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OZET

AMAG: Vaskdiler endotel fonksiyonlari inflamatuar stireclerden
etkilenebilir. Uzun kemik kiriklarindaki doku hasari gui¢li bir inf-
lamatuar yanita neden olabilir. Uzun kemik kiriklarinin neden
oldugu bu inflamatuar yanitin erken donemde endotel fonksi-
yonlari Gzerindeki etkisini degerlendirmeyi amacladik.

GEREG VE YONTEM: 2018-2020 yillari arasinda uzun kemik ki-
rgi olan ve baska bir hastaligi olmayan 18-60 yas arasi 44 hasta
prospektif olarak arastirildi. Hastalarin vaskiiler endotel fonksi-
yonlarini akim aracili dilatasyon yéntemi (FMD) ile degerlendir-
dik. Akut kirik doneminde inflamatuar sirecin baslangicinda ve
inflamasyonun minimal oldugu birinci ayda yapilan ol¢iimlerin
verileri sirastyla FMD-0 ve FMD-1 olarak kaydedildi.

BULGULAR: Ortalama FMD-0 degerleri 0,082+0,046 (arahg:
0,005-0,18) olarak olculdl. Ortalama FMD-1 degerleri 0,118
+ 0,054 (aralidi: 0,03-0,24) olarak olclldi. Hastalarin ortala-
ma FMD degerleri birinci ayda anlaml olarak daha yiksekti
(p=0,02). Yas, cinsiyet, taraf, ekstremite farki (tst, alt) ile FMD so-
nuglar gibi diger parametreler arasinda anlamli bir iliski yoktu
(hepsi icin p>0,05).

SONUC: Uzun kemik kiriklarinin neden oldugu siddetli infla-
masyon, akut donemde endotel disfonksiyonuna neden olabi-
lir. Uzun kemik kingi sonrasi gorilen sistemik komplikasyonlarin
patogenezinde endotel disfonksiyonunun rol oynayabilecegi
akilda tutulmahdir.

ANAHTAR KELIMELER: Endotel disfonksiyonu, Akim aracili di-
latasyon, Uzun kemik kirigi.
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ABSTRACT

OBJECTIVE: Vascular endothelial function can be affected by
inflammatory processes.. Tissue damage in long bone fractures
can cause a robust inflammatory response. We aimed to evalua-
te the effect of this inflammatory response caused by long bone
fractures on endothelial functions in the early period.

MATERIAL AND METHODS: We prospectively researched 44
patients aged 18-60 with long bone fractures and no other di-
sease between 2018 and 2020. We evaluated vascular endothe-
lial function using the flow-mediated dilatation (FMD) method.
Measurements obtained at the beginning of the acute fractu-
re period and at the first month were recorded as FMD-0 and
FMD-1, respectively.

RESULTS: The mean FMD-0 values were measured as
0.082+0.046 (range: 0.005-0.18). Mean FMD-1 values were me-
asured as 0.118 + 0.054 (range: 0.03-0.24). The mean FMD va-
lues of the patients were significantly higher in the first month
(p=0.02). No significant relationship was found between other
parameters such as age, gender, side, limb difference (upper,
lower), and FMD results (p>0.05 for all values).

CONCLUSIONS: Severe inflammation caused by long bone fra-
ctures may lead to endothelial dysfunction in the acute period..
It should be kept in mind that endothelial dysfunction may be
involved in the pathogenesis of systemic complications in the
acute period after long bone fracture.

KEYWORDS: Endothelial dysfunction, Flow-mediated dilatati-
on, Long bone fracture.
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INTRODUCTION

The endothelium is a functional barrier betwe-
en the vessel wall and circulating blood cells.
In a healthy endothelium, vasodilator, anti-inf-
lammatory, antithrombotic factors, vasocons-
trictor, inflammatory, and prothrombotic fa-
ctors work in balance. Events that disrupt this
balance can cause endothelial dysfunction (1).
Clinically, any long bone fracture can have an
effect that disrupts this balance. Namely, the
natural course of fracture healing begins with
activating many inflammatory processes (1).
Regional tissue damage in long bone fractu-
res can cause an intense inflammatory respon-
se throughout the body. The inflammatory
response may be strong enough to cause syste-
mic effects such as fat embolism syndrome (2).

