixators or intramedullary nails 

depending on soft tissue viability.
[18]

 Soft tissue 

coverage is a critical component and should ideally be 

achieved within 5–10 days to reduce infection risk, with 

orthoplastic collaboration improving outcomes.
[19]

 In 

cases of distal tibial fractures (Any fracture occurring in 

the metaphyseal region of the tibia), multiple techniques 

are available including intramedullary nailing, MIPO, 

and external fixation, with treatment selection guided by 

fracture pattern, soft tissue condition, and the need to 

minimize devascularization.
[20]

 For complex or 

comminuted fractures, especially in high-energy trauma, 

staged management using external fixation followed by 

definitive internal fixation is often employed.
[21] 

Ultimately, the key to successful tibial fracture treatment 

lies in choosing a modality that balances fracture 

stability, biological preservation, and soft tissue care.
[22]
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Accurate selection of nail length and diameter during 

intramedullary nailing significantly contributes to 

surgical success. Incorrect sizing may result in 

complications such as malalignment, implant failure, or 

delayed union, underscoring the importance of 

precision.
[23]

 Proper sizing ensures mechanical stability, 

optimizes load transfer, and accelerates the healing 

process.
[2]

 Current advancements in imaging and 

measurement techniques aim to refine preoperative 

planning for better outcomes.
[3]

 

 

The primary objective of this study is to assess the 

accuracy and validity of preoperative nail length and 

diameter assessments in reducing surgical time and 

fluoroscopic exposure. By leveraging advanced 

radiological techniques, the study aims to establish a 

robust framework for preoperative measures that 

minimize intraoperative complications and optimizes 

outcomes. 

 

2. PATIENTS AND METHODS 
This cross-sectional study was conducted over a one-year 

period from June 2024 to June 2025. The research took 

place in Basra hospitals-orthopedic department, Iraq. The 

study population included adult patients (aged >18 years) 

admitted with tibial shaft fractures to hospitals in Basra. 

Patients were selected consecutively based on eligibility 

criteria. Measurements were conducted on the intact 

contralateral limb to ensure accurate morphometric 

assessment. 

 

The study included patients aged more than or equal to 

18 years with availability of intact contralateral tibia for 

measurement, diaphyseal fractures of the tibia (both open 

and closed, especially those extending from just below 

the tibial tubercle to 5 cm above of the ankle joint) or 

displaced or unstable tibial shaft fractures (Spiral, 

oblique, comminuted, or segmental patterns). 

Additionally, the study included patients with open tibial 

shaft fractures (after appropriate debridement and soft 

tissue management), and those with polytrauma patients 

(early stabilization of long bone fractures reduces 

systemic complications (e.g., fat embolism, ARDS). 

Furthermore, Pathological fractures of the tibial 

diaphysis, nonunion and malunions of the tibial shaft 

requiring re-stabilization were included in this study. On 

the other hand, the study excluded patients with 

malunion or prior surgical intervention (e.g., plating) on 

the ipsilateral tibia or the contralateral side, patients with 

any bony pathology or metabolic bone disease (e.g., 

osteogenesis imperfecta) affecting the contralateral tibia, 

patients with congenital or acquired deformities affecting 

canal morphology of the tibia, patients with prior 

amputation of the contralateral lower limb, obese patient 

(posses’ difficulties in measurements), open fracture, 

bullet injury and bone loss. 

 

Anthropometric measurements were obtained from the 

contralateral, intact tibia using a standard flexible tape 

measure with the patient in a supine position and knee 

slightly flexed. The anatomical landmarks were palpated 

and marked carefully using a skin-safe marker. The 

following distances were recorded using the tape: 

1. Tibial condyle to Medial Malleolus Distance (TC-

MM) 

2. Tibial Tuberosity to Medial Malleolus Distance 

(TT-MM) 

3. Tibial Tuberosity to Ankle Joint Line Distance (TT-

JL) 

4. Tibial canal diameter at tibial isthmus. 

 

Preoperative anthropometric measurements were 

performed using radio-opaque measurement tapes, 

confirmed by anteroposterior (AP) and lateral X-rays of 

the intact contralateral tibia. The diameter was measured 

at the isthmus level (narrowest point) of the 

intramedullary canal, typically at 8–12 cm distal to the 

tibial tuberosity.
[24]

