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Abbreviations

MRI - magnetic resonance imaging
THA — total hip arthroplasty
IF — internal fixation

CER - contrast enhancement ratio

Introduction

The major function of human skeleton is to make locomotion possible. It is strong enough
in reproduction age and there is a low probability of low energy related fractures. However,
after the menopause in women and with advancing age in men, bone weakens and
neuromuscular function declines. These changes determine the higher risk of low energy
fractures. Distal forearm, proximal humerus and proximal part of femur are the main
localizations of fragility fractures. Fractures of upper extremities do not restrict movement,
allowing the patient to be independent and also majority of these fractures are managed
conservatively.

Osteoporotic fractures of proximal femur are one of the most common causes of disability
and a major contributor to medical care costs and big social burden. The incidence of these
fractures will increase 4 times by the year 2050 with aging population.

About half of the hip fractures are intracapsular femoral neck fractures, and, while IF is
considered a reliable method for extracapsular fractures (that is, trochanteric and
subtrochanteric fractures), the surgical treatment for displaced intracapsular femoral neck
fractures has been controversial for at least 50 years. More surgical complications and
reoperations occur after IF than after arthroplasty, but there is no consensus as to which
treatment gives the best functional results. Total hip replacement is treatment of choice for
the patient over 80 years old, meanwhile IF is a preferred treatment method for the younger
patients. The main criteria for the selection of a treatment method are fracture dislocation
and physiological patient age. Such factors as functional activity, concomitant diseases and

a period of time from fracture till operation are also important.
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Recent studies show that in comparison with IF, arthroplasty for the treatment of a displaced
femoral neck fracture significantly reduces the risk of revision surgery, at the cost of greater
infection rates, blood loss, and operative time and possibly an increase in early mortality
rates. Our results show 4.1 times higher revision ratio after THA comparing to IF. There is
no single accepted treatment algorithm, thus every country and even different hospitals has
its own.

Due to the fact that there is a huge amount of subjective criteria, there is also a lack of
objective criteria that can answer the question what type of treatment should be preferred.
One of the objective criteria could be a residual femoral head blood flow on the fractured
side.

Numerous methods of early assessment of residual femoral head flow following neck
fracture seek to identify subjects at risk of osteonecrosis. Some are invasive (digital
subtraction angiography, intra-osseous oxygen pressure measurement, or Doppler-laser
hemodynamic measurement), while others involve imaging (scintigraphy, and dynamic
MRI).

Only non-invasive, fast and reliable methods are accepted for wide clinical use. The
dynamic MRI is a non-invasive method that is safe, fast and relatively cheap for the
detection of femoral head blood flow after femoral neck fracture. Published studies show
high sensitivity, specificity and prognostic value of dynamic MRI imaging using contrast
agents. In all these studies evaluation of enhancement of contrast materials comparing
healthy and fractured sides was performed only in one central slice. This study suggests that
femoral blood flow has volumetric pattern - the CER are not equal in all coronal plane
slices.

Study hypothesis is that dynamic MRI is a reliable method for evaluating the residual

femoral head blood flow after femoral neck fracture.



The aim of the study

To evaluate quantitative and qualitative CER variations in the femoral head and its surgical

prognostic value after femoral neck fracture.

Objectives

o

1. To evaluate qualitative CER in femoral head on healthy side (coronal plane slices).

2. To evaluate qualitative CER in femoral head on fractured side (coronal plane slices).
3.
4

. To evaluate relative volumetric quantitative CER differences on fractured side

To compare qualitative CER differences between healthy and fractured sides.

depending of fracture morphology.

To evaluate volumetric qualitative CER on fractured side.

To evaluate revision operation ratio related to relative CER reduction on the
fractured side.

To propose fracture grouping according to CER reduction on the fractured side and

prognostic value to surgical results.

Principal statements of defense

1.

2.

CER decrease on the fractured side is not linear, it has volumetric pattern which is
related to residual blood flow after femoral neck fracture.
Relative CER reduction on the fractured side has a prognostic value for optimal type

of surgical treatment selection.

Scientific novelty

The volumetric pattern of femoral head blood flow using dynamic MRI was evaluated

for the first time in the coronal plane.

Marginal value of relative CER reduction was estimated for the optimal surgical method

selection.



Revision ratios after femoral neck fracture IF

For the validity of planned study, analysis of revision operation after internal fixation was

performed.

A retrospective medical records analysis included 1102 operations (1086 patients) treated

for intracapsular femoral neck fractures in 2004-2009 at Vilnius University Emergency

Hospital. Patient’s distribution by gender and age groups is shown in Table 1.

Table 1. Patient’s distribution by age and gender

Age group Men % Women % Total %
<50 45  12.89 18 2.39 63 5.72
50-59 38 10.89 35 4.65 73 6.62
60-69 70 20.06 95 12.62 165  14.97
70-79 110  31.52 243  32.27 353  32.03
80+ 86  24.64 362  48.07 448  40.65
Total 349  31.67 753  68.33 1102 100.00

The overall mean age was 75.0 (95% CI 74.4 — 75.7) years. The mean age in the
male group was 69.4 (95% CI 67.8-71.1) while in the female group - 77.6 (95% CI 76.9-

78.4) years.

Follow-up end points were the date of December 31, 2012, the date of patient’s

death, or the revision surgery date. A revision operation was defined as a total hip

replacement operation carried out after failed internal fixation. The mean observation time

was 2.92 (95% P1 2.8-3.1), median — 2.36 and range 0.001-8.95 years.

The Nelson-Aalen method was used to calculate the total frequency of revision surgeries,

and comparisons between curves were estimated using the log-rank test. Cox proportional

hazards regression analysis was used to estimate risk factors associated with revision

surgery.



There were 201 revision operations performed during follow-up period. Cumulative

revision operations ratio is presented in Table 2 and Picture 1.

