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INTRODUCTION

Craniocervical transition fractures are a significant pathology in our society and account for
about one third of cervical fractures. Thanks to modern imaging modalities such as computed
tomography and magnetic resonance imaging, we are able to diagnose a greater number of
fractures in this area. The unique characteristics of the area are determined by the anatomical
relationships of the bone structures (the Occipital Condyles, Atlas and Axilla), the
ligamentous apparatus of the area, and the neural structures. This unity makes the atlantoaxial
joint the most mobile region in the spine. At the same time, the ligaments play a key role in
stability in the craniocervical transition. High- or low-energy trauma may be the cause of
fractures of the occipital condyles, atlanto-occipital dissociation, and fractures of the first or
second cervical vertebrae. These fractures are associated with a high risk of instability in the
area and possible neurological deficit. Thorough knowledge of the anatomical features, up-
to-date and timely diagnosis, and trained medical personnel are key to correct the
classification of the injury and the selection of the best treatment for the individual case.
Depending on the characteristics of the fractures, conservative or surgical treatment is
applied. The goal of treatment is to ensure regression of symptoms, craniocervical stability,

and to prevent the onset or progression of neurological deficit.



OBJECTIVE

The aim of this dissertation is to develop and validate an evidence-based algorithm for the
surgical management of patients with fractures in the craniospinal transition region of the
spine by performing a short- and long-term assessment of the outcome of the treatment and

a comparative analysis with data from the scientific world literature.
To achieve this goal, we set ourselves the following tasks:

1.  To analyze and synthesize the indications for surgical treatment in cases with spinal
instability, defined by the existing established classification systems and the analysis of
the data from the neuroimaging studies (radiographs, CT, MRI) in the included clinical

population.

2. To derive and synthesize the indications for the type of surgical technique used (ante-
rior, posterior or combined) depending on the type of fracture present in the particular

patient (of the occipital condyles, C1, C2, luxations and C2-C3 fractures).

3. Tomonitor the impact of pain intensity and neurological status by introducing and using
validated scales for the assessment of these indicators (VAS, ASIA) in the short and
long term (preoperatively, at dehospitalization — by analyzing data from medical rec-

ords and long term — by telephone survey).

4. To monitor the impact of the surgical intervention on the outcome of the treatment in
these patients by introducing and using a validated outcome assessment scale (Modified
McCormick Scale) in the short and long term (preoperatively, at dehospitalization — by

analyzing the data from the medical records and long term — by telephone survey).

5. To develop and validate an evidence-based algorithm for the surgical management of

patients with fractures in the craniospinal transition of the spine.



MATERIAL AND METHODS

By its nature, the observational study was an ambispective (by conducting retrospec-

tive and prospective follow-up of the clinical contingent) study.

Patients with fractures in the craniocervical spine transition were the subject of the

study.

An ambispective study was conducted on 72 patients with fractures in the area of the
craniospinal transition of the spine at the Clinic of Neurosurgery at “St. George” EAD,

Plovdiv.

The study covers the period March 2012/December 2020.

The subject of the study — results of surgical treatment in patients with fractures in
the craniosacral transition of the spine — changes in functionality and outcome of treatment

of persons with fractures in the craniocervical transition of the spine.
Observation units:

The logical unit of observation was every single person with a fracture at the

craniocervical spinal transition.

The technical units of observation were persons after fractures of the craniocervical
spine transition admitted to the Clinic of Neurosurgery at St. George’s Hospital The

following patients were diagnosed at St. George Hospital in Plovdiv.
The main signs of observation
Follow up of all patients was accomplished in terms of:
1. Socio-demographic characteristics:
> Age;
> Sex;
> Education;

> Professional status.



2. Anamnestic data:
> Comorbidities;
> Accompanying fractures;

> Mechanism of the resulting trauma.

3. Somatic status
— On admission to a medical institution

= On dehospitalization
4. Neurological status — Glasgow Scale (GCS); pelvic reservoir control and presence

of focal neurological symptomatology.
— On admission to the LH

— On dehospitalization

5. Data from the neuroimaging studies — on the type of fracture obtained.
— On admission to the LH

— When tracking

6. Type of operational intervention applied
> Qccipitospinodesis;
> Fixatio dentis anterior

> Corporodesis C2/C3
Standard inclusion and exclusion criteria were adopted and strictly followed

throughout the study.
Inclusion criteria:

- fractures of the craniocervical spine transition proven by RO-graphy, CT and/or

MRI
Exclusion Criteria:
- patients with progressive malignant or benign spinal tumours (e.g. neuromas);

- patients with previous surgical intervention in the cervical spine;



- patients with established spinal infection;
- ongoing postoperative infection or previous spondylodiscitis;
- previous fracture or luxations of the cervical spine;

- persons with physical or mental illness, injury, discomfort or post-operative

complications;

- factors that are contraindicated for participation in the study or that preclude

treatment or follow-up due to the presence of systemic disease;
- lack of ability to write/understand/express in Bulgarian.

All persons fulfilling the above criteria have declared their consent to their inclusion
in writing the thesis, as well as their full cooperation in the specially prepared informed
consent declaration, as required by the Helsinki Committee. Personal data provided by
patients and/or their relatives remain anonymous. There are no corporate and/or other

interests involved in this study.
Methods for selection of the technical units

All patients included in the study (100%) were referred from the Clinic of Neurosurgery at
St. George Hospital. All patients (100%) were from St. George Hospital, Plovdiv.

Methods and techniques for obtaining information
The following research methods were used to achieve the aim of the study:

1. Sociological methods

. Documentary method — During the first stage of the study, the primary infor-
mation was extracted from the documents (history sheet, imaging data, physical
examination, operative protocols) at the Clinic of Neurosurgery at St. George
Hospital by the author of the study. A “Patient Chart” was developed to record
the data obtained, as well as the results of the data from the applied assessment
scales (VISUAL ANALOGUE SCALE (VAS); ASIA IMPAIRMENT SCALE;
MODIFIED MCCORMICK SCALE) at hospitalization, at dehospitalization and

during a telephone interview at a later stage.



. Survey method — In the second stage of the study, to better assess the long-term
effects of the surgical treatment, a telephone survey was conducted using the rat-
ing scales described above.

2. Clinical methods

The clinical examination of patients with fractures in the craniospinal transition of the

spine: assessment of neurological status and objective status.
Imaging Research:

- Cervical spondylography: AP-series, lateral series, AP-series with open mouth

(“peg” projection)
- Computed tomography (CT)
- Magnetic Resonance Imaging (MRI)

Surgical treatment — surgical techniques were performed to stabilize the affected craniocer-
vical segment by means of occipito-spinous process, anterior screw fixation of the dens

axilla or corporodesis of the C2/C3 vertebrae.

