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ABSTRACT

Objective: Alzheimer’s Progressive Memory Impairment Contin-
uum (PMIC) is typically the clinical reflection of the neurofibrillary 
tangle (NFT) spread of Alzheimer’s disease (AD), which starts with 
subtle memory complaints of subjective cognitive impairment 
(SCI), passes through objectifiable memory problems of the am-
nestic mild cognitive impairment (aMCI), and finally reaches the 
dementia stage of multiple cognitive deficits with an amnestic 
core (ADD).  This study evaluated the patterns of cortical thick-
ness changes across the PMIC, using a network perspective to 
unravel structural and functional disruptions.

Material and Methods: The study included 88 participants: 21 
with mild ADD, 34 with aMCI, and 33 with SCI. Clinical and neu-
ropsychiatric evaluations were conducted, followed by structural 
MRI scanning for cortical thickness measurements. Vertex-wise 
cortical thickness analyses were conducted using ANCOVA. Age, 
gender, and education were covariates.

Result: The results showed significant cortical thinning across 
the PMIC, with more pronounced reductions in the ADD group. 
The cortical thinning overlapped with the Default Mode Net-
work (DMN), Ventral Attention Network (VAN), and Frontopari-

ÖZET

Amaç: Alzheimer'ın İlerleyici Bellek Bozukluğu Sürekliliği (İBBS), 
Alzheimer hastalığında (AH) nörofibriler yumak (NFY) yayılımının 
klinik yansımasıdır. Bu süreç, subjektif kognitif bozukluk (SKB) 
olarak bilinen hafif bellek şikayetleriyle başlayıp, amnestik hafif 
kognitif bozukluk (aHKB) olarak adlandırılan belirginleşmiş bel-
lek problemlerine, nihayetinde amnestik bir çekirdekle karakte-
rize edilen çoklu kognitif bozuklukları içeren demans aşamasına 
(AHD) ulaşır. Bu çalışma, İBBS boyunca kortikal kalınlık değişim 
paternlerini ağ perspektifiyle değerlendirerek yapısal ve fonksi-
yonel bozulmaları ortaya çıkarmayı amaçlamıştır.

Gereç ve Yöntem: Bu çalışmaya, 21 hafif AHD, 34 aHKB ve 33 
SKB olmak üzere 88 katılımcı dahil edilmiştir. Klinik ve nöropsiki-
yatrik değerlendirmeler yapıldıktan sonra, kortikal kalınlık ölçüm-
leri için yapısal MRG taraması gerçekleştirilmiştir. Verteks-temelli 
kortikal kalınlık analizleri ANCOVA kullanılarak yapılmıştır. Yaş, 
cinsiyet ve eğitim kovaryet değişkenlerdi.

Bulgular: Sonuçlar, İBBS boyunca anlamlı kortikal incelme old-
uğunu ve bu incelmenin AHD grubunda daha belirgin olduğunu 
göstermiştir. Kortikal incelme Olağan Durum Ağı (ODA), Ventral 
Dikkat Ağı (VDA) ve Frontoparyetal Ağ (FPA) ile örtüşmektedir. 
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INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative process 
causing progressive cognitive impairment. The initiating 
event is the accumulation of amyloid during the pre-clin-
ical stage. The clinical stages start with the formation 
and spread of the hyperphosphorylated tau-containing 
neurofibrillary tangles (NFTs) (1). In the most common AD 
phenotype, which constitutes 90% of cases (typical AD), 
the transentorhinal and entorhinal limbic cortices are the 
initial targets of NFTs corresponding to the I and II Braak 
and Braak stages, followed by progressive spread along 
the nodes of the episodic memory neural network, com-
prising the intrinsic hippocampal circuitry and the larger 
Papez circuit of the paralimbic cortices, corresponding 
to Braak and Braak III and IV stages. Finally, neocortical 
spread starts with stage V and is completed in stage VI 
by the invasion of virtually all the association cortices (2, 
3). Clinically, this spread pattern manifests as an insidious 
onset progressive memory impairment. Stages I-II are the 
pre-clinical stage of the disease continuum, which com-
prises cognitively normal (CN) individuals and those with 
subjective cognitive impairment (SCI), who have subjec-
tive memory complaints but normal performance in neu-
ropsychological testing (4). The mid-stages III-IV general-
ly correspond to the amnestic subtype of mild cognitive 
impairment (aMCI) stage, where memory impairment, 
isolated or accompanied by other cognitive deficits with 
lesser severity can be demonstrated. Activities of daily 
living (ADLs) must be preserved during the MCI stage (5-
7). aMCI was shown to be double the risk of conversion to 
dementia in a 3-year long longitudinal study, which found 
the overall rate as 29% (8). Therefore, we deemed aMCI 
as the representative of the mid-stage along the AD con-
tinuum. Finally, the neocortical stages V-VI correspond 
to the dementia stage, where multiple cognitive deficits 
with an amnestic core are severe enough to cause ADL 
impairment. This dementia subtype is typical for AD and 
is called probable AD dementia (ADD). This particular 
progression of cognitive impairment leading to demen-
tia can be named as “progressive memory impairment 
continuum (PMIC)”, which in the presence of positive 

biomarkers can also be named as “Alzheimer’s continu-
um.” Early recognition of Alzheimer’s continuum-related 
SCI and MCI is crucial for timely interventions, as these 
stages offer a potential window for disease-modifying 
treatments before irreversible neuronal damage occurs 
(4, 9-12).

Complementing these neuropathological and clinical 
stages, structural magnetic resonance imaging (sMRI) 
is widely used to detect and quantify brain atrophy as-
sociated with AD. Among the key imaging biomarkers 
assessed by sMRI, cortical thickness is particularly rele-
vant. Cortical thinning, especially in regions such as the 
entorhinal cortex, hippocampus proper and its sub-sec-
tors, and temporoparietal areas, is one of the earliest de-
tectable structural changes in individuals at risk for AD 
(13). Studies have shown that cortical thinning is strongly 
correlated with both the clinical progression of cognitive 
decline and the presence of AD pathology, such as tau 
and amyloid deposition. Cortical atrophy is particularly 
pronounced in patients transitioning from MCI to ADD. 
By measuring cortical thickness changes, sMRI provides 
valuable insights into the disease’s progression and can 
be used to predict MCI progression to ADD (14, 15).

In the progression of ADD, alterations in the intrinsic 
connectivity networks (ICNs) connectivity patterns of the 
brain play a critical role in the clinical and pathological 
manifestations of the disease. Two of the most well-stud-
ied networks that show disrupted connectivity are the 
Default Mode Network (DMN) and the Salience/Ventral 
Attention Network (SN/VAN), although other networks 
such as the Frontoparietal Network (FPN) and Hippocam-
pal-Cortical Networks are also affected. Early disruptions 
in DMN connectivity are linked to amyloid pathology in 
pre-clinical AD. It was shown that not only amyloid posi-
tivity as detected by amyloid PET imaging leads to DMN 
connectivity disruptions in CN individuals as severe as 
those with ADD, being mere APOE-ε4 carrier in CN in-
dividuals with negative amyloid status causes the same 
DMN connectivity disruption (16, 17).  Longitudinal stud-
ies have also revealed a progressive shift in the balance 

etal Network (FPN). The comparison between the SCI and aMCI 
groups revealed no significant difference. 

Conclusion: Cortical thinning was evident across different 
stages of PMIC, with more extensive thinning in later stages. 
The observed network-wide pattern of atrophy that AD-like 
deterioration affects broader neural systems rather than isolated 
regions. The findings highlight the importance of a network-
based approach to understand AD-related structural changes and 
the potential for future research to integrate multimodal imaging 
to explore functional connectivity alongside structural atrophy.

Keywords: Alzheimer’s disease, mild cognitive impairment, 
structural magnetic resonance imaging, cortical thickness

SKB ve aHKB grupları arasındaki karşılaştırmada anlamlı bir fark 
bulunamamıştır. 

Sonuç: Kortikal incelme, IBBS'nin farklı evrelerinde belirgindir ve 
özellikle ileri evrelerde daha yaygın görülmektedir. Ağ genelinde 
gözlemlenen atrofi paterni, AH-benzeri bozulmanın yalnızca izo-
le bölgeleri değil, daha geniş sinir sistemlerini etkilediğini gös-
termektedir. Bulgular, AH ile ilişkili yapısal değişiklikleri anlamak 
için ağ tabanlı bir yaklaşımın önemini vurgulamakta ve yapısal 
atrofinin yanı sıra fonksiyonel bağlantısallığı keşfetmek için ge-
lecekteki araştırmalara çoklu modalite görüntülemeyi entegre 
etme potansiyeline dikkat çekmektedir.

Anahtar Kelimeler: Alzheimer hastalığı, hafif kognitif bozukluk, 
yapısal manyetik rezonans görüntüleme, kortikal kalınlık
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of within-network and inter-network connectivity, partic-
ularly within the DMN and hippocampal networks, which 
deteriorates over time. At the same time, compensatory 
increases in inter-network connectivity between the DMN 
and VAN are observed in the early phases of the disease, 
followed by a global decrease in network integration as 
the disease advances (18).

In this study, we aimed to evaluate and discuss patterns 
of cortical thickness changes from a network perspective 
along the continuum of AD, providing a more integrated 
understanding of structural and functional disruptions.

MATERIALS AND METHODS

Participants
This study included a total of 88 patients, comprising 21 
with mild ADD, 34 with aMCI, and 33 with SCI, all of whom 
were followed up at the Behavioral Neurology and Move-
ment Disorders Unit of the Department of Neurology, Is-
tanbul University, Istanbul Faculty of Medicine. All partici-
pants were thoroughly informed about the study. Written 
informed consent was obtained before the clinical evalua-
tion. Detailed neuropsychiatric evaluations were conduct-
ed, and study groups were determined based on scores 
from the Clinical Dementia Rating (CDR), the Mini-Mental 
State Examination (MMSE), and the Free and Cued Selec-
tive Reminding Test (FCSRT) (19-22). Additionally, all par-
ticipants’ FLAIR and T2-weigthed structural MRI images 
were reviewed by an expert neurologist for the presence 
of hyperintensities. The ADD group included patients di-
agnosed with very mild and mild AD according to the NIA-
AA criteria, while the aMCI group included patients diag-
nosed based on Petersen’s criteria (23-25). The SCI group 
comprised individuals with self-reported memory com-
plaints (26). The criteria of the groups are detailed in Table 
1. The exclusion criteria for the study included significant 
neuropsychiatric disorders such as major depression or 
schizophrenia, systemic diseases or unstable medical con-
ditions, neurological comorbidities, a history of stroke or 
head injury, and white matter hyperintensities with Fazekas 
scores ≥1 on clinical MRI examinations. The study protocol 
was approved by the Clinical Research Ethics Committee 

of İstanbul University, İstanbul Faculty of Medicine (Date: 
09.09.2022, No: 16). This study was conducted according 
to the ethical principles of the latest version of the Decla-
ration of Helsinki.

MRI acquisition
The MRI data were collected at Hulusi Behçet Life Sci-
ences Research Laboratory, İstanbul University using a 
3 Tesla MRI system (Phillips, Achieva, Best, The Nether-
lands) with a 32-channel SENSE head coil. T1-weighted 
MRI images were acquired with 3D FFE (Fast Field Echo) 
sequence with the following parameters: TR/TE (ms) = 
8.3/3.8, flip angle = 8°, FoV = 220×240 mm, 1 mm3 isotro-
pic voxels, 180 axial slices.

Preprocessing and cortical thickness estimation
Cortical surfaces from high-resolution T1-weighted im-
ages were extracted using the Computational Anatomy 
Toolbox (CAT12, version 12.9 (r1932), Structural Brain 
Imaging Group, University of Jena, https://neuro-jena.
github.io/cat/) within Statistical Parametric Mapping 
(SPM12, r7771, Statistical Parametric Mapping, Wellcome 
Trust Centre for Neuroimaging, United Kingdom, https://
www.fil.ion.ucl.ac.uk/spm/) run with MATLAB (R2022b; 
MathWorks, Natick, MA, USA). 

A fully automated approach of CAT12 enables the cor-
tical thickness estimation and the central surface recon-
struction of the grey matter (GM) in a single step. This 
method uses tissue segmentation to determine the 
distance from the white matter (WM) to the cortical sur-
face, then projecting the local maxima, representing the 
cortical thickness, onto the outer GM voxels based on 
neighbour relationship. This projection-based thickness 
(PBT) technique effectively manages sulcal blurring and 
partial volume effects without requiring explicit sulcal re-
construction (27). 

All T1 images were corrected for bias-field inhomogene-
ities, automatically segmented into GM, WM, and CSF 
(28), and spatially aligned to a Montreal Neurological 
Institute standard space (MNI-152 template) using the 
Diffeomorphic Image Registration Algorithm (DARTEL) 
within SPM12 (29). The cortical thickness values were also 
estimated for each hemisphere. All data appeared to be 
of good quality, so all participants’ data were used for 
cortical surface reconstructions. After subject-level thick-
ness estimation, group-level analysis was performed. 
For group comparisons, the subject-specific results were 
transformed into a common space and smoothed with a 
15-mm Gaussian kernel (30, 31).

Statistical analysis
The vertex-wise thickness was analysed with the Gener-
al Linear Model (GLM) as part of the statistical inference 
using CAT12. A one-way ANCOVA model was created. 
Age, gender, and education were covariates. A cluster 

Table 1: The criteria for determining study groups

Group CDR SOB
FCS-

RT-TFR

ADD
0.5 or 1

≥2 (very mild ADD) 
or 1 (mild ADD)

-

aMCI 0.5 0.5 or 1 ≤24

SCI 0 - >24

ADD: Alzheimer's disease dementia, aMCI: Amnestic mild 
cognitive impairment, SCI: Subjective cognitive impairment, CDR: 
Clinical Dementia Rating, SOB: Sum of Boxes, FCSRT-TFR: Free 
and Cued Selective Reminding Test-Total Free Recall
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forming threshold at puncorr<0.001 and the cluster level 
threshold at pFWE-corrected<0.05 were applied.

Statistical analyses of the demographic data were con-
ducted using SPSS 26.0 (IBM SPSS Corp., Armonk, NY, 
USA). Age, education, gender, and MMSE and FCS-
RT-TFR scores were compared among the study groups. 
Age was analysed using ANOVA, while education, MMSE, 
and FCSRT-TFR scores were compared using the Krus-
kal-Wallis test. Gender distribution among the groups 
was assessed using a chi-square test. Post hoc t-tests 
were performed using a 0.05 alpha threshold. The Bon-
ferroni correction was applied for multiple comparisons.

RESULTS

Demographic and clinical results
Age, gender, and education did not differ statistical-
ly, but there were significant differences in MMSE and 
FCSRT-TFE scores among the groups (Table 2). Post-hoc 
analyses revealed that there was a significant reduction 
in both MMSE and FCSRT-TFR scores from SCI to ADD 
among the 3 groups (p<0.005).

Cortical thickness comparisons
According to the ANCOVA results, widespread cortical 
thinning was observed among the groups in the cortical 
areas overlapping with DMN, VAN, and FPN (Figure 1). 
The cluster size, peak F value, and MNI coordinate of the 
statistically significant clusters are listed in Table 3.

Post hoc comparisons revealed a significant decrease in 
the cortical thickness in individuals with ADD compared 
with those with aMCI and SCI. The mean cortical thick-
ness value of the aMCI group was lower than that of the 
SCI group, however this difference was not statistically 
significant (Figure 2).

DISCUSSION

This study investigated the surface-based morphome-
try analysis along the PMIC. The study revealed a wide-
spread reduction in the cortical thickness among subjects 
diagnosed with ADD, aMCI, and SCI. These decreases 
corresponded to the VAN, FPN, and DMN regions of 
Yeo’s 7-network atlas (32). Moreover, pairwise compari-

sons between the groups showed that this reduction was 

significantly greater in ADD than in aMCI and SCI.

Table 2: Demographical and clinical characteristics of the groups

 ADD (n=21) aMCI (n=34) SCI (n=33) Comparison

Age 67.43±9.938 63.79±7.176  63.12±8.019 F=1.921a, p=0.153

Gender (F/M) 10/11 13/21 22/11 χ2=5.554b, p=0.062

Education 10.86±4.629 10.94±4.936 13.12±4.722 χ2=2.911c, p=0.233

MMSE 23.33±3.799 27.91±1.712 28.94±1.391 χ2=37.315c, p<0.001

FCSRT-TFR 8.14±7.255 18.35±4.389 30.85±4.424 χ2=68.957c, p<0.001
aOne-way ANOVA test, bPearson’s Chi-Square test, cKruskal-Wallis test, F: Female, M: Male, MMSE: Mini-Mental State Examination

Figure 1: A) The areas with significant cortical thickness 
differences among the groups (cluster forming threshold 
at puncorr<0.001, the cluster level threshold at pFWE-

corrected<0.05). B) Yeo 7-Network Template maps comprising 
VAN, FPN and DMN. LH: Left Hemisphere, RH: Right 
Hemisphere, VAN: Ventral Attention Network, FPN: 
Frontoparietal Network, DMN: Default Mode Network
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Many studies have explored cortical thickness changes 
in AD using ROI-based or surface-based morphometry 
approaches, highlighting significant patterns of localised 
atrophy. Dickerson et al. indicated that specific regions of 
the brain, particularly the ventromedial temporal and infe-
rior parietal cortices, reveal cortical atrophy even in indi-
viduals with very mild AD. This regional atrophy correlated 
with clinical measures of memory impairment,that specific 
areas may serve as biomarkers for distinguishing different 
stages of cognitive decline. This suggests that these areas 
are among the first to be affected by the disease, even 
before more pronounced symptoms appear (14).

Additionally, Vogt et al. demonstrated significant cortical 
thickness reductions in individuals with ADD, particularly 
in the bilateral frontal, parietal, and temporal regions, as 
well as in the limbic areas, compared to healthy individ-
uals and those with MCI. The cortical thickness compar-
ison between the MCI group and controls indicated no 
significant difference (33).

Montal et al. reported that healthy control subjects 
demonstrated increased cortical thickness in middle 
temporal gyrus, precuneus, and superior parietal areas, 
indicating preserved structural integrity in the early stag-
es. In contrast, individuals with MCI progressing to ADD 
show significant atrophy in critical areas such as the mid-
dle temporal gyrus, indicating early neurodegenerative 
changes. Furthermore, patients with dementia exhibit 
widespread cortical atrophy across multiple regions, re-
flecting the advanced and progressive nature of neuro-
degeneration in AD (34).

Moreover, Bakkour et al. investigated the cortical signa-
ture of thinning associated with MCI and its predictive 
value for the progression to mild AD dementia. The study 
found that the thickness of the medial temporal lobe 
showed the best performance to predict the progression. 
Additionally, the mean thickness of the AD-signature re-
gions also performed well (35).

The findings we obtained are consistent with previous 
research in the literature; however, a network-based in-
terpretation of cortical thickness alterations may provide 

Table 3: Clusters with cortical thickness differences among groups

Cortical areas Hemisphere Cluster p value Cluster size Peak F value MNI coordinates (x y z)

Superior frontal
Rostral middle frontal
Inferior parietal
Superior parietal

L <0.0001 11476 23.73171 -22 22 41

Inferior parietal
Supramarginal
Superior temporal
Middle temporal

R <0.0001 4285 17.28386 65 -37 18

Superior frontal
Rostral middle frontal
Caudal middle frontal

R <0.0001 3393 21.96116 23 19 51

Precuneus
Posterior cingulate
Isthmus cingulate

R <0.0001 941 12.79864 20 -69 26

Pars opercularis
Pars triangularis
Insula

R 0.0083 223 12.96585 38 18 10

Precuneus R 0.0173 191 9.51841 8 -49 63

Superior parietal R 0.0260 173 9.45733 21 -68 41

MNI: Montreal Neurological Institute, L: Left, R: Right

Figure 2: Mean thickness values of all significant clusters. 
Error bars show the standard error of the thickness values 
(Significance threshold *p<0.001). ADD: Alzheimer’s 
disease dementia, aMCI: Amnestic mild cognitive 
impairment, SCI: Subjective cognitive impairment
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a more comprehensive understanding than a strictly re-
gional approach. Specifically, our analysis revealed that 
the observed cortical thickness reductions were predom-
inantly distributed across the three neural networks. This 
pattern indicates that neurodegenerative changes in AD 
may manifest not as isolated focal atrophy but rather as 
network-wide disruptions that reflect the vulnerability of 
particular ICNs to the underlying pathophysiology.

Although this study did not directly address functional 
changes within networks, previous literature highlights 
the critical role of disrupted functional connectivity in 
the DMN, VAN, and FPN as underlying features of AD, 
contributing to its cognitive symptoms. The DMN is cru-
cial in ageing-related fMRI studies because it contains 
brain areas linked to AD, where amyloid buildup is first 
observed, even in individuals showing no symptoms 
(36-39). Greicius et al. was one of the first to identify 
that the DMN activity was disrupted in ADD as com-
pared to CN individuals (40). Villemagne et al. showed 
that amyloid deposition as detected by PET was partic-
ularly evident in midline cerebral structures, which are 
also the major hubs of DMN, and during follow-up they 
observed that cognitive decline was weakly correlated 
with amyloid burden in patients with ADD and MCI and 
in CN individuals (41). Onoda et al. revealed that rest-
ing-state functional connectivity between the anterior 
cingulate cortex and bilateral insula, regions linked to 
SN, decreases with age (42). Berier et al. demonstrat-
ed that AD is linked not only to a reduction in connec-
tivity within individual networks but also to decreased 
correlations between different networks. This pattern of 
decline becomes more pronounced as the disease pro-
gresses, reflecting a broader disruption in the functional 
integrity of brain networks (43). Moreover, Nebizadeh et 
al. reported that lower functional connectivity correlates 
with tau spread (44).

Our findings support the existing literature by demonstrat-
ing that reduced cortical thickness accompanies the dimin-
ished connectivity observed across these networks. This 
suggests a parallel relationship between cortical atrophy 
and decreased network connectivity, potentially reflecting 
the broader impact of neurodegenerative processes on 
the anatomical and functional integrity of the brain.

Future research could benefit from a multimodal ap-
proach by examining the relationship between cortical 
thickness alterations and functional network changes. 
This integrated analysis would offer a more comprehen-
sive perspective, potentially elucidating how structural 
atrophy corresponds to disruptions in functional con-
nectivity and contributes to the progression of neurode-
generative processes. Such an approach could provide 
deeper insights into the mechanisms linking anatomical 
and functional network changes in cognitive decline.

CONCLUSION

This study demonstrates that cortical thinning occurs 
across the PMIC, from SCI to aMCI and ADD, with more 
pronounced reductions in the later stages. The observed 
cortical atrophy is not restricted to specific brain regions 
but is distributed across key networks, including the 
DMN, VAN, and FPN. This network-wide pattern of cor-
tical thinning indicates that AD impacts broader neural 
systems, potentially underlying the cognitive and func-
tional deficits seen in affected individuals. Our findings 
emphasise the importance of a network-based approach 
to understanding the structural changes associated with 
AD. Future research should incorporate multimodal im-
aging techniques to explore the relationship between 
structural atrophy and functional connectivity disrup-
tions, which may offer deeper insights into the mecha-
nisms driving neurodegenerative processes.
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ABSTRACT

Objective: There are many methods for treating knee osteoarthritis 
(KOA). However, especially among conservative treatments, intra-
articular injection methods have not been shown to be superior to 
each other. In our study, we compared the effects of ozone therapy 
and platelet-rich plasma on pain and functionality.

Material and Methods: This retrospective clinical study included 
patients aged 30-70 years who received ozone and Platelet-Rich 
Plasma (PRP) for the treatment of knee osteoarthritis. Both groups 
received three sessions of ultrasound-guided intra-articular 
injection. The demographic characteristics of the patients, such 
as age and gender, were recorded. Pain was assessed with a 
numerical rating scale (NRS) before and three months after 
treatment, functionality with the Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC), and quality of life with 
the Short Form-12 (SF-12).

Results: The mean age of the 54 patients included in the study was 
58.53±8.25 years. No significant difference was found between the 
two groups in terms of age, gender, pre-treatment NRS, WOMAC, 
and SF-12 values. There were significant differences in the NRS, 
WOMAC, and SF-12 values in both ozone and PRP groups after 
treatment compared to before treatment. However, this difference 
was not found to be significant between the groups.

Conclusion: Both PRP and ozone therapy are effective short-
term treatments for KOA. There is no evidence that one is more 
effective than the other.

Keywords: Knee osteoarthritis, ozone, pain, platelet-rich plasma, 

ÖZET

Amaç:  Diz osteoartritinin (DOA) tedavisi için birçok yöntem vardır. 
Ancak özellikle konservatif tedaviler arasında eklem içi enjeksiyon 
yöntemlerinin birbirlerine üstünlüğü gösterilememiştir. Çalışma-
mızda, ozon tedavisi ve trombositten zengin plazmanın ağrı ve 
fonksiyonellik üzerindeki etkilerini karşılaştırmayı amaçladık.

Gereç ve Yöntem: Bu retrospektif klinik çalışmaya diz osteoartriti 
tedavisi için ozon ve trombositten zengin plazma (PRP) alan 30-70 
yaş arası hastalar dahil edildi. Her iki gruba da üç seans ultrason 
eşliğinde eklem içi enjeksiyon uygulandı. Hastaların yaş ve cinsiyet 
gibi demografik özellikleri kaydedildi. Ağrı tedaviden önce ve üç 
ay sonra sayısal derecelendirme ölçeği (NRS) ile, işlevsellik Wes-
tern Ontario ve McMaster Üniversiteleri Osteoartrit İndeksi (WO-
MAC) ile ve yaşam kalitesi Kısa Form-12 (SF-12) ile değerlendirildi.

Bulgular: Çalışmaya dahil edilen 54 hastanın yaş ortalaması 
58,53±8,25 yıl idi. İki grup arasında yaş, cinsiyet, tedavi öncesi NRS, 
WOMAC ve SF-12 değerleri açısından anlamlı bir fark bulunmadı. 
Hem ozon hem de PRP gruplarında tedavi sonrası NRS, WOMAC 
ve SF-12 değerlerinde tedavi öncesine göre anlamlı farklılıklar var-
dı. Ancak bu fark gruplar arasında anlamlı bulunmamıştır.

Sonuç: Hem PRP hem de ozon tedavisi DOA için etkili kısa süreli 
tedavilerdir. Birinin diğerinden daha etkili olduğuna dair bir kanıt 
saptanmamıştır.

Anahtar kelimeler: Diz osteoartriti, ozon, ağrı, trombositten zen-
gin plazma, yaşam kalitesi
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INTRODUCTION

Knee osteoarthritis (KOA) is a common degenerative joint 
disorder that leads to chronic pain and reduced function, 
particularly in older populations (1). With an estimated 
prevalence of 3.8%, KOA affects over 300 million people 
globally, a number expected to rise due to increased life 
expectancy and obesity rates (2-4).

Treatment approaches for KOA fall into two broad 
categories: conservative and surgical. Surgery offers a 
definitive solution but is typically reserved as a last resort 
due to its cost and higher risk of complications (5, 6). 
Among the conservative methods, intra-articular injections 
have gained attention although current research does not 
establish any one injection as superior. While many studies 
have focused on individual injectate, few have compared 
different types, such as ozone, platelet-rich plasma (PRP), 
corticosteroids, and hyaluronic acid. This gap often leaves 
clinicians to make treatment decisions based on experience 
rather than high-level evidence (7). This is because the 
study methods employed have often focused on the effect 
of a single injectate. The number of studies examining 
the comparative efficacy of intra-articular injection types, 
including ozone, PRP, corticosteroid, and hyaluronic acid, 
in terms of pain and functional status is limited (5). This lack 
of evidence-based research results in clinicians organising 
treatment plans based on their personal experiences 
rather than on treatments with a high level of evidence. In 
response, this study aimed to compare the efficacy of PRP 
and ozone therapy in managing KOA-related pain and 
functional impairment.

MATERIAL AND METHODS

This retrospective comparative study was conducted 
between August and September 2024 at the Physical 
Medicine and Rehabilitation Clinic of Şişli Hamidiye Etfal 
Training and Research Hospital. Ethical approval was granted 
by the Clinical Research Ethics Committee of Şişli Hamidiye 
Etfal Training and Research Hospital (Date: 09.07.2024, No: 
2691), and all participants provided informed consent.

The initial screening phase involved the evaluation of 72 
patients, aged between 30-70 years, who had presented at 
the outpatient clinic for the purpose of receiving treatment 
for KOA and had been administered an intra-articular 
injection as part of a PRP or ozone therapy between 
January and April 2024. Only patients diagnosed with 
stage 2 or 3 KOA, according to the Kellgren-Lawrence 
grading system. Patients with KOA flares, stages 1 or 4 
osteoarthritis, recent knee surgery or injections within 
the last three months, infections, malignancies, bleeding 
disorders, or cognitive impairments were excluded. 

Demographic and clinical data, including age, gender, 
occupation, gonarthrosis stage, and symptom duration, 

were collected through hospital records. Pain levels 
were recorded using the Numeric Rating Scale (NRS), 
functionality was assessed via the WOMAC index, and 
quality of life was evaluated using the Short Form-12 
(SF-12) before treatment and three months afterward. 
Patients were divided into two groups: one receiving 
intra-articular leukocyte-poor PRP and the other ozone 
therapy. Each group received three weekly injections 
administered under ultrasound guidance. The ozone 
group was given 15 μg/mL of ozone, delivered in 10 
cc volumes, while PRP was prepared using a two-step 
centrifugation process. In the PRP group, blood was 
drawn from the patients, placed in citrated tubes, and 
spun at low speed to separate platelets. After the first 
centrifugation, the plasma containing the platelets was 
transferred to new tubes and subjected to higher-speed 
centrifugation, after which the platelet-rich fraction was 
injected into the knee under ultrasound guidance, with 
the knee flexed at 20°.

Statistical analysis
Sample size calculations, with an alpha significance level 
of 0.05 and 95% power, indicated that at least 54 partici-
pants were required. Descriptive statistics included means, 
standard deviations, medians, minimums, maximums, fre-
quencies, and percentages. The Kolmogorov-Smirnov test 
was used to assess the data distribution. The Mann–Whit-
ney U test was applied to the independent quantitative 
variables, and the Wilcoxon and Student-t tests were used 
for the dependent data. The chi-square test and Fisher’s 
exact test were used to analyse qualitative data when the 
chi-square assumptions were unmet.

RESULTS

Of the 72 patients screened, 27 patients who met the inclu-
sion criteria were included in the PRP group, and 27 patients 
were included in the ozone group. Of the 18 patients exclud-
ed from the study, 12 had undergone ozone therapy and 6 
had received PRP. The retrospective data study revealed that 
no adverse effects were reported following the injection.

The average age of participants was 58.53±8.25 years. 
The ozone group had a mean age of 58.2±8.54, and the 
PRP group had a mean age of 58.9±8.11. Age differences 
between the groups were not statistically significant 
(p>0.05). In terms of gender, 49 patients (90.7%) were 
female and 5 (9.3%) were male, with no significant difference 
in gender distribution between the groups (p>0.05). Both 
groups showed no significant pre-treatment differences in 
NRS scores, WOMAC scores, Kellgren-Lawrence stages, 
or SF-12 mental and physical component scores (p>0.05).

