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Introduction: Segmental fractures of the tibia (OTA/AO 42-C2) account for 3–13% of all tibial shaft fractures and provide unique 
complications due to twin fracture lines isolating a vascularly impaired intermediate bone segment. High-energy processes usually cause 
substantial soft tissue disturbance, increasing the likelihood of non-union, malalignment, infection, and compartment syndrome. The objective 
of this study is to evaluate the functional and radiological outcome of segmental tibial fractures treated with intramedullary interlocking nailing 
(IMIL), to assess the rate and time of fracture union following IMIL nailing. To evaluate maintenance of alignment using radiological 
parameters, such as medial proximal tibial angle (MPTA), lateral distal tibial angle (LDTA), and posterior proximal tibial angle (PPTA). To 
analyze post-operative functional recovery using the lower extremity functional scale (LEFS). To identify complications, such as torsion, 
malalignment, infection, shortening, delayed, and malunion rate using IMIL nailing.
Materials and Methods: This study was a cross-sectional study design in both retrospective and prospective manners. Examined 30 
consecutive patients (>18 years old) with segmental tibial fractures treated with locked intramedullary nailing at a Level I trauma hospital 
( January 2021–June 2025). The primary objectives were radiographic union rates, time to healing, and LEFS scores. Secondary outcomes 
included alignment maintenance (MPTA, LDTA, PPTA), complications (malalignment >5°, shortening >1 cm, torsion, discomfort), and 
prognostic variables (Mann–Whitney U, Fisher’s exact, Wilcoxon signed-rank tests, and Spearman’s correlation; the Statistical Package for the 
Social Sciences v25, P < 0.05).
Results: The average age was 44.7 ± 19.0 years (64.3% male), with 78.6% sustaining road traffic accident injuries. Union was accomplished in 
78.6% (mean 24 ± 6.8 weeks). The mean LEFS score was 52.5 ± 8.07, indicating moderate to good function. Radiographic angles showed 
excellent stability: MPTA 89.2° ± 2.1° → 89.1° ± 2.3° (Post-operative Day 2→6 months, P = 0.87). Malalignment (14.3%), shortening (7.1%), 
torsion (20%), and non-union (21.4%) were among the complications reported. Torsion (P = 0.0027, OR 12.5) and chronic discomfort (P = 
0.0027) were independent predictors of non-union. Healing rates for open fractures were comparable to those for closed injuries (P = 0.41).
Conclusion: Intramedullary nailing provides predicted stability and satisfactory functional recovery for segmental tibia fractures, even with 
high-energy injury patterns. Intraoperative torsion control and post-operative pain monitoring are crucial quality markers. These findings 
support IMN as a first-line treatment while highlighting actionable predictors that require technique refinement.
Keywords: Segmental tibia fracture, intramedullary nailing, non-union predictors, lower extremity functional scale score.
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Learning Point of the Article:
Careful intraoperative torsional control during intramedullary nailing is essential for achieving successful union and favorable functional 

