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Abstract
Background: Traumatic brain injury (TBI) has been known to accelerate bone healing. Many cells and molecules have been investigated but the exact
mechanism is still unknown. The neuroin�ammatory state of TBI has been reported recently. We aimed to investigate the effect of TBI on fracture
healing in patients with tibia fractures and assess whether the factors associated with hematoma formation changed more signi�cantly in the
laboratory tests in the fractures accompanied with TBI.

Methods: We retrospectively investigated patients who were surgically treated for tibia fractures and who showed secondary bone healing. Patients
with and without TBI were divided for comparative analyses. Radiological parameters were time to callus formation and the largest callus ratio during
follow-up. Preoperative levels of complete blood count and chemical battery on admission were measured in all patients. Subgroup division regarding
age, gender, open fracture, concomitant fracture and severity of TBI were compared.

Results:  We included 48 patients with a mean age of 44.9 (range, 17 – 78), of whom 35 patients (72.9%) were male. There were 12 patients with TBI
(Group 1) and 36 patients without TBI (Group 2). Group 1 showed shorter time to callus formation (P < 0.001), thicker callus ratio (P = 0.015),
leukocytosis and lymphocytosis (P ≤ 0.028), and lower red blood cell counts (RBCs), hemoglobin, and hematocrit (P < 0.001). Aging and severity of
TBI were correlated with time to callus formation and callus ratio (P ≤ 0.003) while gender, open fracture, and concomitant fracture were
unremarkable.

Conclusion: Tibia fractures with TBI showed accelerated bone healing and superior measurements associated with hematoma formation
(lymphocytes, RBCs, hemoglobin, hematocrit). Promoted fracture healing in TBI was correlated with the enhanced proin�ammatory state.

Level of evidence: III, case control study

Background
After debatable results of traumatic brain injury (TBI) and accelerated fracture healing of earlier studies, many preclinical and clinical following studies
supported that TBI is associated with rapid bone healing. [1–4] Various materials from cytokine and growth factors to genes and hormones have been
investigated as candidate substances associated with TBI but the mechanism has not been fully understood. [4–6]

Fracture healing comprises of in�ammatory phase, �brovascular phase, bone formation phase, and remodeling phase. In�ammatory phase starts with
�brin-rich hematoma formation from shearing of intracortical, endosteal, and periosteal vessels. [7] Chemokines from activated platelets within the
hematoma accelerate the migration of neutrophils and macrophages to the fracture site. [8] These cells remove devitalized tissue around the fracture
site, promote recruiting in�ammatory cells and successively progenitor cells from the bone marrow, periosteum, soft tissue and systemic circulation. [9,
10]

Previous clinical studies have shown promoted osteogenic effect in TBI, but little has been studied through blood test results. Cadosch et al.
investigated the human fetal osteoblastic (hFOB) cell and other biochemical markers including C-reactive protein, alkaline phosphatase, calcium,
phosphate, and parathyroid hormone in long bone fracture patients with and without TBI. They showed higher proliferation of hFOB cells in TBI group
whereas other biochemical markers showed unremarkable results. [1] A recent preclinical study reported that TBI alters the local neuroin�ammatory
state to accelerate early fracture healing. [11] They showed strong positive relationship between hematoma formation and fracture healing. Therefore,
this study was designed to investigate the effect of TBI on fracture healing in patients with tibia fractures and assess whether the factors associated
with hematoma formation changed more signi�cantly in the laboratory tests in the fractures accompanied with TBI.