Post-treatment results indicated significant improve-
ments in the ozone group across the NRS, WOMAC, 
and SF-12 physical and mental component scores 
(p<0.05). Similarly, the PRP group demonstrated signif-
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icant improvements in these same measures (p<0.05). 
However, when comparing the magnitude of change 
in the NRS and WOMAC scores between the groups, 
no statistically significant differences were identified 
(p>0.05). The only notable difference between the 
groups was found in the SF-12 mental component 
scores, where the ozone group saw a significant in-
crease, while the PRP group experienced a decrease, 
creating a statistically significant divergence between 
the two groups (p<0.05). These findings are sum-
marised in Table 1. 

DISCUSSION

This study highlights that both ozone therapy and PRP are 
effective in managing pain and improving functional sta-
tus in patients with KOA over the short term. Our findings 
indicate significant improvements in pain relief and func-
tionality after treatment in both groups, with no substantial 
evidence revealing that one therapy is more effective than 
the other. These results align with existing literature, in-
cluding a meta-analysis by Rahimzadeh et al., which found 
both treatments effective in the short term, although PRP 
demonstrated superior long-term outcomes for KOA (8). 
Similarly, Raeissadat et al.’s randomised clinical trial also 
supported our results, indicating that ozone therapy pro-
duces rapid relief, with comparable early-stage outcomes 
to PRP. However, in the later stages, PRP shows a tenden-
cy to yield more sustained benefits (3). This distinction is 
echoed in other research, such as a meta-analysis by Lin et 
al., where PRP outperformed other intra-articular therapies 
for treating KOA (5). 

In a study examining ozone therapy, Arias-Vazquez et al. 
observed a marked reduction in pain following intra-ar-
ticular ozone injections, although the improvements in 
functionality were temporary (9). Our study also demon-
strated significant improvements in pain and function, 
but as we only evaluated patients over a 3-month peri-
od, longer-term assessments are required to fully gauge 
these effects. In a meta-analysis comparing PRP with 
corticosteroids, which have proven their effectiveness in 
the treatment of KOA for years, although intra-articular 
corticosteroid injection and PRP showed similar effects 
in terms of pain and functionality in the early period, the 
superiority of PRP over corticosteroids was shown in the 
longer term, and this is thought to increase the effective-
ness of PRP as a treatment method (10). A study by Khuba 
et al. demonstrated that PRP is an effective treatment for 
pain reduction and functional improvement in early KOA, 
with benefits lasting up to six months after a single dose 
application (11). The effectiveness of PRP is influenced by 
numerous factors, such as the patient’s initial pain level, 
the concentration of white blood cells, and the platelet 
count in the prepared PRP. The researches show that a 
platelet concentration of at least 10 billion is required to 
achieve meaningful therapeutic effects in KOA (12, 13). 
In our study, PRP was prepared in line with these recom-
mendations, and the ozone doses administered also cor-
respond to those cited in the existing literature (14). 

Moreover, some studies have explored the combination 
of PRP and ozone therapy. For example, Dernek et al. 
found that combining these therapies resulted in simi-
lar improvements in pain and function as PRP alone, al-
though the ozone group reported reduced pain after in-
jections. This supports the idea that PRP is also effective 
as a monotherapy for KOA (15). 

Table 1: Comparison of the ozone and PRP groups in 
terms of pain, functionality, and quality of life

Ozone group 
(n=27)

Mean±SD

PRP group 
(n=27)

Mean±SD
p

Pre-treatment 
NRS for pain

7.52±0.753 7±0.877  

Post-treatment 
NRS for pain

5.89±1.739 5.22±1.761

Intra-group 
changes

mean  
difference: 2.00

mean  
difference: 2.00

0.483M

Intra-group p <.001W <.001W

Pre-treatment 
WOMAC

53.7±16.134 50.26±6.746  

Post-treatment  
WOMAC

44.22±15.2 42.15±12.654

Intra-group 
changes

mean  
difference: 9.00

mean  
difference: 8.41

0.614M

Intra-group p <.001W <.001W

Pre-treatment 
SF-12 PCS

33.47±5.722 34.27±6.087  

Post-treatment  
SF-12 PCS

37.02±7.871 39.35±6.732

Intra-group 
changes

mean  
difference: -3.55

mean 
difference: -5.46

0.400T

Intra-group p 0.019P <.001W

Pre-treatment 
SF-12 MCS

48.3±6.719 51.27±7.589  

Post-treatment  
SF-12 MCS

51.8±6.176 49.89±8.263

Intra-group 
changes

mean  
difference: -3.50

mean  
difference: 1.31

0.003M

Intra-group p 0.018P 0.011W  

NRS: Numeric Rating Scale, WOMAC: Western Ontario and Mc-
Master Universities Osteoarthritis Index, SF-12: Short Form-12, 
PCS: Physical Component Score, MCS: Mental Component Score, 
PRP: Platelet-Rich Plasma SD: Standard deviation, M: Mann–Whit-
ney U Test, T: Student-t Test, P: Paired T test, W: Wilcoxon Test
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One of the key limitations of this study is its short-term fol-
low-up period. Although our evaluations were performed 
three months post-treatment, longer-term studies are 
necessary to understand the sustained effects of both 
therapies. Additionally, this study was not a randomised 
controlled trial, and there was no blinding, which could 
introduce bias. Future studies should address these lim-
itations by employing randomised controlled designs 
with extended follow-up periods.

CONCLUSION

This study demonstrated that both PRP and ozone ther-
apy are effective short-term treatments for KOA, provid-
ing significant improvements in pain and functionality. 
No clear evidence demonstrates that one treatment is 
more effective than the other within the evaluated pe-
riod. However, further long-term studies are needed to 
assess whether the benefits of these therapies persist 
over time.
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ABSTRACT

Objective: The purpose of the current study was to investigate 
whether the traction-internal rotation X-ray used in proximal 
femur fractures actually alters the implant choice among 12 
different levels of expertise orthopaedic surgeons.

Material and Methods: The radiographs of 50 patients 
who were treated due to proximal femur fracture in our clinic 
were identified retrospectively. Twelve orthopaedic surgeons 
evaluated the patient X-rays in two different rounds, two weeks 
apart. Each observer was asked to independently examine the 
anteroposterior radiographs of both hips in the first round and 
the traction-internal rotation radiographs in the second round. 
Inter-observer agreement was determined using the Fleiss’ 
Kappa statistic, while intra-observer agreement was calculated 
using the Kappa statistic.

Results: A total of 50 patients with proximal femur fractures 
were included in our study. 26 of the patients were female (52%) 
and 24 (48%) were male. The average age of the participants 
was 70 (50±94). The implant options were as follows: total hip 
arthroplasty, hemiarthroplasty, proximal femur nail, long femur 
nail, 95° AO blade plate, anatomical plate, cannulated screw 
and dynamic hip screw. The intraobserver agreement was found 
to be moderate to substantial (κ=0.44-0.68) in consultant trauma 
surgeons, moderate in senior orthopaedic surgeons (κ=0.47-0.56) 
and fair to moderate (κ=0.24-0.59) in orthopaedic residents. The 

ÖZET

Amaç: Bu çalışmanın amacı, proksimal femur kırıklarında kulla-
nılan traksiyon-iç rotasyon röntgeninin, 12 farklı uzmanlık seviye-
sindeki ortopedik cerrahlar arasında implant seçimini gerçekten 
değiştirip değiştirmediğini araştırmaktır.

Gereç ve Yöntem: Kliniğimizde proksimal femur kırığı ne-
deniyle tedavi edilen 50 hastanın radyografileri retrospektif 
olarak belirlendi. Hasta röntgenleri 12 ortopedik cerrah tara-
fından iki hafta arayla iki farklı turda değerlendirildi. İlk tur-
da her gözlemciden her iki kalçanın ön-arka radyografilerini, 
ikinci turda ise traksiyon-iç rotasyon radyografilerini bağımsız 
olarak incelemeleri istendi. Gözlemciler arası uyum için Fleiss 
Kappa istatistiği, gözlemciler içi uyum için Cohen Kappa kat 
sayısı kullanıldı.

Bulgular: Çalışmamıza proksimal femur kırığı olan toplam 50 
hasta dahil edildi. Hastaların 26'sı (%52) kadın, 24'ü (%48) erkekti. 
Katılımcıların yaş ortalaması 70 (50±94) idi. İmplant seçenekleri 
total kalça artroplastisi, hemiartroplasti, proksimal femur çivisi, 
uzun femur çivisi, 95° AO blade plak, anatomik plak, kanüllü vida 
ve dinamik kalça vidası olarak belirlendi. Gözlemciler içi uyum 
danışman travma cerrahlarında orta ila önemli (κ=0,44-0,68), kı-
demli ortopedi cerrahlarında orta (κ=0,47-0,56) ve ortopedi asis-
tanlarında ortanın altı ve orta (κ=0,24-0,59) olarak saptandı. Göz-
lemciler arasında uyum ise  danışman travma cerrahları arasında 
orta ila önemli düzeyde (κ=0,56-0,62), kıdemli ortopedi cerrahlar 
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INTRODUCTION

Hip fractures are one of the most common trauma referrals 
to orthopaedic emergency departments (1). With the devel-
opment of technology, an increase in the incidence of hip 
fractures is observed because of the prolonged life expec-
tancy in the human population (1, 2). These hip fractures can 
occur in two different segments of the population (1). While 
a minority of the cases occurred in the younger generation 
usually caused by high-energy trauma, the major remaining 
part happened in the elderly due to numerous factors along 
with age-associated reduced bone quality (3). With the early 
diagnosis and correct treatment algorithm, this burden on 
the health system can be significantly reduced. 

Several methods exist in the classification of proximal 
femoral fractures based on plain radiographs, but none 
has been shown to be practical with satisfactory repro-
ducibility and reliability in literature reviews (4, 5).

In a suspected hip fracture, evaluation begins with a stan-
dard pelvis AP (anteroposterior) X-ray. In some clinics, 
cross table lateral is added in addition to the pelvis An-
teroposterior (AP) X-ray (1). In rare cases, CT and MRI are 
also used in some occult hip fractures (6). Recognising 
the pattern of the fracture on radiographs is essential to 
determine the surgical treatment. The affected limbs of 
patients with proximal femur fractures usually appear in 
a short and externally rotated posture. The position of 
the extremity, considering the natural anteversion of the 
femur, the fracture pattern can be difficult to understand. 
Therefore, traction-internal rotation projection corrects 
the femoral anteversion and aligns the fracture. 

Our aim in this study was to investigate whether the trac-
tion-internal rotation X-ray used in proximal femur frac-
tures actually alters the treatment plan among 12 differ-
ent levels of expertise orthopaedic surgeons.

MATERIAL AND METHODS

Study design and setting 
This single-centre retrospective study was performed in 
the Department of Orthopaedics and Traumatology with 
permission of İstanbul Faculty of Medicine Clinical Re-
search Ethics Committee (Date: 26.01.2024, No: 2).

Patient selection 
Patients with fractures of 31A1/2/3 and its subtypes ac-
cording to the new AO/OTA classification between 2022 
and 2023 were retrospectively analysed (7). Standard 
plain Pelvis AP, cross table lateral and AP traction- inter-
nal rotation radiograph of 50 randomly selected patients 
were chosen from our hospital database via the Picture 
Archive and Communication System (PACS) and formed 
into two electronic folders. Demographic data of these 
patients including age and gender were also recorded 
(Table 1).

Inclusion criteria:

     - Patients older than 18 years old

     - Patients with fractures of 31A1/2/3 and its subtypes

Exclusion criteria:

     - Patients younger than 18 years old

     - Patients with concomitant proximal and diaphyseal or 
distal femur fractures

     - Patients with femoral head fracture 

The techniques of the images are given below. 

AP pelvis (Figure 1a): Patient in supine position with the beam 
perpendicular to the pelvis and feet positioned in 15°-20° of 
internal rotation. 

Cross table lateral (Figure 1b): Patient in the supine po-
sition with the radiation beams parallel to the table, the 
unaffected hip is abducted and flexed to >80°. With the 
affected limb in 15o internal rota- tion, the X-ray tube is 
placed at the foot of the opposite extremity and the beam 
is parallel to the table and 45° to the extremity. 

inter-observer agreement was moderate to substantial between 
consultant trauma surgeons (κ=0.56-0.62), moderate agreement 
between senior orthopaedic surgeons and fair agreement 
between orthopaedic residents respectively (κ=0.45, κ=0.30).

Conclusion: Traction radiography is crucial in the proper 
classification of proximal femur fractures in accordance with 
the literature. This study shows that as professional experience 
increases, traction radiography increases the consistency in 
surgical implant selection.

Keywords: Hip fracture, traction-internal rotation X-ray, proximal 
femur 

arasında orta derecede ve ortopedi asistanları arasında ortanın 
altı düzeyde (κ=0,45, κ=0,30) idi.

Sonuç: Traksiyon radyografisi proksimal femur kırıklarının litera-
türe uygun olarak doğru sınıflandırılmasında önemlidir. Bu ça-
lışma mesleki deneyim arttıkça traksiyon radyografisinin cerrahi 
implant seçiminde tutarlılığı arttırdığını göstermektedir.

Anahtar kelimeler: Kalça kırığı, traksiyon-iç rotasyon röntgeni, 
proksimal femur

Table 1: Demographics of the patients

 Mean±SD Min-Max

Age, years 74.7±10 50-94

Gender, F/M 26/24 (52%-48%)

Side (R/L) 33/17 (66%-34%)

F: Female, M:Male, R: Right, L: Left
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Traction-internal rotation radiograph (Figure 1c): Patient in 
supine position with the beam perpendicular to the pelvis, 
the first assistant holds the patient from the armpits and 
the other assistant applies traction to the affected limb 
from the ankle until the limb length is equal to the other. 

The X-rays were prepared in the digital platform and 
sent to the participants by e-mail. The operation tech-
nique and implant choice were asked  participants with 
a 2-week interval. The operation techniques were con-
sisted of three different modalities including open reduc-
tion-internal fixation group such as Dynamic hip screw 
(DHS), Screw fixation, 95 or 130 AO Blade, Anatomical 
Proximal Femur plate, intramedullary nailing (Short or 

long Intramedullary Nailing), arthroplasty (Hemiarthro-
plasty or Total Hip Replacement) which formed the treat-
ment options.

Twelve observers were selected in accordance with their 
orthopaedic experience as following; five consultant 
trauma surgeons, three senior orthopaedic surgeons and 
four orthopaedic residents

In the first step, the fracture side was shown randomly to 
the twelve orthopaedic physicians via standard pelvis radio-
graph and asked their surgical options. In the second step, 
all radiographs were mixed in a randomised sequence and 
the traction-internal rotation X-rays were added next to the 
standard pelvis AP radiograph and showed the participants 
two weeks after the initial survey. In this step, we asked 
about their surgical options again. In this way, the surgical 
preferences of each observer were obtained twice, two 
weeks apart, regardless of their initial choice.

Statistical analysis
The statistical data were analysed using SPSS (Statistical 
Package for the Social Sciences) version 27.0 (IBM SPSS 
Corp., Armonk, NY, USA). The mean, minimum–max-
imum, standard deviation (SD), and percentage were 
used as descriptive statistics.The value of p<0.05 was 
considered statistically significant. Inter-observer agree-
ment was determined with The Fleiss’ Kappa statistic, 
while intra-observer agreement was calculated with the 
Kappa statistic (Cohen’s Kappa coefficient) in two time 
points (one month interval) individually (Table 2) (8).

RESULTS

A total of 50 patients with proximal femur fractures were 
included in our study. 26 of the patients were female 
(52%) and 24 (48%) were male. The average age of the 
participants was 70 (50–94) (Table 1). 

Figure 1a: Anteroposterior (AP) X-ray of the hip

Figure 1b: Cross-table lateral X-ray of the hip

Figure 1c: Traction- internal rotation X-ray of the hip
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The inter-observer analysis for the first and second ob-
servational points are shown in Table 3, respectively. The 
inter-observer agreement was moderate to substantial be-
tween the consultant trauma surgeons (κ=0.56-0.62) (Table 
3). On the other hand, moderate agreement was found 
between senior orthopaedic surgeons and fair agreement 
was found in orthopaedic residents respectively (κ=0.45, 
κ=0.30). When all the observers were taken into consid-
eration, the interobserver agreement was found to be fair.

Intra-observer analysis of all participants is given in Table 
4. The intra-observer agreement of the consultant trau-
ma surgeons was found to be moderate to substantial 
(κ=0.44-0.68) (Table 4).

The intra-observer agreement of orthopaedic surgeons 
was found to be moderate (κ=0.47-0.56) (Table 4).

The intra-observer agreement of orthopaedic residents 
was found to be fair to moderate (κ=0.24-0.59) (Table 4).

DISCUSSION

The most important finding of our study is that intra- and 
inter-observer agreement is higher in experienced ortho-
paedic surgeons (consultants and seniors) after the use of 
traction radiography in the treatment choice of proximal 
femur fractures. Diagnosing and classifying proximal fe-
mur fractures has a significant impact on determining the 
optimal method of treatment and the overall prognosis 
of the patient (9).

Dr. Witze identified the use of traction-internal rotation 
radiography in the diagnosis of hip fractures in 1974 (10). 
Although Dr. Witze originally identified it with its use of 
the diagnosis of subtle proximal femur fractures, it later 
began to be part of the standard radiographic series ob-
tained for hip fracture at several departments of ortho-
paedics and traumatology (11).

A number of studies examining the necessity of traction 
X-ray were found in the literature review (12-14). A study  
by Koval et al. reported that routine traction radiography 
in proximal femur fractures is more accurate in fracture 
classification. Moreover, they also stated that this has a 
direct impact on accurate surgical planning and implant 
choice (12). Even though their study was conducted with 
15 orthopaedic residents, in our study, fair agreement 
was found in the evaluation of implant selection with trac-
tion X-rays between resident physicians. A similar study 
was conducted by Khurana et al. in 2018 (13). X-rays were 
evaluated by 2 musculoskeletal radiologists. It was re-

Table 2: Kappa statistic agreement scores

Value of κ Agreement

<0 Poor agreement

0.00-0.20 Slight agreement

0.21-0.40 Fair agreement

0.41-0.60 Moderate agreement

0.61-0.80 Substantial agreement

0.81-1.00 Almost perfect agreement

Table 3: Inter-observer analyses for the comparison of 
the two observational points

Status
Fleiss’ kappa 

(95% CI)
Level of  

agreement

All observers

First assessment 0.32 (0.31-0.34) Fair

Second assessment 0.40 (0.37-0.41) Fair

Consultant trauma surgeons
(O-1, O-2, O-3, 0-4, and O-5)

First assessment 0.56 (0.60-0.69) Moderate

Second assessment 0.64 (0.6-0.68) Substantial

Senior orthopaedic surgeons
(O-6, O-7, and O-8)

First assessment 0.52 (0.43-0.60) Moderate

Second assessment 0.45 (0.37-0.54) Moderate

Orthopaedic residents
(O-9, O-10, O-11, and O-12)

First assessment 0.32 (0.26-0.37) Fair

Second assessment 0.30 (0.23-0.35) Fair

Table 4: Intra-observer analyses for the comparison of 
the two observational points
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O-11 0.42 Moderate

O-12 0.28 Fair
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ported in the study that traction radiography increased 
accuracy in proximal femur fracture classification even 
among radiologists. On the other hand, the  universal 
classification of pertrochanteric fractures is the AO/OTA. 
Two recent studies were published about the reliability of 
the classification (15, 16). Both studies revealed that inter-
nal rotation traction X-rays did not improve the reliabili-
ty of the new AO/OTA classification for pertrochanteric 
fractures as assessed by inter- and intra-observer agree-
ment between different levels of expertised surgeons. 

The unique aspect of our study was to examine the ef-
fects of traction X-rays on surgical implant choice among 
three groups of orthopaedic surgeons. Traction X-rays 
are important to distinguish whether the fracture is stable 
or unstable, especially in proximal femur fractures. Based 
on the literature, while DHS and intramedullary nails can 
be applied to stable fractures, intramedullary devices are 
more preferred for unstable fractures due to their biome-
chanical superiority (17, 18). A recent study similar to ours 
was conducted by Garcia-Serrano et al (14). In their study, 
3 different groups of orthopaedic physicians (residents, 
seniors and trauma specialists) evaluated the necessity of 
traction radiography and found that traction X-rays can 
be used to modify the choice of the implant in pertro-
chanteric fractures.

Our study has some limitations. First, it is a retrospective 
study with a relatively small number of each type of frac-
ture and not all the subgroups in the AO classification 
were included. This may have created a selection bias. 
Second, as it is known, lateral wall competency is a crite-
rion for instability of the proximal femur fractures and is 
not taken into account when choosing an implant by the 
participants. Third, the interpretation was not based on 
computed tomography images, and the misdiagnosis of 
the classification may have affected the implant selection. 

CONCLUSION

The accurate diagnosis of proximal femoral fractures is 
important in selecting the optimal surgical treatment. 
This study shows that traction radiography increases the 
agreement of implant selection of the proximal femur 
fractures, especially among experienced trauma sur-
geons. In this way, it becomes an important guide in the 
treatment algorithm.
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ABSTRACT

Objective: We aimed to determine the risk perceptions of women 
with risky pregnancies. This study aimed to enhance and reevalua-
te their risk perceptions after providing education about their risks.

Material and Methods: This educational intervention study aimed 
to engage 336 pregnant women out of a 2,664 population with 
high-risk pregnancies in Adıyaman, Türkiye. In total, 444 preg-
nant women participated in the study. Participants completed the 
sociodemographic questionnaires, a pregnancy risk perception 
assessment, and a knowledge assessment related to pregnancy 
risks. The questionnaires were administered twice: once before 
the educational intervention and again 2-4 weeks after the inter-
vention, allowing us to measure the effectiveness of the education. 

Results: After the educational intervention, pregnant women de-
monstrated a significant increase in both their risk knowledge and 
risk perception scores (p<0.001). Furthermore, we observed a po-
sitive correlation between knowledge scores and age (p<0.001) as 
well as first gestational age (p<0.001), while a negative correlation 
was found with gestational age (p=0.003). Additionally, a positive 
correlation emerged between the risk perception score and age 
(p=0.008) and the number of obstetrician visits (p=0.024). 

Conclusion: To enhance the risk perception, it is crucial to provide 
them with specialised education on this subject. This is imperative 
because every woman with a high-risk pregnancy is not only vul-
nerable to maternal mortality but also places her infant at a higher 
risk of infant mortality.

Keywords: Risk perception, risky pregnancy, educational interven-
tion, maternal health

ÖZET

Amaç: Bu çalışmada riskli gebelerin risk algılarını belirleme amaç-
landı. Çalışma, verilecek eğitim sonrasında risk algısını tekrar de-
ğerlendirmeyi ve risk algısını geliştirmeyi amaçlamıştır.

Gereç ve Yöntem: Bu eğitim müdahale çalışmasında, Adıyaman’da 
riskli gebeliği olan 2.664 kadından en az 336'sına ulaşmak amaçlandı. 
Toplamda 444 kadın çalışmaya katıldı. Katılımcılara, sosyodemografik 
bilgilerini içeren anket ile birlikte gebelik risk algısı ve riskleri ile ilgili 
anketler uygulandı. Anketler, eğitim müdahalesinden önce ve müda-
haleden 2-4 hafta sonra olmak üzere iki kez uygulanarak eğitimin risk 
algısı üzerinde etkinliği değerlendirildi. 

Bulgular: Eğitim müdahalesinden sonra, katılımcıların risk bilgisi 
ve risk algısı puanlarında anlamlı bir artış görüldü (p<0.001). Ay-
rıca, bilgi puanları ile yaş (p<0.001) ve ilk gebelik yaşı (p<0.001) 
arasında pozitif bir korelasyon gözlemlendi, buna karşın gebelik 
haftası ile negatif bir korelasyon bulundu (p=0.003). Ek olarak, risk 
algısı puanı ile yaş (p=0.008) ve obstetrik ziyaret sayısı (p=0.024) 
arasında pozitif bir korelasyon saptandı.

Sonuç: Gebe kadınların risk algısını artırmak için bu konuda onla-
ra özel eğitim sağlamak çok önemlidir. Bu, yüksek riskli gebeliği 
olan her kadının sadece anne ölümlerine karşı savunmasız olmakla 
kalmayıp, aynı zamanda bebeğini de bebek ölümleri riski altında 
bırakması nedeniyle gereklidir.

Anahtar kelimeler: Risk algısı, riskli gebelik, eğitim müdahalesi, 
anne sağlığı
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INTRODUCTION

Risk is the presence of variables that elevate the likeli-
hood of adverse outcomes. Risk perception, on the other 
hand, refers to an individual’s anticipation of the occur-
rence of an event associated with risk (1). From an alterna-
tive perspective, risk perception assesses the likelihood 
of harm in the absence of precautions (2). Risk perception 
plays a pivotal role in shaping individuals’ health-related 
decisions and behaviours. Typically, individuals tend to 
perceive themselves as being at a lower risk than others 
in similar risk circumstances (1).

Pregnancy and childbirth inherently pose risks due to 
the physiological changes that affect a woman’s body 
during this period. A pregnancy is considered high-risk 
if any medical or obstetric condition arises that threatens 
the health of either the mother or the fetüs (3). Globally, 
around 20 million women experience high-risk pregnan-
cies, and tragically, over 800 of these women lose their 
lives to perinatal complications every day (4). The inci-
dence of high-risk pregnancies varies from 6% to 33% 
worldwide and is influenced by regional factors (5). In 
Türkiye, approximately one-third of pregnancies fall into 
this high-risk category (6).

Among the complications that can arise during preg-
nancy, preeclampsia affects 5%–10% of all pregnan-
cies worldwide. The primary objective for women with 
high-risk pregnancies is to mitigate maternal and infant 
mortality through comprehensive antenatal care, time-
ly management, treatment, and specialised care during 
childbirth and the postpartum period (5). Recent studies 
in Türkiye have revealed a shift in age-specific fertility 
rates, with the highest rates now occurring in the 25-29 
age group, signifying an increase in maternal age as a 
notable risk factor (6, 7). Even with essential information 
from healthcare professionals, individual and social fac-
tors can alter a pregnant woman’s perception of risk (7). 
Early-stage education to enhance risk perception among 
women with high-risk pregnancies can help prevent com-
plications for the mother and baby during pregnancy and 
the postpartum period.

In this study, our objective was to visit the pregnant wom-
en mentioned earlier in their residences. During these 
visits, we aimed to provide information about potential 
risks, conduct diagnostic procedures such as blood pres-
sure and blood glucose measurements, and, in cases 
of non-compliance (for those not attending regular ap-
pointments or failing to follow healthcare professionals’ 
guidance), involve a family member to the follow-ups. 
The study’s primary focus was to assess the risk percep-
tions of pregnant women with high-risk conditions and 
examine how their risk perceptions changed after the re-
ceipt of educational interventions.

MATERIAL AND METHODS

This educational intervention study took place in Adıya-
man province and its districts within the southeast Ana-
tolia region of Türkiye from October to December 2022.

Sample size
High-risk pregnancies are reported to the Provincial 
Health Directorate by family physicians. In Adıyaman 
province, which includes its districts, 5,790 pregnant 
women were found. Of these, 2,664 (46%) were classi-
fied as high-risk. This study focused on the population 
of 2,664 pregnant women who were considered high-risk 
due to factors such as comorbid diseases (hypertension, 
asthma, heart conditions, etc.), economic status, history 
of miscarriage, multiparity, or having had their last preg-
nancy within the last two years.

Sample size was determined using a specific universe 
sampling method. Based on this formula, we assumed 
that 50% of pregnant women had a certain level of risk 
perception, with a target of 336 pregnant women with 
high-risk pregnancies. In this study, we successfully en-
rolled 464 pregnant women who volunteered to partici-
pate. Unfortunately, no second visit could be conducted 
for 20 women due to the conclusion of their pregnancies 
or a change of residences. The sampling method was a 
stratified simple sampling method, with districts serving 
as strata, and the number of high-risk pregnant women in 
each district was considered.

Study design and procedures
In this study, pregnant women at risk were diagnosed, and 
researchers, all of whom were physicians, conducted resi-
dential visits to these women. After obtaining their consent, 
a questionnaire developed by the researchers following a 
literature review was administered to the at-risk pregnant 
women via face-to-face interviews. Following the question-
naire, a 30-minute educational session on pregnancy risks 
was provided. An informative document summarising con-
tent from the Ministry of Health’s Pregnancy Information 
Class Training Book was also given to pregnant women 
during the visits. Each participant was revisited approxi-
mately 2-4 weeks after the initial visit, and the questionnaire 
was completed once again by each participant.

Data collection tools
Personal information form
The personal information form, designed by the research-
ers following a literature review, encompassed inquiries 
related to both sociodemographic characteristics (such 
as age, occupation, educational status, area of residence, 
family type, duration of marriage, etc.), obstetric charac-
teristics about previous pregnancies (including the total 
number of pregnancies, total number of births, number 
of living children, incidents of stillbirth), and current preg-
nancy (folic acid use, and history of miscarriage).
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Perception of pregnancy risk questionnaire (PPRQ) 
The risk perception scale, initially developed by Heaman 
and Gupton, was adapted to Turkish by Evcili and Dağlar 
(8, 9). While the original scale comprises 11 items, the 
Turkish version comprises nine items. This visual analog 
scale employs a linear range from 0 to 100 mm, with the 
descriptors “no risk at all” to “extremely high risk” for 
each item. The Cronbach’s alpha coefficient for the en-
tire scale was 0.84 in the original version and 0.87 in the 
current study. The scale is structured into two factors: the 
perception of risk to baby,’ consisting of five items, and 
the perception of risk to self,’ consisting of four items.

The total scale scores and their factors were calculated by 
summing the item scores and dividing by the respective 
number of items. There are no specific cut-off points on 
the scale. An increase in the scale score indicates an ele-
vated risk perception for both the pregnant woman and 
her baby (9).

Risk knowledge of pregnant women
The questionnaire, developed by the researchers, includ-
ed questions about various medical conditions that may 
arise during pregnancy. Participants were asked seven 
short-answer questions related to hypertension, high 
blood glucose, anaemia, cardiac arrhythmia, dyspnoea, 
extremity oedema, and proteinuria. Each correct answer 
was assigned a score of 1 point, while incorrect answers 
received 0 points. The total score for these questions 
ranged from 0 to 8, with no specific cut-off point; a higher 
score indicated greater knowledge. The Cronbach’s al-
pha value for this study was 0.78.

Ethical approval
Ethical approval for the study was obtained from the 
Non-Interventional Research Ethics Committee of Fırat 
University (Date: 01.09.2022, No:2022/10-25). Written 
administrative permission was obtained from Adıyaman 
Provincial Health Directorate with the date 21.09.2022 
and the number E-13389845-771. The study followed the 
principles outlined in the Declaration of Helsinki. 

