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ABSTRACT

AIM: To examine the effect of cerebellar damage on the process of fracture healing.  
MATERIAL and METHODS: A total of forty-two male rats were selected at random and subsequently allocated into three distinct 
groups. The experimentals were divided into two subgroups within each group, with the intention of sacrificing them during the 
third and sixth weeks. Group 1 had isolated femoral fracture, Group 2 had femoral fracture after craniotomy, and Group 3 had 
femoral fracture accompanying cerebellar injury after craniotomy. Left femoral fractures in rats in all groups were treated using an 
intramedullary Kirschner wire. Radiological, histological, and biochemical evaluations were conducted at 3 and 6 weeks to assess 
the processes of fracture healing. To determine the effects of fracture healing and cerebellar injury on oxidant–antioxidant systems, 
catalase (CAT), malondialdehyde, superoxide dismutase (SOD), and glutathione peroxidase (GPx) activities were measured.
RESULTS: Between the time frame of 3 to 6 weeks, Group 3 had higher radiography scores, alkaline phosphatase levels, callus/
diaphyse ratio, callus improvement, and bone mineral density in comparison to the other groups. The activity of SOD was found 
to be statistically negligible in all groups, suggesting that SOD does not have a substantial impact on fracture healing in cerebellar 
injury. However, notable increases in the activity of GPx and CAT enzymes were observed, showing their considerable involvement 
in the process of fracture healing.
CONCLUSION: Cerebellar injury reduces the oxidative stress in the fracture area and contributes positively to fracture healing by 
means of radiologically, biochemically and histopathologically.
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█  INTRODUCTION

Every year, roughly 1.2 million individuals die and fifty mil-
lion more are injured in automotive incidents worldwide 
(7). Traumatic brain injury (TBI) is divided into primary 

and secondary types and is most commonly observed after 
traffic accidents. Primary damage is the mechanical damage 
that develops at the time of the event, caused directly by the 
traumatic factor on the nervous system, and cannot be treat-
ed. This type of damage is divided into two subgroups as fo-
cal (contusion, laceration, bleeding) and diffuse (diffuse axo-
nal injury). Secondary damage develops sometime after the 
moment of trauma, and all available treatment methods are 
aimed at secondary damage. Ischemia and increased intra-
cranial pressure are the most common clinical presentations 
of secondary injury and the main treatment goals (2).

Although the cerebellum comprises around 10% of the brain’s 
volume, it includes more than 50% of the brain’s neurons (5). 
The cerebellum has been deemed a motor structure due to the 
fact that cerebellar injury causes problems in motor control 
and posture and the bulk of cerebellar outputs are routed to 
motor system components. The cerebellum does not originate 
motor instructions; instead, it changes the motor commands 
of the descending pathways to make motions more adaptable 
and precise (27).

It has been proven in clinical experience and in the literature 
that TBI accelerates fracture healing and heals with an 
exaggerated volume of callus tissue, regardless of the fracture 
treatment. However, to date, almost all studies have focused 
on the mediators, hormones, and cytokines involved in this 
event, and there are few studies on the role of a damaged 
coordination center in the brain.

This research attempted to determine if the cerebellum, 
which is responsible for central nervous system movement 
coordination, contributed to this phenomenon.

█  MATERIAL and METHODS
Between September 2020 and March 2021, this study was 
implemented at the Experimental Research and Application 
Centre of Sutcu Imam University (Project ID: 2020/4-13M). A 
total of 42 male rats were utilized in this investigation, and they 
were kept in individual cages with a constant temperature 
of 23°C, a 14/10 h light-dark cycle, and other conventional 
conditions. A commercial pellet meal and tap water were 
given to each animal. The Medicine School of Sutcu Imam 
University University’s Experimental Animals Breeding and 
Research Center served as the site for all procedures. Animal 
care was carried out with the prior approval of the Sutcu 
Imam University Animal Experimental Ethics Committee on 
April 2020 with approval number 2020/04-02 and was in full 
compliance with Turkish Law 6343/2, Veterinary Medicine 
Deontology Regulation 6.7.26, and the Helsinki Declaration of 
Animal Rights.