Table 2. Cumulative revision operations rate

Follow-up time, months Revision ratios, %
1 1.49 (0.92-2.43)
3 5.61 (4.35-7.21)
6 12.01 (10.12-14.23)
12 16.39 (14.17-18.92)
24 20.47 (17.97-23.26)
36 21.61 (19.03-24.48)
48 22.51 (19.85-25.46)
o
("’)_ _
o
Te)
(\! _
o
(o]
(\! _
o
i
©
=
o -7
S5
%
= o
=
Tp]
C)_ _
o
01 3 6 12 24 36 48

follow-up time, months

Picture 1. Cumulative revision surgery rates after internal fixation
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Univariate Cox regression analysis showed that the period of time from fracture to operation
was a statistically significant risk factor for revision surgery (HR, 1.011; 95% CI, 1.007—

1.021; p<0.001), it means that one day after fracture increases the revision risk by 1%.

Materials and methods

The cohort clinical trial was carried out at Republican Vilnius University Hospital which
included 42 patients who underwent internal fixation operation after femoral neck fractures
in 2009-2011. Lithuanian Bioethics Committee approval No 027, 2009.03.04 was achieved.
All the patients underwent dynamic MRI before operation for evaluation of femoral heads
blood flow. After the scan, IF was performed under the spinal block using two non
cannulated 7.3 mm diameter screws. The average period of time between trauma and
surgery was 19 hours (range 5.5-36 hours), median 12.75 hours, between admission and
operation — 9.6 hours (limit 3.2-35 hours), and median 8.4 hours. All the surgeries were
performed by four orthopedic surgeons under the same method described in trial protocol.
The anesthetized patient was immobilized on the fracture table and the closed reposition
performed under portable x-ray control. The two Ullevaal screws were inserted through 4-5
cm length skin — subcutaneous tissue incision using special guide under x-ray control. All
the patients were examined performing control x-ray postoperatively for the evaluation of
the reposition quality and the position of implants.

The fracture reposition on postoperative x-rays was evaluated according to Garden criteria,
whereas screws position was assessed as described and widely accepted by Parker. The
position of fracture fragments and implants was rated as acceptable in all cases.

Patient distribution by age and sex is presented in Table 3.
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Table 3. Patient distribution by age and gender

Age group Sex Total %
Men Women
<60 3 2 5 11.90
60-69 4 3 7 16.67
70-79 13 13 30.95
80+ 3 14 17 40.48
Total 10 32 42 100.00

Male age average was 66 (95% CI 53-78) and female — 76 (95% CI 73-79) years.

Inclusion Criteria

The agreement of patient to take part in the study

Intracapsular fracture of the femoral neck

The clinical decision to perform internal fixation

Less than 24 hours after the trauma

No contraindications to perform MRI

Potential to perform surgery in less than 36 hours after the accident

Exclusion Criteria
Pathological fracture
Corticosteroid use
Alcoholism

Wheel chaired patients
Severe mental disorders

Degenerative/congenital hip joint pathology (arthrosis, avascular necrosis, dysplasia).
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MRI Methodology

The imaging was performed using Siemens Magnetom 1.5 T device (Tim System, Erlangen,
Germany). The intramuscular analgesia was given for all the patients before the imaging.
The MRI was performed in supine position. The vein cannula was inserted into antebrachial
vein and connected to the contrast bolus injector synchronized with MRI device. Scanning
was started in T2 trufi ax and pd fs cor sequences. After the acquisition of images
fI3D_vibe_MEAS sequence is planned in coronal plane with subsequent parameters - FOV
400x400 mm, flip angle 10, T1 0, NEX 1.0, TR8 ms, TE 3 ms, slice thickness 3 mm. After
the native scan the paramagnetic contrast agent, Gadolinium diethylenetriaminepentaacetic
acid (Gadolinium-DTPA) (0.2 mmol/kg of bodyweight) was given in to antebrachial vein
over the synchronized injector. The contrast infusion speed was 3ml/s. After contrast
injection, the cannula was flushed with 30 ml sodium chloride. The further scan was
performed in fI3D_vibe_ MEAS mode at coronal plane twelve times at time intervals - 0.00,
0.32, 1.04, 1.36, 2.08, 2.40, 3.12, 3.44, 4.16, 4.48, 5.20, 5.52, 6.12 minutes. Image digital
subtraction was used. CER was evaluated using Siemens workstation with Mean Curve
software. Bilateral region of interest (ROI) were selected in both femoral heads (ROI —
region of interest) (Picture 2). Eleven to 19 MRI slices were obtained depending on the size

of femoral head where the CER was plotted against time scale.

12



sTUDY 1
20104016
18:17:07
2 AR T S

At 040

cea: 1 6% =q.cm
s idean S OG5 540
& N, 154 pinels

infla™

Frea; j 3 e
Zheanss0: 5375
£ 166 pixels

z : ol L *‘":.

L

TA31.92
Bl 150.0
pz MDIS2D/S B

Cor=5Saqid .8-Tra
' 15 ml hagnegita .= Vel
*flad1 10 subtraction scale 1.0 Sy,

Picture 2. Measurement areas (ROI)

Data standardization

Measurement data was standardized for the volumetric CER analysis. For planned femoral
head division into three zones slice number was manually increased to 21 (first number that
divides by 3) and new values were calculated using square interpolation method.

There is no possibility to compare absolute CER values as they highly vary between
individual patients. For that reason the relative values were calculated, assigning the
maximum value in measured head to 100%. The relative values for the CER reduction on

the fractured side at the particular time moment were calculated as follows:
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Contrast enhancement ratio (fractured side)
x 100 %

Contrast enhacement ratio (fractured side)

Data grouping

Data grouping and volumetric analysis was performed dividing femoral head in coronal
plane into 2 and 3 zones (anterior, central and posterior) and obtaining the means of values
from different slices. Dividing the femoral head into 2 zones: anterior part — means of slices
1-10 and half of 11 slice mean, posterior part — half of 11 slice mean and mean of slices 12-

21. Dividing the femoral head into 3 zones: anterior part — 1-7 slice mean, central — 8-14

slice mean and posterior — 15-21 slice mean (Picture 3).