Statistical analysis
Analysis of the data was performed using the Statistical 
Package for Social Sciences 22 package program (IBM 
SPSS Corp., Armonk, NY, USA). In this study, descriptive 
data were presented as n and percentile values for cate-
gorical data, while they were shown as mean±standard 
deviation (Mean±SD) values for continuous data. Chi-
square analysis (Pearson Chi-square) was used to com-
pare categorical variables between groups. The Kolm-
ogorov-Smirnov test was used to evaluate whether the 
continuous variables had a normal distribution. Student’s 
t-test was used for normally distributed variables, and the 
Mann–Whitney U test was used for non-normally distrib-
uted variables for comparison of the paired groups. The 
Pearson correlation test was used for normally distributed 

variables and the Spearman’s correlation test for non-nor-
mally distributed variables to examine the relationship 
between continuous variables. The paired samples t-test 
was used for those with normal distribution and the Wil-
coxon test for those without normal distribution to com-
pare scores before and after education. A Linear Regres-
sion analysis was conducted to identify the predictors of 
the Perception of Pregnancy Risk Questionnaire (PPRQ) 
score and the Risk Knowledge of the Pregnant Women 
scale score. The Enter method was used to construct the 
model, and variables that showed significant differences 
in previous analyses were included in the model. The sta-
tistical significance level in the analysis was set as p<0.05.

RESULTS

A total of 444 pregnant women at high risk, with an av-
erage age of 31.8±6.5 years (range: 18-53), participated 
in the study. Among them, 60.8% were under 35 years of 
age. The majority (84.2%) of these women were house-
wives, and 58.1% had at least a secondary school educa-
tion. In terms of residence, 58.3% of the pregnant women 
lived in the city centre, and 86.5% were from nuclear fam-
ilies. More than half (55%) of the pregnant women report-
ed income below the minimum wage. Regarding obstet-
ric history, 4.5% had experienced infant loss, 5.9% had a 
history of stillbirth, 34.9% had suffered a miscarriage, and 
14.6% had an abortion. The participants’ healthcare prac-
tices included tetanus vaccination (59.5%), folic acid use 
(87.2%), iron supplementation (87.2%), and vitamin D in-
take (82.2%). Of the participants, 79.1% received informa-
tion about high-risk pregnancies from family physicians, 
midwives, or obstetricians, and 84.3% considered this 
information during their pregnancies. Notably, 66.9% of 
the women reported that their pregnancies were planned 
(Table 1).

The mean age at the time of the first pregnancy was 
24.1±5.0 years, with a range of 18–42 years. The current 
mean gestational week was 22.6±9.6. For prenatal care, 
the women made an average of 2.3±1.5 visits to their 
family physician and 4.5±2.7 visits to the gynaecologist.

Among participants, those who were 35 years or older, 
employed other than as housewives, had a high school 
education or higher, resided in the province, had an in-
come at or above the minimum wage, who were married 
for more than five years, experienced infant deaths, had 
stillbirths, received tetanus vaccination, used folic acid, 
iron, and vitamin D, were informed about high-risk preg-
nancies, and had planned pregnancies exhibited signifi-
cantly higher knowledge scores and PPRQ total scores 
(p<0.05). Additionally, participants from nuclear families 
had a higher PPRQ total score (p=0.008), while no signif-
icant difference was found in terms of knowledge scores 
(p=0.854) (Table 2).
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Table 1: Characteristics of women with high-risk pregnancies

Number %

Age <35 270 60.8

≥35 174 39.2

Occupation Housewife 374 84.2

Other 70 15.8

Educational status Secondary school or below 258 58.1

High school or above 186 41.9

Living place City centre 259 58.3

Town/village 185 41.7

Family type Nuclear family 384 86.5

Extended family 60 13.5

Total family income Minimum wage 244 55.0

Minimum wage or above 200 45.0

Duration of marriage(years) ≤5 174 39.2

>5 270 60.8

Infant death Yes 20 4.5

No 424 95.5

Number of pregnancies ≤2 176 39.6

>2 268 60.4

Number of births ≤2 323 72.7

>2 121 27.3

Has a child Yes 352 79.3

No 92 20.7

Stillbirth Yes 26 5.9

No 418 94.1

Miscarriage Yes 155 34.9

No 289 65.1

Abortion Yes 65 14.6

No 379 85.4

Tetanus vaccination status Yes 264 59.5

No 180 40.5

Folic acid use Yes 387 87.2

No 57 12.8

Iron use Yes 361 87.2

No 53 12.8

Use of vitamin D Yes 336 82.2

No 73 17.8

The status of being briefed about a risky pregnancy 
by a family doctor, midwife or obstetrician)

Yes 351 79.1

No 93 20.9

Status of the following advice regarding these risks Yes 296 84.3

No 55 15.7

Planned pregnancy Yes 297 66.9

No 147 33.1
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Table 2: Comparison of pre-educational knowledge and PPRQ scale scores among women with risky pregnancies 
according to various parameters

Knowledge  
score

PPRQ- 
risk to baby

PPRQ  
risk to self

PPRQ- 
total

Mean±SD p* Mean±SD p** Mean±SD p** Mean±SD p**

Age <35 5.2±2.9
<0.001

27.6±16.4
0.399

33.8±17.9
0.003

30.3±15.4
0.043

≥35 6.3±2.5 29.0±18.4 39.0±18.7 33.5±16.6

Occupation Housewife 5.4±2.9
0.012

27.3±15.7
0.066

34.6±17.6
0.001

30.5±14.6
0.015

Other 6.8±1.9 32.7±23.2 42.4±21.1 37.0±20.9

Educational  
status

Secondary 
school or 
below

5.3±3.0
0.009

26.2±14.7
0.008

33.5±17.2
0.002

29.5±13.8
0.002

High school 
or above

6.1±2.5 30.8±19.9 39.0±19.5 34.4±18.1

Living place City centre 5.9±2.5
0.025

30.0±18.2
0.008

38.3±19.0
0.001

33.7±16.9
0.001

Town/village 5.2±3.1 25.6±15.5 32.4±16.9 28.6±14.0

Family type Nuclear 
family

5.6±2.8
0.854

28.7±17.6
0.062

36.8±18.5
0.003

32.3±16.2
0.008

Extended 
family

5.6±3.0 24.3±14.4 29.3±15.8 26.5±12.8

Total family 
income

< Minimum 
wage

5.4±2.9
0.037

25.9±16.3
0.003

34.0±18.1
0.021

29.5±15.4
0.003

≥ Minimum 
wage

5.9±2.6 30.8±17.9 38.1±18.5 34.0±16.3

Duration of  
marriage (years)

≤5 4.9±3.1
<0.001

25.4±13.7
0.004

32.5±17.3
0.002

28.6±13.3
0.001

>5 6.1±2.5 29.9±18.9 38.0±18.8 33.5±17.1

Infant death Yes 6.8±2.2
0.041

44.1±29.4
0.02

51.9±25.9
0.009

47.6±26.7
0.011

No 5.6±2.8 27.4±16.1 35.1±17.6 30.8±14.9

 Stillbirth Yes 6.2±2.5
0.026

39.0±28.3
0.004

46.2±25.3
0.005

42.2±25.4
0.003

No 5.6±2.8 27.5±16.1 35.2±17.7 30.9±14.9

Tetanus  
vaccination status

Yes 6.0±2.5
0.008

30.5±18.0
0.001

37.7±18.6
0.009

33.7±16.5
0.001

No 5.1±3.1 24.7±15.4 33.1±17.8 28.4±14.6

Folic acid use  Yes 5.8±2.7
0.005

29.1±17.5
0.001

36.7±18.4
0.012

32.4±16.0
0.002

No 4.5±3.3 21.9±13.5 30.1±17.6 25.5±13.8

Iron use Yes 5.7±2.7
<0.001

29.6±17.7
0.023

37.1±18.7
0.005

32.9±16.3
0.005

No 3.9±3.0 23.8±13.7 29.5±15.5 26.3±13.2

Use of vitamin D Yes 5.7±2.8
<0.001

29.7±17.9
0.04

37.4±19.0
0.006

33.1±16.5
0.008

No 4.3±2.8 25.2±14.0 30.8±15.5 27.7±13.4

Briefed on risky 
pregnancy

Yes 5.9±2.6
0.007

29.9±17.6
<0.001

38.2±18.0
<0.001

33.5±15.9
<0.001

No 4.7±3.3 21.6±13.9 27.0±17.0 24.0±13.6

Planned  
pregnancy

Yes 6.1±2.5
<0.001

30.1±18.4
<0.001

37.5±19.2
0.004

33.4±16.9
<0.001

No 4.7±3.2 24.2±13.8 32.5±16.1 27.9±13.0

*:Mann–Whitney U test, **:Student’s t-test was used, PPRQ: Perception of pregnancy risk questionnaire
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According to the multiple linear regression analysis re-
sults, the predictors of the Knowledge scale score were as 
follows: not being a housewife (β=0.785, p=0.042), having 
a high school education or higher (β=0.678, p=0.023), be-
ing married for more than five years (β=0.935, p=0.002), 
having a planned pregnancy (β=1.048, p<0.001), and re-
ceiving a tetanus vaccination during pregnancy (β=0.880, 
p=0.002) (Table 3). 

The predictors of the PPRQ total score were being 
briefed by healthcare professionals about high-risk preg-
nancy (β=5.737, p=0.003), having a planned pregnancy 
(β=3.244, p=0.048), and experiencing stillbirth (β=10.759, 
p=0.005) (Table 4).

There were positive and negative significant correlations 
between knowledge score and age and first gestation-
al age, and a significant negative correlation between 
knowledge score and gestational week. A positive sig-
nificant relationship was found between the PPRQ-risk to 
baby score and the PPRQ-risk to self-score, gestational 
age, and number of visits to the obstetrician for pregnan-
cy follow-up. A significant positive correlation was found 
between PPRQ risk and self-score and age. There was a 
low significant positive correlation between the PPRQ-to-
tal score and age and the number of visits to the obstetri-
cian for pregnancy follow-up (Table 5).

The scores of Knowledge, PPRQ-risk for babies, PPRQ-
risk for self-factors, and the PPRQ-total scale of women 
with risky pregnancies increased significantly after the 

education (p<0.001) (Figure 1). When evaluating the lev-

els of increase, after the training, the scores showed an 

increase of 12.5% in Knowledge, 92.8% in PPRQ-risk for 

the baby, 64.5% in PPRQ-risk for the self, and 78.1% in the 

PPRQ-total scale.

Table 3: Linear regression analysis of the pre-educational Knowledge Score according to various parameters

Knowledge score (R2=0.205; F=6.730; p<0.001)

β SE Standart β t p

Over 35 years old 0.535 0.298 0.092 1.798 0.073

Employed 0.785 0.385 0.102 2.042 0.042

High school or above 0.678 0.298 0.119 2.275 0.023

Resided in city centre 0.445 0.276 0.078 1.615 0.107

Income exceeding the minimum wage 0.095 0.277 0.017 0.343 0.732

Had an infant death -0.022 0.745 -0.002 -0.030 0.976

Married for over five years 0.935 0.293 0.162 3.196 0.002

Use of iron supplements 0.508 0.512 0.060 0.992 0.322

Folic acid used 0.227 0.407 0.027 0.557 0.578

Vitamin D 0.287 0.437 0.039 0.658 0.511

Briefed about risky pregnancy 0.312 0.331 0.045 0.941 0.347

Had a planned pregnancy 1.048 0.285 0.176 3.678 <0.001

Had a stillbirth 0.246 0.667 0.021 0.368 0.713

Tetanus vaccination 0.880 0.278 0.151 3.162 0.002

R²: Coefficient of Determination, F: F-statistic, β: Unstandardised Coefficient, SE: Standard Error, Standard β: Standardised Beta Coefficient

Figure 1: Knowledge and PPRQ scale scores of women 
with risky pregnancies before and after education
PPRQ: Perception of the pregnancy risk questionnaire
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Table 5: Correlation between pre-educational knowledge score and PPRQ scale scores of women with risky 
pregnancies with the measurement parameters

Knowledge
PPRQ- 

risk to baby
PPRQ  

risk to self
PPRQ- 
total

PPRQ-risk to baby r* -0.074

P** .0120

PPRQ risk to self r -.0019 0.548

p 0.683 <0.001

PPRQ-total r -0.050 0.876 0.872

p 0.297 <0.001 <0.001

Age r 0.237 0.040 0.189 0.125

p <0.001 0.401 <0.001 0.008

First gestational age r 0.112 -0.047 0.078 0.014

p 0.018 0.319 0.100 0.765

Gestational week r -0.142 0.096 0.038 0.075

p 0.003 0.042 0.430 0.115

Number of visits to the Family Physician  
for pregnancy follow-up

r 0.013 0.067 0.030 0.064

p 0.789 0.161 0.527 0.182

Number of visits to the Obstetrician and 
Gynaecologist for pregnancy follow-up

r -0.029 0.123 0.066 0.107

p 0.541 0.010 0.167 0.024

*: Spearman Correlation Analysis Test were used, r*: Correlation coefficient, p**: Statistical significance, PPRQ: Perception of the pregnancy 
risk questionnaire

Table 4: Linear Regression Analysis of the pre-educational Total PPRQ Score according to various parameters

PPRQ total score (R2=0,199; F=6.491; p<0.001)

β SE Standart β t p

Over 35 years old 1,431 1,708 0.043 0.838 0.403

Employed 1,354 2,206 0.031 0.614 0.540

High school or above 2,461 1,709 0.075 1.440 0.151

Resided in the province 2,164 1,583 0.066 1.367 0.172

Nuclear family 2,998 2,177 0.064 1.377 0.169

Income exceeding the minimum wage 2,057 1,587 0.064 1.296 0.196

Had an infant death 5,597 4,276 0.073 1.309 0.191

Married for over five years 3,237 1,678 0.098 1.929 0.055

Use of iron supplements 1,288 2,939 0.027 0.438 0.661

Folic acid used 3,598 2,335 0.074 1.541 0.124

Vitamin D 0,470 2,505 0.011 0.188 0.851

Briefed about risky pregnancy 5,737 1,901 0.145 3.019 0.003

Had a planned pregnancy 3,244 1,634 0.095 1.986 0.048

Had a stillbirth 10,759 3,826 0.160 2.812 0.005

Tetanus vaccination 1,446 1,597 0.043 0.905 0.366

PPRQ: Perception of the pregnancy risk questionnaire, R²: Coefficient of Determination, F: F-statistic, β: Unstandardised Coefficient, SE: 
Standard Error, Standard β: Standardised Beta Coefficient
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DISCUSSION

This study looked into what affects how women with high-
risk pregnancies perceive the risks they face. Earlier re-
search shows that many pregnant women tend to under-
estimate these risks and may not have all the necessary 
information, emphasising the need for better education 
programs (10). Research shows that when healthcare pro-
fessionals provide detailed and thorough information, 
women with high-risk pregnancies tend to have a clearer 
understanding of the risks they face (11-13). Additional-
ly, regular physician visits tend to reduce anxiety, foster 
trust between patients and healthcare providers, and 
potentially induce changes in patient behaviours (13). In 
our study, we found a positive correlation between the 
number of visits to Obstetrics and Gynaecology Special-
ists and both risk perception and knowledge scores. This 
suggests that pregnant women who perceive a higher 
risk tend to visit specialists more frequently. Converse-
ly, there was no observed relationship between family 
physician visits and either risk perception or knowledge 
scores. This indicates that primary care follow-ups might 
not be effectively providing the necessary information to 
women with high-risk pregnancies. Therefore, targeted 
interventions are needed to improve the awareness and 
competence of primary care professionals in managing 
high-risk pregnancy issues. In Türkiye, pregnant women 
typically have four follow-up appointments with their 
family physician, whereas those with high-risk pregnan-
cies attend seven. However, studies show that there is no 
link between the number of family physician visits and 
women’s risk perception an area that clearly warrants fur-
ther research.

Studies conducted by Gerend et al. in 2004, focusing on 
pregnant women with chronic diseases, and by Kim et 
al. in 2007, involving pregnant women with a history of 
gestational diabetes, revealed no significant correlation 
between knowledge scores and risk perception (14, 15). 
Our study yielded similar findings, reinforcing the need 
for tailored educational content, particularly addressing 
risk perception, for women facing high-risk pregnancies.

According to the American CDC, the rate of pregnancies 
among women aged over 35 years increased to 23% in 
2014, compared with 9% in 2000. A study that compared 
risk perception between pregnant women aged 18 years 
and those aged 18 to 35 found that those under 18 had a 
significantly higher risk perception than their older coun-
terparts (16). Another study involving nulliparous women 
revealed a correlation between age, knowledge scores, 
and risk perception (10). In the present study, we found 
that the knowledge scores and risk perceptions of preg-
nant women older than 35 years were higher than those 
of women younger than 35 years. Given that being un-
der 18 years old and over 35 years old are recognised as 

risk factors for pregnancy, it appears that the risk status 
of pregnant women and their risk perceptions are inter-
linked.

In a study conducted in Nepal, the risk perception of preg-
nant women with a history of infant death and those with 
complicated obstetric histories was found to be higher 
(1). Similarly, Silva et al. conducted a study in 2021, which 
revealed higher risk perceptions among pregnant wom-
en who had experienced an incomplete pregnancy, had 
infants in the neonatal intensive care unit, or experienced 
infant loss (12). The present study found that knowledge 
scores and risk perceptions were higher among pregnant 
women who had experienced a previous miscarriage or 
infant loss than among those who had not.

In their study, Bayrampour et al. also observed a decrease 
in risk perception as the gestational age progressed, a 
trend consistent with our current findings (10). However, 
another study conducted in Türkiye in 2024 found that 
risk perception increased as the week of pregnancy pro-
gressed (17). This observation may be associated with the 
increasing belief and optimism among pregnant women 
who tend to become more confident in their pregnancy 
as their pregnancy advances towards a positive outcome.

Studies conducted in Nepal in 2021 and by Papiernik et 
al. in 1997 identified a correlation between socioeco-
nomic status and risk perception and knowledge scores 
(1, 18). Our study yielded similar results. However, in 
Heaman and Gupton’s 2009 study, no such correlation 
was found (8). Despite the increased accessibility to infor-
mation, risk perception may require specific interventions 
tailored to enhance this perception rather than mere ac-
cess to information.

Although research on pregnant women’s risk perceptions 
is relatively limited, the findings in the existing literature 
are mixed. For instance, a 2024 study in Türkiye found 
that pregnant women’s risk perception decreased follow-
ing health literacy training (19). In contrast, a 2020 study 
in the United States demonstrated a significant increase 
in pregnant women’s risk perception after training com-
pared to those who did not receive any training (20). Sim-
ilarly, a 2015 study in Iran reported a substantial increase 
in pregnant women’s risk perception post-training (21). In 
this study, we observed a significant increase in the preg-
nant women’s perceived risk for themselves and their ba-
bies after the training. However, their level of knowledge 
did not significantly predict their risk perception before 
the training, nor did it show a noteworthy increase after-
ward. These findings suggest that pregnant women’s risk 
perception may not be directly influenced by the amount 
of knowledge they possess and underscore the need for 
targeted educational interventions explicitly aimed at en-
hancing risk perception.
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Due to the educational sessions being conducted at the 
participants’ residences, creating an ideal learning environ-
ment is not always possible. Additionally, there may have 
been a potential recall bias in the study because the partici-
pants were asked to provide retrospective survey responses. 
Lastly, the lack of a control group in the study is a limitation.

CONCLUSION

In developing countries, a significant proportion of pregnan-
cies are classified as high risk, primarily due to factors like 
advancing maternal age and the increasing prevalence of 
chronic diseases. Despite improved access to information, 
the correlation between knowledge scores and risk percep-
tion remained modest. Therefore, comprehensive monitor-
ing of women with high-risk pregnancies during both the 
pregnancy and postpartum phases is crucial for the well-be-
ing of both mothers and their infants. Expanding education 
and awareness regarding risk perception is essential to em-
power pregnant women to actively engage in risk perception.
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ABSTRACT

Objective: The term "triple-negative breast cancer" (TNBC) is 
used to describe tumours that do not express oestrogen receptor 
(ER), progesterone receptor (PR), or human epidermal growth 
factor receptor 2 (HER2). TNBC tends to be more aggressive than 
other types of breast cancer. Current antineoplastic drugs have 
limited treatment options for malignant breast cancer owing to 
their narrow therapeutic index, toxicity, resistance, and non-
selectivity. Therefore, there is a need for the prompt development 
of new medicinal drugs for TNBC. Here, we investigated the growth 
inhibition potential of carmofur-bonded silver nanoparticles 
(AgNPs-Car) on two TNBC cell lines, MDA-MB-231 and 4T1, and 
compared the effects with non-cancerous Human umbilical vein 
endothelial cells (HUVECs). 

Material and Methods: AgNPs-Car were synthesised and chara-
cterised by FTIR, DLS, SEM, and EDX. The anticancer effect was 
evaluated using a 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazo-
lium Bromide (MTT) assay. 

Results: AgNPs-Car was determined to be predominantly more 
effective than Car alone. Mainly, 4T1 cells were 5.7-fold more 
sensitive to AgNPs-Car than Car alone. While AgNPs showed no 
considerable toxicity on HUVECs, they significantly induced the 
cytotoxicity of MDA-MB-231 and 4T1 cells. 

Conclusion: Our results showed that AgNPs-Car is a promising 
anticancer agent due to its highly potent and selective growth in-
hibitory effect on TNBC cells.

ÖZET

Amaç: "Üçlü negatif meme kanseri" (TNBC) terimi, östrojen re-
septörü (ER), progesteron reseptörü (PR) veya insan epidermal 
büyüme faktörü reseptörü 2'yi (HER2) eksprese etmeyen tümörleri 
tanımlamak için kullanılır. TNBC, diğer meme kanseri türlerinden 
daha agresif olma eğilimindedir. Malign meme kanserinde güncel 
antineoplastik ilaçların tedavi indeksinin kısıtlayıcı olması, toksisi-
tesi, direnci ve seçici olmaması nedeniyle sınırlı tedavi seçenekleri 
bulunmaktadır. Bu nedenle, TNBC için yeni tıbbi ilaçların derhal 
geliştirilmesine ihtiyaç vardır. Burada, MDA-MB-231 ve 4T1 olmak 
üzere iki TNBC hücre hattı üzerinde karmofur bağlı gümüş nano-
partiküllerin (AgNP-Car) büyüme inhibisyonuna etkisini araştırdık 
ve etkinliklerini kanserli olmayan insan göbek damarı endotel hüc-
releri (HUVEC) ile karşılaştırdık. 

Gereç ve Yöntem: AgNP-Car, FTIR, DLS, SEM ve EDX ile sen-
tezlendi ve karakterize edildi. Anti-kanser etkisi 3-(4,5-Dimetilti-
yazol-2-il)-2,5-Difeniltetrazolium Bromür (MTT) testi ile değerlen-
dirildi. 

Bulgular: AgNP-Car'ın nanopartiküllerin tek başına karmofurdan 
ağırlıklı olarak daha etkili olduğu belirlendi. Özellikle AgNP-Car 
uygulanmış 4T1 hücrelerinin, karmofur uygulanmış gruplara göre 
5,7 kat daha duyarlı olduğu belirlendi. AgNP'ler HUVEC'ler üzerin-
de önemli bir toksisite göstermezken; MDA-MB-231 ve 4T1 hücre-
lerinin sitotoksisitesini önemli ölçüde indüklediler. 
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INTRODUCTION

Among all cancer types, breast cancer is the most com-
mon type among women, and it is very likely to cause 
death when it progresses (1). Therefore, breast can-
cer remains one of the most critical health problems in 
many countries. Triple-negative breast cancer (TNBC) 
is the most malignant and mortal type of breast cancer 
compared to its subtypes. TNBCs are known for the de-
ficiency of the expression of oestrogen receptor (ER), 
progesterone receptor (PR), or human epidermal growth 
factor receptor 2 (HER2). TNBC exhibits significant ge-
netic heterogeneity. Mutations in key oncogenes and 
tumour suppressor genes such as TP53, BRCA1/2, and 
PIK3CA contribute to treatment resistance. Epigenetic 
changes, including DNA methylation and histone mod-
ifications, also play a role in silencing genes critical for 
drug response. Abnormal activation of signaling path-
ways such as PI3K/AKT/mTOR, JAK/STAT, and NF-κB 
promotes the survival and proliferation of TNBC cells. 
These pathways often confer resistance by enabling cells 
to evade apoptosis and sustain growth despite treatment 
(2-4). TNBC is also defined as aggressive with the rate of 
upper metastasis and poor prognosis. Overexpression of 
ATP-binding cassette (ABC) transporters, such as P-gly-
coprotein (P-gp) and ABCG2, enables TNBC cells to ac-
tively pump out chemotherapeutic agents, reducing in-
tracellular drug concentrations (3). The treatment options 
for TNBC are minimal due to the absence of molecular 
targets; therefore, these patients cannot be treated with 
endocrine therapy targeting HER2, and TNBCs are treat-
ment-resistant cancers to usual therapies like chemother-
apy and immunotherapy. Consequently, there is a need 
to develop new treatment approaches for such types of 
aggressive breast cancer.

The development of nano drug delivery systems can pro-
vide great opportunities through the ability of targeted 
drug delivery and tumour responses to overcome the 
clinical challenges observed, such as drug resistance of 
TNBCs (5). By encapsulating drugs within nanoparticles 
(NPs), nanocarriers can bypass efflux pumps and increase 
intracellular drug accumulation. For example, nanopar-
ticle formulations of doxorubicin have been shown to 
evade P-gp-mediated efflux in resistant TNBC cells (3). 
NPs may selectively affect the tumour tissue because of 
enhanced permeability and retention (EPR). Hence, the 
side effects of chemotherapeutics might be decreased 

(6). High-dose drugs reach cancer cells to improve thera-
peutic outcomes while reducing systemic toxicity through 
delivery systems with lower drug concentrations (5). By 
selectively targeting TNBC cells and sparing normal tis-
sues, nanodrug delivery systems minimise off-target ef-
fects and reduce the toxicity associated with convention-
al chemotherapy, thus improving patient quality of life.

A drug that has been investigated in treating breast can-
cer in recent years is carmofur (Car). Car (1-hexylcarbam-
oyl-5-fluorouracil), a masked form of 5-fluorouracil (5FU), 
is a pyrimidine analog known as an antineoplastic agent 
used to treat several cancers (7). Generally, the lipophil-
ic form of 5FU can be taken orally (8). In some countries, 
Car has also been used as an adjuvant chemotherapy for 
breast and colorectal cancer (9, 10). In addition, it is a high-
ly strong acid ceramidase (AC) inhibitor (11). The enzyme 
ceramidase is crucial in sphingolipid synthesis and cataly-
ses the ceramide into sphingosine and fatty acids. Cera-
mide is a messenger that activates apoptosis and cell dif-
ferentiation (11-13). Furthermore, it has been reported that 
Car is more effective in targeting 5FU-resistant cells (14). A 
hexyl carbamoyl substituent serves as a transport form in 
the structure of this antimetabolite/Car and supports the 
entry of 5FU into cells (15). Due to its properties, carmo-
fur has long been used to treat human cancer. In addition, 
the potential of Car to inhibit cancer cell proliferation has 
been recognised as an independent attribute of its abili-
ty to produce 5FU (16). These factors make it an essential 
tool for studies in cancer research, supporting the notion 
that ceramidase should be inhibited for medicinal purpos-
es. Besides all these, AgNPs synthesised with Car have not 
been evaluated in TNBC or cancer treatment.

Nanocarriers may increase the drug half-life in the bio-
logical environment, display enhanced pharmacokinetic 
activity, and exhibit better patient compliance (17). Be-
sides, nanodrugs prepared with Car or other drugs differ 
due to some advantages of their physicochemical struc-
ture, and they cause various cellular responses in differ-
ent cell types (18). Among the many nanoparticles, silver 
nanoparticles have recently attracted significant atten-
tion due to their uniqueness and their multiple applica-
tions in other fields such as biomedical, food, cosmetics, 
and engineering (19, 20).

The synthesised silver nanoparticles (AgNPs) altered in size, 
shape, and other physiological characteristics. The nanosized 
particles can be catalytic and have electromagnetic capability 

Keywords: Silver nanoparticles, antiproliferative, anticancer, Car-
mofur, triple-negative breast cancer cells

Sonuç: Sonuçlarımız, AgNP-Car'ın TNBC hücreleri için oldukça 
güçlü ve seçici büyüme inhibitörü etkisi nedeniyle umut verici bir 
anti-kanser ajanı olabileceğini göstermektedir.

Anahtar kelimeler: Gümüş nanopartiküller, antiproliferatif, anti-
kanser, karmofur, üçlü negatif meme kanseri hücreleri
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many more times. It is considered that the alteration in size 
plays a significant role in the nanoparticle activity. In addition, 
the nanoparticle concentration range and agglomeration are 
important components affecting toxicity induction (21-24). 
On the other hand, AgNPs have been shown to cause cyto-
toxicity in a dose-dependent manner (25).

The development of resistance remains a significant chal-
lenge for treating TNBC. However, advances in nano-
technology-based drug delivery systems offer innovative 
solutions to address these hurdles. By enabling targeted 
delivery, overcoming resistance mechanisms, and im-
proving drug efficacy, nanomedicine holds great poten-
tial to transform the therapeutic landscape for TNBC and 
improve patient outcomes. Therefore, we used AgNPs as 
drug carriers because of their convenient and low-cost 
synthesis and biocatalytic-photocatalytic advantages in 
this study (26-28). We used the highly aggressive MDA-
MB-231 (human) and 4T1 (murine) cells as the TNBC cell 
model (29, 30). We synthesised carmofur-bonded silver 
nanoparticles (AgNPs-Car), a nanoparticle that has never 
been found in the literature, with AgNP and Car. Then, 
we studied the anticancer effects of AgNPs-Car on high-
ly malignant and drug-resistant MDA-MB-231 human 
breast tumour cells, 4T1 mouse breast tumour cells, and 
normal HUVEC cells as control cells to investigate wheth-
er there is a new treatment option in TNBCs.

MATERIALS AND METHODS

The MDA-MB-231, 4T1, and HUVEC  were purchased from 
American Type Culture Collection (ATCC, USA). Sodium 
borohydride (NaBH4), silver nitrate (Ag(NO3)), sodium 
hydroxyl (NaOH), and trisodium citrate (TSC) were obtained 
from Sigma Aldrich (USA), and 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyl tetrazolium bromide (MTT) kit,  
dimethylsulphoxide (DMSO), and Dulbecco’s Modified 
Eagle’s Medium (DMEM) were obtained from Sigma (USA). 
Trypsin, streptomycin (S), penicillin (P), foetal bovine serum 
(FBS), and phosphate buffer saline (PBS) were obtained 
from Gibco and Car from Glentham (UK).

Synthesis of the AgNPs-Car
1x10-3 M Ag(NO3), 4.3x10-3 M trisodium citrate, and 2x10-3 
M NaBH4 were prepared and used as stock solutions. The 
synthesis of AgNPs and AgNPs-Car was prepared using var-
ious concentrations of NaBH4, TSC, and Ag(NO3). In a dark 
room, they were combined for 30 min. at 60°C. The Ag(-
NO3) solution was then added at 90°C drip-by-drip. A 0.1 
M NaOH solution was used to bring the pH of the solution 
down to 10.5 before it was centrifuged at 12.000 rpm for 15 
min., rinsed with deionised water, and stored at +4°C. 

Characterisation of AgNPs-Car
The Fourier transform infrared spectroscopy (FTIR) spec-
tra of the AgNPs and AgNPs-Car were analysed by a 
Perkin Elmer Spectrum 400 spectrometer with 4 cm-1 res-

olution and ten scans per spectrum. FTIR analyses were 
taken later, and the samples were dried.