3. Survey instruments — Basic rating scales

3.1. Visual analogue pain and functionality scale (VAS)

VAS is a commonly used validated tool to measure the effects of surgical treatment
including among patients with cervical spine disorders (Derick, 2020; Bono et al., 2011). The
scale was originally introduced in studies related to psychology and in those measuring well-
being (Bono et al., 2011; Engquist et al., 2017). Woodforde et al. were the first to introduce
the VAS into clinical and epidemiological studies and over the past 30 years the scale has
become a leading tool for assessing the intensity and frequency of various symptoms in
different age populations (Zoéga, Kérrholm, & Lind, 2000). The VAS is a widely used scale
due to its simplicity, adaptability and acceptability to a wide range of patient groups
(Peolsson et al., 2007). It takes less than 1 minute to complete and requires no special training
other than the ability to use a ruler to measure distance. However, older patients with

cognitive impairment may have difficulty understanding and completing the scale.
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It is known that the intensity and duration of pain within a 24-hour period shows
serious fluctuations and continuous dynamics (Peolsson , Vavruch, Oberg, 2006). From the
patients’ perspective, pain is graded as absent, mild, moderate or severe. The VAS represents
a straight horizontal line with a fixed length of 100 mm. Its edges are defined as endpoints
which should be measured oriented from left (worst) to right (best) (Derick, 2020). Many
authors use vertically oriented instead of horizontal scales due to existing differences in the
number and possible viewpoints (Monticone, Ambrosini et al., 1976).

Scott J et al. reported no differences between horizontal and vertical scale orientation
in a study involving 100 individuals (Troev, Papathanasiou, 2016). The reproducibility of
100-mm vertical and horizontal VAS has been shown to vary. The VAS is usually self-
completed, with patients marking on the dot which they believe reflects their momentary
perception of pain intensity or pain intensity “within the last 24 hours”. Access to using the
scale is free and unpaid. Graphic images of the VAS can be obtained from Scott & Huskisson
or downloaded online at http: / www.amda.com/tools/library/whitepapers/hospiceinltc/

appendix-a.pdf.

3.2. ASIA impairment scale

The international Standards for Neurological Classification of Spinal Cord Injury
(ISNCSCI), often referred to as the ASIA Exam (ASIA questionnaire), was developed by the
American Spinal Cord Injury Association and is based on a standardized assessment of a
patient’s sensory and motor skills. The most recent revision of the questionnaire was in 2009.
The questionnaire examines motor and sensory status to identify the level of sensory or motor
impairment for each side (left and right), respectively. It also examines Neurological Level
of Injury (NLI) and whether the impairment is complete or incomplete (Burns et al., 2011).

The sensation study was performed using sensory points that covered the C2 to S5
dermatomes bilaterally. Light sensation testing using a cotton swab and light pinprick
sensation testing using the neurological hammer or paperclip attachment are used. The
patient’s facial sensation is taken as the baseline norm (Burns et al., 2011). The rating scale
consists of 4 graphs and 3 points:

0 pts. - missing sensitivity

1 pt. - impaired sensation - including hyperesthesia
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2 pts. - unchanged sensitivity

NT - "Not Testable".

The sensory level is defined as the most caudal level of the intact dermatome for both
surface and prick sensation. For this purpose, key sensory points (KSPs) were examined in
each of the 28 dermatomes for each side. The sensory level is defined as the unaffected level
— immediately prior to the first level of damage — whether surface or prick sensation is
affected (Burns et al., 2011).

The maximum sensory test score is 112 points for each side — left and right. The score

is an expression of the summation of the scores of the surface sensitivity test and the sensation

value, we are able to track changes in sensation (Burns et al., 2011). A difficulty arises in
cases where it is not possible to examine the key sensory points.
Motor level was examined by testing 10 paired myotomes (C5-T1 and L2-S1).

Myotomes are examined bilaterally.

The scoring scale consists of six items:

0 pts. — paralysis

1 pt. — muscular contraction (visible and palpable)

2 pts. — active motion when gravity is removed

3 pts. — active movement in full volume against gravity

4 pts. — active motion at full volume against gravity and with moderate resistance
applied

5 pts. — active motion in full volume against gravity and with full resistance applied.
Result expected in a healthy individual

NT — Not Testable — Unable to test due to immobilization, severe pain, amputated
limb or contracture with involvement of more than 50% of range of motion. Motor level is
defined as the last muscle tested that meets 3 or more. Cranial at the indicated level was

considered to have a better score in the study.

12
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The result of the study of the motor potential is achieved by examining the myotomes
on both sides of the body for the upper and lower limb. It is customary to record the results
separately for the upper and lower limb — the maximum score for each is 25.

Neurological level of impairment was defined as the most caudal segment with intact

sensation and muscle strength greater than 3. bilaterally.

ASIA Impairment Scale (AIS) — ASIA Impairment Scale

Spinal cord injuries are classified as complete or incomplete injuries. This
classification is based on preserved sensory or motor function in the most caudal sacral
segment — preserved superficial sensation and pinprick sensation for S4-S5 dermatomes,
volitional anal sphincter contraction.

Total impairment: sensory or motor function absent at the S4/S5 level.

Incomplete disability: presence of partial sensory or motor function preservation at
the S4/S5 level.

Incomplete sensory impairment: preserved sensory function in sacral departments

Incomplete motor impairment: preserved motor function in sacral compartments or

preserved sensation and motor function more than 3 levels below impairment (Table 1).

Grade | Type of disability | Description of disability

A Complete disabil- | No preserved sensory or motor function at the S4/S5 level.
ity
B Incomplete sen- Preserved sensation but no preserved motor function below
sory the neurological level and affecting the S4/S5 level
AND

No motor activity is retained more than three levels below
the motor level for any side of the body.

C Incomplete motor | Motor function is preserved below the Neurological level
AND

More than half of the muscles tested below the Neurologi-
cal Level have a grade below 3 (0 to 2)

D Incomplete motor | Motor function is preserved below the Neurological level
AND

More than half of the muscles tested below the Neurologi-
cal Level have a grade of at least 3 (3 and above)
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E Norm Sensory motor function was examined by ISNCSCI as nor-
mal in all segments
AND/OR the patient has a previous deficiency

Table 1 — ASIA Impairment Scale (AIS) — ASIA Impairment Scale

3.3 Modified McCormick Scale
A modified McCormick scale for grading neurological function. The scale consists of 5

grades depending on the neurological deficit present:

Grade I: Neurologically intact, normal gait, minimal dysesthesia

Grade II: Mild motor or sensory deficit, functionally independent

Grade I1I: Moderate deficit, restrictions in funds, independent with external assistance
Grade IV: Severe motor or sensory deficit, limited functionality, dependent

Grade V: Paraplegia or quadriplegia.

Organisation and conduct

Therapeutic approach and follow-up in the study groups:

The lead researcher and the team members from the Clinic of Neurosurgery at
St.George Hospital, Plovdiv. included in the study carried out the examination and took the
neurological and physical status of each person meeting the study criteria. The team members
of the Clinic of Neurosurgery at St. George University Hospital, Plovdiv, Bulgaria, were
actively involved in the administration of the VAS, ASIA impairment scale and Modified

McCormick Scale.
Administration of the survey

For the technical implementation of the study, the principal investigator played a
major role, performing the controls with the patients and analyzing the results of the surgical

techniques and survey results.
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Individuals meeting the criteria of this study were notified by telephone or by letters
in their email inbox of their inclusion. The concept, aims and objectives of the study itself
were explained in a personal discussion with each eligible participant. Prior to obtaining their
informed consent, each participant was informed that the study involved no risks or financial
burdens at their expense, except for the costs associated with their transport to the
Neurosurgery Clinic at St. George’s University Hospital, St. George, EAD. The patients

will be informed about the costs of the treatment.