Picture 3. Slice position in coronal plane in the femoral head
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Qualitative CER analysis

Qualitative analysis was performed evaluating the maximum value position in two
dimensional plane assigning X value to slice number and Y value to time measurement

interval (Picture 4).
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Picture 4. Maximum value position in two dimensional plane (green — fractured side, pink
— healthy side)

Qualitative analysis of CER changes on the healthy side, the highest femoral head zone
mean value was marked as 1, and values in other zones lower than 10% were marked as 0.
There was performed analysis of CER qualitative type changes comparing healthy and
fractured sides (dividing femoral head into 2 zones). All data was separated into 3 groups:
1. Type left unchanged

2. Mean of CER domination changes from anterior to posterior part of the femoral head

3. Mean of CER domination changes from posterior to anterior part of the femoral head
Interpoint distribution distance differences between fractured and healthy side were

compared using MSTAT test.
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Quantitative CER analysis on the healthy side

Relative CER values were calculated comparing fractured and healthy sides in 3 femoral
head zones. Different relative CER values were calculated:

P1 — relative value was calculated selecting the maximum value from all analysis time range
P2 — relative value was calculated selecting the maximum value from 3.12 — 4.48 min.
analysis time range

Differences were evaluated using Mann Whitney U test.

Konishiike classification

According to relative residual blood flow on the fractured side, fractures were classified as
described by Konishiike:

A type — residual flow >70%

B type — 30-70%

C type <30%

Revision operation analysis

Revision operation analysis was carried out using life table method to calculate the total
frequency of revision surgeries after failed IF. Follow-up end points were the date of
December 31, 2012, the date of patient’s death, or the revision surgery date. A revision
operation was defined as a total hip replacement operation carried out after failed internal

fixation.

Statistical analysis

Statistical and mathematical analysis was performed using STATA ver. 11 and Mathlab ver.

7 software.
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Results
Quialitative CER analysis on the healthy side
Maximum CER values were plotted in two-dimensional plane (X value — slice number, Y

value — time interval) using MSTAT test and its graphical subsystem. The data is presented

in Picture 5.
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Picture 5. Volumetric maximum CER value distribution according to slice position and

time

The graph illustrates the fact that the most pronounced areas of maximum CER values

distribution are in the central and dorsal femoral head zones. The maximum CER values
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distributed in the following way: 21.3% in the anterior, 23.9% in the central and 54.8% in
the posterior zone.

Maximum CER values analysis in respect of time interval showed that in 78.6% of all cases
maximum values were observed after 4.48 min. The volumetric distribution of maximum

CER values in two-part femoral head model show no variation after 3.44 min.
Quantitative CER analysis on the fractured side
Using MSTAT test and its graphical subsystem maximum values were plotted in two

dimensional plane (X value — slice number, Y value — time interval). Data is presented in
the Picture 6.
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Picture 6. Volumetric maximum value distribution regarding to slice position and time
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The graph illustrates the fact that the most pronounced areas of maximum CER values
distribution are in the anterior and dorsal femoral head zones.
Interpoint distribution distance analysis using MSTAT test was performed showing

significant statistical differences (p=0.021).
Volumetric qualitative analysis on the fractured side was performed in two-part femoral
head model. CER domination type changes were evaluated in different time periods. The

data is presented in Table 4.

Table 4. CER mean domination type in two-part femoral head model

Time, Anterior -> Posterior | Posterior -> Anterior Unchanged

min. Cases % Cases % Cases %
3.12 9 21.43 11 26.19 22 52.38
3.44 11 26.19 9 21.43 22 52.38
4.16 11 26.19 11 26.19 20 47.62
4.48 8 19.05 5 11.90 29 69.05

It was found that in 30.9 — 52.4% of cases CER domination had volumetric change pattern
comparing both sides in the analyzed time period of 3.12 to 4.48 min. In other cases CER

mean value decrease type left unchanged.

Quantitative analysis

Quantitative analysis was performed comparing relative CER values distribution in respect
to AO classification (fracture dislocation). Mean values distribution was calculated in three
femoral head zones model. Data analysis is presented in Table 5 and Picture 7. The
statistically significant differences were observed comparing B1 vs. B2 and B2 vs. B3 type
fractures in posterior and central zones of the femoral head with the highest differences in

the posterior part.
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Table 5. Relative CER distribution in the femoral head according to AO classification

Compared Relative CER Time, Femoral Mann-Whitney test

groups calculation type min. head zone results (p value)
P1 6.24 0.05
P2 1.36 _ 0.02
Posterior
P2 5.20 0.04
Bl vs. B2
P2 6.24 0.04
P2 5.20 0.04
Central
P2 6.24 0.05
P1 1.36 0.04
P1 2.40 0.03
P1 3.12 0.02
P1 3.44 0.03
P1 4.16 0.004
P1 4.48 _ 0.05
B2 vs. B3 Posterior
P1 5.20 0.04
P1 5.52 0.02
P2 2.40 0.05
P2 3.12 0.04
P2 4.16 0.01

P2 5.52 0.03
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Picture 7. Relative CER distribution in the femoral head according to AO classification

Analysis of revision operations

There were 8 revision surgeries performed. Average follow-up time was 24.7 (95% CI 20.1-

29.2), median — 21.8, range 0.6-47.7 months. Overall cumulative revision ratios are

presented in Picture 8 and Table 6.
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Picture 8. Cumulative revision ratio after IF

Table 6. Cumulative revision ratio after IF

Follow-up time, Cumulative revision
months ratio, % 95% CI
1 2.38 0.3-15.7
3 4.76 1.2-17.7
6 7.14 2.3-20.5
12 9.52 3.7-23.4
24 22.01 11.5-39.7

Revision ratios were compared according to Konishiike classification groups (relative CER

reduction). Data analysis is presented in Tables 7, 8 and Picture 9.
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Table 7. Revision operations distribution according to Konishiike classification