The G power software was used to calculate the sample 
size using the parameters of 0.07, 0.15, and 0.82 for the 
effect size. The periosteal thickness at young ages and the 

neuroprotective impact of progesterone hormone were taken 
into consideration while dividing the 42 male rats (age, 8-10 
months; weight, 300-320 g) into six groups (n=7 per group).

There were two control groups and four study groups, as 
follows:

Group 1–third and sixth week: The control groups had 
simply a femoral fracture done, and were sacrificed third and 
sixth weeks later.

Group 2–third and sixth week: The research groups with only 
a craniotomy (no cerebellar damage) and a femoral fracture 
that were sacrificed three and six weeks later.

Group 3–third and sixth week: The groups that underwent 
craniotomy with cerebellar injury and femoral fracture were 
sacrificed three and six weeks later.

Prior to the fracture of the femur, a blood sample of 1.2 mL 
was collected for the purpose of analyzing alkaline phospha-
tase (ALP). Anteroposterior and lateral images of the femur 
were acquired, thereby facilitating the evaluation of the over-
all femoral bone mineral density (BMD). Additionally, a 3 cc 
blood sample was collected from the individuals for antiox-
idant analysis prior to their euthanasia. Following the sacri-
fice of the rats, the whole left femurs were removed and for 
histological analysis, the extracted femurs were kept in 10% 
formaldehyde solution.

Surgical Procedure

The surgical procedures were conducted under controlled 
conditions with the use of a heating pad set to a temperature 
of 37°C. Prior to the procedures, sedatives were administered, 
specifically xylazine (Rompun 2% solution, 50 mL vial, Bayer-
Turk Ilac Ltd., Istanbul, Türkiye) at a dosage of 6-8 mg/kg and 
ketamine (Ketalar 50 mg/mL 10 mL vial, Pfizer Ilaclar Ltd.) 
at a dosage of 60-80 mg/kg. A single dosage of antibiotic 
prophylaxis was supplied before to all surgical operation.

Craniotomy and Cerebellar Damage

The scalp was opened longitudinally, and craniotomy was 
performed utilizing a 1×1 mm Kirschner (Kr) wire with the help 
of a high-speed drill on the posterior right side of the lambda, 
the junction of the sutures of the parietal and occipital bones, 
which corresponds to the cerebellar localization in accordance 
with the atlas of Paxinos and Watson Rat Brain Stereotaxic 
Coordinates (5th edition) (25). By controlling bleeding with 
bipolar cautery, cerebellar damage was implemented with 
the help of a sterile micropipette to create a 5-mm-depth 
penetration in the cerebellum (Figure 1).

Femoral Fracture (10)

A knee midline incision was widened proximally for all rats’ 
arthrotomy. Accessing the knee joint required a median 
parapatellar incision after crossing the skin-subcutaneous 
tissue. After exposing the mid-distal left femurs of all rats, 
this area was osteotomized utilizing an electric knife and 
retrogradely intramedullary rimiered utilizing a micro-drill.        
1.5-mm Kr wires mended it. After fixation, the proximal and 
distal Kr wires in the femur were carefully maintained. After 
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fixing, 30 mL of 0.09% NaCl washed the broken line and 
incision. A 3/0 Vicryl needle (Johnson & Johnson, Brussels, 
Belgium) closed the patellar tendon and epidermis. The 
wound covering ended fixation.

Radiological Evaluation

At the third and sixth weeks after sacrifice, Warden et al. 
altered a 4-point radiographic scoring system to measure 
fracture repair in each group: 0 = no evidence of healing; 1 = 
callus formation evident but fracture gap not yet bridged; 2 = 
callus formation evident with possible bridging of the fracture 
gap; and 3 = fracture union (31). At three and six weeks 
postoperatively, normal radiography assessed the callus/
diaphysis proportion and new callus volumes at the femoral 
fracture area.