The SAC questionnaires, ASIA impairment scale and Modified McCormick Scale
were completed preintervention, at dehospitalization, and at follow-up. History and status
were taken as well as data regarding their life were completed. Initial results regarding QoL
and physical status of the included individuals were recorded. The majority of participants
completed the self-reported questionnaires. Those participants who were unable to fill in the
questionnaires independently were assisted by members of the team at the Neurosurgery
Clinic at St George’s University Hospital, Plovdiv.

Most of the participants also conducted a postoperative rehabilitation protocol
appropriate for patients after surgical intervention in the craniocervical transition
(implantation of screw(s) in the dens via anterior approach, oxyspinosis, discectomy with
cage and plate implantation at the C2/C3 level). The goals of the applied rehabilitation
protocol were: to reduce pain, improve upper cervical spine tone and strength, and achieve

independence.

1. Statistical methods

Starting from the aim and objectives of the study, as well as the volume and type of

data, the following statistical methods were used in conducting the study:

A. Descriptive and evaluation methods:

1. Variance analysis — standard deviation, minimum, maximum and range;

2. Frequency analysis of qualitative variables (nominal and rank), which includes absolute
frequencies, relative frequencies (percentages), cumulative relative frequencies (per-
centages);

3. Graphic images;
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B. Hypothesis testing methods:

1. Parametric:

1.

T-test for two independent samples (Independent Samples T-Test) — test for equal-

ity of two means.

2. Nonparametric methods:

1.

5.

Kolmogorov-Smirnov and Shapiro-Wilk methods — checking for normality of the
distribution of a quantitative variable;

Mann-Whitney method — comparing means in two groups of one quantitative var-
iable when the distribution is not normal;

Kruskal-Walis H method — comparing means of three or more groups of one quan-
titative variable when the distribution is not normal;

itative variables;

Median test — comparing the medians in two groups of one quantitative variable.

3. Regression analysis:

1.

Logistic regression analysis — dependence of a dichotomous variable and multiple
independent variables, which may be qualitative or quantitative;
Binary logistic regression analysis — to quantify factors in a dichotomous outcome

and calculate the probabilities of these outcomes.

The critical significance level we used is a2 = 0.05. The corresponding null hypothesis

is rejected when the P-value is less than a. The SPSS version 23.0 was used to process the

survey data related to the development of the dissertation.
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RESULTS
Socio-demographic characteristics
An ambispective study was conducted on 72 patients with fractures at the craniospinal

junction of the spine. The mean age of the study population was 55.46+22.94 years, with a

minimum age of 11 years and a maximum age of 88 years (Fig. 1).
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Thus, our data confirm the worldwide trend of increasing mean age in spinal cord injuries.
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Fig. 2 Percentage distribution of the study population by age group

The mean age of the women included in our study was significantly higher —
60.30+£22.01, while the mean age of the men was 53.60+23.22 (p=0.04).

e W Hend

Fig. 3 Percentage distribution by sex

The gender distribution shows that males outnumber females or the male/female ra-
tio is 2.6:1 (Figure 3).

The majority of the respondents had secondary education — 65.1%, and 50% were
retired. No significant differences were found with respect to education and social status of
the respondents regarding gender. However, a statistically significant difference was
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observed in the number of comorbidities, which averaged 2.70+1.86 in females versus
1.73+1.64 in males (p=0.00009) (Table 2).

Table 2 Characteristics of the study participants

Men Women Total
P
Mean + SD
Age 53.60+23.22 60.30+£22.01 55.46+22.94 0.04
Comorbidities 1.73+1.64 2.70+1.86 2.00+1,75 0.00009
Education N (%)
Home 1(2.1%) 0 (0%) 1 (1.6%)
Mainly 10 |(20.8%) 5(33.3%) 15 (23.8%)
Medium 34 (70.8%) 7 (46.7%) 41 (65.1%) NS
Semi-university 0 (0%) 1 (6.7%) 1 (1.6%)
Higher 3 (6.3%) 2 (13.3%) 5(7.9%)
Social status N (%)
Student 3 (6.1%) 2 (10.5%) 5(7.4%)
Student 4 (8.2%) 1(5.3%) 5(7.4%)
Works 12 (24.5%) 4(21.1%) 16 (23.5%) NS
Unemployed 8 (16.3%) 0 (0%) 8 (11.8%)
Retired 22 (44.9%) 12 (63.2%) 34 (50%)

Mechanism of the resulting trauma

When analyzing the mechanism and cause of the resulting injury, the following re-
sults were reported: the highest percentage of fractures in the area of the craniospinal transi-
tion of the spine were due to traffic accidents (30.60%), followed by fractures caused by falls
(most often from own height) — 23.61%; falls on stairs — 13.90%; impact — 6.93%; sports
trauma — 6.93%; and other traumatic incidents — 6.93% (Fig. 4).
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Fig. 4 Percentage distribution of causes of injury

There was a significant difference in the analysis of causes of injury by sex (3° , p=0.0001).
In both males and females, road traffic accidents and falls were the leading causes. However,

sports injury and impact injury were not observed in women.

A statistically significant relationship was found regarding the mechanism of injury
onset versus age (p = 0.000002; r = 0.58), with a strong relationship between the two varia-
bles (Cramer's V = 0.710). In patients younger than 60 years, the leading cause was road
traffic accident (55.90%), whereas older age (>60 years) favoured the occurrence of injury
due to a fall (44.73%) (Fig. 5). The results reported that the odds of a fracture occurring in
the craniospinal transition region of the spine increased more than 7-fold with PTA (OR =

7.08; 95% CI (2.29 - 21.83).
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Fig. 5 Percentage distribution of causes of injury by age

Somatic and neurological status

Somatic and neurological status at hospitalization and dehospitalization were taken
for each patient in the study. In 72.2% of the cases, satisfactory general condition was ob-
served, moderately impaired general condition was observed in 23.6% and severe general
condition was reported in 4.2% of the cases (Figure 6). At dehospitalization, 69 (95.8%) were
in good general condition, 1 (1.4%) was bradypsychic, and 1 (1.4%) of the patient died due
to polytrauma. Vertebral compartment cervical syndrome was observed in all patients during
hospitalization. On dehospitalization, reduction of the present vertebral syndrome was ob-
served in 63 (90%), and 7 (10%) had reduced but persistent vertebral syndrome in the cervical
region. Of interest is the fact that in six of these seven patients, a type II C2 fracture was
diagnosed (Anderson and D’Alonzo). There was no statistically significant association be-

tween fracture type and persistent vertebral syndrome, most likely due to the small number

of cases, but it is appropriate to suspect such an association.