Femoral head Konishiike classification
preservation A B C
No 0 (0.00%) 4 (16.0%0) 4 (30.8%0)
Yes 4 21 9
Total 4 (9.5%) 25 (59.5%) 13 (31.0%)
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Picture 9. Cumulative revision ratio by Konishiike classification
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Table 8. Cumulative revision ratio according to Konishiike classification

Follow-up time,

Konishiike classification groups

months A B C
1 0.0 0.0 7.7 (1.1-43.4)
3 0.0 0.00 7.7 (1.1-43.4)
6 0.0 4.0 (0.6-25.2) 10.0 (4.1-48.8)
12 0.0 4.0 (0.6-25.2) 23.1 (8.1-55.8)
18 0.0 13.1 (4.4-35.4) 23.1 (8.1-55.8)
24 0.0 18.7 (7.3-35.4) 35.6 (14.5-71.8)

This analysis shows that reduced relative CER values are related to higher revision ratios,
but the differences are statistically insignificant (p=0.24).

Additional analysis was performed for searching of minimal relative CER value, with no
revisions performed. Patient were divided into two groups according to threshold relative
CER value (55%). The first group with relative CER values higher than 55% - 13 patients /

0 revisions performed and second group 29 patients / 8 revisions performed. Proportion

differences between groups were statistically significant (p=0.035).
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Conclusions

1. Maximum CER values in healthy side are most dominant in central and posterior
parts of the femoral head.

2. Maximum CER values in fractured side are most dominant in anterior and posterior
parts of the femoral head.

3. There is a significant statistical difference comparing interpoint distribution distance
of maximum CER values in fractured and healthy side.

4. Relative quantitative CER differences on the fractured side are most prominent in the
central and posterior parts of the femoral head according to AO fracture
classification.

5. Relative CER reduction on fractured side in 30.9 — 52.4% of cases had volumetric
change pattern.

6. No revisions were observed in patients group with higher than 55% of relative CER
on the fractured side. Lower CER values should indicate hip replacement.

7. From the point of view of prognostic surgical treatment factor fractures should be

allocated according to the marginal relative CER value (55%).

Practical recommendations

For the further clinical studies the femoral head volumetric CER pattern prognostic value
should be evaluated. Dynamic MRI prognostic value could be increased combining it with
other invasive methods, such as intracapsular pressure measurement or superselective
angiography. That would allow the differentiation of the blood flow between avascularity,
venostasis or mixed type of lesions.

These new qualitative and quantitative analysis techniques could be applied for further

studies related to degenerative hip joint diseases or avascular femoral head necrosis.
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REZIUME

Santrumpos

KM - kontrastiné medziaga

MRT — magnetinio rezonanso tomografija

Ivadas

Zmogaus skeletas yra karkasas, prie kurio prisitvirting raumenys uZtikrina judéjima.
Reprodukciniu laikotarpiu jis yra tvirtas, ir laziy tikimybé, susijusi su maz0S energijos
traumomis, yra maza, bet organizmui senstant, ypa¢ moterims po menopauzeés bei vyresnio
amziaus vyrams, neuromuskulinés organizmo funkcijos silpnéja kartu su kauly atsparumu.
Dél Siy pokyCiy kauly luziy rizika didéja. Tipiné stipinkaulio vieta, Zzastikaulio ir
proksimalinis S$launikaulio galas yra dazniausios vyresnio amziaus zmoniy liziy
lokalizacijos, susijusios su mazos energijos traumomis. VirSutiniy galiniy liZiai neapriboja
zmogaus jud¢jimo, leidzia pacientui apsitarnauti ir gyventi nepriklausomai. Daugelis Siy
luziy yra gydomi konservatyviai.

Slaunikaulio proksimalinio galo laziai yra didel¢ medicininé, ekonominé problema ir
socialiné naSta visuomenei. Senstant populiacijai, Slaunikaulio proksimalinés dalies luziy
dauggja, ir tikimasi, kad 2050 m. ju bus keturis kartus daugiau. Slaunikaulio proksimalinio
galo luziai yra susij¢ su dideliu nesuaugimo dazniu, labai padidina mirtinguma, apriboja
judéjima ir nepriklausomg pacienty gyvenimg. Mirtingumas, patyrus Slaunikaulio
proksimalinio galo 1iizj, yra lygintinas su piktybiniy naviky rodikliais.

Slaunikaulio proksimalinio galo liZiai skirstomi j intrakapsulinius ir ekstrakapsulinius.
Ekstrakapsuliniy ltiZiy pirmo pasirinkimo gydymo metodas — osteosintez¢ ekstrameduliniais
arba intrameduliniais implantais. Intrakapsuliniy liziy gydymas ir Siuo metu yra diskusijy
objektas. Jvairiy studijy duomenys leidzia teigti, kad klubo sgnario endoprotezavimo

operacija yra pirmo pasirinkimo metodas pacientams, vyresniems nei 80 mety, esant
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dislokuotiems S$launikaulio kaklo liZiams, o jaunesniems pacientams (<60 mety) pirmo
pasirinkimo metodas — osteosintezé, kaip ir visy nedislokuoty liziy atvejais. Siuos kriterijus
patvirtina ir jvykdyta tarptautiné apklausa. Gydant Siuos pacientus svarbus ne biologinis, o
fiziologinis amzius. Sis pozidris diskutuotinas, nes paciento fiziologinis ir biologinis amzZiai
daznai nesutampa. Be to, tokie veiksniai, kaip funkcinis paciento aktyvumas, lydimosios
ligos, laikas nuo traumos iki operacijos, suvokimo sutrikimai daro jtaka metodo
pasirinkimui.

Publikuotos metaanalizés, lyginancios $launikaulio kaklo osteosintezés ir klubo sgnario
endoprotezavimo rezultatus, nurod¢, kad klubo sanario endoprotezavimas gerokai sumazina
reviziniy operacijy skai¢iy, bet padaugéja infekciniy komplikacijy, kur kas daugiau
netenkama kraujo, ilgesné operacijos trukme ir aukStesni ankstyvo mirStamumo rodikliai.
Sio darbo autoriaus su bendraautoriais atliktoje studijoje reviziniy operacijy daznis buvo
4,11 karto (28,9 % ir 7 %) didesnis, lyginant osteosintezés ir totalinio klubo sgnario
endoprotezavimo operacijy rezultatus.