Methods
We retrospectively investigated 512 consecutive patients who were treated for tibia fractures from February 2014 to January 2020 in our institution. We
included patients between 17 and 80 years of age, who underwent plate �xation or intramedullary nailing for comminuted fractures and showed
secondary bone healing. Patients with isolated intraarticular fracture healed without callus formation, �xated with screws only, severe open fracture
(Gustilo-Anderson type ≥ III), and underlying conditions that could impair bone healing (diabetes, cancer, organ transplantation, chronic renal failure,
prolonged use of steroid, infection and etc.) were excluded. Brain injury was evaluated with Glasgow Coma Scale (GCS) when patients showed any
kind of neurological impairments and brain computed tomography (CT) was checked subsequently. The type and extent of brain hemorrhage was
assessed via CT scans and were scored according to Marshall classi�cation system by a radiologist; category 1, no intracranial pathology seen on CT;
category 2, cisterns present with midline shift of 0–5 mm and/or lesions/densities present, no high or mixed density lesions > 25 cm3, may include
bone fragments and foreign bodies; category 3, cisterns compressed or absent with midline shift of 0–5 mm, no high or mixed density lesions > 25
cm3; category 4, midline shift > 5 mm, no high or mixed density lesions > 25 cm3; category 5, any lesion surgically evacuated; category 6, high or mixed
density lesion > 25 cm3, not surgically evacuated. [12] Neurosurgeons decided whether to evacuate the hematoma depending on the amount of
intracranial hemorrhage. Patients were divided into two groups if they accompanied moderate to severe TBI (GCS ≤ 12) or not.

Radiological and clinical outcomes
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The patient data included general demographic data, tibia fracture type, concomitant fracture, performance of external �xation or not, and presence of
open fracture. Short leg splint was applied to all patients, and range of motion and non-weightbearing were maintained for 6 weeks. Patients were
assessed at 6 weeks, 3 months, 6 months, and 12 months postoperatively with anteroposterior, lateral, and both oblique radiographs. Main radiologic
outcome measures included time to callus formation and the widest callus ratio during follow-up. Time to callus formation was de�ned as the �rst
appearance of the callus from the date of trauma either on anteroposterior, lateral, or both oblique radiographs and the callus ratio was measured
using the method previously described by Spencer (Fig. 1.). [13] Two independent authors assessed these radiologic parameters and a 1-week washout
period was implemented before additional measurement.

Laboratory tests were obtained from all patients at the time visiting the hospital. The levels of complete blood count (CBC), chemical battery including
alkaline phosphatase (ALP), calcium, phosphate and C-reactive protein (CRP) were measured in all collected samples. Calcium and phosphate can
trigger the deposition of calcium phosphate crystal in the osteoid. [14–16] ALP is secreted by osteoblast and triggers the mineralization of the osteoid.
[16, 17] CRP has been known to be negatively associated with bone marrow density. [17, 18]

Figure 1. A, B) AP radiographs of a patient with traumatic brain injury at immediate post-operative and at 6 months follow-up. C, D) AP radiographs of
a patient without traumatic brain injury at immediate post-operative and at 3 months follow up. Callus ratio measuring method by Spencer = b/a.

Statistical analyses

Patient characteristics are presented as mean (SD) or count (percentage). Statistical analysis was performed using the commercial software SPSS
(version 21.0; IBM Corp, Armonk, NY). Mann–Whitney test, Fisher’s exact test, and linear by linear association were used for statistical analyses to
compare the two groups. Correlations among the radiologic and laboratory parameters with age were examined using the Spearman correlation
coe�cient test. Spearman’s rho was interpreted as little ( ± < 0.3), low (± 0.3–0.5), moderate (± 0.5–0.7), high (± 0.7–0.9), and very high ( ± > 0.9). [19] A
P value of < 0.05 was considered statistically signi�cant. The intraclass correlation coe�cient (ICC) was used to determine the intraobserver and
interobserver agreement. All ICC were interpreted as poor (< 0.2), fair (0.2–0.4), moderate (0.4–0.6), good (0.6–0.8), and very good (0.8-1.0). [20]