Dynamic light scattering (DLS) examined the nanoparti-
cle size and size distribution of the samples and zeta siz-
er showed the evaluations  at 25°C (Malvern Instruments 
Ltd., Malvern, UK). The samples were dripped onto the 
silicon base material for the scanning electron micro-
scope (SEM) analysis. The samples were left overnight to 
enable the drying of the liquid. Later, the samples were 
coated with Au/Pd to increase their surface conductivity. 
SEM and Energy dispersive X-ray (EDX) analysis was start-
ed after the samples were prepared with this procedure.

Cell culture analysis
MDA-MB-231, 4T1, and HUVEC cells were used in this 
study. The cell lines were seeded in T75 flasks with 
DMEM, including 10% FBS and 1% P/S in 5% CO2 and 
95% relative humidity incubator at 37°C. The cells were 
treated when they reached 80% confluency. 

Cell viability differences in Car, AgNPs, and AgNPs-Car 
were determined by MTT after 72 h. The 3-[4,5-dimeth-
ylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide reduced 
by live cells to formazan in the MTT, a colorimetric test 
(31, 32). The subsequent concentrations of Car (3.12, 
6.25, 12.5, 25, 50, 70 µg/mL) and AgNPs-Car (3.12, 6.25, 
12.5, 25, 50 µg/mL) were applied on MDA-MB-231, 4T1, 
and HUVEC (Table1). The Ag concentration in AgNPs-Car 
is shown in Table 1. MTT solution (10 μl of 5 mg/mL PBS) 
was added, and the cells were incubated at 37°C for 4 
h; the medium was taken, and 100 μL DMSO, which is 
used to dissolve formazan crystals, was added for lysing. 
The absorbance was read at 570 nm. The trials were done 
thrice. Dose-response curves were created to determine 
the IC50 (concentration that inhibits the growth of 50% of 
cells) for AgNPs-Car. This metric was used to evaluate the 
effectiveness of AgNPs-Car. The IC50 was calculated using 
the IC50 Calculator (AAT Bioquest) (https://www.aatbio.
com/tools/ic50-calculator). A Nikon Eclipse Ts2 micro-
scope evaluated the morphological changes.

Table 1: AgNPs-Car concentrations used in the 
cytotoxicity tests
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Statistical analysis
One-way ANOVA performed for multiple comparisons 
of the results of the experiments using the GraphPad 
Prism 9.1.0 program. The mean of the control group was 
compared to the mean of the treated groups using the 
Student’s t-test. A p<0.05 was considered statistically sig-
nificant. Results are given as mean ± S.D. At least three 
runs of each test were performed.

RESULTS 

The AgNPs displayed proper characterisation results 
for cancer cell implementation
FTIR results demonstrate the data of AgNPs (Figure 1a) 
and AgNPs-Car (Figure 1b). In Figure 1a, the first peak 
was illustrated at 3251 cm-1 for the -OH band, the sec-
ond peak was measured at 1636 cm-1 for the carboxylate 
group of sodium citrate, and the band for -CH vibrations 
at lower wavelengths. Shifts were detected in Figure 1b 
compared with Figure 1a. The -OH vibration band deter-
mined the amine groups in the AgNPs-Car structure  by 
which shifted from 3251 to 3253 cm-1. Furthermore, char-
acteristic vibration peaks, such as -CN stretching, -OH 
bending, -CH bending, and -CO stretching, were mea-
sured between 1637-1015 cm-1 in the AgNPs-Car group. 

At the same time, while the characteristic vibration signal 
peak of the AgNPs was seen at 626 cm-1 in Figure 1b, it 
was also determined that this vibration signal shifted to 
630 cm-1 after drug loading.

Car decreased the AgNPs size ideally
Figure 2a shows, however, that when Car was added to 
the AgNPs in Figure 2b, the particles were found to be 
more dispersed. Its dimensions were found to range from 
10 to 20 nm. This confirms our zeta sizer measurements 
(Figure 3a, b). The nanoparticle size was examined after 
being diluted with distilled water. The light scatter mea-
surements were evaluated at 25°C. A Nano ZS and DLS 
determined the size and size distribution of the AgNPs 
in the samples. In this study, the average AgNPs-Car size 
was around 10 nm. As a result of DLS analysis, AgNP and 
AgNP-Car showed a homogenous distribution in length 
(Figure 3). 

The EDX analysis in Figure 4a shows, together with the 
base material silicon, that the amount of silver attached 
to the surface of this base material is around 2%. In Fig-
ure 4b, while the amount of silver decreases to 0.5%, the 

Figure 1: Vibration peaks were determined by FTIR 
spectroscopic analysis in (a) AgNPs (b) AgNPs-Car groups

Figure 2: SEM images of (a) AgNPs and (b) AgNPs-Car
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amount of the elements belonging to the AgNPs-bound 
Car in percentage are also seen on the surface. Elements 
such as carbon, nitrogen, and oxygen are known to be 
included in the structure of Car, which confirmed that we 
successfully bound our drug to AgNPs.

AgNPs-Car are effective agents for cytotoxicity on 
chemotherapy-resistant TNBC cells
Figure 5 shows the antiproliferative effects of separate-
ly Car, AgNPs, and AgNPs-Car that synthesised against 
MDA-MB-231 and 4T1 cells. As shown in Table 2, Ag-
NPs-Car is several times more effective than Car alone on 
treatment-resistant TNBC cells. In addition, the fact that 
AgNPs (without Car) cause no considerable cytotoxicity 
in any cell group (Figures 5 and 6) indicates that AgNPs 
will not cause side effects in normal body cells. 

Figure 3: The DLS analyses of (a) AgNPs and (b) 
AgNPs-Car

Figure 4: EDX analysis of (a) AgNPs and (b) AgNPs-Car

Figure 5: Viability (%) of MDA-MB-231 (a), 4T1 (b) cancer 
cells, and HUVEC healthy cells (c) incubated with AgNPs, 
Car, and AgNPs-Car at various concentrations for 72 h. 
The Car concentrations are indicated on the abscissa of 
the Figure. AgNPs are also added to the Figure for 
comparison of the cytotoxicity of the agents, although 
there is no Car. P<0.05 (*) demonstrated statistical 
significance compared to the control group. The samples 
were examined using the Student’s t-test. GraphPad 
Prism 9.1.0 was used for the statistical analysis (GraphPad 
Software). At least three runs of each test were performed
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Notably, AgNPs showed almost no toxicity to non-cancer-
ous HUVEC cells (Figure 6). As mentioned before, many 
factors determine the toxicity of AgNPs. In addition, the 
dose of Ag in AgNPs-Car that we used at IC50 concentra-
tion is relatively low (3.1 µg / mL for MDA-MB-231, 0.8 µg 
/ mL for 4T1) (Figure 7).

Healthy cells were not affected by AgNPs-Car; there-
fore, they are ideal agents for breast cancer cell therapy
In our results, Car appears to have an anticancer effect 
on treatment-resistant MDA-MB-231 and 4T1 breast 
cancer cells and no toxicity to non-cancerous HUVEC 
cells at similar concentrations (Figure 5). In addition, it is 
seen that the AgNPs-Car we synthesised are effective in 
MDA-MB-231 at a 2.4 times lower concentration than Car 
alone and 5.7 times lower in 4T1 (Table 2). As a result, 
AgNPs-Car was found to have anticancer effects on treat-
ment-resistant TNBC cells and non-toxic in non-cancer-
ous HUVEC cells (Table 2). In addition, our results show 
that AgNPs-Car is much more effective on the murine 
cancer cell 4T1 than the human cancer cell MDA-MB-231. 
These Our results  displayed that higher doses may be 
required to treat more complex human organisms.

Figure 7 shows that Car and AgNPs-Car had no signifi-
cant toxicity in normal HUVEC cells. HUVEC lines were 
interconnected and adhered to the surface in almost all 
treatment groups. Figure 8 illustrates the morphological 
differences in MDA-MB-231 and 4T1 cells after incubation 
in Car and AgNPs-Car at IC50 concentrations and HUVEC 
cells at 50 µg/mL. After the application, the connections 
between 4T1 cells appeared to be significantly visibly 
decreased; intercellular links disappeared, cell integrity 
was affected, and the shape of the cells shrunk compared 
with the untreated cells. The number of cells and inter-
cellular connections decreased, and some cells became 
round and detached from the surface in the MDA-MB-231 
cells. The investigation of the effect of drug-free AgNPs 
showed no change or damage in the cells compared with 
the control group cells. It is also noteworthy that when 
Car and AgNPs-Car are administered to TNBC cancer 

Table 2: The cytotoxic effect of Car and AgNPs-Car on 
MDA-MB-231, 4T1, and HUVEC

Cell Lines
*IC50 (µg/mL)

Car AgNPs-Car AgNPs 

 MDA-
MB-231

69.381 28.803 Not effective  

4T1 43.244 7.580 Not effective 

HUVEC >70 >70 Not effective 

Proliferation was examined using an MTT assay for 72 h. * IC50: 
Concentration that inhibited cell growth by 50%. HUVEC: Human 
umbilical vein endothelial cells, MDA-MB-231: Human breast ade-
nocarcinoma, 4T1: Mouse breast cancer, stage IV, Car: Carmofur, 
AgNPs: Silver nanoparticles, AgNPs-Car: carmofur-loaded silver 
nanoparticles

Figure 6: Vitality (%) of MDA-MB-231, 4T1 cancerous 
cells, and HUVEC non-cancerous cells incubated with 
free AgNPs at various concentrations for 72 h

Figure 7: Logarithmic IC50 curves of Car and AgNPs-Car 
on 4T1 cells (a) and MDA-MB-231 (b) cells. *IC50 values 
were determined using the AAT Bioquest IC50 calculator
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cells, the cell confluency significantly reduces (Figure 8). 
The number of TNBC cells was remarkably reduced com-
pared with the number of cells in the control group.

DISCUSSION

Triple-negative breast cancer may initially respond to 
chemotherapy, but it can develop resistance over time. 
These resistance mechanisms are quite complex and are 
associated with various biological processes, such as the 
presence of cancer stem cells, activation of DNA repair 
mechanisms in TNBCs, epithelial-mesenchymal transi-
tion (EMT), and the overexpression of drug efflux pumps 
like P-gp (33). For these reasons, the treatment of TNBC 
is complex, and in addition to chemotherapy, new thera-
peutic strategies are being developed, including immu-
notherapy and targeted approaches. AgNPs represent a 
promising new approach to the treatment of breast can-
cer (32). This nanotechnology-based therapeutic method 
is particularly noteworthy for its potential to specifically 
target cancer cells and its reduced side effect profile. 

Nanoparticle characterisation is the process of deter-
mining the physical, chemical, and biological properties 
of nanoparticles. The synthesis and characterisation of 
nanoparticles to ensure biocompatibility directly affect 
their application success. In this study, AgNPs were char-
acterised using SEM, FTIR, DLS, and EDX analyses (34). 
FTIR spectral analysis of AgNPs and AgNPs-Car was car-
ried out to investigate the changes in the chemical com-
position of Car after loading into the AgNPs. According 
to the EDX data, the structure of Car is known to contain 
elements like carbon, nitrogen, and oxygen, confirming 
that we were effective in binding Car to AgNPs. SEM 
automatically analyzes and classifies the particles in the 
image while providing high-resolution electron imaging. 

This depends on several additional factors in addition to 
their size and form, including the particles’ surface, vol-
ume, convexity, and circularity.

In this study, the AgNPs were captured as highly dense. 
This is because clumps may occur when we drop the sam-
ple liquids on the silicone-based material. It is a natural 
outcome. Because of this clustering, the particles were 
seen as more prominent in the SEM analysis (35). DLS is 
the most commonly used for nanoparticle characterisa-
tion among the many techniques because of its fast and 
easy-to-operate methods and sensitivity to small and 
low-scattering particles (36). The sizes of the nanoparticles 
are significant because they influence their action and in 
vivo drug circulation (37). Small sizes of nanocarriers facili-
tate the drug to pass through the plasmalemma and keep 
away from recognition and degradation by the reticuloen-
dothelial system (RES) and increase the drug circulation 
half-time (38-40). However, NPs smaller than 10 nm are not 
preferred in treatment to avoid being eliminated by fast 
renal clearance. In addition, NPs larger than 100 nm may 
not reach the tumour site and may be caught by tissue 
macrophages (41). The nanoparticles we synthesised are 
small, which is advantageous in cancer treatment (18, 42). 
In this study, Car decreased the AgNP size ideally to 10 
nm. In addition, nanoparticle size plays a significant role 
in nanoparticle activity (21-24). The synthesised nanoparti-
cles’ ideal sizes for drug delivery systems are thus demon-
strated. Our results indicate that the AgNPs-Car induced 
toxicity predominantly towards treatment-resistant TNBC 
cells, not non-cancerous normal HUVEC cells. These find-
ings show that AgNPs-Car is effective at several times low-
er concentrations than the Car, specific to breast cancer 
cells that are more malignant and non-responsive to drugs.

Treatment with AgNPs is known to cause dose-related 
toxicity, involving the enhancement of reactive oxygen 
species and insult of DNA, which cannot maintain cell 
survival (43). In the studies of Swanner et al., AgNPs have 
been reported to be toxic in increasing concentrations (5, 
10, 20, 40 µg/mL) and in different sizes in MDA-MB-231 
TNBC cells (44). For TNBCs, AgNPs with 40 µg/mL of sil-
ver have been reported to cause higher toxicity, whereas 
AgNPs containing 5 µg/mL of silver have lower toxicity. 
The concentration of silver in the AgNPs is critical; the 
amount of silver is directly proportional to the toxici-
ty, and AgNPs containing 40 µg/mL of silver have been 
shown to have the highest toxicity. Also, in the same 
studies, AgNPs were non-toxic in non-cancerous breast 
cancer cells (44). Although our findings are similar to the 
results of Swanner et al., the free AgNPs we synthesised 
appear less toxic than those in the study (44). 

Car, a derivative of 5FU, is primarily used for gastrointesti-
nal cancers and some other solid tumours, though it is still 
being studied for its effects on breast cancer. A preclinical 

Figure 8: Light microscopy of the MDA-MB-231, 4T1, and 
HUVEC lines. The cells were incubated with Car and 
AgNPs-Car, AgNPs for 72 h. Magnification: X100. Car and 
AgNPs-Car were applied to cancerous MDA-MB-231 and 
4T1 cells at IC50 concentrations, as shown in Table 1, and 
to non-cancerous HUVEC cells at 50 μg/mL
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study has shown that Car can reduce the metastatic poten-
tial of breast cancer cells (45). Therefore, this could repre-
sent a significant advancement, particularly for aggressive 
types of breast cancer such as TNBC. Hence, this study 
used Car-loaded AgNPs, and their efficacy on TNBCs was 
evaluated. Nevertheless, researchers have shown that Car 
and its analogs have an anticancer effect non-selectively 
(even non-cancerous cells) in some studies; however, the 
number of studies on Car is limited in the literature (10, 
11, 46, 47). In a study, Car, an acid ceramidase inhibitor, 
was used in treating paediatric brain tumours and was 
highly effective (4.6-50 μM). It was reported that it could 
be recommended as a new drug for these tumours (46). 
Morimoto and Koh noted that the adjuvant use of Car is 
beneficial in early breast cancer (10). N-acylsphingosine 
amidohydrolase 1 (ASAH1), an enzyme involved in cera-
mide metabolism, has been shown to regulate ceramide 
levels and decrease tumour growth by causing cell cycle 
arrest and apoptosis (48). According to a study, ASAH1 
controls the growth and progression of TNBC by modi-
fying mitogen-activated protein kinase (MAPK). Pharma-
cological targeting of ASAH1 (through the ceramidase in-
hibitor carmofur) significantly inhibits the growth of TNBC 
(49). Furthermore, studies on the NPs-Car are very scarce, 
and no studies were available for AgNPs-Car (50). Thus, 
AgNPs synthesised with Car have not been evaluated in 
TNBCs or cancer treatment. Therefore, our findings are es-
sential to the literature. Our results show that AgNPs-Car 
created a predominant and selective anti-growth effect on 
treatment-resistant TNBC cells. Our study was evaluated 
in vitro and was limited by the fact that the biodistribution, 
biocompatibility, and therapeutic efficacy of AgNPs-Car 
were not investigated in in vivo models. In addition, the 
long-term stability and cellular uptake mechanisms of the 
nanoparticles were not investigated in detail. In our study, 
only cell viability was investigated using the MTT assay, 
and the mechanisms of cell death such as apoptosis and 
necrosis were not determined. Finally, further large-scale 
experiments are needed to comprehensively compare the 
selectivity in different cancer cell lines and healthy cells. 
In view of this, further studies are required to evaluate the 
therapeutic potential of AgNPs-Car.

CONCLUSION

TNBC is a challenging cancer to treat due to its high 
heterogeneity, lack of hormone receptors, and aggres-
sive metastatic potential. Current treatments are often 
insufficient, with no targeted therapy available. In this 
study, silver nanoparticles conjugated with carmofur (Ag-
NPs-Car) were synthesised and demonstrated strong an-
ticancer effects on resistant TNBC cell lines. Even at low 
concentrations, AgNPs-Car was effective without harm-
ing normal cells, highlighting its potential as a selective 
and safe treatment. This nanoplatform offers a promising 
approach for overcoming chemoresistance in TNBC. 
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ABSTRACT

Objective: Limited socialisation during the COVID-19 pandemic 
is one of the factors that may affect children’s social and com-
munication skills.  In this study, we assessed the social commu-
nication skills of children aged 1-2 years during the COVID-19 
pandemic period and compare them with the pre-pandemic era.

Material and Methods: Children who were two years old befo-
re the pandemic (Group 1) and children who were two years old 
during the pandemic quarantine (Group 2) were included in the 
study. For both groups, demographic information, anthropometric 
measurements at birth, ages at reaching developmental milesto-
nes, Social Communication Area Screening Test for Infants (SCASI) 
scores at 15 and 24 months [total, pre-speech skills (F1a), vocabu-
lary (F1b), awareness skills scores (F2; n)], and screen time exposu-
re were collected from medical records. Comparative analyses of 
these variables between the two groups were performed.

Results: A total of 202 children (Group 1; n=123, Group 2; n=79) 
were included in the study.  The rate of girls was higher in Group 
2 (p=0.041). No significant difference was found in terms of birth 
weeks, birth height, weight, head circumference measurements 
and the initial times of head holding, sitting without support and 
walking independently. The screen exposure duration for ≥2 hours 
at 15 and 24 months was higher in Group 2 (p=0.110; p=0.014, 

ÖZET

Amaç: COVID-19 pandemisi sırasında sınırlı sosyalleşme, çocuk-
ların sosyal ve iletişim becerilerini etkileyebilecek faktörlerden 
biridir.  Bu çalışmada, COVID-19 pandemisi döneminde 1-2 yaş 
arası çocukların sosyal iletişim becerilerini değerlendirmeyi ve 
pandemi öncesi dönemle karşılaştırmayı amaçladık.

Gereç ve Yöntem: Pandemi öncesinde iki yaşında olan çocuklar 
(Grup 1) ve pandemi karantinası sırasında iki yaşında olan çocuk-
lar (Grup 2) çalışmaya dahil edildi. Her iki grup için demografik 
bilgiler, doğumdaki antropometrik ölçümler, gelişimsel kilomet-
re taşlarına ulaşma yaşları, 15 ve 24 aylık Bebekler İçin Sosyal 
İletişim Alanı Tarama Testi (SİATT) skorları (toplam, konuşma ön-
cesi beceriler (F1a), kelime kullanımı (F1b), farkındalık becerileri 
skorları (F2)) ve ekrana maruz kalma süresi tıbbi kayıtlardan top-
landı. Bu değişkenlerin iki grup arasında karşılaştırmalı analizleri 
yapıldı.

Bulgular: Toplam 202 çocuk (Grup 1; n=123, Grup 2; n=79) ça-
lışmaya dahil edildi.  Grup 2'de kız çocuklarının oranı daha yük-
sekti (p=0,041). Doğum haftası, doğum boyu, kilo, baş çevresi 
ölçümleri ve baş tutma, desteksiz oturma ve bağımsız yürüme 
başlangıç zamanları açısından anlamlı bir fark bulunmadı. Grup 
2'de 15 ve 24. aylarda ≥2 saat ekrana maruz kalma süresi daha 
yüksek saptandı (sırasıyla p=0,110; p=0,014). Sosyal İletişim de-
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INTRODUCTION

Environmental interactions, along with genetic inher-
itance, play a significant role in children’s development 
(1, 2). Children’s interaction with their environment, the 
variety of stimuli, the social behaviours exhibited in peer 
and play settings and the freedom to engage in physical 
activities have a powerful impact on their development. 
Environmental stressors, such as poverty, limited access 
to education, environmental exposure, and caregiver 
characteristics, directly influence the child’s development 
(3, 4).

The Coronavirus Disease 2019 (COVID-19) pandemic has 
brought about numerous changes in the lives of indi-
viduals at various levels (5-7). UNICEF has classified the 
impact of COVID-19 on children under three main cat-
egories: direct transmission of the virus, short-term so-
cioeconomic consequences of preventive measures, and 
delays in achieving the Sustainable Development Goals 
(8). Although the direct impact of the virus on children 
has been less severe, the secondary consequences of the 
pandemic on children are reported to pose significant 
risks (9, 10).

Measures such as social isolation, quarantine, and social 
distancing, taken as protective actions during the pan-
demic, have been suggested to adversely affect chil-
dren’s development (11). The inability to participate in 
play and leisure activities outside the home, restricted 
socialisation, difficulties in understanding facial expres-
sions due to mask-wearing, limitations in communication 
and language learning and increased screen exposure 
are all factors that may disrupt the development of chil-
dren’s cognitive, behavioural, social and communication 
skills (7, 12, 13). This study aimed to evaluate the impact 
on the social communication skills of children aged 1-2 
years during the COVID-19 pandemic and to compare 
the results with the social communication skills of chil-
dren aged 1-2 years in the pre-pandemic period.

MATERIALS AND METHODS

This study was conducted retrospectively at the De-
partment of Paediatrics, Division of Social Paediatrics 
Well-Child Outpatient Clinic, Istanbul University Faculty 

of Medicine. The İstanbul University İstanbul Faculty of 
Medicine Clinical Research Ethics Committee approved 
the study (Date: 06.09.2024, No: 17).

At the Well-Child Outpatient Clinic, children’s growth 
and development are evaluated from birth until the age 
of 10. The follow-up intervals were monthly for the first 
six months, every 3 months from months 6 to 18, every six 
months from 18 months to six years, and yearly thereafter. 
If a problem is detected, the follow-up intervals are short-
ened, and necessary interventions are applied. During 
each follow-up, weight, height, and head circumference 
measurements were recorded and plotted on growth 
charts for continuous growth monitoring. Along with 
growth, developmental milestones are also assessed. 
Children are screened to ensure that they have reached 
developmental milestones for their age. The Internation-
al Guide for Monitoring Child Development (GMCD) test 
and the Modified Checklist for Autism Test (M-CHAT) are 
administered by trained staff in accordance with recom-
mendations from the Turkish Ministry of Health’s General 
Directorate of Public Health (14-16). In addition, the So-
cial Communication Area Screening Test for Infants (SCA-
SI) was used between 6 and 24 months (17). If necessary, 
the children are referred for multidisciplinary evaluation 
and appropriate interventions. Furthermore, vaccinations 
from the Expanded National Immunisation Program, as 
well as non-routine vaccinations, are administered.

SCASI is a screening test that was developed in 2011 and 
has been validated for content and construct validity, 
reliability, and normative studies in Turkish children (17). 
It was designed as a parent-reported test focusing on 
the development of social communication to screen the 
development of children aged 6-24 months. The SCASI 
consists of 43 items structured under two factors within a 
single domain. The first factor (F1), “Communication-ori-
ented social skills,” is divided into two subgroups: pre-
verbal skills (F1a; 26 items) and vocabulary (F1b; 5 items). 
The second factor (F2), “Awareness Skills” consists of 10 
items. Although the last two items are not included in 
the total score, they serve as red flags, particularly for re-
gression (Supplemented file). After the administration of 
the SCASI, the scores were compared with appropriate 
developmental age norms. If a child’s score was above 

respectively). In the Social Communication assessments, the rate 
of children with risky SCASI results was higher in Group 2, both at 
15 and 24 months (p=0.312; p=0.004, respectively).

Conclusion: Our findings suggest that the COVID-19 pandemic 
might have an impact on the social communication skills of child-
ren aged 1–2 years. It is important to monitor the development 
of communication skills as a part of paediatric health monitoring 
and to closely follow up with early interventions.

Keywords: COVID-19, language development, social commu-
nication, SCASI

ğerlendirmelerinde, riskli SIATT sonuçları olan çocukların ora-
nı hem 15. hem de 24. ayda Grup 2'de daha yüksekti (sırasıyla 
p=0,312; p=0,004).

Sonuç: Bulgularımız, COVID-19 pandemisinin 1-2 yaş arası ço-
cukların sosyal iletişim becerileri üzerinde etkili olabileceğini 
göstermektedir. Pediatrik sağlık izleminin bir parçası olarak ile-
tişim becerilerinin gelişiminin izlenmesi ve erken müdahalelerle 
yakından takip edilmesi önemlidir.

Anahtar kelimeler: COVID-19, dil gelişimi, sosyal iletişim, SİATT
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the cut-off point, their development was considered 
“normal.” The children were evaluated as “normal” or 
“at risk” according to the cut-off score. An “Educational 
Programme” booklet was provided for children identified 
as being at risk to assist in developing tailored educa-
tional support programs (17).

Children who were born between 1 January 2017 and 31 
December 2017 and who had reached two years of age 
before the pandemic (Group 1) and children who were 
born between 1 January 2019 and 31 December 2019 
and who reached two years of age during the pandemic 
(Group 2) were included in the study. For both groups, 
data including demographic information, anthropomet-
ric measurements at birth, ages at which developmental 
milestones were reached, SCASI total and F1a, F1b, and 
F2 sub scores, and screen time exposure at 15 and 24 
months and if there was a diagnosis of speech disorders, 
autism, bilingualism, in which speech skills could be af-
fected in the follow-up, were collected from their medical 
records.

Statistical analysis 
Statistical Package for the Social Sciences (IBM SPSS 
Corp., Armonk, NY, USA) version 29 programme was 
used for statistical analyses. The study data were evaluat-
ed using descriptive statistical methods (mean, standard 
deviation, median, frequency, percentage, minimum, and 
maximum). The conformity of the continuous variables to 
the normal distribution was tested by the Shapiro-Wilk 
test and graphical analyses. The Mann-Whitney U test 
was used for comparisons of the continuous variables 
that did not show a normal distribution between the two 
groups, and the t-test was used for comparisons of the 
continuous variables that conformed to the normal dis-
tribution. The Pearson Chi-Square test and Fisher-Free-
man-Halton test were used to compare categorical data. 
The statistical significance will be set as p<0.05.

RESULTS

A total of 509 records were evaluated, and 202 infants 
(Group 1 n=123, Group 2 n=79) were included in the 
analysis (Figure 1). In Group 1, 105 infants had the 15th-
month SCASI total results, 55 had subgroup results, 99 

infants had the 24th-month SCASI total results, and 64 
had subgroup results. In Group 2, 60 infants had the 15th-
month SCASI total results, 40 had subgroup results, 71 
infants had the 24th-month SCASI total results, and 56 had 
subgroup results. In Group 1, 81 infants had both 15th and 
24th months of SCASI results, and in Group 2, 52 had.

In the demographic data evaluation, the mean mater-
nal ages were 32.7 (±5.1) for Group 1 and 32.8 (±4.7) 
for Group 2. The maternal age was similar between the 
groups, but when the maternal educational status was 
evaluated, the university graduation rate was higher in 
Group 2 (p=0.005). The employment rate of the moth-
ers was higher in Group 2 than in Group 1 (70.9% and 
61.8%, respectively), but there was no significant statis-
tical difference (p=0.185). The mean paternal ages were 
38.5 (±5.6) for Group 1 and 35.5 (±5.5) for Group 2, and 
in both groups, all fathers were employed. There were no 
significant differences in paternal age, education levels, 
and employment status between the groups (Table 1).  

Among the participants, girls were 42.3% (n=52) and 57% 
(n=45) in Group 1 and Group 2, respectively. The median 
age was 86 (±29) months for infants in Group 1 and 54 
(±2) months in Group 2.   The birth weeks, birth height, 
weight, head circumference measurements and the ini-
tial times of head holding, sitting without support and 
walking independently were not statistically different be-
tween the groups. When the duration of screen exposure 
was compared, it was higher in Group 2 and the differ-
ence was statistically significant in the 24th month of age 
(p=0.014). The comparisons of the demographic charac-
teristics among the groups are presented in Table 1.

In Group 1, 10.5% of the children (n=11) in the 15th month 
exhibited total SCASI values, indicating a potential risk. 
The rates of children identified as being at risk in the 
SCASI subgroup assessments were 10.9% for pre-ver-
bal skills (F1a), 32.5% for word usage (F1b), and 16.4% 
for awareness-containing skills (F2) (Table 2). In Group 
1, among the risky children who were assisted with de-
veloping a tailored educational support program at 15 
months, two were found to be at risk at 24 months. One 
of these children showed improvement without receiving 
any other special treatment during the follow-up, while 
the other was diagnosed with autism and continued to 
be followed up by child psychiatry. Of the eight children 
who were found to be at risk at 24 months, two were also 
found to be at risk at 15 months, while six had a normal 
SCASI (Table 2).