Nors daugelyje literatiiros Saltiniy nurodoma, kad klubo sgnario endoprotezavimo operacija
Siuo metu yra pirmo pasirinkimo metodas esant dislokuotam $launikaulio kaklo ltZiui, bet
gausu straipsniy, kuriuose diskutuojama apie osteosintezés rezultatus esant jaunam pacienty
amziui (<60 mety).

Siuolaikinés rekomendacijos remiasi atskiry $aliy ligoniniy patvirtintais gydymo standartais,
ir vieningos nuomoné¢s $iuo klausimu néra.

Objektyviy kriterijy stoka, esant tokiam skaiciui subjektyviy vertinimo kriterijy, neleidzia
vienareikSmiSkai atsakyti j klausimg — kokj gydymo metoda pasirinkti. Daugelyje
publikuoty darby pabréziama, kad vienas i§ objektyviy kriterijy galéty biiti liekamosios
Slaunikaulio galvos kraujotakos jvertinimas po Slaunikaulio kaklo liZio, leidzianciy
numatyti sugijimo prognoze, o chirurgui pasirinkti optimaly chirurginio gydymo metoda.
Slaunikaulio galvos kraujotakos matavimo metody klinikinis taikymas yra svarbus
Slaunikaulio galvos kraujotakos sutrikimams nustatyti, revaskuliarizacijai po traumos ir
avaskulinés nekrozés rizikai jvertinti. Kraujotakos sutrikimus gali sukelti degeneraciniai

klubo sgnario susirgimai, kortikosteroidy vartojimas, létinis alkoholizmas, o po traumos —
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ilgas laikotarpis nuo traumos iki operacijos, mediali luzio linija ir didelé¢ luzgaliy
dislokacija. Viena dazniausiy komplikacijy po Slaunikaulio kaklo liziy yra aseptiné
Slaunikaulio galvos nekrozé. Literatiiros duomenimis, ji siekia apie 10-30 %. Aseptinés
Slaunikaulio galvos nekrozés priezastis — kraujotakos sutrikimai. Nustacius Slaunikaulio
galvos kraujotakos sutrikimus, galima buty jvertinti nes€kmés rizika. Tai leisty pasirinkti
tinkamg gydymo metoda — Slaunikaulio kaklo osteosinteze arba klubo sanario
endoprotezavimo operacijg. Sumazinus su S$launikaulio galvos kraujotaka susijusiy
komplikacijy daZnj, buty uztikrinti geresni funkciniai rezultatai, sumazéty ir kartotiny
operacijy, sumazety gydymo islaidos.

Literatiiroje apraSyta daug metody, kurie leidZia jvertinti Slaunikaulio galvos kraujotaka po
ltzio. Visuotin] jy taikymg apriboja jy invazyvumas, o neinvazyviis metodai — MRT ir PET
— yra gana brangts.

Ankstyvas kaulo kraujotakos pakitimy jvertinimas atlieckamas dinaminiu magnetinio
rezonanso tomografijos tyrimu. Sio metodo jautrumas ir specifiSkumas vertinant
kraujotakos sutrikimus siekia 90-100% ir 100%. Konishiike su bendraautoriais pirmasis
pritaik¢ dinaminj MRT tyrimg, vertinant Slaunikaulio galvos kraujotakos biiseng per
pirmasias 48 valandas po liZio, ir iSskyrée tris kraujotakos grupes. Véliau publikuoti atokiis
sekimo rezultatai patvirtino auksSta Sio klasifikacijos metodo prognozuojamos vertes
jautrumg (81 %) ir specifiSkuma (100 %). Ta patj patvirtina Kaushik su bendraautoriais
atliktos studijos duomenys.

Siose studijose néra vertinami tiiriniai pakitimai §launikaulio galvoje ir, autoriaus nuomone,
toks tyrimo metodas, rodantis esamos kraujotakos biikle tik vienoje tyrimo plokStumoje,
negali biiti pakankamas visos $launikaulio galvos kraujotakai jvertinti.

Tod¢l Siame klinikiniame eksperimentiniame tyrime buvo analizuojami sveikos ir
traumuotos pusés Slaunikaulio galvy dinaminio MRT tyrimo metu atskleisti (tiirinés
Slaunikaulio galvos kraujotakos) pjiiviy grafiniai vaizdai.

Studijos hipoteze ta, kad dinaminis MRT tyrimas yra neinvazyvus liekamosios §launikaulio

galvos kraujotakos kokybinio ikioperacinio vertinimo Kriterijus.
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Tyrimo tikslas

Dinaminiu MRT tyrimu nustatyti kokybinius ir kiekybinius §launikaulio galvos kraujotakos

pakitimus ir jy chirurging prognosting verte po Slaunikaulio kaklo lizio.

Tyrimo uzdaviniai

1. Ivertinti kokybines kontrastinés medziagos kaupimo savybes sveikoje Slaunikaulio
galvoje koronarinéje plokStumoje.

2. Jvertinti kokybines kontrastinés medziagos kaupimo savybes ltizusio $launikaulio
kaklo galvoje koronarinéje plokStumoje.

3. Palyginti gautus kokybinius kontrastinés medZiagos kaupimo skirtumus sveiko ir
luZusio Slaunikaulio kaklo galvose.

4, [vertinti santykinius kiekybinius tirinius kontrastinés medziagos kaupimo pokycius
pazeistoje Slaunikaulio galvoje pagal 1azio morfologija.

5. [vertinti kokybinius ttrinius kraujotakos pokycius ltiZusio Slaunikaulio kaklo galvoje.

6. [vertinti reviziniy operacijy daznj pagal santykinj kontrastinés medZziagos kaupimo
sumazéjimag lazusio Slaunikaulio kaklo galvoje.