21




WEauH B Opa M Tpu unobeue

Fig. 6 Percentage distribution by somatic status at hospitalization

Analysis of the results showed that 29 (40.3%) of the subjects had evidence of neu-
rological deficit at hospitalization. One neurological symptom was observed in 44.80%,
34.50% had a combination of two symptoms of neurological deficit and 20.70% had three or
more symptoms (Figure 7).
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Fig. 7 Percentage distribution of the number of neurological symptoms observed during
hospitalization

The most common neurological symptomatology observed was hypoesthesia in 44.83% of
the subjects, quadriparesis was reported in 37.93%, and hyperalgesic syndrome in 20.69%,
followed by paraparesis, paraplegia, paraesthesia, bulbar symptomatology, general cerebral
symptomatology, etc. Reduction and improvement of neurological symptomatology was ob-

served in 17 (58.60%) of the subjects.

22



In the linear regression analysis, there was an association between the combined in-
jury and the number of symptoms of neurological deficit (Multipe R = 0.371), i.e., the pres-
ence of more than one fracture increased the number of symptoms of neurological deficit

(Sig. F = 0.04, Sig. T = 0.04).
Diagnosed fractures
The following types of fractures were diagnosed in the analysis of the imaging results:
the fracture of C2 type II (Anderson and D’Alonzo) was the most frequent, occurring in 37
(51.39%) of the subjects, followed by fracture of C2 type Il A (Anderson and D’Alonzo) -

13 (18.07%) and fracture of C2 type III (Anderson and D' Alonzo) - 10 (13.89%) (Table 3).

Table Ne 3 Classification of diagnosed fractures

Classification N %
Fracture of C2 type I (Anderson and D’ Alonzo) 1 1.39%
Fracture of C2 type II (Anderson and D’Alonzo) 37 51.39%
C2 fracture type II A (Anderson and D’ Alonzo) 13 18.07%
C2 fracture type 11l (Anderson and D’ Alonzo) 10 13.89%
C2 type II Effendi/Levine fracture (HF) 3 4.16%
C2 fracture type II A (Effendi/Levine) 3 4.16%
C2 type III Effendi/Levine fracture (HF) 3 4,16%
C1 fracture - Jefferson fracture 1 1.39%
Fracture of the Occipital Condyle 1 1.39%
Total 72 100.00%
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Types Fracture C2 type II (Anderson and D’Alonzo) N %

Clean fracture 15 41.67%
With dorsal dislocation 11 30.60%
With ventral dislocation 11 30.60%
Total 37 100.00%

Types of C2 fracture type II A (Anderson and

D’Alonzo) N o
Clean fracture 3 23.10%
With the retroliste 7 53.90%
With anterolisthesis 2 15.40%
With compression of the medulla 1 7.60%
Total 13 100.00%

Types of Type 111 C,2 Fracture (Anderson and N %

D’Alonzo)
Clean fracture 4 40%
With dorsal dislocation 6 60%
Total 10 100.00%

Table 4 Features of diagnosed fractures

In order to diagnose the patients, the following procedures were performed: 1. cervical
spondylography (AP, profile, AP projections - open mouth); 2. multidetector axial tomog-
raphy of the cervical lobe (CT); 3. Magnetic resonance imaging of the cervical lobe (MRI).

Cervical lobe CT scans were performed in all patients studied, and cervical lobe MRI scans
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were performed in 2 patients.
Demonstrative case 1: 80 year old patient who sustained a head impact to a wall: VISUAL
ANALOGUE SCALE (VAS) - 9, ASIA IMPAIRMENT SCALE - E, MODIFIED

McCORMICK SCALE (MMS): I (Fig. 8-12)

-

Fig 8: Cervical spondylographs: AP and profile projections: 80-year-old patient who suf-
fered a head impact with a wall. The arrow illustrates a Dens Axis fracture on the profile
projection.
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Fig. 9 CT of the cervical lobe in the above patient:
sagittal reconstruction.

Data for Dens Axis :l"ype 1l fracture according to Fig. 10 CT of the cervical lobe: axial reconstruction. C1 type I
the Anderson anfi D Aloqzo/ C_2 Dens Type A, fracture according to the Gehweiler classification/ C1 Ring
NO, M2 (AO Spine) classification Type A, N0, (AO Spine)

Fig.11 Cervical spondylographs: postoperative Fig.12 Occipitospinosis: Occipitum-C3-C4-C5
follow-up after oxyspinosis: Occipitum C3-C4- transmass lateralis fixation. The blue arrow in-
Cs dicates the occipitum.
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Demonstrative case 2: 60-year-old female patient fell down stairs, VAS 9, ASIA C, MMS: IV. Fig 13-21

Fig. 13 CT sagittal reconstruction in a 60-
year-old female patient who fell down Fig. 14 CT axial reconstruction in the
stairs: evidence of a C2 Type III fracture- same patient.
Andreson and D’ Alonzo classification/
C2 Type A, N3, M2 (AO Spine)

Fig. 15 and Fig. 16 CT-axial reconstructions in the same patient. Data for C1
type II fracture according to Gehweiler’s classification with lateral mass in-
volvement. C1 Ring Type A, N3, M2 (AO Spine)
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Fig. 17 MRI of cervical lobe in STIR se- Fig. 18 MRI of cervical lobe in T1 sequence,
quence, sagittal reconstruction. Evidence sagittal reconstruction.
of myelopathy.

Fig. 19 MRI of cervical lobe in T2 sequence, sag-
ittal reconstruction. Evidence of myelopathy.
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Fig. 20 Postoperative CT scan - 18 months Fig. 21 Postoperative CT - 18 months after
after surgery. 3D visualization of the occipi- surgery. Axial reconstruction. Absence of
tospinodesis by transmass lateralis screw fix- vertebral fusion.

ation and cranial clamping.

Other clinical cases:

Fig. 22 and Fig. 23 CT of the cervical lobe: sagittal and axial reconstructions. Frac-
ture data of C2 type II, Anderson and D’ Alonzo/ C2 Dens Type A, NO, M2 (AO
Spine)
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Fig. 24 Cervical spondylography - AP projection and profile projection. Postoperative fol-
low-up after anterior screw fixation of Dens.

Fig. 25 and Fig. 26: CT of the cervical lobe: sagittal and axial reconstructions. Dani for hang-
man's fracture of C2 type III according to Levine classification / C2 Type C, N0, M2 (AO
Spine). Discectomy performed at C2/C3 level with corporodesis and oxyspinosis.
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Fig. 27 Cervical spondylographs: postoperative follow-up after occipi-
tospinous process explantation.