 

 

The optimal tibial nail length was defined as the distance 

from approximately 1 cm below the tibial plateau to 1 cm 

above the distal tibial plafond (ankle joint line), ensuring 

both end fixation and avoidance of joint penetration.
[33]

 

Intraoperative nail length and diameter were determined 

using sterile radiopaque rulers and nail templates under 

C-arm fluoroscopy. Nail length was confirmed by 

overlaying the radiographic ruler parallel to the tibia on 

the AP view and verified on the lateral view. 

Preoperative measurements were validated with 

intraoperative findings to assess their predictive 

accuracy. An optimal measurement was defined as one 

that fell within ±10 mm of the actual nail length and ±0.5 

mm of the actual nail diameter used intraoperatively. 

 

 
Figure 1: Intraoperative tibial measurement (A and B), Pre-operative tibial measurement (C). 
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Data were analyzed using SPSS version 26. Continuous 

variables were presented as mean ± SD, and categorical 

variables as frequencies and percentages. Paired t-tests 

compared preoperative length measurements (Tibial 

Condyle -medial malleolus (TC-MM), Tibial Tuberosity-

Medial Malleolus (TT), and Tibial Tuberosity to Joint 

Line (TT-JL)) with intraoperative nail lengths. The 

Wilcoxon signed-rank test was used for comparing 

preoperative and intraoperative nail length and diameter. 

Accuracy was calculated as the percentage of 

measurements within ±10 mm and ±5 mm for length, 

and ±0.5 mm for diameter. A p-value < 0.05 was 

considered statistically significant. 

 

3. RESULTS 

The study sample comprised exclusively male 

participants (100%), with a mean age of 37.9 years 

(range 19–64), indicating a relatively young to middle- 

aged cohort. Educational attainment was predominantly 

at the college (48.3%) and primary (43.3%) levels, with 

very few participants having higher education (1.7%). 

The vast majority were married (90.0%) and employed 

as workers (75.0%), suggesting a socially and 

economically active population. All participants were 

classified as physically active, and the most frequent 

fracture pattern was transverse (68.3%), followed by 

spiral (13.3%) and short oblique (11.7%), with more 

complex patterns (comminuted, butterfly) being rare 

(3.3% each). Most tibial fractures were located in the 

middle third (29 cases, 48.33%), followed by fractures 

extending from the middle to distal third (20 cases, 

33.33%), and fewer involved the upper to middle third 

region (11 cases, 18.33%), highlighting the middle third 

as the most commonly affected anatomical site. Negative 

past medical and surgical histories in two-thirds of cases, 

indicating a generally healthy baseline population, 

potentially influencing surgical recovery outcomes. 

Medical histories were positive in 20 cases; Hypertension 

(11.7%), Diabetes mellitus (15.0), ischemic heart disease 

(6.7%).  

 

Table 1: Demographic and Clinical Characteristics. 

Variable Frequency (n) Percentage (%) 

Age Mean ± SD (min–max) 37.9 ± 11.47 (19–64) 

Sex Male 60 100.0 

Education 

College 29 48.3 

Primary 26 43.3 

Intermediate 4 6.7 

Higher 1 1.7 

Marital status 

Married 54 90.0 

Divorced 4 6.7 

Unmarried 2 3.3 

Occupation 

Worker 45 75.0 

Student 8 13.3 

Retired 7 11.7 

Activity Active 60 100.0 

Fracture pattern 

Transverse 41 68.3 

Spiral 8 13.3 

Short oblique 7 11.7 

Comminute 2 3.3 

Butterfly 2 3.3 

Site of the fracture 

Middle third 29 48.55% 

Middle1/3-distal1/3 20 33.33% 

Upper1/3-middle1/3 11 18.33% 

Past medical history 

No 40 66.7 

Hypertension 7 11.7 

Diabetes mellitus 9 15.0 

Ischemic heart disease 4 6.7 

Past surgical history 
No 41 68.3 

Yes 19 31.7 

 

Spinal anesthesia was overwhelmingly preferred (90.0%) 

over general anesthesia (10.0%), reflecting a likely 

institutional or procedural preference. The tourniquet 

was not used in (85.0%), with only 15.0% definitively 

recorded as tourniquet use. The mean operative time 

(from induction till recovery) is reported as 88.48 ± 27.3 

minutes with a stated range of 40–160 minutes, 

indicating a probable typographical or unit error in the 

mean value, as it falls outside the reported range. 