outcomes in segmental tibial fractures.
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Introduction
Distinct fractures at two or more levels that result in one or more 
entirely separate intercalary fragments of tubular bone are 
known as segmental fractures [1]. Tibial diaphyseal fractures 
are the most common long bone injury seen in orthopedic 
trauma practice, accounting for roughly 24% of all lower 
extremity fractures necessitating hospitalization. The goal of 
treating a distal metaphyseal tibial fracture is to ensure secure 
fixation while minimizing additional soft-tissue injury [2, 3]. 
Individual case characteristics, such as the level of soft-tissue 
injuries, should guide the final therapy selection. Small wire 
fixators allow for early ankle joint mobility, but they are 
complicated by pin-track infections, septic arthritis, 
malalignment, and delayed unions [4, 5, 6, 7]. Cast treatment of 
tibial fractures necessitates prolonged immobilization, which is 
linked to decreased ankle motion. Maintaining reduction in a 
cast requires frequent office visits, radiographs, and 
adjustments [8, 9, 10]. Depending on trauma center volume 
and geographic injury epidemiology, segmental patterns 
(OTA/AO 42-C2) make up a small but significant subset of 
these, accounting for 3–13% of tibial shaft fractures. Two 
discrete transverse or short oblique fracture lines, separated by 
at least 2 cm, characterize these injuries, resulting in an isolated 
intermediate bone section with tenuous vascularity that is 
mostly dependent on periosteal supply. The complication rates 
×2–3 higher than non-segmental fractures, including delayed 
union (72% vs. 30%) and reoperation [11].
Road traffic accidents are implicated in 70–85% of instances 
across multiple datasets, indicating that high-energy 
mechanisms are the most common. A perfect storm for healing 
difficulties is created by the combination of significant soft 
tissue stripping in the zone of injury and 
mechanical instability across two fracture 
sites. Malalignment >5° occurs in 15–30% 
of patients, non-union rates ranging from 
10% to 50%, and deep infection complicates 
5–20% of cases, numbers significantly 
higher than basic diaphyseal patterns. The 
complexity of care is further increased by 
ipsilateral extremities injuries, vascular 
injur y  (5–10%),  and compar tment 
syndrome (25–40%) [12]. After Kuhn 
described medullary canal stabilization in 
1940, intramedullary nailing became the 
gold standard for diaphyseal tibial fractures. 
Compared to plating methods, modern 
locked, reamed IMN systems preserve 
70–85% of the endosteal blood supply while 
providing three-column axial and rotational 

control via proximal/distal interlocking screws. According to 
biomechanical research, load-sharing features enable early 
weight-bearing and biological healing by reducing build stress 
by 60–80% when compared to rigid plating. Despite 25% open 
fractures, Corey et al.’s analysis of 108 segmental instances 
showed 90% union [13, 14, 15].
Segmental  patter ns ,  however,  contradict  accepted 
intramedullary nailing theories. The floating intermediate 
fragment heals more slowly (24–36 weeks compared to 16–20 
weeks for simple patterns), resists reduction during nail passage, 
and runs the risk of rotational malalignment during locking. 
Reoperation rates with early unreamed nails are around 50%, 
according to historical statistics, mostly for procurvatum and 
malrotation deformities [16, 17]. Although proximal fragment 
management is improved by modern suprapatellar and 
semiextended techniques, the behavior of intermediate 
s e g m e n t s  i s  s t i l l  p o o r l y  u n d e r s t o o d .  A l t h o u g h 
proximal/segmental data lags, meta-analyses support 
suprapatellar superiority for the distal tibia (OR 0.22 
malalignment reduction, NNT = 6) [1]. The body of existing 
literature identifies important knowledge gaps. With a variety of 
inclusion criteria that mix segmental, spiral, and comminuted 
patterns, single-center retrospective evaluations predominate 
(Level III/IV evidence). Less than 30% of papers provide 
validated functional rating, morphometric analysis is still 
erratic, and multivariate indicators of poor outcome need to be 
clarified. There are not any combined retrospective-
prospective analyses that use the standardized lower extremity 
functional scale (LEFS) assessment across contemporary nail 
generations.
This study evaluates 30 consecutive segmental tibia fractures 
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Figure 1: (a, b, c) The radiograph demonstrates the measurement of medial proximal Tibial angle, 
lateral distal Tibial angle, and posterior proximal Tibial angle.
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treated with modern intramedullary interlocking nail 
procedures at Sri Ramachandra Medical College, a high-volume 
Level I trauma facility, this study fills these gaps. We sought to: 
(1) Quantify union rates and healing trajectories; (2) 
characterize alignment maintenance and complication profiles; 
(3) identify independent predictors of poor healing; and (4) 
contextualize findings against historical controls (Corey, Teraa, 
Ricci) [11, 13, 18] and emerging techniques (plate 
augmentation) by combining radiographic morphometry, 
validated functional outcomes, and statistical correlation 
analysis. For one of the most difficult injuries in orthopedics, 
these statistics guide surgical decision-making, patient 
counseling, and quality improvement programs.