7. Remiantis santykiniu kontrastinés medziagos kaupimo sumazéjimu liZusio
Slaunikaulio galvoje ir gautais tyrimo rezultatais, pateikti prakting bei prognosting
verte turint] liziy grupavimg.

Darbo naujumas

Pirmga karta, koronaringje plokStumoje, buvo jvertinti tiiriniai KM kaupimo poky¢iai sveiko
ir lizio Slaunikaulio kaklo galvose, pritaikant dinaminj MRT tyrimo metoda.
Nustatytas ribinis KM santykinio sumaz¢jimo rodiklis leidZiantis prognostiSkai pasirinkti

optimaly chirurginio gydymo metoda.
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Ginamieji teiginiai

Kontrastinés medziagos kaupimas $launikaulio galvoje yra netolygus, jam budingas erdvinis
pasiskirstymas, susijes su lickamgja kraujotaka po patirto lazio.

Santykinis kontrastinés medZiagos kaupimo sumaZz¢jimas Slaunikaulio galvoje yra
prognostinis pozymis vertinant gydymo iseitis ir pasirenkant optimaly chirurginio gydymo

metoda.

Slaunikaulio kaklo liZziy gydymo rezultatai po osteosintezés

Planuojamo darbo pagristumui jvertinti $io darbo autorius kartu su kolegomis atliko
reviziniy operacijy analize. | tyrimg jtraukti 1086 pacientai, kuriems 2004-2009 m.
Respublikingje Vilniaus universitetingje ligoninéje dél intrakapsuliniy $launikaulio kaklo
luziy atliktos 1102 osteosintezés operacijos. Bendras pacienty amziaus vidurkis buvo 75
metai (95 % PI1 74,4-75,7). Vyry amziaus vidurkis — 69,4 mety (95 % P1 67,8-71,1), motery
— 77,6 (95 % PI1 76,9-78,4) (p < 0,001). Vidutinis sekimo laikas buvo 2,92 (95 % PI 2,8
3,1), mediana — 2,36 mety, stebéjimo laikotarpio ribos — 0,001-8,95 mety. Revizijy daznis
po 1 mén. sieké 1,49 % (95 % P10,92-2,43), 3 mén. — 5,61% (95 % Pl 4,35-7,21), 6 mén.
— 12,01 % (95 % PI 10,12-14,23), 12 mén. — 16,39 % (95 % Pl 14,17-18,92), 24 mén. —
20,47 % (95 % Pl 17,97-23,26), 36 mén. — 21,61 % (95 % PI 19,03-24,48) ir 48 mén. —
22,51 (95 % PI 19,85-25,46). Taikant Cox proporcinius rizikos modelius buvo nustatyta,
kad laiko trukmé nuo traumos iki operacijos buvo statistiSkai patikimas veiksnys, darantis
jtaka reviziniy operacijy dazniui HR = 1,011 (95 % PI 1,007-1,021) (p < 0,001).

Tyrimo medziaga ir metodai

I prospektyving kohorting eksperimenting kliniking studija buvo jtraukti 42 pacientai, 2009—
2011m. patyrg Slaunikaulio kaklo luZzius ir gydyti Respublikinéje Vilniaus universitetingje
ligoningje. Visiems ] studijg jtrauktiems pacientams prie§ operacijg, siekiant jvertinti po

patirto lazio likusig Slaunikaulio galvos kraujotaka, buvo atlikti dinaminiai abiejy
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Slaunikaulio galvy MRT tyrimai. Atlikus minétg tyrimg visiems pacientams buvo atlickama
Slaunikaulio kaklo osteosintezés operacija dviem nekanuliuotais, nepilno sriegio 7,3 mm

skersmens sraigtais.

MRT atlikimo metodika

Tyrimas atliktas pacientui gulint ant nugaros. | paodzio veng alkiinés srityje buvo jkiStas
kateteris ir prijungtas prie kontrastinés medZiagos suleidimo pompos, sinchronizuotos su
MRT aparatu. Skenavimas pradedamas T2 trufi ax ir pd fs cor reZimais. Jais nustatoma
dubens bei Slaunikauliy galvy erdviné padétis ir pagal juos suplanuojamas
f13D vibe MEAS rezimas koronaringje plokStumoje. Jo parametrai: FOV 400x400 mm,
Flip angle 10, TI 0, NEX 1,0, TR8 ms, TE 3 ms, slice thickness 3 mm. Suplanavus
fI3D vibe MEAS rezimg, nuskenuojami natyviniai (be Kkontrasto) pjtaviai ir su
sinchronizuota pompa pradedama leisti intraveniné kontrastiné medZiaga Magnegita
(gadopenteto rugsties dimeglumino druska, Gadopentetic acid dimeglumine) 0,2 mmol/kg.
Preparato leidimo greitis — 3 ml/s. Suleidus kontrasting medziagg i$ karto suleidZiama 30 ml
fiziologinio tirpalo ir skenuojama fl13D vibe MEAS rezimu koronarin¢je plokStumoje
dvylika karty (laikotarpiai 0,00, 0,32, 1,04, 1,36, 2,08, 2,40, 3,12, 3,44, 4,16, 4,48, 5,20,
5,52 min.). Kontrasto kaupimo matavimai atliekami po skenavimo — skaitmeninés vaizdy
subtrakcijos metodu. Gauti subtrakciniai vaizdai vertinami ,,Siemens* darbo stotyje ,,Mean
curve® programa. Gautuose vaizduose pazymimos vienodo dydzio matavimo zonos sveikoje
ir pazeistoje galvoje (ROI — region of interest). Priklausomai nuo Slaunikaulio galvos
dydzio, buvo atlikta nuo 11 iki 19 pjiviy, kuriose iSmatuotas kontrasto kaupimo
intensyvumas Hounsfieldo vienetais (HU). KM kaupimo intensyvumo duomenys jvertinti

pagal laiko skale.
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Duomeny standartizacijos metodika

Planuojant atlikti thirinio kontrasto pasiskirstymo duomeny analiz¢, buvo atlikta duomeny
standartizacija. Priklausomai nuo Slaunikaulio galvos skersmens, pjiviy buvo nuo 11 iki 19.
Skirstant Slaunikaulio galva 1 tris zonas, pjuviy skai¢ius padidintas iki 21 (pirmas skaicius,
besidalijantis 1§ 3) ir naujos tyrimo reikSmeés apskaiiuotos kvadratinés interpoliacijos
metodu.