Fluoroscopic exposure was substantial, with a mean of 

42.82 ± 22.31 image intensifier shots (range 11–144). 
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Table 2: Intraoperative Characteristics. 

Variable Frequency (n) Percentage (%) 

Type of anesthesia 
Spinal 54 90.0 

General 6 10.0 

Tourniquet use 
Yes 9 15.0 

No 51 85.0 

Operative time (Mean ± SD (min–max)) 88.48 ± 27.3 (40–160) 

Number of image intensifiers Mean ± SD (min–max) 42.82 ± 22.31 (11–144) 

 

All preoperative length estimation methods (TC, TT, 

TT-JL) showed statistically significant differences 

when compared to intraoperative nail lengths, with the 

TC -MM method demonstrating the largest mean 

difference (7.40 mm) and TT-JL the smallest (3.13 

mm), indicating greater precision in the latter. The TT-

MM and TT-JL methods both maintained differences 

below 5 mm, which is clinically more acceptable. 

Preoperative diameter estimates were significantly 

smaller than intraoperative measurements (mean 

difference −1.29 mm, p < 0.001). 

 

Table 3: Measurement Means, Differences, and Statistical Significance. 

Comparison 
Preoperative 

Mean ± SD 

Intraoperative 

Mean ± SD 

Mean Difference 

± SD 

P-

Value 

TC -MM vs Intraoperative Nail Length 355.40 ± 12.04 348.00 ± 10.62 7.40 ± 10.02 <0.001 

TT-MM vs Intraoperative Nail Length 352.25 ± 14.92 348.00 ± 10.62 4.25 ± 15.06 0.032 

TT-JL vs Intraoperative Nail Length 351.13 ± 10.22 348.00 ± 10.62 3.13 ± 8.14 0.004 

Preoperative anthropometric measures 

vs Intraoperative Diameter 
10.14 ± 0.72 11.43 ± 0.57 -1.29 ± 0.54 <0.001 

 

Accuracy within ±10 mm was highest for the TT-JL of 

ankle method (85.00%), followed by TT-MM (80.00%) 

and TC-MM (76.67%), reinforcing the superior 

reliability of TT-JL for length prediction. When the 

tolerance was narrowed to ±5 mm, accuracy dropped 

across all methods, most notably for TC-MM (51.67%) 

compared to TT-MM (68.33%) and TT-JL of ankle 

(66.67%). For diameter estimation, accuracy within ±0.5 

mm was notably poor (16.67%), aligning with the 

consistent underestimation seen in Table 4 and 

highlighting the challenge of precise preoperative 

diameter prediction. 

 

Table 4: Accuracy Rates for Preoperative Measurements. 

Preoperative Measurement Accuracy (%) 

TC -MM (±10 mm) 76.67% 

TC -MM (±5 mm) 51.67% 

TT-MM (±10 mm) 80.00% 

TT-MM (±5 mm) 68.33% 

TT-JL (±10 mm) 85.00% 

TT-JL (±5 mm) 66.67% 

Pre-op Diameter (±0.5 mm) 16.67% 

 

Table 5 shows that distal locking accounts for the largest 

share of fluoroscopic shots (40.0%, mean 15.77 ± 9.58), 

followed by reduction, reaming, and nailing (20.0%), 

final confirmation (16.6%), and entry points (13.6%), 

with proximal locking lowest at 9.8%. The concentration 

during distal locking suggests a key area for reducing 

radiation exposure through improved technique or 

targeting devices. 

 

Table 5: Fluoroscopic shots distribution. 