Materials and Methods

Study design and setting
Retrospective-prospective cohort analysis (December 
2021–December 2025) of all OTA/AO 42-C2 segmental tibia 
fractures treated with IMN at our 
2000-bed tertiary referral center 
(Level I trauma accreditation) was 
approved by the Institutional 
Review Board (Sri Ramachandra 
M e d i c a l  C o l l e g e  E t h i c s 
Committee). The IEC reference 
n u m b e r  o f  t h i s  s t u d y : 
M E D / 2 4 / A P R / 1 0 3 / 1 3 6 . 
Approved on May 28, 2024.

Inclusion criteria
• Age >18 years

• AO 42 C2-type fractures
• Both males and females
• Follow-up for a minimum of 1 year
• Open/closed injury.

Exclusion criteria
• Pathological fracture
• Associated vascular and neurological injury
• Patients with severe systemic illness
• Patients with ipsilateral fractures.

Parameters assessed
Socio-demographic variables
• Age and sex
• Histor y of comorbidities (e.g. ,  diabetes mel litus, 
hypertension)

Thirunthaiyan MR, et al
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Figure 2: (a, b, c, d, e) Pre-operative X-ray, Immediate Post-operative, 3 months post-operative, 6 months post-operative, 10 months post-operative, follow-up 
X-ray.

Figure 3 & 4: Box and Whisker plot for the morphometry (Union vs. non-union) and comparison of the lower 
extremity functional scale.
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• Mechanism of injury (e.g., road traffic accident, fall).

Post-operative parameters
• Radiographic outcomes, including:
• Medial proximal tibial angle (MPTA)
• Lateral distal tibial angle (LDTA)
• Posterior proximal tibial angle (PPTA)
• Presence of malalignment
• Radiological union, defined by bridging callus in at least three 
cortices Fig. 1.

Surgical technique
All procedures performed by the senior resident under senior 
orthopedic trauma surgeon supervision. The timing of the 
surgery is <72 h post-injury (mean 3.2 ± 1.8 days). Both the 
suprapatellar (73%) and infrapatellar (27%) approaches were 
used based on the surgeon’s preference. Tibia medullary cavity 
was reamed up to 9–11 mm diameter nails (Synthes/AO 
DePuy). 3–4 locking screws were used. Minimum 2 proximally 
and 2 distally.[1.1] The intermediate segment was reduced 
under direct C-arm guidance using percutaneous joystick-like 
Schanz pin or blocking poller screw augmentation. The nail was 
introduced once satisfied reaming is done. Locked with 
appropriate proximal and distal screws.

Case illustration
A 60-year-old woman was diagnosed with a left shaft of tibia 
segmental fracture (AO classification 42 C2 type) within 24 h of 
arriving at the Emergency Room. She had reportedly been in a 
car accident and had suffered a closed injury across her left leg. 
Intramedullary interlocking nails were used to definitively fix 
her. She began with partial weight-bearing exercises and then 
progressed to full weight-bearing exercises with the assistance 
of a walker. After 6 months of follow-up, the patient was doing 
reasonably well, with a good functional outcome and a 
satisfactory fracture healing rate. The serial follows up X-ray of 
the same patient Fig. 2.

Post-operative management
Either non-weight-bearing or partial weight-bearing with 
walker support was started the next day of the surgery. The same 
was continued till the bridging callus formed. Deep vein 
thrombosis prophylaxis, in means of both mechanical and 
chemical prophylaxis, was provided. Regular serial radiographs 
were taken every 4-week interval. LEF’s assessment was done at 
6, 12, and 24 weeks. Complications, if any, were managed 

accordingly.

Outcome measures
The primary outcome measures were assessed through the 
radiographs. The secondary outcomes assessed through signs 
of non-union, malalignment, pain score, Torsional changes, and 
shortening in radiographs. Functional recovery measured using 
LEFS score on a scale of 0–80.

Data management and statistical analysis
All collected data were entered into Microsoft Excel and 
analyzed using the Statistical Package for the Social Sciences 
version 26 and Jamovi software 2.3.