Patients with long bone fractures are among
the most frequently treated groups in ort-
hopaedics and traumatology practice. The
complication of deep vein thrombosis (DVT),
which may develop in the post-fracture peri-
od, is still a significant problem. In the etiopat-
hogenesis of thrombosis, coagulopathy, stasis,
and endothelial damage appear as the most
crucial triad (3). Considering the inflamma-
tory response caused by long bone fractures
and the pathogenesis of DVT complications
that may develop afterwards, we hypothesize
that vascular endothelial dysfunction occurs
in the early period after long bone fractures.
This study investigates whether the acute inf-
lammatory process that develops after a long
bone fracture affects endothelial function.

MATERIALS AND METHODS
Sample size

The sample size was determined by perfor-
ming a power analysis before the data colle-
ction period in order to reduce type 2 errors.
The required sample size was calculated using
the G-power 3.1 program based on an effe-
ct size of 0.8, an error probability of 0.05, and
statistical power of 0.80. The required sample
size was determined to be at least 42 patients.

The data of 44 patients hospitalized in Atatiirk
University Faculty of Medicine orthopaedics
and traumatology service between 2018-2020

due to long bone diaphyseal fractures were inc-
luded in the study by prospectively recording.
When selecting the sample size, the only study
in the literature examining the relationship
between fractures and vascular function was
the study by Blum et al. FMD measurement
was considered the primary outcome (4).

Inclusion criteria

Between 18 and 60 years of age, acute fra-
cture (fracture-time to apply for a maxi-
mum of 24 hours), isolated long bone di-
aphysis fractures (femur, tibia, humerus,
radius, ulna, clavicle).The patient's volun-
tary consent was to be included in the study.

Exclusion criteria

An open fracture, pathological fracture, mul-
tiple fractures, multiple system injuries, his-
tory of any additional disease or drug use,
history of smoking, alcohol or substance use,
poor general condition at presentation (un-
conscious, intubated, blood pressure below
90/60 or need for advanced cardiac support),
prolonged waiting time for surgery (fractu-
re-surgery time > two days), prolonged hos-
pitalization (fracture-discharge time > 5 days).

Study design

The age, gender, side, extremity, and long bone
fracture information of the patients who met
the inclusion criteria were noted. The patients'
fractures provided temporary fixation (splint,
arm sling, etc.). The patients were evaluated in
terms of endothelial functions by ultrasonog-
raphy (USG) using the flow-mediated dilatation
(FMD) technique by a specialist radiologist wit-
hin the first 24 hours before any treatment was
started in the radiology unit of the emergency
department. The data obtained in the acute pe-
riod after the fracture were recorded as FMD-O0.
Then, the patients were admitted to the ward
by starting appropriate treatment protocols,
the necessary orthopaedic treatment proce-
dures were completed, and they were dischar-
ged. Endothelial functions were re-evaluated
by repeating USGs with the FMD technique in
the 1st-month post-op of all patients. The ob-
tained data were recorded as FMD-1. This was
to repeat the evaluation, waiting for the effect



of the inflammatory response secondary to the
fracture healing process and surgical proce-
dures to be minimized. Thus, it was aimed to
evaluate the effect of the inflammatory pro-
cess on endothelial functions. The same radi-
ologist made all USG measurements with the
same device and technique. Before starting the
study, we applied this technique to healthy vo-
lunteers for six months and gained experience.

Flow-mediated dilation technique

Patients were told not to use anything that
would affect the measurement, such as cigaret-
tes, coffee, or alcohol, within 8 hours before the
measurement. After 30 minutes of rest, the pa-
tients were taken to the USG room at room tem-
perature and placed on the radiology bed in
the supine position. Measurements were made
fromtheleft brachial artery in patients with right
upper extremity fractures, while measurements
were made from the right brachial artery in all
other patients (5). Before measurement, the
pre-controlled cuff was placed in the middle of
the patient's forearm. Systole and diastole flows
were checked with the Doppler feature of the
USG device. First, the brachial artery was found
from the cubital fossa and viewed proximally.