Fig. 28 Cervical spondylographs of a patient who suffered trauma and
complained of cervical pain: lateral projection and AP-projection. No trau-
matic changes are detected.
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Fig. 29 and Fig. 30: CT of cervical lobe (axial reconstructions) in the same patient. Gehweiler
type 111 C1 fracture data (Jefferson fracture). C1 Ring Type A, NO, M2 (AO Spine)

Fig. 31 and Fig. 32: CT of cervical lobe: sagittal and axial reconstruction at C2 vertebral
level: evidence of Hangman’s fracture type II according to Levine / C2 Type B, NO, M2 clas-
sification (AO Spine)
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Fig. 33 and Fig. 34: CT axial reconstructions at C1 level in the same patient - present fracture of C1
type II according to Gehweiler / C1 Ring Type A, NO (AO Spine)

Fig. 35: Cervical spondylographs: AP and lateral pro-
jections established C2-C3 translation.
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Fig. 36 Cervical spondylographs: AP and lateral projections:
discectomy and corprodesis by cage and plate - C2/C3 level. Seg-
ment reposition.

Fig. 37 and Fig. 38: cervical spondylographs: AP and lateral
projections: anterior screw fixation of Dens in a type II fracture ac-
cording to Anderson and D’Alonzo classification.
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Fig. 39 and Fig. 40 Craniographs: profile and AP projections with coverage of
the craniospinal transition and available dens fracture at C2 (arrows)

Fig. 41 CT sagittal reconstruction in the same patient: the present type
II C2 fracture according to Anderson and D’ Alonzo / C2 Dens Type A,
NO, M2 (AO Spine)
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Fig. 42 Cervical spondylography, lateral projection:
control after oxycystopinodesis in the same patient.

There was a statistically significant correlation between fracture type and VAS score at hos-
pitalization (p = 0.0004; r = 0.82), and the association between the two variables was strong
(Cramer's V =10.731).

Combined fracture of the cervical spine was observed in 19 (26.38%), with the most
frequent occurrence of C1 — Jefferson fracture (Gehweiler type III) in 11 (57.9%), in 3
(15.8%) C2 fracture was combined with C1 type I Gehweiler fracture, and in 2 (10.5%) com-
bined with C1 type Il Gehweiler fracture (Fig. 43).
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Fig. 43 Percentage distribution of combined cervical spine fractures

Of interest was the fact that there was a significant difference in the VAS pain score
at hospitalization (p=0.01). A higher mean pain score was observed in the group with com-
bined cervical spine fractures — 9.00+0.38, compared to those without an additional fracture
—8.49+1.69.

Operative intervention

For surgical treatment of patients with fractures in the area of the craniospinal transi-
tion of the spine, three surgical methods have been mainly used - Occipitospinodesis, Fixatio
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dentis anterior and Corporodesis (Fig. 44), taking into account the type of fracture, anatomi-
cal features, general condition of the patient, somatic and neurological symptomatology.

B Qccipitospinodesis ® Fixatio dentist anterior © Corporodesis

Fig. 45 Percentage distribution of applied surgical interventions

Occipito-spinous process is the most frequently used surgical method for fractures in
the area of the craniospinal transition of the spine — 80.60% of cases, in 11.11% Fixatio dentis
anterior was applied, and in 8.30% — Corporodesis C2/C3. There was a significant difference
in the surgical approach according to sex (p=0.0001; r=0.44) (Table 5).
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Man Wife
p r
N % N %

Occipitospinodesis 45 86.54% 13 65%

Fixatio dentis ante-

rior ! 1.93% 7| 3% | 0000 | 044
Corporodesis C2/C3 6 11.53% 0 0%

Total 52 100.00% 20 100%

Table 5 Operational approach by sex

There was a statistically significant difference in the length of hospital stay according
to the type of surgical intervention (p=0.002). The longest hospital stay was observed in the
patients who underwent Fixatio dentist anterior — 18.63+£14.32 days, followed by those who
underwent Occipitospinodesis — 14.89+6.07 days and Corporodesis C2/C3 with the shortest
hospital stay — 13.00+£6.06 days (Table 6).

. Standard Standard er-
Medium . . .
/Mean/ deviation ror Min | Max P
can /X+SD/ / X+SE/
Occipitospinodesis 14.89 6.07 0.79 1 31
Fixatio dentis ante-
rior 18.63 14.32 5.06 6 46 0.002

Corporodesis C2/C3 13.00 6.06 247 3 21

Table 6 Length of hospital stay according to type of surgical intervention

There was a statistically significant association between the type of surgical method
used and VAS pain score (p= 0.002). Non-parametric analysis of variance (Kruskal-Walis H)
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showed that patients with Corporodesis C2/C3 had the best results and the best pain scores
at dehospitalization, followed by those with Fixatio dentis anterior (Table 7).

Medium Star_)d{lrd Standard er- .
/Mean/ deviation / X+SE/ Min | Max P
can /X+SD/ ror
Occipitospinodesis 1.89 0.88 0.12 0 5
Fixatio dentis ante-
rior 1.37 0.51 0.18 1 2 0.002
Corporodesis C2/C3 | 0 0 | |

Table 7 VAS score at dehospitalization, according to the type of surgical intervention

Assessment scales (VAS, ASIA, MMS)

Three rating scales were used in this study, with each patient rated at hospitalization,
at dehospitalization, and at the survey. Fourteen individuals (n=14) dropped out of the final
statistical treatment — 11 for various subjective reasons and 3 deceased.

The Visual Analogue Scale (VAS) is a validated, subjective measure for the assess-
ment of acute and chronic pain. There was a statistically significant reduction in pain with
each successive measurement (p=0.0001). At hospitalization the mean pain score was
Mean=8.65+1.27, at dehospitalization it decreased progressively to Mean=1.76+0.85, and at
the survey measurement Mean=0.12+0.08 (Table 8 and Fig. 46).

Number of | Medium ?itez:fl::t?;: Min | Max| P
patients N | /Mean/ /XSD/
At hospitalization 72 8.65 1.27 1 10
On dehospitalization 71 1.76 0.85 0 5 0.0001
When polling 58 0.12 0.08 0 5
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Table No. 8 VAS scale scores at hospitalization, dehospitalization, and survey

6,75

4,5

Hauano Cnep 12 ™.

Fig. 46 VAS during tracking

It is clearly seen that immediately after the trauma occurs, the pain is very pro-
nounced. At the initial measurement, 80.6% of the subjects rated the pain as 9, whereas at
the follow-up the highest score was 5 (Fig. 47).
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Fig. 47 Percentage distribution of subjects according to the severity of pain observed at
different periods
No statistically significant differences by sex were reported in the pain study. How-
ever, a statistically significant difference was reported for the age attribute. One simple T-
test, showed a statistically significant difference in pain reduction at dehospitalization be-
tween patients under and over 60 years of age. It appeared that there was persistence of pain
in those over 60 years of age (p=0.004). The mean value of pain at dehospitalization in pa-

tients > 60 years was Mean — 1.954+0.77; while in the subjects < 60 - Mean — 1.554+0.89. At

follow-up, no such difference was detected.

Analysis of the results showed a statistically significant difference with respect to the
mechanism of injury and pain severity at hospitalization (p=0.04; r=0.58). Pain with the high-
est intensity was observed in patients who suffered a traffic accident — 31%, followed by

patients injured in a fall — 22.4% and those injured in a fall down stairs — 17.2%.