Descriptive statistics
• Continuous variables, such as age, angle measurements, and 
LEFS scores, were presented as mean ± standard deviation or 
median (interquartile range) based on distribution.
• Categorical variables, such as sex, presence of complications, 
and union status, were expressed as frequency and percentage.

Inferential statistics
• The Mann–Whitney U test was used to compare non-
parametric continuous variables (e.g., age, angles, LEFS) 
between the union and non-union groups.
• The Chi-square test or Fisher’s exact test was used for 
categorical variables (e.g., presence of stiffness, pain, torsion).
• The Wilcoxon signed-rank test was used to assess the change 
in radiographic angles (MPTA, LDTA, PPTA) from Post-
operative Day 2 (POD) 2 to 6-month follow-up.
• Statistical significance was considered at a P < 0.05.

Ethical considerations
The study was conducted following approval from the 
Institutional Ethics Committee of Sri Ramachandra Institute of 
Higher Education and Research. Informed written consent was 
obtained from all patients enrolled in the prospective arm of the 
study. Patient confidentiality was maintained throughout the 
data collection and analysis process, and all data were used 
strictly for academic and research purposes.

Results

Demography and injury characteristics
Twenty-two (73.3%) of the thirty patients (mean age 44.7 ± 
19.0 years, range 19–85) were male. Mechanism: assault 2/30 
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(6.7%), falls 3/30 (10%), traffic accidents 23/30 (76.7%), and 
other 2/30 (6.7%). Gustilo open fractures: Type I (8, 26.7%), Type 
II (4, 13.3%), and closed 18 (60%). Right: left 17:13. OTA 
subtypes: C2.2 (36.7%), C2.3 (23.3%), and C2.1 (40%). 
Comorbidities include hypertension 3/30 (10%), diabetes 
mellitus 4/30 (13.3%), and tobacco use 7/30 (23.3%) Table 1.
Table 2 presents the mean values and range of three key 
radiographic alignment angles – MPTA, LDTA, and PPTA – 
measured on POD 2 and at the 6-month follow-up in patients 
treated with intramedullary nailing for segmental tibial fractures.
On POD 2, the mean MPTA was 88.1 ± 1.2°, LDTA was 88.2 ± 1.7°, 
and PPTA was 79.4 ± 1.3°. At 6 months, the values remained 
relatively stable with a mean MPTA of 88 ± 1.3°, LDTA increasing 
slightly to 89 ± 2.4°, and PPTA at 79.2 ± 1.4°.
Table 3 compares various clinical, radiographic, and complication-
related variables between patients who achieved union and those 
who developed non-union following intramedullary nailing for 
segmental tibial fractures. Mann–Whitney U test was applied.

Age
The median age was higher in the non-union group (72 years) compared to the union group (40 years), though this difference was 
not statistically significant (P = 0.53). This suggests that while older age may be associated with non-union, the present sample size 
limits conclusive interpretation.

Sex
No gender variation was observed across groups, with P = 0.51, indicating no influence of sex on union outcome in this sample.

Radiographic angles (POD 2)
MPTA, LDTA, and PPTA showed minor differences between the groups, with slightly higher LDTA and PPTA in the non-union 
group. None of the differences were statistically significant (P > 0.05), indicating comparable immediate post-operative alignment in 
both groups.

Parameter Distribution (n=30) (%)

Age, mean±SD 44.7±19.0 years

Male: Female 19:11 (64.3: 35.7)

Side (R: L) 17:13 (56.7: 43.3)

Mechanism: 

RTA/fall/other
23/3/4 (76.7/10/13.3)

Tobacco use 7 (23.3)

Diabetes mellitus 4 (13.3)

Open fractures 12 (40)

Malalignment (Absent: 

Present)
26:4 (85.7:14.3)

Shortening (Absent: 

Present)
28:2 (92.9: 7.1)

Torsion (Absent: Present) 24:6 (78.6: 21.4)

Table 1: Patient demographics and injury patterns

SD: Standard deviation, RTA: Renal tubular acidosis

Angle POD2 6 weeks 3 months 6 months
P -value 

(POD2→6M)