In Group 2, 15% of the children (n=9) in the 15th month ex-
hibited total SCASI values, indicating a potential risk. The 
rates of children identified as being at risk in the SCASI 
subgroup assessments were 17.5% for pre-verbal skills 
(F1a), 42.5% for word usage (F1b), and 37.5% for aware-
ness-containing skills (F2) (Table 2). In Group 2, among 

Figure 1: Flow diagram of the study
SCASI: Social Communication Area Screening Test for Infants
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Table 1: Comparisons of the demographic characteristics among groups

Group 1 Group 2 p

Maternal age (year); mean (SD) 32.7 (±5.1) 32.8 (±4.7) 0.896*

Paternal age (year); mean (SD) 38.5 (±5.6) 35.5 (±5.5) 0.808*

Maternal education; n (%)
      0 years
      5 years
      11 years
      14 years

1 (0.8)
25 (20.3)
46 (37.4)
51 (41.5)

0 (0)
12 (15.4)
15 (19.2)
51 (65.4)

0.005**

Paternal education; n (%)
      0 years
      5 years
      11 years
      14 years

0 (0)
25 (20.3)
42 (34.1)
56 (45.5)

0 (0)
17 (21.8)
15 (19.2)
46 (59)

0.064***

Gender (Girl); n (%) 52 (42.3) 45 (57) 0.041***

Gestational week; mean (SD) 38.5 (±1.4) 38.3 (±1.2) 0.443*

Birth weight (g); mean (SD) 3276.1 (±447.7) 3264.8 (±444.8) 0.897*

Birth height (cm); mean (SD) 49 (±4.7) 49.3 (±2.2) 0.877*

Birth head circumference (cm); mean (SD) 34.6 (±1.5) 34.5 (±1.3) 0.858*

Head control (months); 
Median (range)

2 (1-5) 2 (1-4) 0.930*

Sitting without support (months); median (range) 7 (2-9) 7 (5-12) 0.866*

Independent walking (months);  
Median (range)

12 (9-24) 13 (8-19) 0.379*

15. month screen exposure; n (%)
       None
       1 hour
       ≥2 hours

31 (43.7)
38 (53.5)
2 (2.8)

13 (37.1)
17 (48.6)
5 (14.3)

0.110**

24. month screen exposure; n (%)
       None
       1 hour
       ≥2 hours

35 (47.3)
36 (48.6)
6 (4.1)

5 (36.6)
17 (41.5)
9 (22.0)

0.014**

SD: Standard Deviation, *: Mann–Whitney U Test, **: Fischer Freeman–Halton Test, ***: Chi-square

Table 2: Risk assessment of children at 15th and 24th months

SCASI Group 1    Group 2

p*

Group 1 Group 2

p*15th month 24th month

n (%) n (%) n (%) n (%)

F1a Normal 49 (89.1) 33 (82.5) 0.392 60 (93.7) 48 (85.7) 0.143

Risky 6 (10.9) 7 (17.5) 4 (6.3) 8 (14.3)

F1b Normal 37 (67.5) 23 (57.5) 0.330 54 (84.4) 43 (76.8) 0.292

Risky 18 (32.5) 17 (42.5) 10 (15.6) 13 (23.2)

F2 Normal 46 (83.6) 25 (62.5) 0.019 60 (93.7) 48 (85.7) 0.143

Risky 9 (16.4) 15 (37.5) 4 (6.3) 8 (14.3)

Total Normal 94 (89.5) 51 (85.0) 0.392 91 (91.9) 54 (76.1) 0.004

Risky  11 (10.5) 9 (15.0) 8 (8.1) 17 (23.9)

SCASI: Social Communication Area Screening Test for Infants
F1a=preverbal skills, F1b=vocabulary skills, F2 = awareness skills, *: Pearson Chi-Square test
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the risky children who were assisted with developing a 
tailored educational support program at 15 months, one 
child was found to be at risk at 24 months. Except for this 
at-risk child, the 15-month SCASI scores of the children 
identified as at-risk at 24 months were normal. No child 
diagnosed with developmental delay or autism spectrum 
disorder was found in the follow-up of children with at-
risk SCASI scores at 24 months in Group 2. 

In the SCASI assessments, the rate of children with risky 
results was higher in Group 2, both at 15 and 24 months. 
In the subgroup analyses of the 15th month, the rate of 
children found at risk was higher in Group 2 for all sub-
groups: pre-verbal skills (F1a), word usage (F1b), and 
awareness-containing skills (F2). However, this difference 
was statistically significant only in awareness-containing 
skills (p=0.004). In the 24th month results, the rate of chil-
dren with a total SCASI score at risk was statistically sig-
nificantly higher in Group 2 (p=0.004). In the subgroup 
analyses of the 24th month, the rate of children found at 
risk was also higher in Group 2 for all subgroups, but no 
significant difference was found.  

DISCUSSION

Our study, which aimed to evaluate the social commu-
nication skills of children aged 1–2 years during the 
COVID-19 pandemic, revealed that children who turned 
1–2 years old during the pandemic exhibited a higher risk 
in social communication skills, particularly at 24 months, 
as assessed by the SCASI. Additionally, screen time expo-
sure was also notably higher in Group 2, especially at 24 
months, suggesting that the pandemic’s impact on daily 
routines has influenced early childhood development in 
significant ways.

The development of social communication is linked to 
social engagement. Low levels of social engagement 
among infants and their caregivers have been associat-
ed with developmental delays (18). A qualitative study 
from the COVID-19 pandemic period reported that so-
cial isolation restrictions resulted in 25% of infants not 
having the chance to meet a child of the same age by 
their first birthday, leading to a reduction in social peer 
interaction (19). Because of the isolation measures, it is 
probable that babies in the COVID-19 era heard a more 
limited repertoire of speech and were exposed to fewer 
unmasked faces speaking to them (20). A study exam-
ining infant neurodevelopment during the COVID-19 
pandemic highlighted that a higher risk of delayed com-
munication development in one-year-old children may 
be related to experiencing the COVID-19 pandemic 
and public health strategies for contact isolation during 
that period (21). In our study, the increased risk of social 
communication skills in Group 2 aligned with concerns 
about the pandemic’s potential negative effects on 
child development (22). 

As infants spend most of the quarantine in a familiar 
home environment, it is suggested that they are less 
likely to encounter new interests that may lead to point-
ing, for example, parents being in close proximity and 
anticipating infants’ needs before the need to point (20). 
Byrne et al. also found a reduction in babies’ skill in wav-
ing bye-bye during the COVID-19 pandemic, which was 
likely related to reduced opportunities for babies to learn 
due to limited social contact (20). In our study, the risk 
status in preverbal skills (F1a), such as pointing, peek-a-
boo games, or hand waving, was also higher in Group 2. 
Early childhood is a critical period for the development 
of social communication skills, and disruptions in routine 
social activities and limited peer interactions may have 
hindered the natural progression of these skills during 
the pandemic  (7, 23). 

Increased screen exposure can disrupt natural language 
development and social engagement in children by limit-
ing face-to-face interaction with caregivers and peers (24, 
25).  Excessive screen time has also been linked to disrupt-
ed sleep patterns, stress, and reduced physical activity, all 
of which can contribute to developmental challenges in 
young children (5). Limited screen both for foreground 
and background exposure for  children is recommended, 
emphasising interactive, non-screen-based activities for 
healthy development  (26). Chonchaiya and Pruksananon-
da reported that toddlers who started watching TV at <1 
year of age and watched >2 h/day were about six times 
more likely to have speech and language delays (27). In 
our study, at 24 months, the screen exposure was signifi-
cantly higher in the group during the pandemic period, 
which was consistent with the literature (28, 29). The high-
er screen time in Group 2 could be attributed to parents 
using digital media as a coping mechanism during lock-
downs, potentially impacting children’s social communi-
cation development.

While higher parental education is generally associated 
with better developmental outcomes, the higher educa-
tional level of the mothers in Group 2 did not mitigate 
the observed developmental delays (14). The relation-
ship between higher education and higher job opportu-
nities is well known. It can be thought that the mothers 
in Group 2 are unemployed, have lost their jobs during 
the pandemic, and this can be a source of stress, which 
may lead to a decrease in the care of their children. Stud-
ies that will evaluate this area on a broader scale can be 
planned. Despite the mother’s higher education, our find-
ings suggest that the extraordinary circumstances of the 
pandemic may overshadow the impact of protective fac-
tors such as parental education (4). The importance of en-
vironmental enrichment in early childhood underscores 
the critical need for social and educational interventions 
that provide children with structured, interactive learning 
environments to support children’s development (4).
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Early identification of delays is crucial to ensure timely in-
terventions, which have been shown to be more effective 
when applied in early childhood (2). The use of the SCASI 
tool allowed for the effective identification of children at 
developmental risk, emphasising the importance of early 
screening and intervention.

Limitations include the retrospective design and reliance 
on medical records, which may lack comprehensive data 
on all potential confounders, including socioeconom-
ic status beyond parental education, parental mental 
health, and detailed home environment. In addition, the 
smaller sample size of Group 2 due to the pandemic may 
affect the generalizability of the results.

CONCLUSION

In conclusion, the COVID-19 pandemic might have an 
impact on the social communication skills of children 
aged 1–2 years. The higher rates of delayed communi-
cation skills and increased screen exposure in children 
who reached this age during the pandemic indicate the 
need for targeted interventions to support early child-
hood development. It is important to monitor the devel-
opment of communication skills as a part of paediatric 
health monitoring and to closely follow up with early 
interventions. 
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ABSTRACT

Objective: This study aimed to determine the anatomical fea-
tures and clinical significance of the spinoglenoid notch and 
spinoglenoid ligament-membrane as well as the branches of the 
suprascapular nerve to the infraspinatus muscle as these struc-
tures may cause compression of this nerve.

Material and Methods: Fifty sides (25 right and 25 left) were 
studied on 26 fixed cadavers belonging to the Department of 
Anatomy, İstanbul University, İstanbul Faculty of Medicine. The 
suprascapular nerve branches to the infraspinatus muscle and 
spinoglenoid ligament-membrane were examined in cadavers, 
and the spinoglenoid notch was investigated in 50 dry scapulae.

Result: The suprascapular nerve had two branches to the in-
fraspinatus muscle in 22 cadavers on 37 sides (74%) and three 
branches to this muscle in 11 cadavers on 13 sides (26%). On 31 
sides the spinoglenoid membrane and on 19 sides the spino-

ÖZET

Amaç: Bu çalışmada, spinoglenoid çentik ve spinoglenoid 
ligament-membran ile supraskapular sinirin infraspinatus 
kasına giden dallarının anatomik özellikleri ve klinik öneminin 
belirlenmesi amaçlanmıştır, çünkü bu yapılar bu sinirin 
sıkışmasına neden olabilir.

Gereç ve Yöntem: İstanbul Üniversitesi İstanbul Tıp Fakültesi 
Anatomi Anabilim Dalı'na ait 26 fikse kadavra üzerinde elli taraf 
(25 sağ ve 25 sol) çalışıldı. Kadavralarda infraspinatus kasına 
giden supraskapular sinir dalları ve spinoglenoid ligament-
membran incelendi ve 50 kuru skapulada spinoglenoid çentik 
araştırıldı.

Bulgular: Supraskapular sinir, 37 taraftaki 22 kadavrada (%74) in-
fraspinatus kasına iki dal, 13 taraftaki 11 kadavrada (%26) ise bu 
kasa üç dal verdi. 31 tarafta spinoglenoid membran ve 19 tarafta 
spinoglenoid ligament gözlendi. Spinoglenoid çentik ile ilgili 

*This study has been derived from medical speciality thesis which was presented at 15th National Anatomy Congress, Samsun, Türkiye, 
5-8 September 2013. (This thesis available at Ulusal Tez Merkezi, Number: 455749)
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INTRODUCTION 

Due to the complex structure of the shoulder region, 
anatomical and clinical research is important for a better 
understanding of the pathologies in this region (1). The 
suprascapular nerve (SN) is a complex nerve that origi-
nates lateral to the superior trunk of the brachial plexus 
and provides motor and, in some conditions, sensory in-
nervation (2). This nerve passes deep  to the omohyoide-
us and trapezius muscles and extends from the posterior 
triangle of the neck to the suprascapular notch (SsN). It 
passes under the superior transverse scapular ligament 
(STSL) to the supraspinous fossa, and from there, it reach-
es the infraspinous fossa through the spinoglenoid notch 
(SGN) located on the outer side of the scapular spine 
(3-6). During this course, the SN and the accompany-
ing vessels are at risk of compression (7-12). The motor 
component of the SN innervates the supraspinatus and 
infraspinatus muscles and the articular rami, from which 
branches reach the shoulder and acromioclavicular joint 
(4). The suprascapular nerve may rarely have a sensory 
branch (4). When present, it pierces the deltoid muscle 
and receives the sensation of the proximal third of the 
arm. The most common lesion of the suprascapular nerve 
is neuralgic amyotrophy (4). 

Entrapment neuropathy may occur in the scapular notch 
or because of injury to the SN by trauma to the scapula 
or shoulder region. Injury to the SN can cause shoulder 
pain, weakness in the abduction and external rotation, 
and atrophy of the supraspinatus and infraspinatus mus-
cles. Compression of the SN is a common condition that 
usually requires surgical intervention, and the treatment 
of this condition varies according to the site of nerve 
compression. Injuries of the SN may cause shoulder pain, 
weakness in the abduction and external rotation of the 
upper extremity, and atrophy of the supraspinatus and 
infraspinatus muscles (9, 10). There are several possible 
causes, but nerve compression is the most common 
one, and it can be surgically treated. Shah et al. report-
ed that 71% of their patients reported pain relief after 
decompression surgery with a follow-up of 22.5 months 

in a series of 24 patients with impingement syndrome of 
SN (11). Other causes include trauma, traction injuries, 
scapula fractures, ganglion cysts, repetitive overuse, and 
compressive mass (9, 11-14). The SN is also at risk of iatro-
genic damage during shoulder surgery, mainly in case of 
an anterosuperior or posterior approach, repair of mas-
sive rotator cuff tears, and arthroscopic procedures for 
anterior glenohumeral instability repair (9, 15-17). 

The prevalence of the entrapment of the SN is unknown. 
However, the importance of its entrapment and dysfunc-
tion as a pain generator has been approved (11). Entrap-
ment of the SN can occur in two locations: in the SsN 
(superior compression of the SN) and in the SGN (inferior 
compression of the SN) (9, 18, 19). Infraspinatus dener-
vation with the preservation of the supraspinatus muscle 
is considered inferior compression around the SGN (20). 
The surgical treatment regimen for the entrapment of the 
SN at the SsN differs from the approach for the entrap-
ment of the same nerve at the SGN. Therefore, the under-
lying pathological condition and location of the nerve en-
trapment should be well understood preoperatively (21). 
An original arthroscopic portal has also been described 
to reveal both sites where the SN is most commonly com-
pressed (9). While the SN entrapment syndrome was first 
described by Kopell and Thompson in 1959, Ganzhorn 
et al. described the entrapment syndrome of the SN in 
the SGN to be causing shoulder pain, weakness in exter-
nal rotation, and isolated infraspinatus atrophy in 1981 
(22-25). A hypertrophic SGN is also among the possible 
causes in addition to trauma, ganglion cysts, paralabrax 
paralabral cysts, and varicose veins in the SGN (3, 5, 10, 
18). Moreover, in the scapular region, as the infraspinatus 
muscle is the most frequently involved area in myofascial 
pain syndrome, the branches of the SN innervating this 
muscle are being explored in order to apply an accurate 
injection site (26). The spinoglenoid ligament (SGL) is a 
bilaminar structure that starts from the scapular spine 
and attaches to the scapular neck. It is affected by the 
shoulder position and is exposed to maximum pressure 
when the arm is in full adduction and internal rotation 

glenoid ligament were observed. Related to the spinoglenoid 
notch, the mean width was 17.17±2.17 mm, and the mean depth 
was 17.45±2.03 mm in calliper measurements on dry bones, 
while the mean width was 16.99±1.88 mm, the mean depth was 
17.73±2 mm and the mean area was 282.04±55.27 mm² in com-
puted tomography measurements. 

Conclusion: The presented data regarding the spinoglenoid 
notch in which the suprascapular nerve is frequently compressed 
and the branches of the suprascapular nerve to the infraspinatus 
muscle may guide the surgical treatment of the related entrap-
ment syndrome.

Keywords: Spinoglenoid notch, spinoglenoidal ligament, spino-
glenoidal membrane, suprascapular nerve, infraspinatus muscle

olarak kuru kemik üzerinde yapılan dijital kaliper ölçümlerinde 
ortalama genişlik 17,17±2,17 mm, ortalama derinlik 17,45±2,03 
mm iken, bilgisayarlı tomografi ölçümlerinde ortalama genişlik 
16,99±1,88 mm, ortalama derinlik 17,73±2 mm ve ortalama alan 
282,04±55,27 mm² olarak bulundu.

Sonuç: Supraskapular sinirin sıklıkla sıkıştığı spinoglenoid çen-
tik ve supraskapular sinirin infraspinatus kasına giden dalları ile 
ilgili sunulan veriler, ilgili tuzak sendromunun cerrahi tedavisine 
rehberlik edebilir.

Anahtar Kelimeler: Spinoglenoid çentik, spinoglenoid liga-
ment, spinoglenoid membrane, supraskapular sinir, infraspina-
tus kası
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(27, 28). Bektaş et al. found a prominent ligament struc-
ture (SGL) in 16% of cadaveric shoulders and named this 
structure the spinoglenoid membrane (SGM) in the other 
cases (29). Won et al. classified this structure as ligament, 
membrane, or both (30). While the suprascapular artery, 
vein, and nerve (SN) pass under the SGL/SGM, Aktekin et 
al. reported that this structure forms a fibroosseous fora-
men consisting of the scapular spine and the SGL/SGM, 
where the suprascapular artery occupies 68.5% and the 
nerve 31.5% (31).

This study investigated the anatomical features of the 
suprascapular nerve in the SGN region and to complete 
the limited information in the literature. In line with this 
aim, morphological and morphometric variations of the 
SGL/SGM structure significantly affect the suprascapular 
nerve compression.

MATERIAL AND METHODS 

In our study, 50 sides (25 right and 25 left sides) were 
dissected in 5 female and 21 male cadavers aged between 
49 and 88 years, fixed with a mixture of formaldehyde-
phenol-ethyl alcohol-glycerine-water, which were used 
in medical education in the Department of Anatomy, 
İstanbul Faculty of Medicine.

The skin and subcutaneous tissue of all cadavers were for-
merly dissected as they had been used in student practic-
es already. The trapezius muscle was separated from the 
clavicle, acromion, and spine of the scapula. Afterwards, 
the trapezius and deltoid (spinal part) muscles were re-
moved, exposing the supraspinatus and infraspinatus 
muscles. The supraspinatus muscle was released from 
the supraspinous fossa medially, revealing the superior 
border of the scapulae. We examined the presence of a 
motor branch to the infraspinatus muscle either directly 
or by piercing the spinoglenoid ligament. Combining the 
classifications of Bektaş et al. (SGL, spinoglenoid septum) 
and Won et al. [SGL, spinoglenoid membrane (SGM), 
combination of SGL and SGM)], we identified a SGL or 
spinoglenoid membrane (SGM) (29, 30). A digital calliper 
(INSIZE Co., Ltd., Taiwan) was used in all measurements, 
and a digital camera was used for the visualisation of the 
specific cases.

The presence of either SGL or SGM was first examined 
macroscopically in SGN. To evaluate the microscopic dif-
ference in the macroscopic ligament or membrane, one 
sample from each macroscopically differentiated type was 
aimed to be histologically assessed. The specimens were 
fixed in a 10% phosphate-buffered formaldehyde solu-
tion and then dehydrated in ascending grades of ethanol 
(70%, 90%, 96%, and 100%, respectively) for 24 h before 
performing the light microscopic examination. They were 
then kept in 100% ethanol twice for 30 min and clarified 
in toluol (Merck 1.08323.2500) for 1 h. Subsequently, they 

were placed in liquid paraffin (Merck 1.07337.1000) in an 
oven (Heraeus) at 56°C for 1 h two times and embedded 
in paraffin blocks. 4 μm thick sections were taken from 
these blocks with a microtome (LEICA, RM 2255). Masson 
Trichrome Stain was applied to the sections. Paraffin sec-
tions were removed from the paraffin by soaking in tolu-
ol for 30 min and then rehydrated by passing through a 
series of decreasing alcohols (100%, 96%, 90%, and 70%, 
respectively) in distilled water. Sections were stained in 
haematoxylin for 4 min and allowed to bruise in tap water 
for 10 min. They were stained with Ponceau xylidine-ac-
id fuchsin solution for 5 min and were quickly passed 
through 1% acetic acid. The sections were stained with 
Orange G for 10 min, promptly passed through 1% acetic 
acid, stained with light green for 7 min, and again quickly 
passed through 1% acetic acid. The sections were then 
passed through 100% ethanol three times, made trans-
parent with toluol, covered with Canadian balsam, and 
evaluated under a light microscope to determine the 
changes in the connective tissue elements.

Fifty (25 right and 25 left) dry scapulae were used for mor-
phometric evaluation of the SGN, where the SN is most 
frequently compressed. We used two methods (manual 
measurement with a digital calliper and computed to-
mography).

For manual measurement with a digital calliper, we de-
termined the anterior and posterior points of the gle-
noid cavity and the projection of the posterior point 
on the acromion with the help of a fixed metal needle 
in a designed plane passing through the spine of the 
scapula. The distance between the most posterior point 
of the glenoid cavity and its projection on the acromi-
on was considered the width of the SGN. The shortest 
distance extending from this width line to the deepest 
point of the SGN at a perpendicular angle was consid-
ered the depth of the SGN. In order to understand the 
structure of SGN better, the width/depth ratio was cal-
culated (Figure 1).

The computed tomography (CT) scans were performed at 
the Radiology Clinic using the 16-detector CT acquisition 
protocol (Somatom Emotion 16, Siemens, AG, Erlanger, 
Germany). The acquisition parameters were 16x0.75 mm 
detector collimation, 0.5 s gantry rotation time, and 5 
mm slice thickness. The tube voltage was 130 kVp, and 
the current was 50 mAs. For evaluation, the 5-mm sec-
tion thickness images were electronically transferred to a 
workstation (Leonardo, Siemens AG, Erlanger, Germany). 
At the workstation, reconstruction (MPR: Multiplanar Re-
construction) images were created from these images in 
axial, coronal, and sagittal planes with 0.75 mm thickness 
and 0.2 mm reconstruction interval. To evaluate the SGN, 
images were obtained in the plane passing through the 
spine of the scapula. In this plane, we determined the 
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most anterior and posterior edges of the glenoid cavity 
and the projection of the posterior edge on the acromi-
on. The distance between the posterior border and its 
projection was considered the width of the SGN, and the 
perpendicular line drawn from this line to the deepest 
point of the SGN was regarded as the depth (Figure 1). 
In addition, we calculated the area under the width of the 
SGN to determine whether the neurovascular structures 
passing through the region would affect SN compres-
sion. All images were evaluated, and an expert radiolo-
gist performed the measurements.

The Clinical Research Ethical Committee of İstanbul 
Faculty of Medicine approved the study (Date: 08.10.2021, 
No: 18).

RESULTS

Related to the branches of SN to the infraspinatus muscle, 
22 cadavers on 37 sides (74%) had two motor branches 
and 11 cadavers with 13 sides (26%) had three motor 
branches (Figure 2). All measurements and evaluations 
performed on cadavers are shown in Table 1.

In SGN, SGL was macroscopically observed on 19 sides 
(38%) in 11 cadavers, and SGM was observed on 31 sides 
(62%) in 18 cadavers (Figure 3). Tight connective tissue 
arrangement, sparse fibroblasts in between, and the typ-
ical corrugated structure seen in the compact connective 
tissue structure were observed in the sections taken from 
the specimens macroscopically evaluated as ligaments. 

Figure 1: Morphometric measurements of the incisura 
spinoglenoidale. A Manual measurements, B Measurements 
on computed tomography
a: Width, b: Depth, Ac: Acromion, CG: Cavitas glenoidalis, 
PC: Processus coracoideus 

Figure 2: Motor branches to the infraspinatus muscle A 2 
motor branches to the infraspinatus muscle B 3 motor 
branches to the infraspinatus muscle: infraspinatus 
muscle (ISM), medial (M), lateral (L), superior (S), inferior 
(I). Yellow arrows show the motor branches to the 
infraspinatus muscle. The green arrow shows the 
spinoglenoid notch. Blue arrows show the motor 
branches to the infraspinatus muscle



139

Anatomy of spinoglenoid notch and ligament
İstanbul Tıp Fakültesi Dergisi • J Ist Faculty Med 2025;88(2):135-145

In the sections taken from the specimens macroscopi-
cally evaluated as membrane, connective tissue, muscle 
tissue, and dense fibroblast structures were observed 
(Figure 3).

The results of the osteometric measurements related to 
SGN were prepared as the value + standard deviation 
(minimum value, maximum values).

Related to the spinoglenoid notch; the mean width was 
16.91±2.04 mm (13.2, 21.2 mm), and the mean depth was 
17.2±2.04 mm (12.6, 20.7 mm) in the 25 right scapula, 
while the mean width was 17.43±2.3 mm (13.5, 23.5 mm) 
and the mean depth was 17.71±2.02 mm (14.1, 22.9 mm) 
in the 25 left scapula. The mean width was 17.17±2.17 

mm, and the mean depth was 17.45±2.03 mm regardless 
of the side. The mean width/depth ratios were 0.98±0.09 
(0.79, 1.17) in 25 right scapula, 0.98±0.1 (0.81, 1.32) in 25 
left scapula, and 0.98±0.1 total. We collected the data of 
the manual SGN measurements in a Table (Table 2).

Related to the spinoglenoid notch; the CT evaluation 
of the same bones (50 scapula) showed that the mean 
width was 17.26±2.02 mm (14.4, 20.8 mm), the mean 
depth was 17.66±1.63 mm (14.1, 20.9 mm) and the mean 
area was 278.04+46.05 mm² (197, 378 mm²) for the right 
scapula, while the mean width was 16.73±1.74 mm (13.5, 
19.7 mm), the mean depth was 17.8±2.35 mm (13.7, 21.4 
mm) and the mean area was 286.04±63.9 mm² (201, 375 
mm²) for the left scapula. Regardless of the side, the 

Table 1: Measurements on the cadavers

Cadaver No
Spinoglenoid  
lig./septum

Branches of SN to the 
infraspinatus muscle

Cadaver No
Spinoglenoid  
lig./septum

Branches of SN to the 
infraspinatus muscle

1-Left S 3+S 14-Left S 2

1-Right S 3 14-Right S 2

2-Left L 3 15-Left S 2

2-Right L 3 15-Right S 2

3-Left S 2 16-Left L 2

3-Right S 3 16-Right L 3

4-Left S 2 17-Left L 2

4-Right S 2 17-Right S 2

5-Left L 2 18-Left S 2

5-Right L 3 18-Right S 2

6-Left S 2 19-Left S 2

6-Right L 2 19-Right S 2

7-Left S 3 20-Left S 2

7-Right S 2 20-Right S 2

8-Left S 2 21-Left S 2

8-Right S 3 21-Right S 2

9-Left L 2 22-Left L 2

9-Right L 2 22-Right L 2

10-Left L 2 23-Left L 2

10-Right L 2 23-Right L 2

11-Left L 2 24-Left S 2

11-Right L 2 24-Right S 2

12-Left S 3 25-Right S 3

12-Right L 2 26-Left S 3

13-Left S 3

13-Right S 2

S: Spinoglenoid septum L: Spinoglenoid ligament
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mean width was 16.99±1.88 mm (13.5, 20.8 mm), the 
mean depth was 17.73±2 mm (13.7, 21.4 mm), and the 
mean area was 282.04±55.27 mm² (197, 378 mm²). The 
mean width/depth ratios were 0.98±1.02 (0.10, 1.21) in 25 
right scapula, 0.94±0.87 (0.72, 1.16) in 25 left scapula, and 
0.96±0.09 totally. The data of the SGN-related measure-
ments performed using CT are shown in a Table (Table 3).

DISCUSSION

The main findings of this study include the number and 
distribution of the motor branches of the suprascapular 
nerve to the infraspinatus muscle, macroscopic and mi-
croscopic examination of the spinoglenoid ligament (SGL) 
and spinoglenoid membrane (SGM), and determination of 
the spinoglenoid notch (SGN) dimensions by manual and 
CT measurements. These findings are thought to contrib-
ute significantly to shoulder surgery, nerve impingement 
syndromes, and anatomical education.

Morphological and morphometric evaluations
Our study found that the suprascapular nerve gave the 
infraspinatus muscle two or three motor branches. Two 
motor branches were observed in 74% (37/50 sides), and 
three motor branches were observed in 26% (13/50 sides) 
of the specimens. These findings are consistent with the 
finding of 70% (14/20) of two branches and 30% (6/20) 
of three branches reported by Lee et al. (26). However, 
Warner et al. reported a higher rate by detecting three or 
four motor branches in 48% (15/31) of the specimens ex-
amined (6). These differences may be due to the sample 
size, methodological differences, or possible anatomical 
variations. In addition, Warner et al. reported that the 
branches of the suprascapular nerve to the supraspinatus 
muscle were fewer, shorter, and smaller (6). Our findings 
support the existing literature regarding the motor inner-
vation of the infraspinatus muscle and provide import-
ant anatomical information regarding nerve preservation 
during surgical procedures (32-35).

Figure 3: Spinoglenoid ligament and septum, and their histological evaluation A Ligament B Septum C Spinoglenoid 
ligament (tight connective tissue arrangement, sparse fibroblasts in between, and typical appearance of corrugated 
structure seen in the compact connective tissue structure) D Septum (appearance of connective tissue, muscle tissue, 
and dense fibroblast structures): infraspinatus muscle (ISM), medial (M), lateral (L), superior (S), inferior (I)
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The spinoglenoid ligament (SGL) and spinoglenoid 
membrane (SGM) were analysed macroscopically and 
microscopically in our study and compared with the lit-
erature (33-35). SGL was detected on 19/50 sides (38%), 
while SGM was observed on 31/50 sides (62%). The 
presence of SGL has been reported at different rates in 
the literature. Although Plancher et al. and Aktekin et 
al. observed SGL in all their specimens (58 fresh frozen 
shoulders and 36 cadaver shoulders, respectively), Bek-
taş et al. found significant SGL in only 16% (5/32) (27-
29,31). Demirhan et al. reported the presence of SGL in 
60.8% (14/23 shoulders), Aiello et al. in 50% and Duparck 
et al. in 28/30 cadaver shoulders (18, 36, 37). Although 
the rates in our study contribute to the wide range of 
variations in the literature, it is noteworthy as one of the 
few studies that address the distinction between SGL 

and SGM at the macroscopic and microscopic levels. 
We found prominent SGL in 11 cadavers on 19 sides 
(38%), while we observed SGM in 18 cadavers on 31 
sides (62%). The differences in the data presented may 
be because the SGL-SGM distinction was not made in 
some studies, and all were accepted as SGL. Moreover, 
racial disparities and sample size may be responsible for 
the different results.

From the histological point of view, only Plancher et al. re-
ported that they had histologically examined 8 out of their 
58 fresh-frozen specimens (27, 28). They mentioned that 
the SGL was composed of bundles of collagen fibrils hav-
ing similar orientations. They also observed that Sharpey 
fibre bundles of collagen fibres extending from the perios-
teum to the underlying bone were inserted into the scap-

Table 2: Data from manual SGN-related measurements

Spinoglenoid Notch   

Cadaver 
No

Right (mm) Cadaver 
No

Left (mm) Right Left

Width Depth Width Depth Width/Depth Width/Depth

1 18.4 17.7 1 18.3 18.6 1.039548 0.983871

2 17.9 18.3 2 19.8 19.7 0.9781421 1.005076

3 13.6 12.6 3 14.3 14.1 1.0793651 1.014184

4 18 18.9 4 18.1 16.9 0.952381 1.071006

5 15 14.9 5 17.1 18.8 1.0067114 0.909574

6 15.2 18.4 6 16.3 16.8 0.826087 0.970238

7 14.9 17.9 7 15.8 19.4 0.8324022 0.814433

8 20.4 19.1 8 15.7 16.4 1.0680628 0.957317

9 13.2 14.4 9 14.4 17.3 0.9166667 0.83237

10 18.4 20.7 10 19.5 20.3 0.8888889 0.960591

11 16.3 15.7 11 17.3 17.2 1.0382166 1.005814

12 14.6 14.1 12 15.3 14.4 1.035461 1.0625

13 15 18.9 13 13.5 16.5 0.7936508 0.818182

14 18.6 16.7 14 16.1 15.8 1.1137725 1.018987

15 16.6 17.1 15 18.4 18.1 0.9707602 1.016575

16 19.1 18.3 16 17.6 20.3 1.0437158 0.866995

17 18.7 18.5 17 21 22.9 1.0108108 0.917031

18 18.3 20.2 18 23.5 17.8 0.9059406 1.320225

19 15.7 15 19 15 14.7 1.0466667 1.020408

20 16.4 17.8 20 17.9 17 0.9213483 1.052941

21 16.1 16.2 21 16.4 16.6 0.9938272 0.987952

22 21.2 19.4 22 20.1 18.8 1.0927835 1.069149

23 18.1 16.8 23 17 18.6 1.077381 0.913978

24 17.4 14.8 24 18.8 19.3 1.1756757 0.974093

25 15.7 17.6 25 18.7 16.5 0.8920455 1.133333
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ular spine. Plancher et al. did not define different types of 
SGL (28). In our study, SGL was classified into two types ac-
cording to the macroscopic examination: SGL (observed 
on 19 sides (38%) in 11 cadavers) and SGM (on 31 sides 
(62%) in 18 cadavers). We examined one specimen from 
each of these two types. In a microscopic examination of 
the SGL, a tight connective tissue arrangement, sparse fi-
broblasts in between, and the typical corrugated structure 
seen in the compact connective tissue structure were ob-
served, and in the sections taken from the SGM, connec-
tive tissue, muscle tissue, and dense fibroblast structures 
were observed. In the literature, we could only reach the 
study of Plancher et al. to examine the SGL histologically 
(28). Consequently, we believe that we have provided sup-
plemental microscopic data for types of SGL.