Lyginant skirtingy pacienty iSmatuotus kontrastinés medziagos kaupimo duomenis, buvo
stebimi dideli svyravimy skirtumai (ribos 3,1-142,3). Tai rodo, kad absoliu¢ius matavimo
duomenis lyginti tarp skirtingy pacienty nejmanoma. Todé¢l, siekiant iSvengti tyrimo
netikslumo, buvo apskaiciuotos santykinés reik§meés, maksimaly rodiklj matavimo matricoje
prilyginant 100 %.

Lyginant santykinj kontrastinés medzZiagos kaupimo sumazéjimag pazeistoje Slaunikaulio
galvoje atitinkamais laikotarpiais, buvo paimtas santykis tarp to paties paciento absoliuciy

matavimo rodikliy sveikoje ir paZeistoje galvoje.

Duomeny grupavimas

Atliekant kontrasto kaupimo analiz¢ Slaunikaulio galva buvo suskirstyta j dvi ir tris dalis —
priekine/vidurine/uzpakaling ir prieking/uzpakaling.

Skirstant Slaunikaulio galva j tri,s dalis buvo apskaic¢iuotas vidutinis kontrastinés medziagos
kaupimo intensyvumo pasiskirstymas trijose $launikaulio galvos srityse: priekiné dalis (pr.)
— pirmy 7 pjuviy veréiy vidurkis; viduriné dalis (vid.) — 8-14 pjuviy ver¢iy vidurkis;
uzpakaliné dalis (gal.) — 15-21 pjuviy verciy vidurkis.

Skirstant $launikaulio galva | prieking ir uzpakaling dalis, gautas vidutinis kontrastinés
medziagos kaupimo intensyvumas, apskaiciuotas tokiu biidu: 1) priekiné dalis (pr.) — pirmy
10 pjiviy veréiy vidurkis + 11 pjuvio reikSme, padalyta i$ 2; 2) uzpakaliné dalis — 11 pjivio

reik§me, padalyta i§ 2, + 12-21 pjuvio verciy vidurkis.
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Konishiike klasifikacija

Tiriamoji grupé pagal kraujotakos tipa buvo suskirstyta remiantis 1999 m. Konishiike
atlikty tyrimy duomenimis ir pasitlyta klasifikacijos metodika, taip pat santykiniu KM
kaupimo sumaz¢jimu, kuris lygintas su sveiko $launikaulio galva:

A tipo — 70-100 % sveikos galvos kraujotakos,

B tipo — 30-70 % sveikos galvos kraujotakos,

C tipo — <30 % sveikos galvos kraujotakos.

Rezultatai

Kokybiné KM kaupimo analizé

Lyginant sveikos ir ltzusio $launikaulio kaklo galvos kokybinius KM kaupimo skirtumus,
buvo jvertinta KM maksimalios reikSmes padétis laiko ir pjivio atzvilgiu. Naudojant
MSTAT testg ir jo grafin] posistemj, buvo nustatyta, kad ltizusio Slaunikaulio galvoje KM
maksimaliy reikSmiy pasiskirstymas skiriasi nuo sveikos galvos, sumazéjant KM kaupimui
centrinéje galvos dalyje ir padidéjant priekingje galvos dalyje (p = 0,021).

Skirtingais laikotarpiais buvo jvertinti santykiniai KM kaupimo vidurkiai priekingje ir
uzpakalinéje galvos dalyse ir palyginti kaupimo tipy pokyciai, lyginant su sveika
Slaunikaulio galva. Atskirais laikotarpiais 30,9-52,4 9% atvejy kitimai buvo tiirinio
pobudzio, KM kaupimas maZz¢jo, kai abiejose galvos pusése koncentracija krito netolygiai,

likusiais atvejais KM kaupimo tipas nesikeite.

Kiekybiné KM kaupimo analizé

Kiekybiné KM analizé buvo jvertinta trijy daliy Slaunikaulio galvos modelyje priklausomai
nuo luzio poslinkio, vertinant pagal AO klasifikacija. Pateiktos analizés rezultatai rodo, kad

lyginant 31-B2 tipo liizius su 31-B1 ir 31-B3 tipo luziais, atitinkamais laikotarpiais matoma,
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kad statistiSkai patikimai intensyviau kontrastiné medZiaga kaupiama uZpakalinéje galvos
dalyje. Lyginant B1 su B2 tipo luZius, matoma, kad kontrastinés medziagos viduring¢je

galvos dalyje kaupiama kur kas daugiau, bet tai nereik§minga lyginant B2 ir B3 tipo liiZius.

Reviziniy operacijuy analizé

Stebéjimo laikotarpiu buvo atliktos astuonios revizinés operacijos. Vidutinis stebéjimo
laikotarpis sieké 24,7 (95 % PI 20,1-29,2), mediana — 21,8, ribos — 0,6-47,7 mén.

Suminis reviziniy operacijy daznis po 1 mén. buvo 2,38 % (95 % PI 0,3-15,7), 3 mén. —
4,76 % (95 % P1 1,2-17,7 %), 6 mén. — 7,14 % (95 % PI1 2,3-20,5), 12 mén. — 9,52 % (95 %
Pl 3,7-23.4), po 24 mén. — 22,01 % (11,5-39,7 %).