The basal view of the anteroposterior dia-
meter of the brachial artery was obtained
in a longitudinal section approximately 5-7
cm proximal to the cubital fossa (Figure 1).

Figure1: We measured flow-dependent dilatation by connec-
ting the cuff to the middle of the forearm with the patient in
the supine position. The most preferred region in the literature
is described as the forearm for adults

Basal diameter measurement in images recor-
ded on video; In the longitudinal section, at
the end of the diastole, just at the beginning
of the P wave, the tunica media was seen, and
the distance between the anterior and posteri-
or walls of the vessel was measured and recor-
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ded. This process was performed 3-5 times for
each patient, and the arithmetic average of the
calculated values was taken (Figure 2). After
the basal diameter measurement, the cuff was
inflated with a pressure of 270-300 mmHg. At
this stage, the patient was told about the phy-
siological conditions (numbness in the fingers,
loss of sensation, chills, and tingling after the
cuff was lowered, and increased fever). Thus,
it was aimed that the patient would not move
at all. After waiting for 5 minutes, the cuff was
abruptly lowered, and dynamic imaging and re-
cording began. The changing brachial artery di-
ameter due to reactive hyperemia was calcula-
ted, especially in the 15th, 60th, and 90-second
images. After 2 minutes of measurement, the
recording was terminated (6). If the change in
Fmd value after stress is 10% or more, it is con-
sidered normal function, and if it is below 10%,
it is considered endothelial dysfunction (7).

Figure 2: The basal diameter measurement at rest is calculated
by taking the arithmetic average after 4-5 consecutive measu-
rements (left picture). In most measurements, it is difficult to
see both walls of the vessel wall in a longitudinal section. In the
picture on the right, there is a measurement where we can see
both walls.

Ethical Committee

Ethics committee approval was obtained for the
study with the Ataturk University Ethics Com-
mittee Unit meeting number dated 09.06.2017:
3 decision no: 28. This study was supported
by Ataturk University The Coordination Unit
of Scientific Research Projects. The study de-
sign took into account the CONSORT guide-
lines recommended for prospective studies.
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Statistical Analysis

Data were analyzed using the Statistical Packa-
ge for Social Sciences (SPSS) version 20 statis-
tical analysis program (IBM Corp; Armonk, NY,
FMD). Data are presented as mean, standard
deviation, median, minimum, maximum, per-
centage, and count. Because the distribution
of the variables did not meet normality, non-
parametric tests were used. The Wilcoxon test
was used for ordinal measurements. A P-value
<0.05 was considered statistically significant.

RESULTS

The mean age of 44 patients was 35(range
19-57). Thirty-four (77%) of the patients were
male, and ten (23%) were female. 24 (55%) of
the fractures were in the lower extremity (6 fe-
mur, 18 tibia), and 20 (45%) were in the upper
extremity (10 humerus, 4 radius, 2 ulna, 4 cla-
vicle). Among the upper extremity fractures, 14
were on the left side, and 6 were on the right.
Measurements were made on the left arm in 6
patients (13%) and the right arm in 38 patients
(87%). The mean FMD-0 values were measured
as 0.082+0.046 (range: 0.005-0.18). Mean FMD-
1 values were measured as 0.118+0.054 (range:
0.03-0.24). The mean FMD values of the patients
were significantly higher in the first month
(p=0.02) (Figure 3). 9 out of 24 patients with
Fmd below 10% in the first measurement still
had FMD values below 10%. There was no sig-
nificant relationship between other parameters
such as age, gender, side, extremity difference
(upper, lower), and FMD results (p>0.05 for all).
We did not find any difference in fmd values
between upper and lower extremity fractures.

Bl fd-0 B fond-1

Figure 3: Fmd-1 and Fmd-0 values

DISCUSSION

In this study, we found that early endothelial
functions in long bone fractures were lower
than the endothelial functions in the first
month. We found that this difference was un-
related to other parameters such as age, gen-
der, side, and extremity type (upper, lower).