In our study, the mean width of the SGN by the manu-
al measurement method was found to be 17.17±2.17 
mm, the mean depth was 17.45±2.03 mm, and the mean 
width/depth ratio was 0.98±0.1. From the results of the 
CT measurements, the mean width of the SGN was de-
termined as 16.99±1.88 mm (13.5, 20.8 mm), the mean 
depth as 17.73±2 mm (13.7, 21.4 mm), the mean area as 
282.04±55.27 mm² (197, 378 mm²) and the mean width/
depth ratio as 0.96±0.09. Yang et al., in their study of 478 
patients (266 males, 212 females, 236 left-side and 242 
right-side were examined) with thin-section CT, reported 
that the mean width (AP-the distance between the nadir 
of the SGN and of the SGN) was 14.63±7.07 mm in males 
and 13.42±1.89 mm in females while the mean depth on 
the left side was 13.89±2.19 mm and 12.43±2.03 mm on 
the right side (38). In their bony study, which was per-
formed by digital callipers on 70 scapulae (58 non-artic-
ulated, 12 articulated), Kannapan et al. defined the ac-
romioglenoid (anteroposterior) diameter to be between 
the supraglenoid tubercle and the highest concavity of 
the acromion and the lateral diameter (mediolateral) to 
be located between the posterior rim of the glenoid cav-
ity and the centre of the lateral border of the spine of the 
scapula. They determined that the anteroposterior and 
mediolateral diameters of the spinoglenoid notch were 
found meanly as 3.01±0.4 cm (ranging from 2 to 3.5 cm) 
and 1.4±0.1 cm (ranging from 1.2 to 1.6 cm), respective-
ly (39). The studies of Yang et al., Kannapan et al., and 
ours are the only studies we could reach to report both 
the width and depth of SGN, while there are other stud-
ies mentioning their results related to the width of SGN 
(38, 39).  We believe that the difference in the results of 
these three studies may be due to different measurement 
methods, different points of measurement, and racial dif-
ferences, including body size and type. 

Defining the acromioglenoid diameter as the distance be-
tween the tip of the acromion process and the supragle-
noid tubercle, Vinay et al. reported that the acromiogle-
noid diameter was found meanly as 29.79±4.04 mm and 

30.36±4.1mm, on the right and left sides, respectively, and 
Dhindsa et al. reported that this diameter was measured 
meanly as 30.03±3.66mm and 30.27±4.61 mm on the right 
and left sides, respectively (40, 41). Mansur et al. defined 
the acromioglenoid diameter as the distance from the tip 
of the acromion process to the uppermost point of the gle-
noid cavity, and they determined that they measured the 
acromioglenoid diameter meanly as 31.83±3.66mm and 
31.97±3.96mm, on the right and left sides, respectively (42). 
We have identified our width differently from other studies 
as the distance between the most posterior point of the gle-
noid cavity and its projection on the acromion. We believe 
that our defining points for the width and the depth may 
better identify the area where the SN may be impinged. 

Bigliani et al., in their cadaver study including 90 (in some 
measurements, they used 15 cadavers more) cadavers, re-
ported that the suprascapular nerve passed through the 
spinoglenoid notch approximately 18 mm from the poste-
rior glenoid rim (range: 14–25 mm) (15). Moreover, Bigliani 
et al. described a safe zone of the posterior glenoid neck. 
According to them, the safe zone measured 2 cm at the 
level of the supraglenoid tubercle and decreased to 1 cm 
at the level of the scapular spine (15). Warner et al. dis-
sected 31 shoulders in 18 cadavers and determined that 
the palpable posterolateral tip of the acromion to the base 
of the scapular spine was 4.5 centimeters±4 millimetres, 
adding that this distance might be an appropriate refer-
ence point for the location of SN. Warner et al. suggested 
a posterior incision along the scapular spine just medial 
to allow dissection in the medial safe zone (6). Because of 
the narrow passage, even small cysts (0.5–10 mm) may be 
responsible for causing entrapment (15, 21). 

The findings of our study provide comprehensive data on 
the distribution of the motor branches of the suprascapu-
lar nerve, the structural features of the SGL and SGM, and 
the dimensions of the SGN. This information may contrib-
ute to optimising the surgical approach in nerve preserva-
tion and decompression procedures in shoulder surgery. 
It also provides an anatomical basis for understanding the 
pathophysiology of SN impingement syndromes.

CONCLUSION

This study provided comprehensive data on the anatomy 
of the suprascapular nerve, the distribution of its motor 
branches, the macroscopic and microscopic structure of 
the spinoglenoid ligament and membrane, and the di-
mensions of the spinoglenoid notch. The failure to detect 
the cutaneous branch may be because the cadavers were 
previously used in student practice. Future studies with less 
damaged cadavers may better reveal the anatomical fea-
tures of this branch. Our study is an essential anatomical 
guide for shoulder surgery and nerve decompression op-
erations. We believe our findings significantly contribute to 
the existing literature both clinically and academically.
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ABSTRACT

Objective: Acanthamoeba spp. are free-living amoebae found 
in a variety of environments, including seawater, lakes, rivers, 
stagnant waters, swimming pools, bottled waters, ventilation 
ducts, air conditioning units, sewage systems, soil, and in-hospital 
dialysis and eye wash units. Although infections caused by 
Acanthamoeba spp. are infrequent, they are characterised by high 
mortality and can lead to serious clinical problems. Acanthamoeba 
causes Acanthamoeba keratitis (AK) in healthy individuals and 
contact lens users. In immunocompromised individuals, it can 
lead to granulomatous amoebic encephalitis (GAE) and lung 
and skin infections. In this study, we investigated the presence of 
Acanthamoeba species in environmental water samples collected 
from various cities across Türkiye. We employed a range of culture 
and molecular methods for this analysis.

Material and Methods: A total of 100 samples were collected 
from different cities and water sources in Türkiye. Water samples 
were filtered through a 0.45 µm diameter cellulose nitrate memb-
rane filter using a vacuum device, allowing approximately 100 ml 
to pass in about 30 s. The filtered water samples were cultured on 
Non-Nutrient Agar E.coli (NNA-E.coli) and Buffered Charcoal Ye-
ast Extract Agar media. Samples that were considered culture-po-
sitive were stored at -20 °C for DNA isolation. 

Results: Among the 100 samples, 27 (27%) Acanthamoeba spp. 
were detected without differentiation by the media. In the NNA-E. 
coli medium, 22 (22%) Acanthamoeba spp. were produced, while 
19 (19%) were produced in the BCYE medium. No significant dif-
ference was found between the two media. A total of 25 Acantha-
moeba spp. were detected using RT-PCR (25%). The compatibility 
of the media with RT-PCR was found to be statistically significant 
(p<0.005) and bidirectional, as calculated by the kappa coefficient. 

ÖZET

Amaç: Acanthamoeba spp. serbest yaşayan amiplerden olup çev-
rede deniz sularında, göllerde, nehirlerde, durgun sularda, yüzme 
havuzlarında, şişelenmiş sularda, havalandırma kanallarında, klima 
ünitelerinde, lağım sularında, toprakta, hastanelerin diyaliz ünite-
leri ve göz yıkama üniteleri gibi çok çeşitli yerlerde bulunabilmek-
tedir. Acanthamoeba spp.’ye bağlı enfeksiyonlara az rastlanması-
na rağmen yüksek ölüm ile karakterize olup ciddi klinik problemler 
oluşturmaktadır. Acanthamoeba sağlıklı bireylerde ya da kontakt 
lens kullanıcılarında Acanthamoeba keratitine (AK) neden olmak-
tadır. Bağışıklık sistemi baskılanmış kişilerde granülomatöz amebik 
ensefalit (GAE), akciğer ve deri enfeksiyonlarına sebep olmaktadır. 
Çalışmamızda Türkiye’nin çeşitli şehirlerinden toplanan çevresel 
su örneklerinde, Acanthamoeba spp. varlığının farklı kültür ve mo-
leküler yöntem ile araştırılması amaçlanmıştır.

Gereç ve Yöntem: Türkiye’nin farklı şehirlerinden ve su kaynakların-
dan toplam 100 örnek toplanmıştır. Su örnekleri kültür yöntemi ve DNA 
izolasyonu için 0.45 µm çapında selüloz nitrat membran filtreden yakla-
şık 30 saniyede 100 ml geçecek şekilde vakum cihazı ile filtrelenmiştir. 
Filtrelenen su örnekleri NNA-E.coli ve Tamponlu Kömür Maya Özütü 
besiyerlerine kültüre edilmiştir. Kültür sonucu pozitif olarak kabul edilen 
örnekler DNA izolasyonu için -20 °C dondurucuya kaldırılmıştır. 

Bulgular: Toplanan 100 örneğin kültür sonuçları besiyeri ayrımı ya-
pılmaksızın 27 (%27) Acanthamoeba spp. tespit edilmiştir. NNA-E.
coli besiyerinde 22 (%22) BCYE besiyerinde 19 (%19) Acanthamo-
eba spp. üretilmiştir. İki besiyeri arasında anlamlı bir farklılık bulu-
namamıştır. RT-PCR yöntemi ile toplam 25 Acanthamoeba spp. 
saptanmıştır (%25). Besiyerlerinin RT-PCR ile uyumu kappa katsayısı 
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INTRODUCTION

Free-living amoebae (FLA) are widely found in nature, 
soil, and water. Although these amoebae have a cosmo-
politan distribution, they can survive in difficult condi-
tions. Some species and genotypes of the FLA of Acan-
thamoeba, Naegleria, Balamuthia and Sappinia cause 
infections in humans (1, 2). Among FLAs, the most com-
mon are Acanthamoeba species, which cause infections, 
especially in immunocompromised individuals. The pre-
disposing conditions include diabetes, acquired immune 
deficien cy syndrome (AIDS), cirrhosis, human immunode-
ficiency virus (HIV) infection, chronic renal failure, system-
ic lupus erythematosus, malignancy, chemotherapy, and 
organ transplants, including stem cell transplantation 
(3, 4). Acanthamoeba can be found in water (tap water, 
well, pool, spa, dam, lake, sea), air, and soil (beach sands, 
potting soil). The transmission routes include inhalation 
of wind-borne cysts, direct skin contact, and haematog-
enous spread (2). It has also been reported to cause 
keratitis in people who use contact lenses. To date, 23 
genotypes (T1-T23) of Acanthamoeba have been identi-
fied (5). Acanthamoeba spp. causes a severe brain infec-
tion known as fatal granulomatous amoebic encephalitis 
(GAE). This condition typically begins quietly and pro-
gresses slowly over time. The incubation period for GAE 

can range from several weeks to several months. Patients 
with GAE often present to the hospital with symptoms 
such as fever, headache, vomiting, seizures, changes in 
sensory perception, and loss of consciousness. As the 
disease progresses, intracranial pressure, seizures, loss 
of consciousness, coma, and death occur (6). Another 
Acanthamoeba infection is Acanthamoeba keratitis (AK), 
which is a rare infection of the cornea. The use of contact 
lenses is the leading risk factor for Acanthamoeba ker-
atitis. Serological studies have shown that 90%-100% of 
individuals with no history of AK had antibodies specific 
for Acanthamoeba antigens. This indicates that exposure 
is common, but the disease is extremely rare (6).

The aim of the present study was to investigate the pres-
ence of Acanthamoeba spp. in environmental water sam-
ples collected from various cities in Türkiye using differ-
ent culture and molecular methods.

MATERIALS AND METHODS

Within the scope of the study, 100 samples were collect-
ed from different sources, mostly sea water, pool water, 
tap water, hot springs, baths, rivers, lakes, dams and tank 
water, from the cities marked in Figure 1 between August 
2021 and March 2023 (Figure 1). Water samples were col-
lected in 500 ml sterile plastic bottles. The date and places 

Samples in which Acanthamoeba spp. cysts were detected were 
evaluated based on morphological criteria. Based on the size and 
shape of the cysts, it was observed that the majority of the detec-
ted samples belonged to groups II and III.

Conclusion: There are few studies comparing Acanthamoeba 
growth in different culture media. There is a need to discover 
newer and more accessible culture media for this amoeba.

Keywords: Acanthamoeba spp., environment water samples, real 
time PCR, culture

hesaplanarak istatiksel olarak (p<0,005) anlamlı ve iki yönlü olarak 
kabul edilebilir bulunmuştur. Acanthamoeba spp. kisti saptanan ör-
nekler morfolojik kriterlere göre değerlendirilmiştir. Kistlerin büyük-
lük ve şekilleri baz alınarak yapılan sınıflamada ağırlıklı olarak tespit 
edilen örneklerin grup II ve grup III’e ait oldukları görülmüştür.

Sonuç: Acanthamoeba büyümesini farklı kültür ortamlarında kar-
şılaştıran az sayıda çalışma yapılmıştır. Bu amip için daha yeni ve 
daha erişilebilir kültür ortamları keşfedilmesine ihtiyaç vardır.

Anahtar kelimeler: Acanthamoeba spp., çevresel su örnekleri, 
real time PCR, kültür

Figure 1: Cities where the samples were collected

https://orcid.org/0009-0009-1233-8619
https://orcid.org/0000-0001-7144-1418
https://orcid.org/0000-0002-5435-706X


148

Acanthamoeba spp. in the environmental water samples
İstanbul Tıp Fakültesi Dergisi • J Ist Faculty Med 2025;88(2):146-154

where the samples were taken were noted on each sam-
ple. The collected samples were placed in a thermal bag 
inbrought to the laboratory of the Department of Parasi-
tology in İstanbul University, İstanbul Faculty of Medicine.

Filtering of the water samples
The water samples that were brought to the Parasitol-
ogy Laboratory of İstanbul University, İstanbul Faculty of 
Medicine in sterilised plastic bottles were filtered with a 
vacuumed device, passing 100 ml approximately in 30 s 
through a 0.45 µm diameter cellulose nitrate membrane 
filter (AISIMO, England) for the culturing method and DNA 
isolation. In order to prevent the drying of the surface of 
the filter, the filtering process continued until 3-5 ml of wa-
ter remained on the surface. The surface of the filter mem-
brane was divided into equal parts with a sterile scalpel, 
and one part was preserved at -20 °C for DNA isolation. 
The remaining part was divided into two equal parts and 
one half was placed on Non-Nutrient Agar (NNA) and the 
other half was placed on Buffered Charcoal Yeast Extract 
Agar (BCYE) and covered upside down. The edges of the 
Petri dishes were covered with parafilm to prevent drying. 
Then, the NNA-E. coli was incubated at 30 °C and BCYE 
was incubated at 37 °C. Images of melting or opening on 
the surface in areas covered with bacteria were consid-
ered suspicious, and the surface was scraped with a sterile 
scalpel, suspended in approximately 2 ml of Page Saline, 
vortexed and centrifuged, and then microscopically exam-
ined. The samples considered positive were stored at -20 
°C for DNA isolation.

Culturing method
Three different media were used in this study. Brain heart 
infusion agar (BHI) was used to grow Escherichia coli, and 
NNA and Buffered charcoal - yeast extract agar (BCYE) 
were used to culture the environmental water samples.

Brain heart infusion agar (BHIA) (LABM – United King-
dom)
49 g of powdered BHI was added to 1000 ml of distilled 
water and mixed well. After adjusting the pH to 7.4±0.2, 
the prepared mixture was sterilised in an autoclave at 121 
°C for 15 min. It was cooled to 47°C, poured into Petri 
dishes and allowed to dry. It was then covered with para-
film and placed at 4°C.

NNA
Page’s saline
A solution was prepared by dissolving 0.12 g NaCl, 0.004 
MgSO4.7H2O, 0.004 g CaCl2.2H2O, 0.142 g Na2HPO4, 
and 0.136 g KH2PO4 in 1000 ml distilled water, with the 
pH adjusted to 6.8±0.1.

NNA
The mixture was prepared by adding 15.0 g agar and 
1000 ml of Page’s saline, and the pH was adjusted to 
7.0±0.2. The prepared mixture was sterilised in an auto-

clave at 121 °C for 15 min. It was then poured into Petri 
dishes and stored at 4 °C. When the sample was to be 
planted, 18-24 hours old E.coli (ATCC 25922) previous-
ly grown on BHIA was suspended densely in 5 ml page 
saline solution, then autoclaved at 121 °C for 15 min and 
the suspension was collected with a sterile pipette. 1 ml 
was taken and spread on the NNA surface with the help 
of a swab. It was then placed in the oven at 30 °C for 24 
h to dry.

Buffered charcoal–yeast extract agar (BCYE) (BD BBL, 
France)
To prepare BCYE, 2.4 grammes of KOH was added to 
1000 ml of distilled water and stirred to dissolve. Then, 
38.3 grammes of BCYE was added and mixing continued. 
Heating and mixing were carried out to completely dis-
solve the powder. The pH was adjusted to 6.8±0.1 and 
the prepared mixture was sterilised in an autoclave at 121 
°C for 15 min. Then, it was cooled to 45-50 °C and 4 ml of 
10% filter-sterilised L-Cysteine HCl solution was added. 
Then, by mixing, the pH was adjusted to 6.8±0.2. Finally, 
it was poured into Petri dishes and left to dry. It was then 
covered with parafilm and placed at 4 °C.

DNA isolation of the culture samples
Isolation of amoebae cultured on NNA medium and 
BCYE medium was performed according to the proce-
dure steps specified in the QIAamp® DNA Minikit QIA-
GEN.

Real-time polymerase chain reaction  
The real-time polymerase chain reaction (RT-PCR) was 
performed using the Acanthamoeba spp. 18S ribosomal 
RNA (18S) gene Genesig® Standard Kit.

RESULTS

Water samples brought to the Parasitology Laboratory of 
İstanbul University Faculty of Medicine under appropri-
ate conditions were filtered with a vacuum device for the 
culture method, and one half of the filter was inverted 
onto NNA-E. coli and the other half was placed upside 
down on BCYE medium. The NNA-E. coli was incubated 
at 30 °C, and BCYE was incubated at 37 °C. The NNA-E. 
coli media were incubated for up to 14 days and growth 
was checked at regular intervals. Since the BCYE medi-
um provided the best growth results between 66 and 72 
h and started drying after day 10, the Petri dishes were 
stored for 10 days. The cyst and trophozoite shapes were 
observed under a microscope. The examination of the 
culture results of 100 samples showed that Acanthamoe-
ba spp. was detected in 27 water samples regardless of 
the medium. While 15 cysts and 7 trophozoites belong-
ing to Acanthamoeba spp. were observed in the NNA-E. 
coli medium, 9 cysts and 10 trophozoites were detected 
in the BCYE medium. Cysts/trophozoites were detected 
in 14 samples in common in both media. Eight samples 
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were only detected in the NNA-E. coli medium, while 
cysts and trophozoites were observed in five samples 
in the BCYE medium. The BCYE medium proved to be 
more effective for trophozoite production.

Acanthamoeba spp. growing in NNA-E. coli medium and 
BCYE medium were statistically compared. The number 
of samples growing in the two media was calculated by 
chi-square and a significant degree of concordance was 
found between the NNA-E.coli medium and the BCYE 
medium (Table 1).

Acanthamoeba spp. were cultured in NNA-E. coli medium 
after identifying the presence of cysts or trophozoites in the 
sample. Following the passage, the cysts and trophozoites 
of Acanthamoeba were observed again. The cysts were 
then stained with Lactophenol cotton blue (Figure 2). As 
illustrated in the figure, the amoeba cyst wall was revealed 
and stained a darker blue than the surrounding areas.

After the examination of the NNA-E. coli and BCYE me-

dia, the samples with Acanthamoeba spp. cysts were 
evaluated in accordance with their morphological cri-
teria. In the classification based on the size and shape 
of the cysts, the samples identified predominantly be-
longed to Group II and Group III.

Table 2 shows the location-date information from which 
the samples were taken and the positivity used in Acan-
thamoeba spp. detection (Table 2).

RT-PCR analysis was performed after DNA isolation of 
the samples whose media results were observed. RT-PCR 
results of a total of 25 samples out of 100 were found 
positive.

The moderate compliance between BCYE and RT-PCR 
was found to be statistically significant. The compatibil-
ity of the NNA-E. coli and BCYE media with RT-PCR was 
evaluated by calculating the kappa coefficient. The de-
tected coefficients showed moderate and potentially sig-
nificant compliance ranging from 0.30 to 0.60 were found 
to be statistically significant (p<0.001) (Table 3-4).

DISCUSSION 

A total of 100 water samples from various cities in Tür-
kiye, which have intense human contact, were analysed 
to identify Acanthamoeba spp. in environmental water 
sources. Acanthamoeba spp. typically reproduced within 
an average of 5 days in the samples taken for NNA-E. coli 
and BCYE cultures. The presence of Acanthamoeba spp. 
was detected in 27% of the water samples using both cul-
ture methods. The NNA-E. coli medium (22/100) showed 
similar results to the BCYE medium (19/100) in the pro-
duction of Acanthamoeba. Penland and Wilhelmus re-
produced the Pseudomonas aeruginosa ATCC 27853, E. 
aerogenes ATCC 13048, Stenotrophomonas maltophilia 
ATCC 13637, E. coli ATCC 25922, Staphyloccucus aureus 
ATCC 25923, Klebsiella pneumoniae ATCC 13883 and 
Serratia marcescens B1523 bacteria as alive and dead 
in non-nutrient medium, and in BCYE and TSA(rabbit 
blood, sheep blood, horse blood, human blood) in pa-
tient samples who were found positive for Acanthamoe-
ba spp., and found that the BCYE medium provided 
more successful results in the production of trophozoites 
as similarly with our study (7). In our study, we observed 
10 trophozoites and 9 cysts of Acanthamoeba spp. in the 
BCYE medium, whereas 15 cysts and 7 trophozoites were 
found in the heat-killed NNA-E. coli medium. There are 
few studies comparing the growth of Acanthamoeba in 
different culture media. This suggests that new and more 
accessible culture media could be discovered for cultivat-
ing this amoeba.

Tawfeek et al. collected 75 environmental samples and 
cultured NNA-E. coli medium in their study aiming at the 
genotypic, physiological and biochemical characterisa-

Table 1: Comparison of the positivity of Acanthamoeba 
spp. in NNA-E. coli and BCYE Medium

NNA  
Medium/
E.coli

BCYE Medium

   χ2 PNo Yes

n % n %

No 73 93.6 5 6.4 36.515 p<0.001

Yes 8 36.4 14  63.6   

 NNA: Non-Nutrient Agar, BCYE: Buffered Charcoal Yeast Extract 
Agar, χ2: chi square, P: chi square p signifiance value Kappa=0.602: 
p<0.001, 95% CI : 0.407 and 0.797

Figure 2: The Acanthamoeba cycsts (X40) stained with 
Lactophenol cotton blue in the NNA-E. coli medium
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Table 2: The location and date of collection of samples and the comparison of positivity of the methods used in the 
detection of Acantahamoeba spp.

 Sample 
no

Source of the 
water

Type of  
water

Sampling 
date

Sampling 
season

NNA medium/ 
E. coli 

BCYE 
medium

RT-PCR
(Ct)

1 Mardin Brackish 27.08.2021 Summer - - -

2 Mardin Natural spring 27.08.2021 Summer + - + 23.45

3 Mardin Tap 27.08.2021 Summer + + + 21.34

4 Şanlıurfa Lake 28.08.2021 Summer + + + 21.12

5 Şanlıurfa Tap 28.08.2021 Summer - - -

6 Şanlıurfa Brackish 28.08.2021 Summer + + + 26.99

7 Şanlıurfa Dam 28.08.2021 Summer + + + 29.32

8 Diyarbakır Thermal 29.08.2021 Summer + - + 32.21

9 Diyarbakır Thermal 29.08.2021 Summer + + -

10 Diyarbakır Natural waterfall 29.08.2021 Summer + + -

11 Diyarbakır Tap 29.08.2021 Summer - - -

12 Diyarbakır Stream 29.08.2021 Summer + + -

13 Diyarbakır River 29.08.2021 Summer - - -

14 Diyarbakır River 30.08.2021 Summer - - -

15 Diyarbakır River 30.08.2021 Summer + + -

16 Diyarbakır Natural spring 30.08.2021 Summer - - -

17 Diyarbakır Dam 30.08.2021 Summer - - -

18 Diyarbakır Tap 31.08.2021 Summer - - -

19 Diyarbakır Tap 31.08.2021 Summer - - -

20 Diyarbakır Tap 31.08.2021 Summer - - -

21 Diyarbakır Swimming pool 31.08.2021 Summer - - -

22 Diyarbakır Tap 31.08.2021 Summer - - -

23 Eskişehir Tap 25.09.2021 Autumn - - -

24 Eskişehir Tap 25.09.2021 Autumn - - -

25 Eskişehir Stream 25.09.2021 Autumn - - -

26 Eskişehir Bath 25.09.2021 Autumn - + -

27 Antalya Sea 27.06.2022 Summer + + -

28 Tokat Tap 22.08.2022 Summer - - -

29 Tokat Tap 22.08.2022 Summer - - -

30 Tokat Natural spring 22.08.2022 Summer - - -

31 Afyonkarahisar Thermal 02.04.2022 Spring - - -

32 Manisa Tap 03.04.22 Spring - - -

33 Zonguldak Natural spring 26.08.2022 Summer - - -

34 Zonguldak Earthy 26.08.2022 Summer - - -

35 Diyarbakır Earthy 30.08.2021 Summer - + -

36 Bolu Tap 08.09.2022 Autumn - - -

37 Bolu Tap 08.09.2022 Autumn - - -

38 Bursa Tap 18.09.2021 Autumn - - -
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Table 2: Continue

 Sample 
no

Source of the 
sample

Type of  
water

Sampling 
date

Sampling 
season

NNA medi-
um/E. coli 

BCYE 
medium

RT-PCR
(Ct)

39 İstanbul Hospital tap 22.09.2022 Autumn - - -

40 İstanbul Tap 07.10.2022 Autumn - - -

41 İstanbul Hospital tap 10.10.2022 Autumn - - -

42 İstanbul Hospital tank 10.10.2022 Autumn + - -

43 İstanbul Hospital tank 10.10.2022 Autumn - - -

44 İstanbul Drain 10.10.2022 Autumn - - -

45 İstanbul Potted 13.10.2022 Autumn + + + 32.39

46 İstanbul Potted 13.10.2022 Autumn + - + 20.86

47 İstanbul Bath 25.10.2022 Autumn + + -

48 İstanbul Bath 25.10.2022 Autumn + - + 38.45

49 İstanbul Tap 25.10.2022 Autumn - - -

50 Van Lake 10.08.2022 Summer - - -

51 Bitlis Natural spring 14.08.2022 Summer - - -

52 Siirt Tap 14.08.2022 Summer - - -

53 Diyarbakır Tap 02.09.2022 Autumn - - -

54 Diyarbakır Natural spring 02.09.2022 Autumn - - -

55 Elazığ Natural spring 06.11.2022 Autumn - - -

56 Elazığ Lake 06.11.2022 Autumn - - -

57 Malatya Tap 06.11.2022 Autumn - - -

58 Malatya Tap 06.11.2022 Autumn - - -

59 İstanbul Artificial waterfall 26.10.2022 Autumn - - + 27.65

60 İstanbul Artificial waterfall 19.11.2022 Autumn + + + 17.10

61 İstanbul Potted 20.12.2022 Winter + + + 30.79

62 İstanbul Fountain 20.12.2022 Winter + - + 29.22

63 İstanbul Fountain 20.12.2022 Winter - - + 33.77

64 Denizli Tap 20.12.2022 Winter - - + 29,67

65 İstanbul Artificial 04.01.2023 Winter - - + 30.82

66 İstanbul Artificial stream 04.01.2023 Winter - - + 31.73

67 İstanbul Swimming poll 04.01.2023 Winter - - + 30.36

68 İstanbul Brackish 09.01.2023 Winter - - -

69 İstanbul Brackish 09.01.2023 Winter - - -

70 İstanbul Tank 10.01.2023 Winter - - -

71 İstanbul Potted 23.01.2023 Winter - - -

72 İstanbul Bath 23.01.2023 Winter - - -

73 İstanbul Bath 23.01.2023 Winter - - -

74 İstanbul Sea 24.01.2023 Winter - - + 29.76

75 Ankara Thermal 28.01.2023 Winter - - -

76 Ankara Thermal 28.01.2023 Winter - - -

77 Ankara Thermal 28.01.2023 Winter - - -
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tion of potentially pathogenic Acanthamoeba isolated 
from the environment in Cairo, Egypt. Acanthamoeba 
spp. was found in 11 (31.4%) of the 35 water samples col-
lected in this study (8). Similarly, in our study, a total of 27% 
culture-positive results were obtained. In Iran, Mahmudi 
and his colleagues randomly collected 80 water samples 

and 20 soil samples from public parks in the districts of 
Guilan province between May and June 2019, and de-
tected Acanthamoeba in 40 (50%) of the 80 water sam-
ples (9). Since environmental sources are an important 
potential risk factor for human infection, examining the 
prevalence of Acanthamoeba in different environments 

Table 2: Continue

 Sample 
no

Source of the 
sample

Type of  
water

Sampling 
date

Sampling 
season

NNA medi-
um/E. coli 

BCYE 
medium

RT-PCR
(Ct)

78 Ankara Tap 28.01.2023 Winter - - -

79 İstanbul Sea 26.02.2023 Winter - - -

80 İstanbul Sea 26.02.2023 Winter - - -

81 Bolu Tap 29.01.2023 Winter - - -

82 İstanbul Lake 26.02.2023 Winter - - -

83 İstanbul Lake 26.02.2023 Winter - - -

84 İstanbul Sea 26.02.2023 Winter - + -

85 İstanbul Sea 26.02.2023 Winter - + + 38.81

86 İstanbul Potted 01.03.2023 Spring - + + 34.82

87 İstanbul Potted 01.03.2023 Spring - - + 31.48

88 İstanbul Potted 01.03.2023 Spring + - + 29.89

89 İstanbul Stream 01.03.2023 Spring + - -

90 İstanbul Ornamental pool 01.03.2023 Spring - - -

91 İstanbul Swimming pool 14.03.2023 Spring - - -

92 İstanbul Swimming pool 14.03.2023 Spring + + + 20.91

93 İstanbul Ornamental pool 15.03.2023 Spring - - + 36.01

94 İstanbul Tap 15.03.2023 Spring - - -

95 İstanbul Tap 15.03.2023 Spring - - -

96 İstanbul Bath 15.03.2023 Spring - - -

97 İstanbul Bath 15.03.2023 Spring - - -

98 İstanbul Bath 15.03.2023 Spring - - -

99 İstanbul Ornamental pool 15.03.2023 Spring - - -

100 İstanbul Tap 15.03.2023 Spring - - -

NNA: Non-Nutrient Agar, BCYE: Buffered Charcoal – Yeast Extract Agar, RT-PCR, (Ct): Real-time polymerase chain reaction (cycle threshold)

Table 3: Comparison of the NNA-E. coli and RT-PCR 
positivity in the detection of Acanthamoeba spp. 