Results
We included 48 patients with a mean age of 44.9 (range, 17–78), of whom 35 patients (72.9%) were male. There were 12 patients with TBI (Group 1)
and 36 patients without TBI (Group 2). In Group 1, mean GCS was 6.2 (range, 3–12); there were 4 patients with subdural hemorrhage, 2 patients with
epidural hemorrhage and 6 patients with combined injuries (3 with intracerebral and subarachnoid, 2 with subdural and subarachnoid, 1 with
intracerebral, subarachnoid, and intraventricular hemorrhages). None of them expired during follow-up (mean 32.4 months, range 12–60). Four
patients underwent burr hole trephination. Six patients were grade 2, 2 patients were grade 3, and 4 patients were grade 5 according to the Marshall
classi�cation of TBI. Patient characteristics between the groups are summarized in Table 1.
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Table 1
Patient characteristics of tibia fractures with and without traumatic brain injury

  Group 1 (N = 12) Group 2 (N = 36) P value

Age 41.5 (14.2) 46.1 (15.4) 0.294

Gender (Male, %) 10 (83.3) 25 (69.4) 0.469

AO classi�cation (n, %)     0.130

42B - 3 (8.3)  

42C - 1 (2.8)  

43A 6 (50) 21 (58.3)  

43C 6 (50) 11 (30.6)  

Time to operation (days) 10.3 (4.0) 4.8 (4.1) < 0.001*

Open fracture (Yes, %) - 4 (11.1) 0.560

External �xation (Yes, %) 2 (16.7) 10 (27.8) 0.703

Concomitant fracture lesion (Yes, %) 12 (100) 4 (11.1) 0.001*

Skull 10 -  

Spine 6 -  

Facial bone 5 -  

Rib 4 -  

Clavicle 2 1  

Forearm 3 1  

Femur 2 2  

Contralateral lower leg - 2  

Data are mean (SD) or n (%).

*Statistically signi�cant (P < 0.05)

All patients obtained bone union within 12 months. Group 1 showed shorter time to callus formation (P < 0.001) and thicker callus ratio (P = 0.015)
than Group 2. In addition, Group 1 had higher WBC (P = 0.028) and lymphocyte count (P = 0.025), and lower red blood cell counts (RBCs), hemoglobin,
hematocrit (P < 0.001) compared to Group 2. Calcium level was signi�cantly lower whereas phosphate was signi�cantly higher in Group 1. Other
laboratory markers were unremarkable. (Table 2) Time to callus formation and callus ratio showed all good reliability between intraobserver and
interobserver (0.92 (95% con�dence interval (CI), 0.82–0.97) and 0.82 (95% CI, 0.58–0.92)/ 0.82 (95% CI, 0.62–0.93) and 0.84 (95% CI, 0.67–0.94),
respectively).
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Table 2
Comparisons of radiological outcomes and laboratory tests between groups

  Group 1 (N = 12) Group 2 (N = 36) P value

Radiological outcomes      

Time to callus (days) 17.5 (9.2) 93.4 (71.8) < 0.001*

Callus ratio 1.4 (0.2) 1.2 (0.1) 0.015*

Laboratory tests      

WBC (x103/ul) 13.0 (2.0) 10.3 (4.1) 0.028*

Monocytes (x103/ul) 0.8 (0.4) 0.7 (0.2) 0.317

Lymphocytes (x103/ul) 4.1 (2.0) 2.4 (1.0) 0.025*

Neutrophils (x103/ul) 7.8 (3.1) 7.8 (4.8) 0.475

RBC (x106/ul) 4.1 (0.2) 4.6 (0.5) < 0.001*

Hb (g/dl) 12.6 (0.8) 14.4 (1.6) < 0.001*

Hct (%) 37.3 (2.2) 42.4 (4.0) < 0.001*

MCH (pg) 31.0 (1.4) 31.1 (1.7) 0.849

CRP (mg/l) 0.9 (0.8) 2.3 (4.0) 0.153

ALP (U/l) 93.5 (33.4) 78.0 (22.0) 0.234

Ca (mg/dl) 8.3 (0.4) 8.9 (0.5) 0.001*

P (mg/dl) 4.0 (1.0) 3.2 (0.7) 0.002*

Data are mean (SD).

WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; CRP, C-reactive protein; ALP,
alkaline phosphatase; Ca, calcium; P, phosphate

*Statistically signi�cant (P < 0.05)

To clarify the effects of open fracture, gender, and other concomitant fracture on the callus formation, we divided the patients into two groups
according to each nominal scale and compared them using Fisher’s exact test. There were no signi�cant differences in radiological outcomes among
groups divided by open fracture, gender, and concomitant fracture. RBC pro�les were signi�cantly higher in groups with open fracture and male. WBC
pro�le and ALP tended to be higher in the male group. (Table 3)
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Table 3
Comparisons of radiological outcomes and laboratory tests between groups regarding open fracture, gender, and concomitant fracture

  Whole groups Group 2 only

  Without open
fracture (n = 44)

With open
fracture (n = 
4)

P
value

Male
(n = 
35)

Female
(n = 13)

P
value

Without
concomitant
fracture (n = 32)

With
concomitant
fracture (n = 4)

P
value

Radiological
outcomes

                 

Time to
callus (days)

75.1 (71.6) 81.3 (71.6) 0.900 75.3
(75.2)

76.5
(60.8)

0.651 95.0 (74.7) 77.7 (34.5) 0.366

Callus ratio 1.2 (0.2) 1.2 (0.0) 0.375 1.3
(0.2)

1.2
(0.1)

0.112 1.2 (0.1) 1.2 (0.1) 0.827

Laboratory
tests

                 

WBC
(x103/ul)

10.5 (3.6) 13.2 (5.8) 0.585 11.6
(3.6)

8.6
(3.5)

0.055 10.1 (4.2) 11.6 (4.1) 0.208

Monocytes
(x103/ul)

0.7 (0.3) 0.8 (0.4) 0.577 0.8
(0.3)

0.5
(0.2)

0.007* 0.6 (0.2) 0.7 (0.3) 0.716

Lymphocytes
(x103/ul)

2.9 (1.6) 2.4 (0.7) 0.986 3.2
(1.6)

1.9
(0.6)

0.006* 2.4 (0.9) 3.0 (2.3) 0.790

Neutrophils
(x103/ul)

7.6 (4.3) 9.8 (5.4) 0.375 8.0
(4.1)

7.1
(5.1)

0.302 6.9 (4.0) 7.7 (4.6) 0.292

RBC
(x106/ul)

4.5 (0.5) 5.0 (0.3) 0.026* 4.6
(0.5)

4.2
(0.3)

0.010* 4.6 (0.5) 4.7 (0.5) 0.716

Hb (g/dl) 13.7 (1.5) 16.2 (1.1) 0.003* 14.4
(1.7)

12.8
(0.9)

0.002* 14.4 (1.5) 14.1 (2.2) 0.511

Hct (%) 40.5 (4.2) 46.5 (2.7) 0.007* 42.2
(4.4)

38.1
(2.7)

0.002* 42.6 (3.9) 41.3 (5.5) 0.610

MCH (pg) 30.8 (1.5) 32.4 (1.7) 0.063 31.2
(1.6)

30.2
(1.1)

0.043* 31.2 (1.6) 29.8 (1.7) 0.248

CRP (mg/l) 2.1 (3.7) 0.9 (0.4) 0.985 1.4
(1.6)

3.6
(6.1)

0.893 2.5 (4.2) 0.6 (0.2) 0.248

ALP (U/l) 83.7 (27.0) 78.8 (16.2) 0.925 88.2
(27.3)

70.4
(18.2)

0.048* 78.8 (22.0) 69.7 (25.3) 0.610

Ca (mg/dl) 8.7 (0.6) 8.9 (0.6) 0.762 8.8
(0.6)

8.8
(0.5)

0.989 9.0 (0.5) 8.2 (0.5) 0.037*

P (mg/dl) 3.5 (0.8) 2.9 (0.8) 0.227 3.4
(1.0)

3.6
(0.5)

0.328 3.2 (0.7) 3.4 (0.7) 0.657

Data are mean (SD).

WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; CRP, C-reactive protein; ALP,
alkaline phosphatase; Ca, calcium; P, phosphate

*Statistically signi�cant (P < 0.05)

In addition, we intended to assess the effects of age, number of intracranial hemorrhagic lesion, and Marshall classi�cation on the outcomes. Age
showed low negative correlation with callus ratio. As number of intracranial hemorrhagic lesion increased, callus ratio and WBC count signi�cantly
decreased with moderate correlation (P = 0.003 and P = 0.006, respectively). GCS tended to be negatively correlated with callus ratio but was not
statistically signi�cant (P = 0.076). Marshall classi�cation positively correlated with time to callus, hemoglobin, hematocrit, and MCH whereas it was
negatively correlated with calcium and phosphate. The correlation between Marshall classi�cation and radiological and laboratory parameters were
moderate to very high. (Table 4)
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Table 4
Spearman’s correlation tests of age, number of traumatic brain injuries, and Marshall classi�cation with outcomes and of radiological outcome with

laboratory tests.

  Whole groups Group 1 only  

  Rho
(age)

P
value

Rho
(time
to
callus)

P value Rho
(callus
ratio)

P
value

Rho
(number
of
traumatic
brain
injuries)

P
value

Rho
(GCS)

P value Rho (Marshall
classi�cation)

P value

Radiological
outcomes

                       

Time to
callus (days)

-0.088 0.553 -   -0.089 0.549 0.297 0.348 -0.164 0.593 0.939 < 
0.001*

Callus ratio -0.458 0.001* -0.089 0.549 -   -0.772 0.003* -0.508 0.076 -0.154 0.632

Laboratory
tests

                       

WBC
(x103/ul)

-0.059 0.692 -0.109 0.460 0.186 0.204 -0.741 0.006* -0.073 0.814 0.123 0.702

Monocytes
(x103/ul)

-0.107 0.469 -0.129 0.381 0.236 0.106 -0.093 0.775 -0.486 0.092 -0.062 0.849

Lymphocytes
(x103/ul)

-0.062 0.676 -0.169 0.252 0.199 0.175 -0.031 0.924 0.106 0.730 -0.031 0.924

Neutrophils
(x103/ul)

0 1.000 0.021 0.888 0.022 0.882 -0.278 0.382 -0.017 0.957 0.123 0.702

RBC
(x106/ul)

-0.185 0.209 0.441 0.002** -0.177 0.230 -0.063 0.847 0.989 < 
0.001**

-0.313 0.322

Hb (g/dl) -0.101 0.495 0.442 0.002** -0.104 0.483 -0.123 0.702 0.464 0.110 0.617 0.033*

Hct (%) -0.104 0.481 0.465 0.001** -0.129 0.384 -0.123 0.702 0.464 0.110 0.617 0.033*

MCH (pg) 0.206 0.159 0.009 0.950 0.058 0.696 0.216 0.500 -0.390 0.188 0.925 < 
0.001**

CRP (mg/l) 0.120 0.417 -0.015 0.921 -0.126 0.395 0.185 0.565 -0.291 0.336 -0.370 0.236

ALP (U/l) -0.025 0.864 -0.283 0.052 -0.064 0.666 0.062 0.849 0.078 0.800 -0.401 0.196

Ca (mg/dl) -0.153 0.315 0.345 0.020* -0.373 0.012* -0.204 0.526 0.537 0.059 -0.751 0.005**

P (mg/dl) -0.177 0.245 -0.492 0.001** 0.180 0.237 -0.278 0.382 -0.156 0.610 -0.833 0.001**

GCS, Glasgow Coma Scale; WBC, white blood cell; RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; MCH, mean corpuscular hemoglobin; CRP,
C-reactive protein; ALP, alkaline phosphatase; Ca, calcium; P, phosphate

*Statistically signi�cant (P < 0.05). ** Statistically signi�cant (P < 0.01).