The American Spinal Injury Association (ASIA) Disability Scale describes a per-
son’s functional impairment as a result of the resulting injury. At hospitalization, impaired

sensation and motor function were observed to varying degrees in 14 (19.5%). Improvement
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was reported at each follow-up (Table 9 and Fig. 48). Values showed a significant improve-

ment already at dehospitalization (p=0.0008) and at follow-up (p=0.0003).

ASIA At hospitalization | On dehospitalization When polling
N % N % N %
A 1 1.40% 1 1.40% - -
B 1 1.40% - - - -
C 10 13.90% 2 2.80% - -
D 2 2.70% 9 12,70% 1 1.70%
E 58 80.60% 59 83.10% 57 98.30%
Total: 72 100.00% 71 100.00% 58 100%

Table No. 9 ASIA scale scores at hospitalization, dehospitalization, and survey

0% 25% 50% 75% 100%

m At hospitalization
m On dehospitalisation
= When polling
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Fig. 48 Percentage distribution of respondents by ASIA

There was no evidence of significance with respect to age, sex, mechanism of injury re-

ceived and type of surgical intervention (p>0.05).

Modified McCormick scale (MMS) for grading neurological function. The scale is
five graded (I to V) i.e. I — normal ambula, to V — total disability.

On admission, the indicators were as follows: I - in 56 (77.8%); 11 - in 2 (2.77%); 111
-in4(5.55%),1V -in 8 (11.1%) and V - in 2 (2.77%). For dehospitalization, the percentage
distribution by group changed, with I occurring in 57 (80.3%); Il in 6 (8.5%); 11l in 3 (4.2%),
IVin 3 (4.2%) and V in 2 (2.8%). No significant differences were observed here and this can
be explained by the fact that more time is needed for recovery. When a comparative analysis
was made in the process of treatment of the patients from their admission to their follow-up,
a significant difference in the condition of the patients was found - 56 (96.6%) patients with
I and only two patients with III, respectively (p = 0.0003) (Figs. 49; 50; 51). This proves the
high reliability and validity of the surgical techniques used. It should be noted that the two
patients with MMS V were lost to follow-up.

Fig. 49 Percentage distribution of subjects according to MMS at hospitalization
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Fig. 50 Percentage distribution of subjects according to MMS at dehospitalization.

L]

Fig.51 Percentage distribution of respondents according to MMS at survey.

No significance was demonstrated with respect to age and sex (p>0.05). However, a statisti-
cally significant difference was reported with respect to the mechanism of injury received ()
, p=0.0001). Patients who suffered a road traffic accident and a fall on stairs had the worst
performance. Although no statistical correlation was found to the type of surgical interven-
tion, it is necessary to note the fact that 100% recovery was observed in the follow-up of

patients who underwent corporodesis.
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Limitations

In the course of the present study, a number of limitations have arisen which need to
be noted and pointed out. The lack of randomization as well as the single-center nature of the
study involving a single institution and the resulting subjective factors such as traditions in
the application of certain surgical techniques were among the most serious limitations. The
undeveloped social networking group for more frequent and intensive communication
between the lead researcher and participants was another significant limitation. The
aforementioned limitation is also explained by the relatively high average age of the
participants which on the one hand led to these results in the VAS questionnaires, ASIA
impairment scale and Modified McCormick Scale, and on the other hand to reduced control
and follow-up of the results. It is known that in modern studies access to handheld computers,
tablets or smartphones is mandatory for greater control and follow-up of postoperative status.
Lastly, the impossibility of carrying out follow-up examinations in the third and sixth months
limited us to some extent to present the dynamics of the trends taking shape in the

questionnaires mentioned.

DISCUSSION

In this study, 3 peaks of trauma distribution emerged: most cases were distributed in
the age group of over 70 years, followed by the groups of patients between 51-60 years and
patients up to 30 years of age. These data correlate with the results reported by Miiller (1999)
and Pepin (1985), as Pepin in 1985 concluded that the main etiological causes were traffic
accidents and falls: 30.6% of the patients in our study suffered traffic accidents, 23.61%
suffered falls from their own height, and another 13.9% suffered falls on stairs. Vacaro et al
(2022) reported that PTAs were the cause of craniospinal transition fractures in 34.4% to
37.6% and falls in 28.1% to 48.7% of cases. Sports injuries are also of interest affecting
nearly 7% of cases - mostly affecting young individuals. The interest in the elderly patient
group is driven by several factors: Mayer et al. (2018) point out that the therapeutic

management of elderly patients is determined by impaired bone density, the propensity for

46



pseudoarthroses to form with conservative treatment (30% to 85% of cases), which can lead
to craniospinal instability and neurological complications. Increased mortality and
morbidities in elderly patients who are immobilized for long periods are also reported, and
preexisting osteoporosis favors dorsal over ventral operative techniques because of higher
biomechanical stability. The Mayer et al. collective (2018) reported 7 cases of
pseudoarthrosis and lack of fracture consolidation using a ventral approach. After surgical
revision using dorsal techniques, fusion was achieved in all 7 patients. Uzunov K, Gabrowski
N et al (2007) reported 5 trauma cases in which dorsal surgical techniques for screw fixation
were used with satisfactory postoperative clinical and radiographic outcome and identified
posterior screw fixation for craniospinal instability as a reliable and effective method of
surgical treatment for craniospinal instability.

White et al. (1990) reinforced the focus on the biomechanics of the upper cervical
compartment, which consists of the occipital condyles, atlas, axilla, and a competing bony-
ligamentous complex that provides the stability of the segment that has the greatest range of
motion in the cervical compartment. Middendorp et al. (2010) reviewed the multiple
classification systems that attempt to address trauma and fractures in the upper cervical
compartment (craniosacral transition). They conclude that each of them has shortcomings,
limitations and none of them is widely used. Vaccaro et al (2022) reviewed the previous
classification systems and the newly validated AO Spine system for upper cervical segment
injuries. Unlike other classification systems addressing craniospinal transition injuries, which
affect a single anatomic entity, the AO Spine classification addresses the craniospinal transi-
tion simultaneously by dividing it into three groups: the occipital condyles and cranioverte-
bral joint; the C1 vertebra and C1/C2 intervertebral joint; and the C2 and C2/C3 joint
complex. These groups are typified into three types: type A: presence of bone involvement
only, without involvement of the ligamentous apparatus or intervertebral disc; type B:
ligamentous damage with or without involvement of bony structures present; without
complete disruption of anatomical integrity; type C: fractures with translation or dislocation.
At the same time, the use of modifiers and the assessment of the neurological deficit play a
key role in the indications for surgical treatment (Vaccaro et al., 2022). According to this
classification, patients who belong to group A and have no moditying factors could be treated