NNA-E.coli
χ2 p

RT-PCR No Yes

No 67 11 22.4 p<0.001

Yes 8 14

Total 75 25                                            

NNA: Non-Nutrient Agar, RT-PCR: The real-time polymerase chain 
reaction, χ2: chi square, P: chi square p signifiance value Kap-
pa=0.472, p<0.001; 95 % CI 0.270 and 0.675. The compliance be-
tween NNA-E. coli and RT-PCR was mostly found to be significant

Table 4: Comparison of the BCYE and RT-PCR positivity 
in the detection of Acanthamoeba spp.

BCYE 
χ2 p

RT-PCR No Yes

No 66 9 9.5 p<0.002

Yes 15 10

Total 81 19

BCYE: Buffered Charcoal – Yeast Extract Agar, RT-PCR: The re-
al-time polymerase chain reaction, χ2: chi square, P: Chi square, 
p signifiance value Kappa=0.304, p<0.001, 95% CI 0.089 and 0.519
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can be helpful for the control and prevention of the dis-
ease in humans. There are differences in the prevalence 
of Acanthamoeba spp., found in many places in the en-
vironment. The reason is considered the conditions such 
as water temperature and climatic conditions in countries 
and regions with different geographical locations. 

In their study, Hajialilo et al. examined 138 corneal scrap-
ings, contact lens samples, and equipment to isolate and 
genotype Acanthamoeba strains from patients with amoe-
bic keratitis in Iran in 2016. They investigated all clinical 
samples using both direct microscopy and culturing meth-
ods. Among the samples, they classified them based on 
morphology and predominantly detected cysts belonging 
to Group II. However, in one isolate, they found a cyst of 
Acanthamoeba spp. belonging to Group I morphology (10).

In another study by Al-Herrawy et al., the presence of 
Acanthamoeba species was investigated in the Daman-
hour drinking water treatment plant in Egypt. Of the 48 
water samples analysed, 12 (25%) were positive for Acan-
thamoeba. The results revealed  Acanthamoeba spp. 
from Group I, Group II, and Group III in the morphologi-
cally classified samples. In our study, which examined 100 
different environmental water samples, the morphologi-
cal classification of 27 Acanthamoeba spp. indicated that 
they primarily belonged to Group II and Group III (11).

In their study, Milanez et al. examined Acanthamoeba 
spp. isolated from 63 drinking water systems in the Philip-
pines from both epidemiological and molecular perspec-
tives. They found a positivity rate of 14.28% (9 out of 63) 
in the NNA-E. coli medium, and the cultures were posi-
tive using Acanthamoeba-specific primers. Additionally, 
all samples tested (9 out of 9) were confirmed positive 
through molecular methods (12).

Meanwhile, Karimi and colleagues investigated the iden-
tification and genotyping of Acanthamoeba spp. in water 
resources in Western Iran. They collected and cultured 
72 water samples, subsequently performing PCR. They 
discovered that all 72 samples (100%) were positive for 
free-living amoebae (FLA) through culture methods. How-
ever, only 17 samples (23.6%) tested positive according 
to the PCR results used to diagnose and identify Acan-
thamoeba from the culture samples (13). In our study, we 
detected culture positivity in 27 out of 100 samples, while 
RT-PCR results confirmed that 25 samples were positive 
for Acanthamoeba spp. Additionally, 9 out of 73 samples 
that did not yield positive results in culture were found to 
be positive through RT-PCR. Based on our findings, al-
though the culture method is time-consuming, it remains 
the gold standard for detecting Acanthamoeba spp. The 
discrepancy between the culture and RT-PCR results may 
be because the cultured samples examined under the 
microscope could be Vermamoeba spp. (formerly known 
as Hartmannella), which have morphological similarities 

to Acanthamoeba spp. It is also worth noting that Acan-
thamoeba species exhibit numerous genotypes, with 
new variants continuously being discovered.

Acanthamoeba spp. are found in regions with various cli-
matic characteristics and water resources, and their pres-
ence can be influenced by seasonal changes. In a study  
by Kao et al., the researchers evaluated the presence of 
Acanthamoeba spp. in the Puzih River basin in Taiwan. 
They collected 136 water samples between July 2009 and 
March 2010, spanning all four seasons. Acanthamoeba 
spp. was detected in 16  of 136 samples, representing a 
prevalence of 11.7%. 

Seasonally, the findings showed that Acanthamoeba spp. 
was identified in the following proportions: spring (2.9%), 
summer (32.4%), autumn (2.9%), and winter (8.8%). The 
organism was most frequently detected during the sum-
mer months. In our study, which involved culturing sam-
ples collected across the four seasons, Acanthamoeba 
spp. was primarily detected in the summer, yielding 12 
positive culture results.

CONCLUSION

In conclusion, 100 different water samples were cultured 
using NNA-E. coli and BCYE media. Acanthamoeba spp. 
were detected in 22 samples (22%) from the NNA-E. coli 
medium and in 22 samples (19%) from the BCYE medi-
um. No significant difference was found between the two 
types of media. A total of 25 Acanthamoeba spp. were 
identified using the RT-PCR method, representing 25% of 
the samples. The compatibility of the media with RT-PCR 
showed a statistically significant result (p<0.005) and was 
considered bidirectionally acceptable when the kappa 
coefficient was calculated. There are few studies com-
paring the growth of Acanthamoeba in different culture 
media, highlighting the need to discover novel and more 
accessible culture options for this amoeba.
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ABSTRACT

Congenital adrenal hyperplasia (CAH) is a group of inherit-
ed diseases characterised by disrupted glucocorticoid (GC) 
and mineralocorticoid (MC) synthesis in the adrenal glands. 
Most cases are caused by 21-hydroxylase (21-OH) enzyme de-
ficiency, which leads to diminished cortisol and aldosterone 
levels, a reactional increase in adrenocorticotropic hormone 
(ACTH), resulting in excessive adrenal androgen production. 
CAH is a challenging condition that often requires supraphys-
iological doses of GCs to suppress ACTH and subsequent 
androgen production. It can lead to complications such as 
short stature and premature puberty during childhood, hy-
perandrogenism, infertility, and iatrogenic Cushing syndrome 
in adulthood. This manuscript reviews the current therapeutic 
landscape, unmet needs, and emerging therapies for CAH, 
including corticotropin-releasing factor type 1 (CRF1) recep-
tor antagonists, ACTH inhibitors, and investigational gene 
therapies to replace 21-OH enzymatic activity. The main fo-
cus of the pipeline agents is to reduce androgen levels and 
the need for supraphysiological dosing of GCs. Crinecerfont, 
a CRF1 receptor antagonist, has recently been approved by 
the Food and Drug Administration (FDA) after showing sig-
nificant improvements in androgen levels in adults and pae-
diatric patients aged 4 years and older with classic CAH. The 
manufacturer claims it is the first novel CAH treatment in 
70 years. However, it failed to maintain low androgen levels 
while reducing GC dosing. Hence, further pipeline is investi-
gating whether it is possible to achieve both goals or cure the 
disease. The long-term safety and efficacy of these promising 

ÖZET

Konjenital adrenal hiperplazi (KAH), adrenal bezlerde glukokor-
tikoid (GC) ve mineralokortikoid (MC) sentezinin bozulmasıyla 
karakterize bir grup kalıtsal hastalığı ifade eder. Vakaların büyük 
çoğunluğu, kortizol ve aldosteron seviyelerinin azalmasına yol 
açan, buna bağlı olarak adrenokortikotropik hormon (ACTH) 
düzeylerinde reaksiyonel bir artışla adrenal androjen üretiminin 
fazlaca artmasına neden olan 21-hidroksilaz (21-OH) enziminin 
eksikliğinden kaynaklanır. KAH, genellikle ACTH’yi ve buna bağlı 
androjen üretimini baskılamak için fizyolojik sınırların üzerinde 
GC dozlarının kullanımını gerektiren, yönetimi zor bir hastalıktır. 
Bu durum, çocukluk döneminde kısa boy ve erken ergenlik, ye-
tişkinlikte ise hiperandrojenizm, infertilite ve iyatrojenik Cushing 
sendromu gibi komplikasyonlara yol açabilir. Bu makale, KAH 
için mevcut tedavi seçeneklerini, tedavi alanındaki eksiklikleri 
ve gelişmekte olan yeni tedavi yaklaşımlarını kapsamlı bir şekil-
de ele almaktadır. Bunlar arasında kortikotropin salıcı faktör tip 
1 (CRF1) reseptör antagonistleri, ACTH inhibitörleri ve 21-OH 
enzimatik aktivitesini yerine koymayı hedefleyen deneysel gen 
tedavileri bulunmaktadır. Yeni geliştirilen ajanların ana hedefi, 
androjen seviyelerini azaltmak ve suprafizyolojik GC dozlarına 
duyulan ihtiyacı en aza indirmektir. CRF1 reseptör antagonis-
ti olan crinecerfont, androjen seviyelerinde önemli iyileşmeler 
göstermesi nedeniyle; 4 yaş ve üzeri çocuk ve yetişkin klasik 
KAH hastalarında kısa bir süre önce Amerikan Gıda ve İlaç Dai-
resi (FDA) tarafından onaylanmıştır. Üretici firma, bu ilacın son 70 
yıl içerisinde onaylanan ilk yenilikçi KAH tedavisi olduğunu öne 
sürmektedir. Ancak, bu tedavi yöntemi, GC dozlarını azaltırken 
düşük androjen seviyelerini sürdürebilme hedefini karşılayama-
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INTRODUCTION

Congenital adrenal hyperplasia (CAH) is a group of in-
herited diseases that are characterised by the disruption 
of physiological cortisol and aldosterone synthesis in the 
adrenal glands. A deficiency in the 21-hydroxylase (21-
OH) enzyme causes more than 95% of CAH cases (1). This 
leads to decreased negative feedback to the Hypotha-
lamic-Pituitary-Adrenal (HPA) axis (Figure 1) (2). This form 
of CAH is the primary focus of this review. 

Diminished serum cortisol levels in patients with 21-OH 
deficiency trigger a compensatory increase in the pitu-
itary secretion of adrenocorticotropic hormone (ACTH). 
This, in turn, promotes hyperstimulation of the adrenal 
gland, resulting in hyperplasia. ACTH-dependent over-
stimulation of the adrenal gland shifts steroid synthesis 
to excessive androgen production in a setting of 21-OH 
deficiency (3). The clinical manifestations vary greatly de-
pending on the severity of the enzymatic defect and the 
degree of androgen excess. 21-OH deficiency-associat-
ed CAH is mainly categorised into classic and non-clas-
sic subtypes. The classic form is a severe and potentially 
life-threatening disorder that arises from a lack of both 
cortisol and aldosterone. If untreated, the classic form can 
be fatal due to adrenal crises during the initial two weeks 
after birth. Additionally, with some enzymatic activity, pa-
tients may exhibit ambiguous genitalia at birth, as well 
as clinical manifestations of hyperandrogenism resulting 
from early adrenarche and gonadotropin-independent 
precocious puberty. These manifestations often include 
the premature appearance of pubic hair and rapid growth 
progression (4). Non-classic CAH represents a less severe 
form of the condition, arising from genetic mutations that 
preserve 20–50% of 21-OH activity. It is frequently asymp-
tomatic but may occasionally exhibit signs of androgen 
overproduction in females. When present, the symptoms 
typically emerge during childhood or early adulthood, 
resulting in a less immediate diagnosis compared with 
classic CAH (4, 5). 21-OH deficiency is a common genetic 
condition (1). Its prevalence differs significantly across dif-
ferent demographic groups and regions, ranging from as 
rare as 1 in 28,000 to as common as 1 in 280 (6, 7). 

The diagnosis of CAH typically begins with newborn 
screening to enable an early identification of affected in-

dividuals. Beyond infancy, the initial evaluation in symp-
tomatic patients often includes measuring early-morning 
serum 17-hydroxyprogesterone (17-OHP) levels. This ap-
proach is adopted because 21-OH, the enzyme respon-
sible for converting 17-OHP into cortisol and aldosterone 
precursors, is deficient in most cases of CAH. As a result, 
the absence of 21-OH activity leads to the accumulation of 
17-OHP, making its measurement a key diagnostic marker 
for the condition. If the initial 17-OHP measurement is in-
conclusive, it is advised to evaluate for potential deficien-
cies in other enzymes. Genetic testing is generally reserved 
for inconclusive results, unreliable tests, or counselling (8). 
Once the diagnosis is established, the primary goals of 
management are to prevent adrenal crises through a bal-
anced hormone replacement therapy, normalise adrenal 
androgen production, and ensure appropriate physical 
and sexual development for children. For the treatment of 
CAH in children, hydrocortisone is the preferred therapy. 
Suspension forms of hydrocortisone, as well as long-acting 
potent glucocorticoids (GCs), are not recommended due 
to their effects on the suppression of growth (2, 8). In infan-
cy, fludrocortisone and sodium chloride supplements are 
incorporated in addition to GCs. The treatment regimen 
in adults includes hydrocortisone and/or long-acting GCs, 
supplemented with mineralocorticoids (MCs) where need-
ed (8). Additionally, modified-release hydrocortisone, ap-
proved in the United Kingdom and Europe but not in the 
US, has demonstrated some potential therapeutic bene-
fits (9, 10). However, achieving adequate suppression of 
the HPA axis often necessitates GC dosages that exceed 
physiological levels. Otherwise, insufficient suppression of 
ACTH secretion can result in hyperstimulation of the adre-
nal gland and hyperandrogenism (5, 11). Maintaining the 
appropriate balance of GC treatment is challenging, as 
excess doses can lead to iatrogenic Cushing’s syndrome 
or inadequate GC dosing can lead to hyperandrogenism. 
Consequently, the therapeutic window for GC replace-
ment is significantly narrower compared with other forms 
of adrenal insufficiency without concomitant androgen 
excess (2, 3, 5, 11). This review examines the limitations 
of current treatments for CAH and explores promising 
emerging therapies.

An overview of the HPA axis 
The HPA axis is a complex neuroendocrine system that 
regulates vital functions. These include the secretion of 

therapeutic approaches require further investigation and elu-
cidation.

Keywords: Congenital adrenal hyperplasia, 21-hydroxylase, me-
lanocortin type 2 receptor, CRF receptor type 1, gene therapy

mıştır. Bu nedenle, güncel araştırmalar, her iki hedefe aynı anda 
ulaşılıp ulaşılamayacağı veya hastalığın tamamen tedavi edilip 
edilemeyeceği sorularına yanıt aramaktadır. Bu umut verici te-
davi yaklaşımlarının uzun vadeli güvenliği ve etkinliği daha fazla 
araştırma ile kapsamlı bir şekilde değerlendirilmelidir.

Anahtar Kelimeler: Konjenital adrenal hiperplazi, 21-hidroksi laz 
eksikliği, melanokortin tip 2 reseptörü, kortikotropin salgı latıcı 
faktör, gen terapisi
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stress hormones and the production of sex hormones. It 
also coordinates metabolism and maintains homeostasis 
(12). This important axis is a direct drug target for CAH 
treatment (Figure 1). Corticotropin-releasing factor (CRF), 
also referred to as corticotropin-releasing hormone 
(CRH), is a peptide hormone that is mainly responsible 
for regulating the HPA axis (13). Neurosecretory parvo-
cellular neurons of the paraventricular nucleus of the hy-
pothalamus release CRF into the hypothalamohypophy-
seal portal system (12). The physiological actions of CRH 
are mediated through two distinct receptor subtypes, 
CRF-1 and CRF-2. CRF-1 is primarily expressed centrally, 
serving as the main receptor subtype responsible for me-
diating the endocrine stress response of CRH. The bind-
ing of CRF to CRF1 on the anterior pituitary stimulates 
ACTH production from its precursor protein, proopiome-
lanocortin (POMC), and its subsequent secretion into the 
systemic circulation (12, 13). Circulating ACTH targets the 
adrenal cortex, where it binds to the melanocortin type 
2 receptor (13). This activation promotes the secretion 
of corticosteroids from the zona fasciculata, MCs from 
the zona glomerulosa, and androgens predominantly 
from the zona reticularis (12). This HPA axis is regulated 
through negative feedback mechanisms involving GCs, 
which are impacted by their concentration, duration, and 
rhythmic release patterns (12, 13). Additionally, the HPA 
axis can be regulated by CRH-binding proteins common-
ly present in the circulation and expressed in the pitu-
itary and hypothalamus (12). If this negative feedback 
mechanism is impaired, such as in the case of CAH due 
to the inability to synthesise corticosteroids, ACTH exerts 
chronic stimulation in the adrenal cortex and promotes 
hyperplasia. 

Treatment landscape for CAH and management chal-
lenges
Current CAH management is associated with numer-
ous adverse outcomes. These complications arise from 
either undertreatment of the disease, excessive adrenal 
androgen levels, or the supraphysiological administra-
tion of GCs and MCs to suppress the HPA axis (5). CAH 
management is particularly challenging in the paedi-
atric population due to the intricate balance required 
between dynamic growth patterns and premature sex-
ual development. In paediatrics, hydrocortisone is the 
preferred short-acting GC; however, its rapid clearance 
often results in periods of androgen rebound between 
doses (8, 14). Inadequate management in boys can lead 
to central precocious puberty, while in girls, it may result 
in delayed puberty (15). Both excessive GC therapy, lead-
ing to growth suppression, and insufficient GC therapy, 
resulting in elevated androgen levels accelerating skel-
etal development prematurely, impair final adult height 
attainment (4, 5). In adulthood, males typically do not 
seek medical help. In contrast, females mostly seek help 
primarily for hyperandrogenism and infertility and often 

end up experiencing GC overdosing. In the long term, 
affected individuals are at an elevated risk of a broad 
spectrum of multisystem complications. Cardiovascular 
and metabolic risks are significantly elevated, charac-
terised by higher rates of obesity, insulin resistance, hy-
pertension, dyslipidemia, and cardiovascular disease (16, 
17). Bone health is frequently compromised due to pro-
longed GC therapy, leading to microarchitectural alter-
ations, increased fracture susceptibility, and osteoporosis 
(4, 18, 19). Additionally, the hypersecretion of ACTH not 
only drives adrenal hyperplasia but may also predispose 
individuals to adrenal tumour development over time (5, 
20). Gonadal dysfunction is another significant concern, 
presenting as hypogonadotropic hypogonadism and in-
fertility, while excess adrenal androgen levels in females 
may lead to additional manifestations such as acne, hir-
sutism, irregular menstrual cycles, and voice deepening 
(4, 5, 21). In males, elevated ACTH could contribute to 
testicular adrenal rest tumours (TART), which results in 
gonadal dysfunction (21). These challenges demonstrate 
the critical need to develop innovative therapeutic strate-
gies that can mitigate the long-term effects and enhance 
the overall outcomes for individuals living with CAH. 

Evolving treatment pipeline for CAH
Novel therapeutic approaches are being explored in 
CAH to further improve outcomes for patients as well 
as reduce excessive GC and androgen exposure. These 
newer strategies target the hypothalamic–pituitary–ad-
renal axis through alternative mechanisms and provide 
more effective management options for patients.  Figure 
1 demonstrates an overview of the hypothalamic–pitu-
itary–adrenal axis and the targets of emerging therapies 
(Figure 1). In summary, these agents target the ACTH and 
consecutive overstimulation of the adrenal gland. Mul-
tiple ACTH inhibition approaches have emerged. They 
either decrease the secretion via CRF1 antagonism or 
directly inhibit ACTH through antibody neutralisation or 
ACTH receptor antagonism. These approaches aim for 
better disease management and control of androgen lev-
els while continuing GC and MC therapy. The ultimate 
cure for the disease is to restore enzyme activity, which is 
also under development. 

CRF1 receptor antagonists
Crinecerfont
Crinecerfont is an oral CRF1 receptor antagonist that 
offers a nonsteroidal approach to managing 21-OH de-
ficiency (Figure 1) (22, 23). In a Phase II trial with adults, 
crinecerfont demonstrated substantial, dose-dependent 
reductions in ACTH, 17-OHP, and androstenedione lev-
els. It also decreased the testosterone levels in female 
patients and reduced the androstenedione/testosterone 
ratio in the male. Remarkably, these effects occurred in 
the early morning, which is a notoriously difficult period 
for attaining effective disease management with physio-
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logic GC regimens (22). Following this, another Phase II 
study in adolescent participants demonstrated compara-
ble results, which is an important step for early interven-
tion to support healthy development (24).

The CAHtalyst phase 3 trial included 182 participants 
(2:1 crinecerfont 100 mg vs placebo twice per day) across 
54 international centres. The study involved a 24-week 
treatment period, beginning with 4 weeks of stable GC 
dosing to assess androstenedione reduction. During this 
initial phase, crinecerfont significantly decreased andro-
stenedione concentrations (-47% active arm vs +7.7% for 
placebo). The following 20 weeks focused on GC dose 
optimisation to achieve the lowest dose while maintain-
ing androstenedione control. By week 24, GC doses were 
reduced by 27.3% in the crinecerfont group compared 
with 10.3% in the placebo group. Notably, 62.7% of par-
ticipants in the crinecerfont group reached physiological 
GC levels with androstenedione control, compared to 
17.5% in the placebo. There was no increase in the in-
cidence of adrenal crises. The commonly observed side 
effects were headache and fatigue (23). Similar bene-
fits were demonstrated in the paediatric population. In 
a phase 3 study involving 103 paediatric participants, 
crinecerfont decreased androstenedione levels by 6.9 
nmol/litre by week 4, while levels were elevated by 2.5 
nmol/litre in the placebo. Crinecerfont reduced the GC 
dose by 18.0% to physiological levels while still con-
trolling androstenedione levels. In comparison, the pla-
cebo group experienced a 5.6% increase in the GC dose 
(14). The results show that crinecerfont therapy enabled 
meaningful decreases in GC doses to physiological levels 
or decreases in androgen levels with stable GC dosing 
in both paediatric and adult patients with classic CAH. 
However, once GC doses were reduced in the phase 3 tri-
al, there was a rebound increase in androgen levels. Fur-
ther investigation is needed to determine if crinecerfont 
could lower GC doses to levels necessary for intensive 
management (23). Importantly, in December 2024, The 
U.S. Food and Drug Administration (FDA) granted ap-
proval for crinecerfont for use in conjunction with GCs in 
adult and paediatric patients aged 4 years and above di-
agnosed with CAH (25). This approval was focused solely 
on hyperandrogenism, rather than lowering GC doses.

Tildacerfont
Tildacerfont is an orally administered second-generation 
antagonist of the CRF1 receptor (Figure 1). It attaches 
selectively to CRF1 receptors located in the pituitary 
gland and has a strong affinity. Initially, it was proposed 
as a once-daily dosing regimen to differentiate it from 
Crinecerfont, which requires a twice-daily regimen. Two 
Phase 2 trials have demonstrated that tildacerfont might 
decrease the levels of ACTH, 17-OHP, and androstene-
dione in individuals with inadequately managed CAH. 
The initial study established a proof-of-concept through 

the decrease in ACTH, and the results of the subsequent 
study further corroborated these findings. Patients with 
poorly controlled CAH at baseline experienced marked 
improvements in biomarkers while maintaining a stable 
dose of GC treatment, with some even reaching ACTH 
and androstenedione normalisation. However, in both 
studies, patients with a well-controlled disease only had 
slight biomarker improvements. Hence, their studies 
failed to show a robust efficacy. Longer-term studies will 
be needed to assess the clinical endpoints and the pos-
sibility of lowering GC dosages. Another concern is that 
tildacerfont was found to interact with dexamethasone, a 
commonly used medication in adult CAH management 
(26).

ACTH antagonists
Atumelnant (CRN04894)
Atumelnant (CRN04894) is a nonpeptide orally bioavail-
able small molecule. It is a potent and subtype-selective 
first-in-class antagonist of the ACTH receptor (27, 28). 
Atumelnant acts on the melanocortin 2 receptor (MC2R) 
located in the adrenal cortex (Figure 1). It inhibits the 
action of ACTH on this receptor and disrupts the down-
stream signaling cascade (28). In a placebo-controlled 
study of healthy participants, administering 80 mg of atu-
melnant once-daily for 10 days reduced the average 24-h 
serum cortisol by 51% and androstenedione levels by 
40%, despite an approximately fivefold elevation in the 
24-h average ACTH levels. Furthermore, the median 24-h 
urinary-free cortisol was reduced by 75% (29). Expanding 
upon these results, an ongoing phase 2 dose-finding 
study has been evaluating atumelnant in 30 adult patients 
with CAH (30). The preliminary findings indicate that a 
once-daily dose of 120 mg for 12 weeks led to an 80% 
reduction in androstenedione levels and a 65% decrease 
in 17-OHP concentrations (31). In contrast to the findings 

Figure 1: The figure depicts the hypothalamic–pituitary–
adrenal axis and the targets of the novel emerging 
therapies
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from the healthy participant trial, ACTH levels did not sig-
nificantly change in patients with CAH (32). Remarkably, 
eight out of 13 female participants with elevated base-
line testosterone levels achieved normalisation by week 
12. Additionally, six of eleven affected female patients 
experienced a return of their regular menstrual cycles. 
The study also reported a significant decrease in the ad-
renal gland volume and androgen-related polycythaemia 
resolved in five of six affected participants (31). Overall, 
atumelnant was tolerated well. The most frequently re-
ported adverse events were headache and fatigue (31, 
32). These results are promising for its potential use for 
treating CAH.

Lu AG13909
Lu AG13909 is an IgG1 monoclonal antibody that targets 
ACTH with high affinity and specificity, thereby interrupt-
ing MC2R signaling (Figure 1) (33, 34). Taking this further, 
a Phase 1 study of Lu AG13909 is undergoing to evalu-
ate its safety profile, tolerability, and efficacy. The study 
is being conducted in adult patients with CAH who have 
baseline elevated 17-OHP concentrations and are on a 
stable GC and MC regimen. Each participant receives up 
to six doses of intravenous Lu AG13909 over 28-to 35-day 
intervals (33, 35). Moreover, a Phase 2 trial is assessing the 
effects of Lu AG13909, administered both intravenously 
and subcutaneously, on cortisol concentrations in adult 
patients with Cushing’s disease (36).

Gene therapy: BBP-631
BBP-631 is an investigational gene therapy using an 
AAV5 capsid serotype (AAV5) vector to deliver a func-
tional copy of the single-stranded DNA of the human 
CYP21A2 transgene (Figure 1). This gene encodes the 
21-OH enzyme (37, 38). In a CAH mouse model of 21-OH 
deficiency, BBP-631 therapy demonstrated early and du-
rable effects in correcting the enzyme deficiency. It also 
achieved persistent human CYP21A2 gene expression 
in the adrenal cortex of non-human primates (37). Previ-
ous studies demonstrated that the correction of adrenal 
function was transient in animal models. These findings, 
along with the limitations of preclinical studies, raised 
concerns that advancing to clinical trials of gene therapy 
for CAH might have been premature (39). The Phase 1/2 
study revealed that individuals with CAH could produce 
endogenous cortisol levels up to 11 μg/dL following the 
administration of BBP-631. Biochemical improvements 
supported the sustained effect of gene therapy. These in-
cluded lasting elevations in the product of 21-OH, 11-de-
oxycortisol, which increased up to 99 times the baseline 
levels. The results demonstrated the promising potential 
of gene therapy for treating CAH. However, they did not 
meet the threshold required to continue investing in and 
developing BBP-631 for CAH, leading to the discontinu-
ation of this program (40). This initial effort proved that 
CAH patients with complete 21-OH deficiency could syn-

thesise their own cortisol and that gene therapy could 
be safely administered. This approach requires long-term 
development efforts for dosing, duration optimisation, 
and long-term safety evaluation.

DISCUSSION

CAH is a significantly challenging and common endocrine 
disorder affecting both paediatric and adult populations. 
The current standard of care includes different formula-
tions of GC and MC replacement with limited efficacy 
on ACTH and subsequent androgen level suppression. 
In adults, males generally do not seek much help and 
tend to lose follow-up. Females primarily seek help with 
infertility and hyperandrogenism. In the paediatric pop-
ulation, the unmet need is even higher with challenging 
growth and sexual development complications regard-
less of gender. Recently, there have been great efforts to 
increase awareness and willingness to treat rare genetic 
disorders. CAH is one of the most common genetic dis-
orders, which is included in newborn screening. Recent 
efforts for drug development against CAH have focused 
on ACTH inhibition and hyperandrogenism with the 
hope of reducing GC dosing to prevent iatrogenic Cush-
ing syndrome. Recently, crinecerfont was approved by 
the FDA to lower androgen levels in CAH and has been 
recorded as the first approved drug for any rare disorder 
in the last 70 years (41). This is a very encouraging de-
velopment for the entire rare disease field. Even though 
crinecerfont offers a very promising and safe approach to 
lower androgen levels, it failed to achieve both the initial 
goals of lowering GC and androgen levels at the same 
time. The use of crinecerfont allowed for the reduction 
of GC doses to physiological levels (14, 22-24). It also ef-
fectively reduced androstenedione levels in two Phase 2 
trials (22, 24). However, in the subsequent Phase 3 trial 
involving adults, the average androstenedione levels in-
creased from 316 ng/dL to 607 ng/dL after the reduction 
of GC doses (23). The fact that average androgen levels 
only dropped by around 50% (not fully normalised) and 
that lowering GC doses caused rebound elevations sug-
gests that the trialled regimen of 100 mg twice daily was 
perhaps not enough for maximum efficacy. The question 
remains whether the field will try higher doses in separate 
trials or pursue off-label use for severe cases. At the same 
time, any potential increase in adverse effects from dose 
escalation would need to be carefully evaluated. For 
now, this regimen adds two more pills to the patients’ 
daily routine without decreasing the GC and MC doses. 
Hence, some patients might struggle with compliance 
due to the pill burden. Given the significant economic 
cost of the treatment, consideration should be given 
to individual patients and treatment goals when using 
crinecerfont in a hyperandrogenism-centric manner. We 
should also consider that the most common side effects 
of crinecerfont are fatigue, headache, dizziness, and low 
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appetite (42). These side effects are already bothersome 
for CAH patients with fluctuating GC dosing and overlap 
with the symptoms of adrenal insufficiency. Males with 
TART or females seeking help for infertility due to hyper-
androgenism would be a prioritised special group to be 
treated, yet the potential outcome remains uncertain.

In another aspect, crinecerfont showed similar trends in 
insulin sensitivity and body weight across adult and pae-
diatric trials. In adults, reductions in prolonged high-dose 
GC therapy improved weight and insulin sensitivity. How-
ever, these changes did not reach statistical significance. 
It is worth noting that these outcomes were secondary 
endpoints, and the 24-week duration of the trial may 
have been insufficient for a full assessment (23). Support-
ing this, in the paediatric trial, notable improvements in 
BMI and insulin resistance were observed. This occurred 
despite the limited duration of GC dose reduction (14).   
Variations in GC dose changes within the placebo groups 
may explain the discrepancy in statistical significance be-
tween the adult and paediatric populations. In the adult 
trial, the placebo group also reduced their GC dose, 
albeit less than the crinecerfont group. This potential-
ly diminished the contrast between the two groups (23, 
43). Conversely, in the paediatric trial, the placebo group 
slightly increased their baseline GC dose (14).