Histopathological Evaluation

For the assessment of fracture healing histologically, a 10-point 
scale was used: One point for fibrosis, 2 points for predomi-
nantly with small amount of cartilage, 3 points  equal mixture 
of fibrous and cartilagenous tissue, 4 points predominantly 
cartilage tissue with little amount of fibrosis, 5 points primarily 
cartilage, 6 points predominantly cartilage with minimal imma-
ture bone tissue, 7 points proportionally equal amounts of car-
tilage and immature bone tissue, 8 points for embryonic bone 
tissue that has restricted cartilage, 9 points for recovery with 
immature bone tissue, and 10 points for mature bone tissue. 

BMD Evaluation

Dual-energy X-ray absorptiometry (Hologic QDR 4500 Elite 
Acclaim Series, Hologic, Massachusetts, USA) measured 

femur BMD. The 14.5 × 10.8 mm region of interest (ROI) 
provided excellent quality area, bone mineral content, and 
density data. This ROI covered the osteotomy sites in the 
afflicted limb (left) and the limb that was not impacted (right).

Evaluation of Oxidative Stress 

Preparation of Sample 

Plasma was extracted from blood samples by centrifuging 
them at 4400 rpm for 5 minutes. Until the oxidative stress 
parameters were measured, the plasma specimens were 
kept at -80 degrees Celsius. A spectrophotometer (UV-1800, 
Shimadzu Co., Kyoto, Japan) was used to measure the levels 
of malondialdehyde (MDA) and anti-oxidant enzyme activity 
in the samples, including superoxide dismutase (SOD), 
glutathione peroxidase (GPx), and catalase (CAT). The protein 
content was measured by Lowry’s technique (18).

CAT Enzyme Activity

Aebi’s method was utilized to examine the CAT activity of the 
samples at 25°C. The rate of H2O2 dissolution was determined 
for 30 seconds using a spectrophotometer at 240 nm. Activity 
was measured in units per gram of protein (1). 

SOD Enzyme Activity

Utilizing the methodology suggested by Fitzgerald et al. (8), 
SOD activity was examined. 25µL of samples were combined 
with 850µL of a substrate solution comprising 50 mmol/L 
3-(cyclohexylamino)-1-propanesulfonic acid and (pH 10.2), 
0.05 mmol/L xanthine sodium, and 0.025 mmol/L 2-(4-io-
dophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride. A 

Figure 1: Surgical procedure 
of craniotomy at the junction 
points of the sutures of the 
parietal and occipital bones 
and cerebellum damage with 
sterile micropipette. 
A) Mid-line incision on the 
posterior aspect of the skull 
to identify the sutures.
B) Maintenance of the 
hemostasis before craniotomy
C) Intracranial hemostasis 
was performed by using bi-
polar electrocautherization
D) Cerebellar damage was 
implemented with the help 
of a sterile micropipette 
to create a 5-mm-depth 
penetration.

A B

C D
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Histological proportions of all subjects were repeated again 
with a one-month interval by two pathologists with at least five 
years of expertise to measure interobserver reliability.

Intra- and inter-observer consistency of measurement was 
assessed using a two-sided mixed effects model using ICCs. 
Inter- and intra-observer pathologists had great reliability 
(ICC, 0.945–0.999).

Statistical Analysis

IBM SPSS version 23 was used for data input and analysis. 
The Kolmogorov–Smirnov test assessed factor normalcy 
across all six groups. Mean, standard deviation, percentage, 
frequency, and lowest to maximum values are shown. The 
Mann–Whitney U test analyzed asymmetrical data throughout 
six categories. Pearson’s chi-square test was used for 
independent and dependent variable univariate analysis. 
Multiple comparisons using ANOVA and Tukey’s test. 0.05 is 
significant. 

█   RESULTS
Table I shows a difference of statistical significance (p=0.0017) 
at three and six weeks between the study groups that had 
craniotomy only (Group 2) and study groups with cerebellar 
damage (Group 3). The third to sixth weeks study group 
had the best fracture union, and both the control and study 
groups’ radiological scores at this time were greatest (p<0.05) 
(Figure 2A–F).