Buvo jvertintas suminis reviziniy operacijy daznis sugrupuojant pacientus pagal Konishiike
pasitilyta klasifikacijg. Pagal $ig klasifikacijg pacientai pasiskirsté taip: A tipo — 4 (9,5 %), B
— 25 (59,5 %), C — 13 (31,0 %). Suminis reviziniy operacijy daznis, esant A tipo ltziams,
buvo 0,0 % po 24 mén., B tipo liZiams — po 6 ir 12 mén. sieké 4,0 % (95 % PI 0,6-25,2), 24
meén. — 18,7% (95% P17,3-35,4), C tipo laziams po 1 ir 3 mén. — 7,7 % (95 % PI1 1,1-43,4),
6 mén. 10,0 % (95 % PI 4,1-48,8), 12 mén. — 23,1 % (95 % PI 8,1-55,8), 24 mén. — 35,6
(95 % PI 14,5-71,8). Si analizé parodé, kad, mazéjant KM kaupimo rodikliams, reviziniy
operacijy daznis didéja, bet patikimo skirtumo nestebéta (p = 0,24).

Papildomai jvertinta revizijy daznio priklausomybé nuo santykinio kraujotakos sumaz¢jimo
pazeistoje Slaunikaulio galvoje vertinant ne Konishiike pasidlytu grupavimo metodu, o
surandant minimaly rodiklj, kuriam esant nebuvo atlikta reviziniy operacijy. Nustatytas
minimalus santykinés liekamosios kraujotakos rodiklis =>55 %. Tuo remiantis pacientai
buvo suskirstyti j dvi grupes: | gr. (KM kaupimas >55 %) — 13 pacienty / 0 reviziniy
operacijy; II gr. (KM kaupimas <55 %) — 29 pacientai, kuriems atliktos 8 revizinés
operacijos. Vertinant revizijy daznj tarp I ir II grupés, buvo gautas patikimas skirtumas (p =

0,035).
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ISsvados

1. Sveiko Slaunikaulio galvoje maksimaliy kontrastinés medZiagos kaupimo reikSmiy
pasiskirstymas yra intensyviausias centrinéje ir uzpakalinéje dalyse.

2. Luzusio Slaunikaulio galvoje maksimaliy kontrastinés medziagos kaupimo reikSmiy
pasiskirstymas yra intensyviausias priekinéje ir uzpakalinéje galvos dalyse.

3. Kokybiniai kontrastinés medziagos kaupimo skirtumai lizusio Slaunikaulio galvoje,
lyginant su sveiko §launikaulio galva, patikimai skiriasi, jam vyraujant priekingje ir
uzpakalinéje galvos dalyse.

4. Santykiniai kiekybiniai tiriniai kontrastinés medZiagos kaupimo skirtumai
atsizvelgiant | luZzgaliy dislokacija, labiausiai iSrySkéja viduringje ir uzpakalingje
galvos dalyse.

5. Kontrastinés medziagos kaupimo sumaz¢jimas ltzusio Slaunikaulio kaklo galvoje
skirtingais vertinimo laikotarpiais 30,9-52.4 % atvejy buvo tirinio pobuidzio.

6. Pacienty grup¢je, kuriy stebéta santykiné liekamoji kraujotaka buvo didesne nei 55%,
nebuvo atlikta reviziniy operacijy. Kai santykinis kontrastinés medziagos kaupimas
sudaro maziau nei 55% - prognostiniu  pozitriu indikuotina pirminio
endoprotezavimo operacija.

7. Remiantis gautais tyrimo rezultatais manytina, kad liizius, prognostiniu chirurginio
gydymo poziiiriu, tikslinga skirstyti remiantis nustatytu ribiniu (55%) santykiniu
kontrastinés medziagos kaupimo rodikliu.

Praktinés rekomendacijos

Atliekant tolesnius klinikinius tyrimus reikéty jvertinti ttriniy kraujotakos pokyciy
prognosting reikSme. Ja padidinty kartu pritaikyti invaziniai tyrimo metodai, tokie kaip
intrakapsulinio slégio matavimai ar superselektyvi angiografija, kurie leisty pagal
kraujotakos pakitimo tipus Slaunikaulio galvoje diferencijuoti tarp avaskuliarizacijos,
venostazes arba miSraus pazeidimo.

Sie nauji kokybiniai analizés modeliai taip pat galéty biiti taikomi tolesniuose klinikiniuose
tyrimuose susijusiuose su degeneraciniy pokyc¢iy (klubo sanario artrozés) ar Slaunikaulio

galvos aseptine nekroze.
38



Trumpa informacija apie autoriy

Jaunius Kurtinaitis gim¢ 1975 m. kovo 2 d. Vilniuje. Baiges Vilniaus 41-3j3 viduring
mokykla, studijavo Vilniaus universiteto Medicinos fakultete. Medicinos gydytojo diploma
1gijes 2000 m. savo studijas tesé¢ vieneriy mety internatiiroje. Medicinos specializacijos
studijas J. Kurtinaitis tesé ortopedijos-traumatologijos rezidentiiroje. 2005 m. jis jigijo
gydytojo ortopedo-traumatologo kvalifikacija. Nuo 2005 m. dirba Respublikinéje Vilniaus
greitosios pagalbos universitetinéje ligoninéje, VSI Centro poliklinikoje ir UAB ,,Northway
medicinos centrai® gydytoju ortopedu-traumatologu. Daktaro disertacijg J. Kurtinaitis rengé
Vilniaus universiteto Medicinos fakultete 2008-2013 m. Svarbiausia jo mokslinio darbo
kryptis — Slaunikaulio proksimalinio galo lGziy gydymo rezultatai ir naujy tyrimo metody
paieska vertinant Slaunikaulio galvos kraujotakg po Slaunikaulio kaklo 1tZio. Nuo 2004 m. J.
Kurtinaitis — aktyvus Lietuvos traumatology-ortopedy draugijos (LTOD) narys, nuo 2012
m. — LTOD valdybos narys. Su bendraautoriais yra paskelbes aStuonis mokslinius
straipsnius recenzuojamuose tarptautiniuose ir Lietuvos mokslo leidiniuose, skait¢s keturis

praneSimus tarptautinése konferencijose ir deSimt LTOD organizuotuose renginiuose.

39