When we focused on the correlation between radiological outcomes and laboratory test, the two radiological outcomes had no signi�cant correlation
with each other (Spearman’s rho = -0.089, P = 0.549). Time to callus formation was positively correlated with RBC pro�le except for MCH and calcium
whereas it was negatively correlated with phosphate signi�cantly. On the contrary, callus ratio was negatively correlated with calcium level. (Table 4)

Discussion
We rea�rmed that TBI have accelerated callus formation and fracture healing in patients with tibia fractures. Time to bridging callus formation and
callus ratio were signi�cantly superior in Group 1 despite the lower calcium level. Leukocytosis and lymphocytosis were predominant and RBC pro�les
including hemoglobin and hematocrit were lower in Group 1. Open fracture, gender, GCS, and presence of concomitant fracture did not show signi�cant
differences in radiological outcomes. Increasing age and number of intracranial hemorrhagic lesion were negatively correlated with callus ratio. Higher
Marshall classi�cation category showed very strongly positive correlation with time to callus formation.

Garland and Dowling reported absent correlation between TBI and accelerated tibial fracture healing as a pioneer study. [21] However, it contained
mixed cohort of patients including severe open fractures and various surgical or conservative treatment modalities that could have made it
inconclusive. Following clinical studies showed an obvious osteogenic effect of TBI from long bones to �at bones. [1–3, 22, 23] However, few factors
have been investigated as candidate substances to explain the phenomenon such as runt-related transcription factor 2, serine protease 7, cathepsin K,
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and hFOB1.19 cell line. [1, 22] Recently, Morioka et al. reported a neuroin�ammatory response in polytrauma with TBI in rodent model. [11] They
showed that hematoma formation inferred from systemic lymphocytes, RBCs, hemoglobin and hematocrit was strongly positively related with fracture
healing using multivariate principal component analysis. The �rst stage of bone healing is the in�ammatory phase. The in�ammatory phase is mainly
mediated by fracture hematoma consisted of blood cells, mesenchymal stem cells, �broblasts and etc., and can last for about 5 days. [4, 7] These cells
promote gathering of in�ammatory cells via release of pro-in�ammatory cytokines such as tumor necrosis factor-alpha, interleukins 1 and 6, and
subsequent growth factors. [9, 10, 24] A closer look of the Morioka’s study reveals that TBI additional to tibia fracture showed increased WBCs,
monocytes, and lymphocytes and decreased RBC pro�les compared to fracture only after 5 days from injury. [11] These changes gradually recovered
to normal range after 15 days from injury. Our results are consistent with results of the previous studies in that Group 1 showed signi�cant elevation of
WBC and lymphocyte (P ≤ 0.028) and decrease of RBC, hemoglobin, and hematocrit (P < 0.001) at admission although there was lack of further
laboratory tests. Larger hematomas in Group 1 might have accelerated the proin�ammatory response to secondary bone healing.