The callus tissue volume, callus/diaphysis proportion, and 
serum alkaline phosphatase (ALP) levels were assessed in this 
investigation (Table II) since they are frequently used indicators 
of fracture unity during radiological and biochemical follow-
up.

All three groups had a significant increase in callus production 
and the callus/diaphysis ratio at the sixth week relative to 
the third week (p<0.05), with Groups 3-6 weeks seeing the 
largest increase. Even though the difference between Groups 
2 and 3 and the control group at the end of the sixth week was 
not statistically significant (p>0.05), the rise in callus volume 
was. Additionally, at the end of the third week, Group 3 and 
the control group, in addition to Groups 2 and 3, showed 
substantially distinct increases in callus volume (p<0.05; Table 
II).

Preoperatively, at weeks 3 and 6, and across all groups, there 
were statistically significant variations in the blood ALP levels 
(p<0.05). Although there was not a significant difference 
between Groups 2 and 3 (p>0.05) between the third-week 
rise in serum ALP levels between Groups 2 and 3 compared 
to the control group. By the sixth week, Groups 2 and 3 
had considerably higher serum ALP levels than the control 
group, and Group 3 had significantly higher serum ALP levels 
than Group 2 (Table II, p<0.05). At six weeks, there was no 
discernible difference between groups 2 and 3, as shown by 
the greater histopathological assessment scores for those two 
(Figure 2G–I).

At three and six weeks, BMD in Groups 2 and 3 was higher than 
in the corresponding control groups (p<0.05). Between the 

spectrophotometer was utilized to measurement the mixture’s 
absorbance at 505 nm for 3 minutes after 125µL of xanthine 
oxidase (80 U/L) had been added. SOD activity is measured in 
units per gram of protein. 

MDA Levels

By detecting MDA levels in samples, lipid peroxidation was 
calculated in accordance with the technique described by 
Ohkawa et al. (24). Then, 100µL of plasma and 50µL of 8.1% 
sodium dodecyl sulfate (SDS) were combined, vortexed, and 
incubated for 10 minutes at room temperature. Additionally, 
375µL of 0.6% thiobarbituric acid and 375µL of 20% acetic 
acid (pH 3.5) were added. These mixtures were then heated in 
a water bath for 60 minutes. For chilling, the specimens were 
brought to room temperature. The mixture was then centrifuged 
at 1000 rpm for five minutes after 1.25 mL of butanol:pyridine 
(15:1) was added. The organic mauve layer was assessed at 
532 nm. In specifically, 1,1,3,3-tetraethoxypropane was used 
as a standard. The provided data was expressed in units of 
nmol/mg protein.

GPx Enzyme Activity

Utilizing the approach described by Pleban et al. (26), the GPx 
activity was identified. In a nutshell, we created a 50 mmol/L 
Tris buffer (pH 7.6) with 1000 U of glutathione reductase, 1 
mmol/L Na2EDTA, 2 mmol/L reduced glutathione, 0.2 mmol/L 
NADPH, and 4 mmol/L sodium azide. After that, 980µL of 
the reaction solution and 20µL of sample were mixed, and 
the combination was incubated at 37°C for 5 minutes. A 
spectrophotometer was used to measure the decrease in 
absorption at 340 nm for three minutes after introducing 8.8 
mmol/L of H2O2 to the reaction. The unit of measure for GPx 
activity was U/mg protein. 

Biochemical Evaluation

The measurement of ALP activity levels has been suggested 
as a potential biomarker for assessing the advancement and 
speed of bone healing subsequent to fractures (22). The 
blood alkaline phosphatase (ALP) levels of rats were tested 
concurrently using the ARCHITECT systems developed by 
Abbott Laboratories, located in Abbott Park, Illinois, United 
States (32).