Fluoroscopic stage shots Mean ±SD 
Percentage of the total 

radiological shots 

Entry points 5.37± 3.25 13.6% 

Reduction, reaming, nailing 7.89± 4.81 20.0% 

Distal locking 15.77± 9.58 40.0% 

Proximal locking 3.88± 2.41 9.8% 

Final confirmation 6.57± 4.02 16.6% 

 

4. DISCUSSION 

Tibial shaft fractures remain a common and complex 

injury, especially among young adults, and continue to 

challenge orthopedic surgeons due to risks like 

malalignment, infection, and delayed healing.
[26]

 

Intramedullary nailing stands as the preferred method for 
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treating these injuries: it preserves soft tissue, supports 

effective load-bearing, and promotes early mobilization 

while minimizing surgical trauma.
[27]

 Still, determining 

the correct nail length and diameter before surgery 

remains difficult, and inaccuracies can increase operative 

time, radiation exposure, or destabilize the fixation.
[28]

 In 

response, modern preoperative techniques and 

templating strategies are being developed to improve 

measurement accuracy, reduce intraoperative guesswork, 

and enhance overall surgical efficiency.
[29]

 Our study 

contributes to this evolving paradigm by evaluating 

simple but potentially practical anthropometric predictors 

for nail length and diameter in a real-world clinical 

setting, focusing on how they compare, and which offer 

the most reliable estimations. 

 

In our cohort of 60 male patients with a mean age of 37.9 

years—most of whom were manual workers, with 

transverse tibial shaft fractures being the commonest—

and approximately one-third presenting with 

comorbidities, we observed demographics and injury 

patterns that align with established epidemiological data. 

For example, epidemiological surveillance in Denmark 

reports an overall tibial shaft fracture incidence of 16.9 

per 100,000 people per year, with higher rates in males 

who typically present in their late 30s—closely matching 

our mean age and gender distribution.
[30] 

Likewise, a 

large-scale U.S. study analyzing over 27,000 tibial shaft 

fracture cases revealed a bimodal age distribution with 

peaks in the 20s and 50s and a predominance of male 

patients.
[31]

 Occupational links are implied by these 

demographic tendencies and mirrored in our data, where 

most patients were manual workers, a group commonly 

exposed to trauma risks. Additionally, transverse fracture 

patterns, like those we observed, are often associated 

with direct, high-energy impacts—mechanisms 

frequently cited in the literature.
[32]

 Finally, the 

presence of comorbidities in one-third of patients 

mirrors findings in larger trauma cohorts, where 

underlying health conditions significantly influence 

recovery trajectories and complication rates.
[31]

 

 

Spinal anesthesia was the predominant choice (90%), the 

mean operative time was 88.48 minutes, and the mean 

number of intraoperative fluoroscopic shots was 42.82. 

The preference for epidural anesthesia aligns with 

evidence showing its benefits in reducing postoperative 

pain and facilitating early mobilization compared to 

general anesthesia in lower limb fracture surgery.
[31]

 Our 

operative time is consistent with previously reported 

ranges of 80–100 minutes for tibial intramedullary 

nailing in comparable settings
[33]

, suggesting that 

preoperative anthropometric planning may have 

contributed to efficiency. However, the relatively high 

mean number of fluoroscopic exposures reflects the 

continued reliance on intraoperative imaging for 

verification—a pattern also observed in other series 

despite preoperative templating, raising concerns about 

radiation exposure to both patients and surgical teams.
[31]

 

 

The TT-JL measurement showed the smallest mean 

difference from the intraoperative nail length (3.13 

mm), followed by TT-MM (4.25 mm) and TC-MM (7.40 

mm), while preoperative diameter estimation 

consistently underestimated the actual canal size by an 

average of 1.29 mm. The superior accuracy of TT-JL 

closely aligns with findings from a prospective study in 

Italy, where tibial tuberosity-to-joint line measurements 

demonstrated the highest correlation with intraoperative 

nail lengths among multiple anthropometric methods.
[34] 

Similar conclusions were reached by Panayi et al., who 

reported that TT-JL reduced nail length estimation error 

compared to more traditional reference points.
[29] 

Conversely, our underestimation of nail diameter echoes 

observations that plain radiographic measurements often 

misrepresent intramedullary canal dimensions due to 

magnification errors and anatomical variation.
[35] 

These 

findings reinforce that while certain anthropometric 

methods can reliably predict nail length, diameter 

estimation remains a persistent limitation in preoperative 

planning. 