conservatively. Conservative treatment for fractures in the craniospinous transition and with
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the greatest interest in fractures of the Odontoid of C2 has been considered by a number of
authors. Huybregts et al (2013) and Patel et al (2015) recommend mobilization with a rigid
cervical collar or halo-immobilization reporting satisfactory fusion outcomes. The risks of
Halo-immobilisation should not be overlooked: Strohm et al. (2007) reported complications
associated with pressure sites, achieving an adequate head position, loosening of the pins and
local infection of the pins, difficulty in chewing and swallowing, and for penetration of the
skull by the inserted pins. Strohm et al. (2007) advised visits and follow-up by a physician at
14 days from the placement of the halo fixation. Type B or C (AO Spine) fractures are
amenable to operative treatment due to the risk of instability of the fractures present, and as
are Type A patients where there are decision modifying circumstances and/or neurological
deficit present. At the same time, once the indications for operative treatment are established,
the surgeon faces the choice of the type and approach of operative technique. Many authors
have considered investigating the best method of treatment for hangman's type C2 fractures
(traumatic spondylolisthesis at the C2/C3 level). Treatment options are through anterior, pos-
terior or combined surgical techniques: anterior cervical discectomy and fusion (ACDF),
C2/C3 pedicle screws and fusion, a combination of both techniques. Jeong et al (2013) sum-
marized that for better biomechanical stability, the construct of C2 pedicle screws and C3
mass lateralis screw fixation can be extended to C1-C4 by sacrificing segment mobility
(Chander et al, 2020). Ge et al (2015) pointed out that the advantages of C2 pedicle screw
fixation over ACDF without posterior fixation is the achievement of 3-column stability from
the pedicle screw. However, the use of this technique carries the risk of aggravating spondy-
lolisthesis due to the position of the operating table on the face (“prone” position), and also
the implantation of the C2 screws. On the other hand, ACDF is the preferred technique in the
presence of C2/C3 intervertebral disc damage and compression to the spinal cord. Patel et al
(2019) reported that ACDF and posterior surgical techniques have comparable levels of cer-
vical compartment fusion and functionality at follow-up. However, Liu et al. (2013) reported
that unstable hangman’s fractures need to be treated using a combined approach — 360 degree
stabilization — ACDF and posterior techniques due to disruption of the C2/C3 articular appa-
ratus.

This assertion was confirmed in the present study and can be illustrated by the pre-

sented demonstration case with protracted oxycystopinodesis and subsequent ACDF due to
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progression of traumatic spondylolisthesis. Murch et al (2017) reviewed 25 studies with a
total of 548 hangman’s type fractures. 131 of these fractures were treated conservatively and
417 fractures were treated operatively. Their study found no increased mortality in the oper-
ative group compared to the non-operative group. On the other hand, treatment failure was
more likely in the non-operated group. Murchhough et al (2017) reported that they found no
difference in fusion rates in patients operated on using anterior surgical technique — ACDF,
posterior surgical techniques or a combination of both types of approaches.

Denaro et al. (2011) reviewed 16 retrospective studies with a total of 518 patients
with an odontoid fracture at C2. Of these, 477 patients (92.1%) had an Anderson and
D’Alonzo type I fracture. In our series, this percentage was 69.46%. In the study conducted
by Denaro et al (2011), they failed to find an advantage of any surgical technique over another
— anterior screw fixation of the dens, transarticular fixation of C1/C2 vertebrae, and a com-
bination of these were presented. Jenkins et al (1998) also point out that there is no literature
to indicate advantages of ventral two-screw fixation of the odontoid over single-screw fixa-
tion.

The analysis of the VAS questionnaire results are in line with the available literature:
the main symptom in craniocervical transition fractures is cervical pain, muscle spasm and
pain-related limitation in neck movement (Kandziora F. et al., 2018). Patient follow-up
demonstrated a reduction in the pain syndrome postoperatively. Interestingly, the data from
the study showed that patients in the age group of 60 years and above reported higher levels
of pain postoperatively. In contrast to our study Jacqueline F.M. van Dijk et al. (2021)
reported a progressive decrease in postoperative pain levels in older patients. It should be
noted that they studied 4 types of surgical interventions (one of which was spinal fusion) and
reported the pain syndrome postoperatively (first postoperative day) and during the course
of hospitalization, during movements and verticalization, whereas our group reported the
results of the available vertebral syndrome both preoperatively and at dehospitalization and
at the follow-up, rather than from the surgical wound itself. Analysis of the VAS
questionnaire also revealed a correlation between the nature of the fracture and preoperative
pain levels. Nonparametric analysis of variance (Kruskal-Walis H) was performed and
demonstrated that patients who underwent C2/C3 corphorodesis and those who underwent

Dens ventral screw fixation had the best and most rapid pain relief. We associate these results
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with less tissue trauma, less surgical access and avoidance of possible iatrogenic occipital
neuralgia. These results are also shared by Langston Holly, Paul Anderson (2017).

The study found a relatively high percentage of patients with neurological symptoms
— 14 patients (19.5%) had impaired sensation and/or motor function to varying degrees. These
results are consistent with literature data from several studies reported by Husby J et al.
(1974) and Przybylski G et al. (1998). They indicated that 8 percent of patients with Dens
type 1l fracture (Anderson & D’Alonzo) reported impaired sensation of scalp and/or limb,
and another 10 percent suffered from neurological deficit (from monoparesis to quadriple-
gia). In our study group, 49 patients had type II and type IIA fractures (Anderson and
D’Alonzo). These data may explain the neurological symptoms present. The data from the
modified McCormick scale indicated a gradual regression of symptoms and improvement in
the neurological status of the operated patients, with no significant dynamics in the first
month, but such dynamics were observed in the controls. Francis et al, (1981) reported that
patients with a Hangman’s type fracture present and a marked neurological deficit showed
improvement within a month. The lethality of craniocervical transition fractures has not been
studied in detail, but Crockard HA. et al. (1993) considered the lethality of dance fractures
to be between 25%-40%. At the same time, autopsies performed in lethal cases of cervical
fractures showed the presence of atlanto-occipital dislocation in 8%-19% of cases (Alker GJ
et al., 1978; Bucholz RW et al., 1979). In the present study, there was 1 recorded fatality
during hospitalization — a polytrauma patient with combined trauma — hangsman’s type frac-
ture, rib fracture, pneumothorax and comorbidities — anemic syndrome and insulin dependent

diabetes mellitus.

More than one fracture in the craniospinal transition was found in 19 (26.38%) pa-
tients. Combined fractures of C2 and C1 were reported most frequently in 16 cases. In the
remaining 3 patients, C2 fractures were combined with fractures in the subaxial cervical spine
group. Liue et al (2014) pointed out that series in the world literature that investigated C2
fractures reported simultaneous involvement of the C2 and C1 vertebrae in 5% to 53% of
cases of odontoid fractures, and 6% to 26% of cases of Hangman’s type fractures. Respec-
tively, C1 fractures occur in 24% to 53% of C2 fractures. There is no absolute data on which
types of C1 and C2 fractures occur most frequently in combination, but Guiot and Fessler

(1999) and also Dickman et al. (1989) reported C1 - C2 type Il (Anderson and D’ Alonzo)
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fractures as the most common. These results are consistent with the results of the present

study.