Intraclass Correlation Coefficient Evaluation 

A two-sided variable effects model and intraclass correlation 
coefficients (ICC) assessed radiological and histological ob-
servers’ consistency and dissimilarities. ICC values 0.5 indi-
cated poor dependability, 0.5-0.75 moderate reliability, 0.75-
0.9 reasonable reliability, and >0.90 faultless reliability (16).

One orthopedic and one radiology specialist with more 
than 10 years of experience took radiographic measures of 
all participants twice a month to establish intra- and inter-
observer reliability.

ICCs and a two-sided varied effects model implied unanimity 
in intra- and inter-observer measurements. Its intra- and inter-
observer reliabilities were excellent (ICC, 0.975–0.996) and 
satisfactory (ICC, 0.860–0.995).
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group 1-6thw: 0.1380.003, group 2-3rdw: 0.1420.002, group 
2-6th w: 0.1520.004, group 3-3rd w: 0.1720.002, group 3-6th w: 
0.2020.006). 

third-week and sixth-week groups, there was no discernible 
change. The BMD was greatest in group 3-6th weeks 
(respective BMD values (mean SD): group 1-3rdw: 0.1350.003, 

Table I: Radiological Scores* for all Groups

Groups (n=7 for each)
1 Point 2 Points 3 Points 4 Points p 

for overall 
differencen % n % n % n %

Group 1-3rdw: Control group sacrificed at third week 0 0 5 71.4 2 28.6 0 0

<0.05

Group 1- 6thw: Control group sacrificed at sixth 
week 0 0 4 57.1 3 42.9 0 0

Group 2-3rdw: Only Craniotomy performed study 
group sacrificed at third week 0 0 2 28.6 4 57.1 1 14.3

Group 2- 6thw: Only Craniotomy performed study 
group sacrificed at sixth week 0 0 1 14.2 3 42.9 3 42.9

Group 3-3rdw: Craniotomy with cerebellum damage 
performed study group sacrificed at third week 0 0 0 0 2 28.6 5 71.4

Group 3- 6thw: Craniotomy with cerebellum damage 
performed study group sacrificed at sixth week 0 0 0 0 1 14.3 6 85.7

* Intra- and inter-observer reliability were evaluated based on radiographic measurements from all subjects repeated twice with an interval of one 
month by one orthopedic and one radiologic specialists with 10 years of professional experience. A two-way mixed effects model and intraclass 
correlation coefficients (ICC) were used to evaluate agreement and differences between intra- and inter-observer measurements. Intra- and inter 
observer reliability were determined to be excellent (ICC:0.975–0.996)and good (ICC: 0.860–0.995), respectively. w: week.

Table II: Comparison of Callus/Diaphysis Ratio, Callus Formation, and Serum Alkaline Phosphatase Level Between the Sacrification 
Weeks

Groups (n=14 for each)

Callus/diaphysis ratio Callus Formation (mm) Alkaline phosphatase level (U/mL)

3rd week 6th week 3rd week 6th week Preoperative 3rd week 6th week

Mean ± SD

Control groups: Group 1-3rdw and 
Group 1- 6thw 3.25 ± 0.23 4.13 ± 0.45 4.85 ± 0.51 5.55 ± 0.55 270 ± 19.43 307 ± 31.35 321 ± 38.47

Only craniotomy groups: Group 
2-3rdw and Group 2- 6thw 3.43 ± 0.32 4.63 ± 0.57 5.08 ± 0.73 5.72 ± 0.91 292 ± 16.45 328 ± 27.67 341 ± 2.84

Craniotomy with cerebellum 
damage groups: Group 3-3rdw and 
Group 3- 6thw

3.92 ± 0.14 5.16 ± 0.21 5.68 ± 0.69 6.07 ± 0.02 303 ± 20.56 359 ± 11.48 397 ± 9.37

Significance of time-dependent 
intergroup callus/diaphyseal change 
(p<0.05)