Moderate to severe TBI (GCS ≤ 12) is well known to cause pituitary or hypothalamic dysfunction. [25] Yang et al. showed promoted callus formation in
the fracture with TBI group as well. However, when they subdivided the TBI group to GCS ≤ 8 and GCS > 8, there was no signi�cant differences in time
to callus formation and callus thickness (P = 0.521, P = 0.153). [3] Several hormones such as leptin, prolactin, calcitonin-gene-related peptide from
cerebral dysfunction and damage to blood brain barrier are believed to be the possible factors of accelerated bone healing in TBI despite that accurate
mechanisms remain uncertain. [4, 26–35] Morioka et al. revealed inverse correlation of fracture callus with brain lesion by analyzing total lesion
volume and gross lesion area in TBI. [11] Cadosch et al. reported a negative linear relationship between GCS and callus ratio. [1] They showed that GCS
was correlated with callus ratio (P < 0.05), time to union (P = 0.04), and proliferation rate of hFOB cells after 6 hours from injury (P = 0.03). Similarly, this
study also showed a signi�cantly negative correlation between number of intracranial hemorrhagic lesion and callus ratio (Spearman’s rho = -0.772, P 
= 0.003), and a negative correlation tendency between GCS and callus ratio (Spearman’s rho = -0.508, P = 0.076). Interestingly, Marshall classi�cation
showed a very highly positive correlation with time to callus formation despite its negative correlation with calcium and phosphate levels (Spearman’s
rho = 0.939, P < 0.001). Marshall classi�cation places patients into one of six categories of increasing severity based on the �ndings on non-contrast
brain CT scan. [12] It is primarily concerned with degree of swelling and presence and size of hemorrhage. Higher categories have worse prognosis and
survival. Thus, it might be a more accurate assessment of suppression of brain function; therefore, it could be more related to callus formation.
Following study of relationship between Marshall classi�cation and bone healing in TBI with larger cohort would help assess the role of brain and
estimate the accelerated fracture healing in TBI.

Aging showed a signi�cantly negative correlation with callus ratio in this study (Spearman’s rho = -0.458, P = 0.001). Increasing age has been well
known to negatively affect the cellular and molecular processes of fracture healing throughout all phases. [36, 37] Intrinsic changes in stem cell
population and microenvironmental changes that alter the biological activity of progenitor cells are the two aspects to potentially affect tissue
regeneration.

The two radiological outcomes of time to callus formation and callus ratio did not signi�cantly correlate with each other (Spearman’s rho = -0.089, P = 
0.549). Interestingly, time to callus formation was positively correlated with higher RBC pro�les (Spearman’s rho = 0.441–0.465, P ≤ 0.002). Rapid
callus formation in general could be more related to the number of RBCs capable of exchanging oxygen and waste despite the low RBC pro�le in group
1 in this study. These con�icting results might indicate that several mechanisms including accelerated hematoma and brain dysfunction have blended
effects in promoting fracture healing. Further study with serial laboratory tests would be helpful in distinguishing their effects. Male gender showed
signi�cantly superior monocytes, lymphocytes, RBC pro�les, and ALP compared to female gender. However, there was no signi�cant differences in the
two radiological outcomes between each other. It is comparable to the results of a previous study in which there was no gender difference in fracture
healing. [3] Presence of open fracture below Gustilo type II did not signi�cantly affect any radiological and laboratory tests.

This study has several limitations. First, despite that all patients in both groups were evaluated with the same postoperative follow-up protocol and
were intended to be involved thoroughly, this study was a retrospective study which might have resulted in a possible selection bias. Second, the study
population was relatively small, which could have decreased the statistical power of the results. We could have derived a more signi�cant categories
that might have correlated with each other such as GCS. Third, all patients lacked pre-trauma laboratory tests which could be the reference points for
analyzing the lower level of hemoglobin. In addition, there is a weak point that low level of hemoglobin contributed exclusively to the formation of
fracture hematoma. However, factors which might have affected the difference of hemoglobin level such as aging and gender were not signi�cantly
different between the groups. A previous preclinical study has treated the low level of hemoglobin as the hematoma formation. [11] Following study
regarding these factors can derive further relationship between proin�ammatory response and accelerated fracture healing in TBI.

Conclusion
Tibia fractures with TBI showed accelerated bone healing and superior measurements associated with hematoma formation (lymphocytes, RBCs,
hemoglobin, hematocrit). Promoted fracture healing correlated with the promoted proin�ammatory state.
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Figures

Figure 1

A, B) AP radiographs of a patient with traumatic brain injury at immediate post-operative and at 6 months follow-up. C, D) AP radiographs of a patient
without traumatic brain injury at immediate post-operative and at 3 months follow up. Callus ratio measuring method by Spencer = b/a. 