 

TT-JL of ankle achieved the highest accuracy within 

±10 mm (85%), outperforming TT-MM (80%) and TC-

MM (76.67%), while its ± 5 mm accuracy (66.67%) 

was also superior to the other methods. These results are 

in line with Mao et al., (2015) who found TT-JL to be 

the most reliable anthropometric predictor for tibial nail 

length, particularly when aiming for higher precision 

margins.
[29] 

Our findings also align with Cox et al., 

(2000), who found that the tibial tubercle– medial 

malleolus distance provided a straightforward and 

comparatively accurate preoperative estimate of tibial 

nail length, reinforcing the utility of tuberosity-based 

anthropometric measures.
[34] 

In contrast, preoperative 

diameter estimation had a notably low accuracy 

(16.67%), a limitation widely reported in the literature—

such as by Lee et al. (2025), who found that simple 

radiographs significantly over- or underestimated canal 

diameter in femoral shaft fractures when compared to 

computed tomography, highlighting the limited 

reliability of plain radiographic measurements.
[36]

 

 

In this study, distal locking was the most radiation-

intensive stage of tibial intramedullary nailing, 

accounting for 40 % of total fluoroscopic shots, with an 

average of 15.77 ± 9.58 exposures per case. Reduction, 

reaming, and nailing contributed 20 % of exposures, 

followed by final confirmation at 16.6 %, entry points at 

13.6 %, and proximal locking at only 9.8 %. This 

distribution clearly indicates that distal locking is the 

primary driver of intraoperative radiation, representing 

the most critical target for exposure reduction. Our 

findings align with previous reports that distal locking is 

consistently the most radiation-demanding phase of 

intramedullary nailing. Wang et al. (2018) found that 

distal locking under fluoroscopy required a mean of 

19.09 ± 10.41 seconds of exposure, far exceeding other 

procedural steps, and demonstrated that electromagnetic 

navigation reduced this to 2.13 ± 0.73 seconds while 
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improving accuracy.
[37] 

Similarly, Dursun et al. (2013) 

reported that a magnetic-guided locking system lowered 

exposure from ~40 seconds to ~8 seconds and shortened 

operative time.
[38]

 

 

This study was conducted on a relatively small sample 

size of 60 patients, all of whom were male, which limits 

the generalizability of the findings to female patients and 

broader populations. As the research was confined to 

hospitals in Basrah, Iraq, the results may reflect regional 

injury patterns, healthcare resources, and surgical 

practices, and may not be fully applicable in other 

settings. We relied on anthropometric measurements and 

confirmed by plain x-ray for preoperative measurements, 

which are subject to magnification errors and anatomical 

variations, potentially affecting the accuracy of the 

estimates. Finally, intraoperative measurements were 

taken by many surgeons, introducing the possibility of 

interobserver variation in technique and recording. 

 

5. CONCLUSIONS AND RECOMMENDATIONS 
This study demonstrates that 

1. Accurate length estimation can reduce intraoperative 

adjustments and improve surgical precision. 

2. Nail diameter remains difficult to predict accurately 

using plain radiographs, indicating a need for better 

techniques or imaging tools. 

3. Incorporating preoperative planning into routine 

practice can help reduce operative time, minimize 

fluoroscopic exposure, and improve overall surgical 

efficiency in tibial shaft fracture management. 

 

Adoption of the tibial tuberosity–to–joint line (TT-JL) 

distance is the preferred method for preoperative nail 

length prediction due to its high accuracy. To improve 

diameter assessment, the orthopedic surgeon should 

avoid relying solely on plain radiographs for nail 

diameter estimation; but exploring more precise imaging 

or digital templating tools. Focus minimizing of 

fluoroscopy time, especially during distal locking, 

through improved techniques or guided systems 

(Electromagnetic Navigation Systems) Implementing 

consistent training and protocols to reduce inter-surgeon 

variability in measurement and planning. Future research 

should include more varied patient groups to improve 

generalizability. 
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