F=48.433
p<0.001

F=53.657
p<0.001

F=108.933
p<0.001

One-way analysis of variance in 
repeated analysis * * **

* Th post hoc test Tukey showed a significant difference between the groups.
** In the post hoc test Tukey, there was a significant difference between preoperative Alkaline phosphatase and 3rd and 6th week values. The 
difference between the only craniotomy groups (Group 2-3rdw and Group 2- 6thw) and craniotomy with cerebellum damage groups (Group 3-3rdw 
and Group 3- 6thw) was significant. w: week.
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█   DISCUSSION
In this study, it has been shown that radiological, biochemical, 
and histopathological parameters showing fracture healing are 
better and higher in fractures developing after standardized 
TBI and isolated injury to the cerebellum responsible for the 
movement and coordination center compared to fractures 
developed after isolated TBI. Although most studies to date 
have focused on the mediators, hormones, and cytokines 
involved in this event, there has been no study showing 
the effects of an isolated damaged coordination center, the 
cerebellum, outside the brain on the union of the fracture. 
This paper is the first to demonstrate the impact of cerebellar 

The metrics for oxidative stress assessed in plasma samples 
are shown in Figure 3A–D as CAT, SOD, MDA, and GPx 
values. SOD activity in each group did not differ significantly 
when oxidative stress indicators were compared, proving 
that SOD is not involved in cerebellar damage when it occurs 
in peripheral blood (Table III). SOD also lacked statistical 
significance, according to subsequent statistical analysis 
using Tukey multiple comparisons. However, GPx performs 
a statistically significant and functional role in antioxidant 
systems (Table III).

Figure 2A-I: Radiological sample views from each group, and histopathological scores graph and samples from bone healing site. 
A) Group 1-3rdw: Control group sacrificed at 3rd week, B) Group 1- 6thw: Control group sacrificed at 6th week, C) Group 2-3rdw: Only 
Craniotomy performed study group sacrificed at 3rd week, D) Group 2- 6thw: Only Craniotomy performed study group sacrificed at 6th 
week, E) Group 3-3rdw: Craniotomy with cerebellum damage performed study group sacrificed at 3rd week, F) Group 3- 6thw: Craniotomy 
with cerebellum damage performed study group sacrificed at 6th week, G) Dominant proliferation of cartilage tissue at the fracture 
healing zone (100xH/E) in Group 3- 6thw, H) Immature bone-rich proliferation at the fracture healing zone (200XH/E) in Group 3- 6thw,        
I) Histopathological scores of each group.

A B C D E F G H

I
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Figure 3A-D: Distribution of each oxidative stress parameters in all groups. (A: catalase, B: superoxide dismutase, C: malondialdehyde, 
D: glutathione peroxidase).

A

B

C

D
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annoudis et al., the callus/diaphysis ratio was higher in the 
head trauma group than in patients in the non-head trauma 
group (9).

In another experimental study, fracture healing was demon-
strated by micro-computed tomography (CT) from the second 
week, characterized by excessive callus formation and pro-
gressive bone bridging, in mice with external fixation following 
femoral osteotomy with TBI (32). Arik et al. also showed that 
callus: diaphysis ratio was higher in brain injury groups than 
controls (3). In our study, the callus: diaphysis ratio was higher 
in our study groups compared to the controls, and this ratio 
was noted in the sixth week group with the highest cerebellar 
damage.

Among biochemical markers, ALP and bone-specific ALP 
(S-bone ALP) activity have been shown to be indications of 
the course and pace of bone healing after fractures (22,23). 
Another research discovered a link between an increase in ALP 
and an increase in bone-specific ALP levels (22). Furthermore, 
increases in ALP levels on the seventh and fourteenth days 
following injury mirrored alterations in bone-specific ALP 
levels on the same day. Similarly, callus capacity is linked 
to ALP and bone-specific ALP levels decreasing, remaining 

damage on fracture healing using an experimental fracture 
model.

The biological procedure of proliferation that occurs to repair 
a fracture is called fracture healing (39). Some biochemical 
parameters have received considerable attention as potential 
mediators between the brain and skeleton, and metabolic 
and inflammatory processes may also play an important role 
(11,31,35,37). While the influence of TBI on fracture healing 
remains an intriguing topic, there is growing clinical evidence 
that patients with polytrauma, TBI, and long bone fractures 
demonstrate too much callus formation (9,21,32).