Endothelial dysfunction has been implicated
in the pathogenesis of many diseases. Diabe-
tes, chronic renal failure, hypertension, erecti-
le dysfunction, preeclampsia, polycystic ovary
syndrome, coronary artery diseases, and deep
vein thrombosis are associated with endotheli-
al dysfunction (8,9). In particular, inflammatory
processes are closely related to endothelial dy-
sfunction (10). Therefore, considering inflam-
matory processes, one of the causes of vascu-
lar endothelial dysfunction, we predicted that
inflammation secondary to bone fracture may
also impair vascular endothelial functions. Be-
cause local tissue damage that starts as soon
as a long bone fracture occurs can create a sys-
temic inflammatory response, this inflamma-
tion may be severe enough to cause systemic
complications such as pulmonary embolism,
renal failure, or fat embolism syndrome (11).

The only study on fracture and endothelial dy-
sfunction was performed on patients with only
one long bone and completely healthy volunte-
ers without any additional disease. The author
showed that long bone fractures cause severe
inflammation, especially in the first week, with
vascular measurements showing both the FMD
method and the ankle-brachial index (12). Com-
paring vascular measurements within three
days after fracture presentation and comparing
with the control group, the author suggested
that inflammation during the fracture caused
endothelial dysfunction. In our opinion, the
most critical shortcoming of this study is that
vascular measurements are not repeated after
the inflammation phase is over in patients pre-
senting with fractures. If vascular measurements
were repeated after the inflammatory phase or
the severe period of inflammation had passed,
some patients thought to be due to long bone
fractures would have continued to have endo-
thelial dysfunction. As it is known, endothelial



dysfunction can occur without an underlying
problem, so we applied the FMD method again
to all patients at the 1st-month follow-up. The
fact that 9 out of 24 patients with Fmd below
10% in the first measurement still had FMD valu-
es below 10% at one month supports this view.

Although the etiology of deep vein thrombosis
is still unclear, the most accepted is mechanical
or biochemical damage to the vascular endot-
helium (13).The increase of antioxidants, inflam-
matory mediators, and coagulation imbalance
can damage the vessel wall (14). Long bone fra-
ctures cause severe inflammation and damage
to the vascular endothelium and pose a risk for
deep vein thrombosis by causing stasis due to
immobilization in lower extremity fractures (15).
Our study did not find any difference in fmd va-
lues between upper and lower extremity fractu-
res, but this may be the subject of another study
with sufficient and homogeneous patients.

Endothelial dysfunction may begin before sy-
mptoms appear at the onset of diseases. This si-
tuation has been the subject of many studies in
the literature (15-17). The authors emphasized
the importance of early diagnosis of endothe-
lial dysfunction. They stated that inexpensive,
reproducible reliable tests can be used in large
populations, and appropriate screening tests
can be used in at-risk individuals (10). A more
careful approach may be required regarding
systemic complications that may occur in long
bone fractures in patients with existing endot-
helial dysfunction, and this group of patients is
waiting to be investigated in terms of this issue.

This study was planned as a clinical study, and
standardization could not be established such
that all patients had the same age and fracture
type. The fractures belonged to different bones
of patients of different ages and genders, and
the treatment procedures were also different.
Standardization of all conditions is only possible
with experimental animal studies. All non-stan-
dardized conditions among patients may affect
the results, which is our study's major limitation.
Homogeneous age and gender distribution of
the patients, having the same fracture type, and
using the same method in the treatment will be
a choice that increases the level of evidence.
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Another study limitation is that the FMD tech-
nique was applied with manual probes. Met-
hods using arm holders, automatic probes, and
continuous video recording should be prefer-
red for more standardized results. in addition
if there were an another radiolog this study
would more stronger because about bias. Anot-
her study limitation is that lack of control group.

We found that patients with long bone fractu-
res were exposed to endothelial dysfunction in
the acute period. Long bone fractures may cau-
se vascular endothelial dysfunction in the ear-
ly period. Therefore, fractures in patients with
vascular pathology and endothelial dysfun-
ction may trigger or increase the risk of many
different complications. The clinical implicati-
ons of fracture inflammation's ability to affect
vascular functions remain to be investigated.
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