MPTA° 89.2±2.1 89.3±2.2 89.1±2.3 89.1±2.3 0.872

LDTA° 88.4±1.9 88.5±2.0 88.6±1.9 88.6±2.0 0.763

PPTA° 85.3±3.1 85.4±3.2 85.2±3.3 85.1±3.4 0.891

Table 2: Radiographic angles on POD-2, 6 weeks, 3 months, 6 months post-

operative

MPTA: Medial proximal Tibial angle, LDTA: Lateral distal Tibial angle, 

PPTA: Posterior proximal Tibial angle, POD: Post-operative day
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Torsion
All three non-union cases (100%) showed torsional 
malalignment compared to none in the union group – a 
statistically significant association (P = 0.00). This suggests 
torsion is strongly linked to non-union and may be a critical risk 
factor.

Stiffness
Stiffness was more frequent in the non-union group (33%) than 
in the union group (9%), though this difference was not 
statistically significant (P = 0.40).

Pain
Post-operative pain was present in all non-union patients and 
absent in all union cases – a statistically significant finding (P = 
0.00). This implies that persistent pain may be a clinical 
indicator of non-union. (Table 4) (Fig. 3) (Fig. 4).

Mean LEFS score 52.5±8.07 (95% CI 49.4-55.6) at minimum 6 
months. Functional distribution: excellent (>60) 8/30 
(26.7%), good (50-60) 12/30 (40%), moderate (40-50) 6/30 
(20%), poor (<40) 4/30 (13.3%). Pain subdomain score: 
2.1±0.9 (0-4 scale). (Table 5).
Malalignment >5°: coronal 3/30 (10%), sagittal 4/30 (13.3%). 
Limb shor tening >10 mm: 2/30 (6.7%).  Torsional 
malalignment (>10° CT-confirmed): 6/30 (20).

Discussion
Segmental tibia fractures are often associated with severe soft 
tissue injury. This case series follow-up concludes 80 % union at 
24 weeks using conventional Intra medullary interlocking nail 

despite of 40% open fractures and 23% 
tobacco exposure [19]. Our findings 
match with Corey et al.’s 90% union and 
Ricci et al.’s 100% healing rate. The non-
union rate is better exceeds simple shaft 
fractures and lesser than the external 
fixator Cohort. Torsion of the middle 
fragment has become the dominant 
predictor for rotational instability for callus 
bridging while micromotion exceeds the 
1mm tolerance limit [1]. The technical 
success in serial morphometry confirmed 
exceptional alignment preser vation 
(MPTA/LDTA deviations <1° across 6 
months). Such stability exceeds historical 
plating series (3–5° procurvatum) and 
early unreamed nailing cohorts (>10% >5° 

malalignment). Suprapatellar approach utilization (73%) likely 
contributed, facilitating perpendicular proximal fragment 
control versus classic infrapatellar flexion contracture [16]. 
Three/four-point nail-canal contact with multiplanar locking 
minimized subsidence, while blocking screw augmentation 
(12%) enhanced intermediate fragment capture – a nuance 
absent from simpler injury patterns [20].
The functional recovery of the follow-up patients, compared to 
population norms (68 ± 15), LEFS 52.5 ± 8.07, indicates a 
moderate-good recovery; nevertheless, it is not as good as 
simple tibial nails (70 ± 12). The primary deficiencies 
identified by subdomain analysis were discomfort (2.1 ± 0.9) 
and walking confidence (2.3 ± 1.0), which are consistent with 
anterior compartment scarring and mild malrotation that 
affects gait kinematics [13, 21, 22, 23]. Long-term data indicate 
a possible 2–5-year convergence toward age-matched controls. 
IMN is more efficient than alternatives in the following areas: 
Reoperation 20% (compared to plating 25–35%); infection 
6.7% (compared to ORIF 12–18%); union time 24 weeks 
(compared to plating 28–32 weeks; external fixation 36–48 
weeks). Compared to traditional methods, suprapatellar IMN 
specifically decreased proximal mal-reduction (4% vs. 15%).
Among the inherent limitations include retrospective bias, a 
small sample size (powered for 80% union identification), and 