Spencer reported in a clinical trial of 53 cases carried out 
by TBI that fracture recovery was superior in patients with 
concomitant TBI compared to patients without radiological 
brain injury, and that callus volume increased by 73% (30).

In one experimental study by Arik et al., it was found that the 
callus volume was higher in TBI groups than controls (3). In 
our study, callus volume and radiological scores were higher 
in our study groups than controls. Moreover, callus volume 
and radiological scores were highest in the sixth week group 
with cerebellar damage. In another study conducted by Gi-

Table III: Comparisons of Oxidative Stress Parameter in Each Group, and Besides Tukey Multiple Comparisons of Groups Regarding 
the Oxidative Stress Parameters

Dependent Variable Group 
1- 3rdw

Group 
2- 3rdw

Group 
3- 3rdw

Group 
1- 6thw

Group 
2- 6thw

Group 
3- 6thw p-value

CAT, Mean ± SD (U/g 
protein) 0.82 ± 0.55 1.11 ± 0.39 1.02 ± 0.46 2.26 ± 11.76 1.46 ± 0.97 0.76 ± 0.35 0.021

SOD, Mean ± SD (U/g 
protein) 9.43 ± 4.47 4.23 ± 3.87 12.50 ± 7.15 11.76 ± 4.8 8.39 ± 5.21 11.67 ± 5.38 0.157

MDA, Mean ± SD (nmol/
mg protein) 0.92 ± 0.39 0.46 ± 0.38 0.95 ± 0.55 2.32 ± 1.05 1.21 ± 0.7 0.60 ± 0.29 0.001

GPx, Mean ± SD (U/mg 
protein) 0.52 ± 0.27 0.58 ± 0.18 0.57 ± 0.19 1.54 ± 0.4 0.87 ± 0.43 0.47 ± 0.19 <0.001

Group versus Group Mean Difference Standard Error p-value

CAT (U/g protein) Group 1- 6thw Group 3-6thw -1.50433 0.44277 0.025

SOD (U/g protein) None None - - -

MDA (nmol/mg protein)

Group 1- 3rdw Group 1- 6thw -1.40500 0.42276 0.029

Group 2- 3rdw Group 1- 6thw -1.85900 0.39658 0.001

Group 3- 3rdw Group 1- 6thw -1.37300 0.39658 0.021

Group 3- 6thw Group 1- 6thw -1.71700 0.39658 0.003

GPx (U/mg protein)

Group 1- 3rdw Group 1- 6thw -1.01500 0.20037 <0.001

Group 2- 3rdw Group 1- 6thw -0.95800 0.18796 <0.001

Group 3- 3rdw Group 1- 6thw -0.96800 0.18796 <0.001

Group 2- 6thw Group 1- 6thw -0.66667 0.17922 0.012

Group 3-6thw Group 1- 6thw -1.06600 0.18796 <0.001

SD: Standard deviation, CAT: Catalase, SOD: Superoxide dismutase, MDA: Malondialdehyde, GPx: Glutathione peroxidase. w: week.
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The first limitation of the current study can be considered as 
the small sample size in the groups, but the numbers in the 
groups are suitable according to the power analysis calculation. 
Second, we measured callus size only with radiography (two-
dimensional) and not with the more detailed micro-CT (three-
dimensional). Finally, post-fracture biomechanical evaluations 
could not be performed in this study.

█   CONCLUSION
In cerebellar injury in addition to TBI, promptly fracture healing 
(biochemical and radiological) and abundant callus formation 
(histopathological) were observed in comparison to isolated 
fractures or fractures associated with brain damage. Only 
SOD activity was statistically insignificant among the oxidative 
stress indicators in our study, and in the case of cerebellar 
damage, SOD played no role in fracture healing in the 
peripheral blood; however, rapid increases in GPx and CAT 
enzyme activities were found and they played a significant role 
in fracture healing.
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