A key point in the evaluation and, respectively, in the treatment of fractures in the
craniospinal transition, is imaging diagnostics. Radiographs have replaced CT as the method
of choice in suspected fracture at the craniospinal transition. The sensitivity of radiographs
is 52% whereas the sensitivity of CT is 98% (Holmes JF, Akkinepalli R, 2005). At the same
time as Riascos et al. share MRI is increasing its use in order to evaluate the ligaments and

soft tissues, as well as the condition of the spinal cord.

The analysis of the results of this study, together with the available literature and
classification systems, allowed the derivation of the following recommended mechanisms of
management for patients with suspected craniosacral transition injury: Schemes 1, 2, 3 and

4,
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Traumatic accident with
suspected trauma in the

Clinical examination by a
specialist and neurcimagi
Cervical immobilization e 5l
with craniospinal
junction coverage

craniospinal junction

tests - radiographs®/ CT/MRI

In case of neurclogical
deficit - performing also

an MRI
Occipital condyles fracture
detected
Fractures of the Occipital Condyles
Classification Anderson and AO Spine
Montesano
Type Description and Stability of | Type | Description and treatrnent Stability of the
treatment the fracture fracture

1 Axial load on the Stable A Isolated bone fracture - Stable

cranium - conservative conservative treatment

{reatment
1 Continuation from a Stable B Ligamentous disorder Potentially

linear fracture at the base without displacement - unstable

of the skull - conservative/operative

conservative freatment treatment
i Pregence of a condylar Unstable C Any presence ofdislocation | Unstable

fragment. Result of in craniospinal transition -

rotation with lateral tilt - conservative/operative

operative freatment treatrment

Scheme 1 — Clinical management of fractures of the Occipital Condyles.
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Traumatic accident with
suspected trauma in the
craniospinal junction Cervical immobilization
with craniospinal junction
coverage

Ciinical examination by a
specialist and neuroimaging

tests - radiographs®/ CT/MMRI

In case of neurological
deficit - MRI
C1 fracture detected
Classification of Gehweiler
Type Description and Stability of the Classification of AO Spine in C1 fractures
treatment fracture
Description and treatment Stability of the

I Isolated anteriorarch | Stable 2 i " ﬁ'nchre

fracture -conservative

treatment

A Isolated bone fracture (arch Stable
O | Isolated fracturc of the | Stable N @mg(:"ﬂ
posterior arch -

conservative treatment

B Transverse ligament lesion - Potentially unstable
ImIa | Anterior and posterior | Potentially conservative/operative treatment
arch fractures unstable
(Jefferson) without

A

TAL involvement -
conservative/operative craniospinal transition - surgical
treatment treatment

ML b | Anterior and posterior | Unstable

arch fractures y
(Jefferson) with TAL

\

involvement -operative
treatment

v Fractures of the lateral | Stable
masses of C1

v Tsolated fracture of the | Stable
transverse process of
Cl1

Scheme 2 — Clinical management of C1 fractures.
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Traumatic accident with
suspected trauma in the

craniospinal junction

The classification of Anderson and
D*Alonzo

Type  Description and Stability of
treatment the fracture

1 Fracturc through the  stable/
tip of the dance -2 unstable
conservative
treatment

I Fractures through
the base of the
dance - operative /
conservative
treatment

A  Fractures through
the base of the
dance with an
available fragment -
surgical treatment

potentially

unstable

Unstable

m Fracture through the stable
body of C2. May
involve the upper
articular surface of
the facets

immobilization with
craniospinal junction
coverage

C2 Dens fracture

detected

Clinical examination by a
specialist and

neuroimaging tests -
radiographs*/ CTMRI

In case of neurolcpical
deficit - obligatory an

MRI

Classification of AO Spine in C2 and C2/C3

Type

joint fractures

Description and
treatment

Stability of the
fracture

Isolated bone fracture
without ligamentous or
disc damage -
conservative treatment
Li d

Stable

with or without bo:e
damage- conservative/
N.B.! Evaluation of
modifying factors!
Any injury that results
in translocation of the
vertebral body -
operative treatment

Scheme 3 — Clinical management of C2 Dens fractures.
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Clinical examination by a

Traumatic accident with am
suspected trauma in the ; mu?maélisn;a{:;ts
Sesriplie Carvical 2
s immobilization with radiographs*/ CTIMRI
craniospinal transition
coverage
In case of neurological
deficit - obligatory an
MRI

C2 Hangsman fracture detected

Scheme 4 — Clinical management of C2 Hangman’s fractures.
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Stability of the
fracture

Stable

Potentially
unstable

Unstable

IEHEE kisgiteaual mou ied B RE A icale) Classification of AO Spine in C2 and C2/C3
Type Description and treatment Stability of the joint fractures
fracture st
I vertical fractures of the pars Stable Type Daasifiii:aill
interarticularis immediately treatment
posterior to the vertebral body -
eorssrvativelireatiient s A Isolated bone fracture
IA |fractures bilaterally are not Stable /" v1.1thout ligamentous or
symmetrical. Involvement of the disc damage -
transverse foramen can be conservative treatment
observed - conservative treatment
11 vertical fractures of the pars Unstable > B Ligamentous damage
interarticularis, Disc disruption at with or without bone
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CONCLUSIONS

. The etiology and nature of craniocervical transition fractures in the present series
correlate with results in the world literature — low-energy trauma in elderly patients

and high-energy trauma in young individuals.

. Analysis of the data from the VAS and ASIA scales — preoperatively, at
dehospitalization, and at follow-up survey-demonstrated a clear trend toward

decreased pain intensity and improved neurological status.

. There was a correlation between combined cervical trauma and pain scores on the
VAS scale — a significant difference and a higher level of pain in the group with

combined cervical spine fractures.

. In the series studied, the disturbances in neurological status — dropped neurological
symptomatology and transient neurological changes were consistent with data from

the world literature.

. The results of the investigated C2 fractures correlate with the literature data — type II
fracture is the most common (Anderson and D’Alonzo), but as a difference with the

literature data — a significant number of type II A fractures are observed in our series.

. Surgical interventions applied to patients after craniocervical spine fractures resulted
in significant improvement in functionality as measured by a Modified McCormick

Scale.

. In the studied patients, a positive correlation of the applied surgical intervention and
the pain score measured by VAS was demonstrated — the fastest resurgence of
complaints was observed in the groups of patients operated by anterior screw fixation
for C2 fractures and in the group of patients operated by corphorodesis of C2/C3

vertebrae.
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CONTRIBUTIONS

Scientific and Theoretical

1.

A study of patients with fractures in the craniospinal transition, which is comparable
to the results in the world scientific literature, was conducted and analyzed for the first

time in the country.

The different groups of fractures and the indications for surgical treatment and the type
of surgical technique applied — anterior, posterior or combined: anterior-posterior are

analyzed.

Scientific contributions of a confirmatory nature

1.

1.

They have been applied as routine assessment systems for preoperative evaluation and

for postoperative follow-up, functional assessment and treatment outcome.

Classification systems for fracture typing, indications for operative treatment have

been routinely applied.

Scientific contributions with applied character

An algorithms for surgical management of patients with craniocervical transition in-

juries had been developed.
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