Variables Union Non-union P -value

Age 41.5±16.4 56.3±27.1 0.53

Sex (M: F) 08:03 01:02 0.5

MPTA 88±3.1 88±2.6 0.57

LDTA 88±2.9 90±3.2 0.24

PPTA 79±4.2 80±3.9 0.62

Torsion (A:P) 11:00 0.3 0.0027

Stiffness (A:P) 10:01 02:01 0.39

Pain (A:P) 11:00 00:03 0.0027

Table 3: Comparison of variables with union and non-union

MPTA: Medial proximal Tibial angle, LDTA: Lateral distal 

Tibial angle, PPTA: Posterior proximal Tibial angle

Variable Mean±SD Min Max

LEFS 52.5±8.07 40 66

Table 4: Distribution of LEFS score

SD: Standard deviation, LEFS: Lower 

extremity functional scale



unpredictable follow-up. Standardized morphometrics 
(interobserver ICC>0.92), verified LEFS application, 
successive enrollment, and a modern approach that reflects 
present practice are among its strong points.

Clinical implications
• Intraoperative: Use a joystick or blocking screw to reduce 
intermediate fragments first; use cortical step alignment to 
establish rotational alignment before locking; and use CT if 
fluoroscopy is unclear.
• Post-operative: LEFS <45 at 6 months identifies rehabilitation 
non-responders; Visual Analog Scale pain trajectory >12 weeks 
initiates advanced imaging/workup.
• Counseling: Stress the 6–9-month recovery period; highlight 
torsion/pain sentinel episodes; quote 80% union/20% 
reoperation.
• Novelty of this study: Unlike most existing literature, this 
study combines both retro and prospective data, which 
improves data reliability, follow-up consistency, and outcome 
validation in segmental tibia fractures. Most of the previous 
studies reported validated functional outcome, where, this 

study incorporates LEFS. Most of the other studies assess 
outcomes in isolation, but this study assesses Radiological 
union, Alignment parameters, Functional recover LEFS, 
and complications, which gives a holistic outcome model. 
This study specifically evaluates reduction techniques and 
torsional control in floating intermediate fragments. This 
study also bridges the literature gaps in the lack of 
standardized control outcomes, Poor functional 
correlation, and limited predictor analysis. In a combined 
w o r d ,  t h i s  s t u d y  i s  u n i q u e  i n  t e r m s  o f  a 
retrospective–prospective cohort of segmental tibial 
fractures treated with contemporary intramedullary 
nailing. This study is among the first to incorporate 
validated functional outcomes, standardized radiographic 
morphometry, and statistically generated predictors of 
non-union.

Conclusion
For segmental tibial fractures, intramedullary interlocking 
nailing is a dependable therapeutic approach that provides 
adequate alignment preservation along with satisfactory 
radiological and functional results. To reduce problems and 
enhance fracture healing, careful intraoperative reduction and 
rotational control are essential. Torsional malalignment and 
persistent post-operative discomfort may be early signs of non-
union and call for careful monitoring. These complicated 
injuries can still be effectively managed with modern 
intramedullary nailing procedures.

Incidence (%) Complication Management

3/30 (10) Superficial infection Antibiotics

2/30 (6.7) Deep infection Debridement and exchange

4/30 (13.3) Malalignment (>5%)
Observation (n=2), 

Revision (n=2)

6/30 (20) Non-union
Exchange nailing (n=4), 

Plating (n=2)

6/30 (20) Torsion (>10°) CT-confirmed, 3 revised

Table 5: Complication profiles

Malalignment >5°: Coronal 3/30 (10%), sagittal 4/30 (13.3%). 

Limb shortening >10 mm: 2/30 (6.7%). Torsional malalignment 

(>10° CT-confirmed): 6/30 (20). CT: Computed tomography

Clinical Message

For segmental tibia fractures, intramedullary nailing is the 
recommended course of therapy; nevertheless, to avoid non-union 
and maximize results, careful intraoperative torsion control and 
attentive postoperative pain monitoring are crucial.
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