In summary, crinecerfont would be utilised significantly 
for hyperandrogenism, but atumelnant could offer some 
advantages with once-daily dosing and more direct in-
hibition of ACTH via its end-organ receptors (Figure 1). 
Atumelnant has also been evaluated for ACTH-depen-
dent Cushing’s syndrome and showed strong inhibition 
of ACTH despite very high circulating levels (4045 pg/
mL) in an early Phase 1 trial (29, 44). It could be harder to 
lower actual ACTH synthesis and secretion but more like-
ly to block its receptors. This approach might overcome 
the rebound elevation of androgens seen with crinecer-
font, given its strong blockage of ACTH receptors. The 
mechanistic basis of its effectiveness is mediated by the 
selective antagonism of MC2R. Notably, this receptor is 
only expressed in the adrenal cortex (27, 45). Such spec-
ificity establishes its antagonism as a potentially optimal 
therapeutic strategy. Another promising finding from the 
initial results of the Phase 2 study is the improvement 
in androgen-mediated polycythaemia in most affected 
participants (31). This may reduce the cardiovascular 
risk, which is an important long-term complication for 
individuals with CAH (16, 17, 46). Additionally, the data 
showing that 55% of affected women experienced spon-
taneous return of their menses is promising for infertility 
indication. However, its true clinical impact will depend 
on outcomes from advanced trials, particularly Phase 3 
studies, which aim to determine whether sufficient an-
drogen suppression can be achieved under reduced GC 
dosing. One important point for consideration is the ho-

mology MC2R shares with other melanocortin receptors, 
specifically 45% with MC3R and 38% with MC4R (27, 47). 
Off-target binding appears less likely given these low 
homology rates and its target specificity. However, this 
is particularly concerning because of the risk of adverse 
effects mediated through MC3R or MC4R activation, 
which would affect food intake and energy expenditure. 
Although ACTH elevation was observed in the Phase 1 
study (29), no such increase was seen in the initial results 
of the Phase 2 study (32). It will be important to monitor 
whether ACTH elevation occurs in the remaining Phase 2 
and upcoming Phase 3 trials. If persistent ACTH elevation 
is noted in subsequent studies, the potential downstream 
effects, including the risk of hyperpigmentation, will re-
quire careful evaluation (48). The consequences of elevat-
ed, long-standing circulating ACTH levels are unknown in 
the setting of blocked MC2R. Some literature indicates 
adrenal gland-independent effects of ACTH, which will 
require careful consideration in the long term (49). In 
summary, a comparison with simulations from the stoi-
chiometry of atumelnant dose-response studies suggests 
that the ACTH increase in a setting of lower GC dosing 
might not result in a rebound increase in androgen levels 
if MC2R is fully or mostly blocked. This approach could 
address the current unmet need of lowering both GC 
doses and androgen levels simultaneously. 

Another emerging therapy, Lu AG13909, represents 
a first-in-class anti-ACTH monoclonal that disrupts 
MC2R signaling (33). Unlike atumelnant, it neutralises 
ACTH-driven signaling across all five melanocortin recep-
tor subtypes (34). This raises concerns about potential 
unintended adverse effects from interactions with mela-
nocortin receptors other than MC2R. Future clinical trials 
will need to carefully evaluate this possibility.

Finally, although gene therapy treatments represent the 
most promising approach with their potential to provide 
a curative solution, the development of BBP-631 has been 
discontinued by the manufacturing company (40). Regret-
tably, the regenerative nature of the adrenal cortex poses 
a significant challenge for achieving sustained benefit with 
recombinant adeno-associated viral vector gene therapy 
for CAH. The constant cellular renewal within the adrenal 
gland makes it difficult to maintain genetic modifications 
over the long term (50). Overcoming this physiological 
barrier may require innovative strategies to realise the full 
potential of gene therapy. However, findings from the trial 
reported increased cortisol production and durable BBP-
631 transgene activity. These findings show that the chal-
lenge may be surmountable (40). Recent advancements in 
gene editing technologies might help create alternative 
strategies for AAV gene delivery. Moving forward, further 
studies will provide guidance in understanding the efficacy 
and durability of gene therapies.
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CONCLUSION

The management of CAH due to 21-OH deficiency remains 
a significant challenge, as current treatments, though ef-
fective, are suboptimal and linked to long-term adverse 
outcomes. Pipeline therapies, such as ACTH and CRF1 re-
ceptor antagonists, demonstrate the potential to normalise 
adrenal androgen levels without requiring supraphysiologi-
cal GC doses. We recommend that clinicians educate their 
patients about the long-term risks of GC overdose, prefer 
hydrocortisone, and attempt to titrate down to physiological 
doses. An additional night-time dose of dexamethasone, a 
long-acting GC, is commonly used for ACTH suppression 
but contributes to GC-related harm. Instead, clinicians 
should consider using novel agents such as crinecerfont to 
lower androgen levels. Treatment goals should be person-
alised, and patients should be informed about newer treat-
ments. Higher doses of crinecerfont have not been tested, 
leaving an open question for researchers. Atumelnant has 
promising early data but has not been tested in a setting of 
lowered GC dosing; hence, more investigation is needed 
in a timely manner. These newer agents are expensive and 
require insurance authorization. Therefore, advocacy for ac-
cess is also critical. Moreover, gene therapies hold curative 
potential but require more collective efforts to bring them 
into clinical practice. Importantly, the long-term safety and 
efficacy of these emerging approaches remain to be fully 
elucidated.
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ABSTRACT

Ovarian cancer remains a leading cause of gynaecological cancer-
related deaths, driven by its late-stage diagnosis, high metastatic 
potential, and frequent development of chemoresistance. 
Current therapeutic strategies often fail to address the intricate 
mechanisms underlying tumour progression, necessitating 
innovative approaches. Curcumin, a bioactive polyphenol 
derived from Curcuma longa, has emerged as a potent epigenetic 
regulator with multifaceted anticancer properties. This review 
highlights curcumin’s ability to modulate key epigenetic 
mechanisms such as microRNA (miRNA/miR) regulation, histone 
modifications, and DNA methylation, which are central to 
ovarian cancer pathogenesis. Curcumin selectively reprograms 
miRNA networks, restoring tumour-suppressive miRNAs 
while downregulating oncogenic miRNAs, thereby mitigating 
epithelial-mesenchymal transition and chemoresistance. In 
addition, curcumin inhibits histone deacetylase (HDACs) and 
EZH2-mediated histone methylation, reactivating critical tumour-
suppressor genes like BRCA1. Through its suppression of DNA 
methyltransferase (DNMT) activity, curcumin reverses promoter 
hypermethylation, further enhancing tumour-suppressor gene 
expression. These synergistic epigenetic modulations disrupt 
oncogenic pathways, improve chemotherapy sensitivity, and 
restore the immune recognition of tumour cells. Despite its 
promise, poor bioavailability limits the clinical translation of 
curcumin, but advanced formulations, including nanoparticles 

ÖZET

Over kanseri, geç evrede teşhis edilmesi, yüksek metastaz potansiyeli 
ve genellikle gelişen kemoterapi direnci nedeniyle, jinekolojik 
kanserlerden kaynaklanan ölümlerin başlıca nedenlerinden biri 
olmaya devam etmektedir. Mevcut tedavi yaklaşımları, tümör 
ilerlemesinin altında yatan karmaşık mekanizmaları yeterince ele 
alamamakta ve bu durum yenilikçi stratejilere olan ihtiyacı ortaya 
koymaktadır. Zerdeçalın (Curcuma longa) biyoaktif bir polifenolü olan 
kurkumin, çok yönlü anti-kanser özellikleri ile güçlü bir epigenetik 
düzenleyici olarak öne çıkmıştır. Bu derlemede, kurkuminin over 
kanseri patogenezinde önemli rol oynayan mikroRNA (miRNA/
miR) düzenlemesi, histon modifikasyonları ve DNA metilasyonu 
gibi temel epigenetik mekanizmaları nasıl modüle ettiğine dikkat 
çekilmektedir. Kurkumin, tümör baskılayıcı miRNA'ları yukarı regüle 
ederken, onkojenik miRNA'ları aşağı regüle ederek miRNA ağlarını 
seçici şekilde yeniden programlamaktadır. Bu sayede, epitel-
mezenkimal dönüşümü ve kemoterapi direncini azaltabilmektedir. 
Ayrıca, kurkumin, histon deasetilazları (HDAC'ler) ve EZH2 aracılı 
histon metilasyonunu inhibe ederek, BRCA1 gibi kritik tümör 
baskılayıcı genlerin yeniden aktivasyonunu sağlamaktadır. DNA 
metiltransferaz (DNMT) aktivitesini baskılayarak, promotör 
hipermetilasyonunu tersine çevirmekte ve tümör baskılayıcı gen 
ekspresyonunu artırmaktadır. Kurkuminden kaynaklanan bu 
sinerjik epigenetik düzenlemeler, onkojenik yolları engellemekte, 
kemoterapi duyarlılığını artırmakta ve tümör hücrelerinin 
bağışıklık sistemi tarafından tanınmasını sağlamaktadır. Ancak, 
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INTRODUCTION

Ovarian cancer presents a multifaceted challenge to 
global health. Its high mortality rate, particularly due to 
late-stage diagnosis, necessitates a concerted effort to 
improve early detection strategies (1). Furthermore, the 
significant impact on women’s reproductive health and 
psychological well-being demands a comprehensive ap-
proach that tackles not only the physical symptoms of 
the condition but also the emotional and social challeng-
es faced by those affected (2). Continued research into 
the underlying biological mechanisms, coupled with the 
development of personalised treatment plans, is crucial 
to improve patient outcomes and ultimately reduce the 
global burden of this devastating malignancy (1).

Ovarian cancer presents significant therapeutic 
challenges, primarily due to chemoresistance and the 
propensity for metastasis (3). Chemoresistance, which 
refers to the capacity of cancer cells to resist the effects 
of chemotherapy, poses a significant barrier to attaining 
sustained remission and effective treatment outcomes (4). 
The mechanisms driving chemoresistance are intricate and 
multifaceted, encompassing changes in drug absorption, 
metabolic processes, DNA repair mechanisms, and 
pathways regulating programmed cell death (5). Moreover, 
ovarian cancer exhibits a high propensity for metastasis, 
spreading to distant sites such as the peritoneum, liver, and 
lungs (6). This metastatic spread significantly contributes 
to treatment failure and poor patient outcomes. The 
development of novel therapeutic strategies that can 
overcome chemoresistance and effectively target 
metastatic disease remains a critical area of research in 
ovarian cancer management.

Derived from the rhizome of Curcuma longa (turmeric), 
curcumin, a vibrant yellow pigment, has attracted consid-
erable scientific interest for its diverse pharmacological 
properties, particularly its significant anti-cancer effects 
(7).  As a polyphenol compound, curcumin exerts its an-
ti-cancer activities through multiple mechanisms, such 
as inhibiting cell proliferation, inducing programmed 
cell death, suppressing new blood vessel formation, 
and modulating various signaling pathways implicated 

in tumorigenesis (Figure 1) (8). Curcumin effectively in-
hibits tumour growth through a multifaceted approach. 
It interacts with and regulates several key signaling 
pathways, including PI3K/AKT/mTOR, STAT, and NF-ĸB. 
This involves targeting key cellular processes: apopto-
sis (through BCL2 and caspases), cell cycle regulation 
(via cyclins and CDKs), growth factor signaling (involving 
VEGF and EGF), and cytokine production (like interleuk-
ins) (8). Furthermore, curcumin exerts a profound impact 
on gene expression by influencing non-coding RNAs 
and modifying epigenetic mechanisms, contributing to 
its broad spectrum of therapeutic benefits (9). As essen-
tial regulators of gene expression, microRNAs (miRNAs/
miRs) – small, non-coding RNA molecules-are crucial 
in influencing the behaviour and progression of cancer 
cells. Our 2024 study demonstrated the potential of cur-
cumin and desmethoxycurcumin to enhance the efficacy 
of cisplatin in ovarian cancer treatment. Reduced GSTP-1 
and miR-133b levels in cisplatin-resistant cells may con-
tribute to drug resistance, making them potential as 
therapeutic targets. Dysregulation of miRNAs, such as 
the observed decrease in miR-133b and its target gene 
GSTP-1 in cisplatin-resistant ovarian cancer cells, contrib-
utes significantly to tumour development and progres-

and liposomes, overcome this limitation. Further research is 
essential to optimise delivery systems, elucidate long-term 
epigenetic effects, and validate therapeutic efficacy through 
clinical trials. This review underscores curcumin’s potential to 
enhance current ovarian cancer therapies by addressing the 
critical epigenetic mechanisms involved in tumour progression 
and resistance.

Keywords: Ovarian cancer, curcumin, epigenetics

kurkuminin terapötik potansiyeli düşük biyoyararlanımı nedeniyle 
sınırlıdır; bu durum, nanopartiküller ve lipozomlar gibi yenilikçi 
formülasyonlarla aşılmaya çalışılmaktadır. İlaç dağıtım sistemlerinin 
optimize edilmesi, uzun vadeli epigenetik etkilerin daha iyi 
anlaşılması ve klinik çalışmalarla terapötik etkinliğin doğrulanması 
için daha fazla araştırmaya ihtiyaç vardır. Bu derleme, kurkuminin 
tümör progresyonu ve direncinde rol oynayan kritik epigenetik 
mekanizmaları inceleyerek, over kanseri tedavisine katkı sağlama 
potansiyelini vurgulamaktadır.

Anahtar kelimeler: Over kanseri, kurkumin, epigenetik

Figure 1: The figure depicts the various mechanisms 
through which curcumin exerts its anti-cancer effects in 
ovarian cancer
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sion, particularly by promoting drug resistance (10). This 
highlights the potential of targeting miRNAs to enhance 
the efficacy of cancer treatments.

Curcumin’s anti-cancer properties in ovarian cancer 
Curcumin has emerged as a promising anti-cancer 
agent because of its multifaceted influence on cellular 
processes. Beyond its anti-oxidant and anti-inflammato-
ry actions, curcumin demonstrates remarkable versatil-
ity in modulating gene expression. By downregulating 
oncogenes like NF-κB while simultaneously upregulat-
ing tumour suppressors such as p53, curcumin disrupts 
the delicate balance that favours tumour growth (11, 
12). This intricate orchestration of gene regulation trans-
lates into a cascade of anti-cancer effects, including the 
inhibition of cell proliferation, induction of apoptosis, 
and suppression of angiogenesis, all of which are criti-
cal steps in cancer development. Furthermore, curcum-
in’s ability to temper chronic inflammation, a significant 
contributor to cancer risk, underscores its potential to 
effectively combat the tumour microenvironment and 
impede disease progression (13).

Curcumin and chemosensitization
Reduction of the chemoresistance mechanisms
A significant obstacle in managing ovarian cancer is the 
emergence of resistance to chemotherapy. In this state, 
cancer cells undergo alterations that enable them to 
evade the cytotoxic effects of chemotherapy medications, 
thereby limiting the effectiveness of these treatments 
(14). Curcumin offers a hopeful avenue for surmounting 
this obstacle (12). Studies have indicated that curcumin 
may have the potential to improve the response of ovari-
an cancer cells to chemotherapy treatments by targeting 
and overcoming mechanisms that enable cancer cells to 
resist the effects of these drugs (15). Curcumin has been 
shown to counteract chemoresistance in ovarian cancer 
by inhibiting cellular efflux pumps. These transporters, 
including P-glycoprotein, actively pump chemothera-
peutic agents out of cancer cells, thereby reducing drug 
efficacy. Curcumin’s ability to inhibit these efflux pumps 
leads to increased intracellular drug accumulation, there-
by enhancing the effectiveness of chemotherapy in treat-
ing ovarian cancer.  Additionally, it interferes with the 
mechanisms that cancer cells use to repair DNA damage, 
making them more vulnerable to cell death. This multi-
faceted approach increases the potency of conventional 
chemotherapy, potentially resulting in better treatment 
outcomes in individuals with ovarian cancer (16).  

Modulation of the key signaling pathways
PI3K/Akt/mTOR pathway modulation by curcumin 
The PI3K/Akt/mTOR signaling pathway is crucial in con-
trolling cellular processes such as proliferation, survival, 
and metabolism. However, in cancers like ovarian can-
cer, this pathway often exhibits aberrant activation, driv-

en by genetic alterations such as PIK3CA mutations or 
PTEN loss. This aberrant activation drives tumorigene-
sis, promotes metastatic dissemination, and contributes 
to resistance to conventional therapies (17). Curcumin 
has emerged as a promising therapeutic agent due to 
its multifaceted mechanisms of action, including the 
modulation of the PI3K/Akt/mTOR pathway (18). Cur-
cumin exerts its effects on this pathway through various 
actions. It can directly target and suppress the key com-
ponents of the pathway. Furthermore, it can influence 
upstream regulators that control the activity of these 
components. Notably, curcumin can also stimulate a 
counteracting mechanism that helps to dampen the 
activity of the pathway. Furthermore, curcumin can in-
duce autophagy, a cellular process that can contribute 
to tumour cell death, by inhibiting mTORC1 activity. By 
targeting this critical pathway, curcumin demonstrates 
significant anti-proliferative and pro-apoptotic effects in 
ovarian cancer cells, offering a potential adjuvant ther-
apeutic strategy for this challenging malignancy. A key 
mechanism underlying curcumin’s anti-cancer effects in 
ovarian cancer involves the modulation of the PI3K/Akt/
mTOR signaling pathway. The function of this pathway is 
indispensable for supporting essential cellular activities, 
such as cell growth, proliferation, and the ability of cells 
to survive and thrive (17). 

STAT3/NF-κB/iNOS/COX-2 signaling pathway 
Curcumin has been shown to effectively modulate this 
pathway, which is a key contributor to inflammation and 
tumorigenesis in ovarian cancer (18). This pathway plays 
a critical role in promoting cell proliferation, survival, and 
angiogenesis. It exerts its inhibitory effects by suppress-
ing the activation of STAT3 and NF-κB, key transcription 
factors that regulate the expression of downstream in-
flammatory mediators such as iNOS (inducible nitric ox-
ide synthase) and COX-2 (cyclooxygenase-2). By down-
regulating this pathway, curcumin can effectively inhibit 
tumour growth, induce apoptosis, and suppress tumour 
invasion and metastasis. This multifaceted modulation 
of inflammatory signaling pathways highlights the signif-
icant therapeutic potential of curcumin in ovarian cancer 
management (18).  

The intricate interplay of signaling pathways, including 
STAT3 and NF-κB, plays a pivotal role in orchestrating 
the complex cascade of events that underpin malignant 
transformation. The aberrant activation of NF-κB, a key 
regulator of inflammatory responses, drives the over-
expression of pro-inflammatory factors such as COX-2, 
iNOS, cytokines (including TNF-α), and other inflamma-
tory mediators, thereby fostering a pro-tumorigenic mi-
croenvironment (18, 19). Curcumin, a polyphenol derived 
from turmeric, has emerged as a compelling therapeutic 
candidate due to its ability to effectively modulate these 
critical signaling pathways. By inhibiting NF-κB activa-
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tion, curcumin suppresses the expression of downstream 
target genes such as p53, VEGF, Bcl-2, COX-2, iNOS, 
cyclin D1, TNF-α, interleukins, and MMP-9, thereby ex-
erting anti-proliferative and anti-metastatic effects (18). 
This inhibitory action extends to the STAT3 pathway, fur-
ther contributing to the suppression of tumour growth 
and metastasis. Mechanistically, curcumin inhibits the 
DNA-binding capacity of NF-κB by altering its subunit 
composition, while simultaneously downregulating AP-1 
transcription factors. Furthermore, in preclinical models, 
curcumin has been demonstrated to induce apoptosis 
through the activation of caspase-3, an effect closely 
associated with the inhibition of NF-κB activity and the 
subsequent downregulation of COX-2 and cyclin D1 ex-
pression (18). These findings collectively underscore the 
significant potential of curcumin as a therapeutic agent 
in various cancers by effectively targeting and disrupting 
the intricate network of signaling pathways that drive tu-
morigenesis and progression.

NF-κB/PRL-3 pathway and its impact on tumour prolif-
eration and migration 
The signaling pathway involving NF-κB and PRL-3 plays 
a significant role in the aggressive behaviour of ovarian 
tumours. Curcumin can disrupt this pathway. NF-κB, a 
protein that regulates gene expression, is often abnormally 
active in ovarian cancers. This excessive activity stimulates 
the production of various genes that promote tumour 
growth, including the gene for PRL-3 (20). PRL-3, an 
enzyme that removes phosphate groups from proteins, 
has been implicated in the progression of various cancers, 
including ovarian cancer. This enzyme has been shown to 
contribute to key aspects of cancer development, such 
as uncontrolled cell growth, metastasis, and the ability 
of cancer cells to penetrate and invade surrounding 
tissues (21). Curcumin inhibits NF-κB activation, leading 
to a subsequent downregulation of PRL-3 expression. By 
targeting this critical signaling axis, curcumin may effectively 
suppress tumour growth and metastasis in ovarian cancer. 
Curcumin nanoparticles (CUR-NPs) are emerging as a 
novel therapeutic approach in ovarian cancer treatment. 
Studies have shown that CUR-NPs can effectively inhibit 
tumour growth and metastasis by targeting the NF-κB/PRL-
3 signaling pathway. By suppressing the overactivation of 
NF-κB and consequently downregulating PRL-3 expression, 
CUR-NPs demonstrate a promising strategy for developing 
innovative and targeted therapies for ovarian cancer (22).

Curcumin-induced ferroptosis
Ferroptosis, a regulated form of cell death driven by iron, 
is gaining attention as a potential therapeutic approach 
for ovarian cancer. It was first described in 2012 by Dixon 
et al., and is characterised by lipid peroxidation, iron over-
load, and glutathione depletion (23). Curcumin, a natural 
substance found in turmeric, has powerful anti-cancer 
effects. This includes its ability to induce ferroptosis, a 

cell death process that can selectively eliminate cancer 
cells (24). The mechanisms underlying curcumin-induced 
ferroptosis in ovarian cancer are likely multifaceted and 
may involve the disruption of cellular redox homeostasis 
through the depletion of glutathione and the inhibition 
of glutathione peroxidase 4 (GPX4). This results in the 
buildup of lipid peroxidation byproducts and reactive 
oxygen species, eventually causing oxidative stress and 
cellular death. Furthermore, curcumin may modulate iron 
metabolism within cancer cells, potentially increasing iron 
availability and worsening ferroptosis. Understanding the 
precise mechanisms of curcumin-induced ferroptosis in 
ovarian cancer is crucial for optimising its therapeutic po-
tential and developing novel therapeutic strategies that 
exploit this unique form of cell death (25).

Curcumin derivative NL01 and ferroptosis induction 
through HCAR1/MCT1 signaling 
NL01, a potent curcumin derivative, induces ferroptosis 
in ovarian cancer cells by targeting the HCAR1/MCT1 
signaling axis (25-28). HCAR1 (hydroxycarboxylic acid 
receptor 1) and MCT1 (monocarboxylate transporter 1) 
are critical for cellular metabolism. By disrupting this axis, 
NL01 disrupts cellular metabolism, leading to iron ac-
cumulation and lipid peroxidation, ultimately triggering 
ferroptotic cell death (29). Furthermore, NL01 downreg-
ulates HCAR1 and MCT1, activating the AMPK-SREBP1 
signaling axis, leading to GPX4 suppression and lipid 
peroxidation, ultimately triggering ferroptosis (30). These 
findings highlight NL01’s potent anti-tumour activity and 
provide a novel therapeutic strategy for ovarian cancer 
by exploiting the ferroptotic pathway.

Curcumin and epigenetic regulation in ovarian cancer
Epigenetic dysregulation is a hallmark of ovarian cancer, 
contributing to tumour progression, metastasis, and ther-
apeutic resistance (31). By targeting these aberrations, 
curcumin, a naturally derived bioactive compound, offers 
a promising approach to restoring the balance of gene 
expression. Among its mechanisms, curcumin’s influence 
on miRNA expression, histone modifications, and DNA 
methylation highlights its potential to reprogram the 
cancer epigenome, disrupt oncogenic pathways, and 
enhance therapeutic efficacy (32). This section explores 
these epigenetic interactions, emphasising their implica-
tions for ovarian cancer management.

miRNA regulation by curcumin
miRNAs are non-coding RNA molecules that regulate 
gene expression post-transcriptionally, influencing var-
ious cellular processes such as proliferation, apoptosis, 
and metastasis (33). In ovarian cancer, the deregulation 
of miRNAs has been implicated in tumour progression 
and chemoresistance. Curcumin, a natural polyphenolic 
compound, has shown potential in modulating miRNA 
expression to exert anti-cancer effects.
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Curcumin upregulates tumour-suppressive miRNAs such 
as miR-9, which targets the Akt/FOXO1 signaling axis, 
leading to increased apoptosis and reduced cell prolifer-
ation. Studies on SKOV3 ovarian cancer cells have shown 
that curcumin-induced expression of miR-9 inhibits the 
phosphorylation of Akt and FOXO1, thereby suppressing 
cell survival pathways and promoting caspase-3-mediat-
ed apoptosis (34)   . Another important miRNA modulated 
by curcumin is miR-199a-5p. Through its downregulation 
of the discoidin domain receptor 1 (DDR1), miR-199a-5p 
suppresses migration, epithelial-to-mesenchymal transi-
tion, and activation of the NF-κB pathway, thus impairing 
ovarian cancer cell invasiveness   (35).

In addition, curcumin influences the circRNA-miRNA-
mRNA regulatory axis. For instance, curcumin enhances 
the expression of circ-PLEKHM3, which acts as a sponge for 
miR-320a, an oncogenic miRNA overexpressed in ovarian 
cancer. By reducing miR-320a levels, curcumin restores the 
tumour-suppressive function of SMG1, a kinase involved 
in apoptosis and cell cycle arrest. This regulatory network 
underscores the ability of curcumin to modulate non-coding 
RNA interactions in ovarian cancer progression (36)   . 

Moreover, curcumin affects chemoresistance by target-
ing extracellular vesicle-mediated miRNA transfer. In 
cisplatin-resistant ovarian cancer cells, curcumin inhibits 
the transfer of miR-214 while upregulating the lncRNA 
MEG3, reversing drug resistance and sensitising cells 
to chemotherapy . The modulation of these miRNAs 
demonstrates curcumin’s potential as an adjunct to stan-
dard ovarian cancer therapies, providing a multifaceted 
approach to targeting tumour growth and resistance 
mechanisms (37). When combined with dihydroartemis-
inin (DHA), curcumin synergistically enhances apoptosis 
in SKOV3 ovarian cancer cells by modulating miR-124 
expression and targeting midkine (MK), a heparin-bind-
ing growth factor implicated in tumorigenesis and poor 
prognosis. The co-treatment significantly upregulates 
miR-124, which directly binds to MK mRNA, leading to its 
degradation and a subsequent reduction in MK protein 
levels. This mechanism promotes apoptotic cell death 
independent of caspase-3 activation and highlights the 
therapeutic potential of curcumin and DHA as a com-
binatorial strategy for ovarian cancer. Importantly, the 
combination not only demonstrated efficacy in vitro but 
also effectively suppressed tumour growth in vivo without 
notable toxicity, reinforcing its clinical promise for ovarian 
cancer treatment (38). Notably, curcumin modulates miR-
133b, an miRNA implicated in drug resistance through 
its regulation of GSTP-1. GSTP-1, a key enzyme in gluta-
thione metabolism, confers cisplatin resistance in ovar-
ian cancer cells. By downregulating GSTP-1 expression 
via miR-133b, curcumin increases the sensitivity of both 
cisplatin-sensitive and cisplatin-resistant ovarian cancer 
cells to chemotherapy (10).

Through its ability to selectively target and modulate 
miRNA expression, curcumin reprograms the molecular 
landscape of ovarian cancer cells, mitigating tumour pro-
gression and resistance. This dual modulation of onco-
genic and tumour-suppressive miRNAs underscores cur-
cumin’s therapeutic potential, not only as a standalone 
epigenetic regulator and as an adjunct to existing treat-
ment modalities. These findings pave the way for further 
exploration of miRNA-focused therapeutic strategies le-
veraging curcumin in ovarian cancer.

Histone modifications and DNA methylation
Epigenetic alterations, including histone modifications 
and DNA methylation, are pivotal in regulating gene ex-
pression and chromatin structure. These processes are 
frequently dysregulated in ovarian cancer, leading to the 
aberrant silencing of tumour-suppressor genes and the 
activation of oncogenes (12). Curcumin, with its estab-
lished role as an epigenetic modulator, exerts profound 
effects on both histone acetylation and DNA methyla-
tion, offering a promising therapeutic avenue for ovarian 
cancer.

Histone modifications 
Histone modifications, such as acetylation, methylation, 
phosphorylation, and ubiquitination, play pivotal roles in 
regulating chromatin structure and gene transcription. 
These dynamic changes determine whether chromatin 
adopts an open (euchromatin) or closed (heterochroma-
tin) conformation, thereby controlling the accessibility 
of transcription factors to DNA. Among these modifica-
tions, histone acetylation is particularly well-studied due 
to its central role in maintaining transcriptional activity. 
Histone acetylation is catalysed by histone acetyltransfer-
ase (HATs), which add acetyl groups to lysine residues on 
histones, and reversed by histone deacetylase (HDACs), 
which remove these groups. Dysregulated HDAC activi-
ty in ovarian cancer leads to chromatin compaction and 
transcriptional silencing of critical tumour-suppressor 
genes, contributing to cancer progression, metastasis, 
and resistance to therapy (39, 40).

Curcumin has been shown to inhibit HDACs, which are 
often overexpressed in ovarian cancer, leading to the hy-
poacetylation of histones and the transcriptional silenc-
ing of tumour suppressor genes (9). By inhibiting HDACs, 
curcumin promotes the acetylation of histones H3 and 
H4, thereby enhancing chromatin accessibility and reac-
tivating the silenced genes. For example, curcumin treat-
ment increases the acetylation of histone H3 in the pro-
moter regions of tumour suppressor genes such as p21, 
restoring their expression and inducing cell cycle arrest 
and apoptosis (9, 41).

In addition to its effects on acetylation, curcumin influ-
ence histone methylation. Histone methylation, particu-
larly trimethylation at lysine residues such as H3K27me3, 
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is associated with transcriptional repression. Curcum-
in reduces the levels of H3K27me3 by downregulating 
the activity of histone methyltransferases (HMTs), such 
as EZH2, a key component of the polycomb repressive 
complex 2. This demethylation effect reactivates epige-
netically silenced genes involved in tumour suppression 
and cell differentiation (42).

Furthermore, curcumin modulates the interplay be-
tween histone acetylation and methylation. Studies have 
demonstrated that curcumin alters the expression of epi-
genetic “writers” (HMTs), “erasers” (HDACs), and “read-
ers” (bromodomain proteins), thereby exerting a broad 
impact on histone modification landscapes (43, 44). For 
example, the combination of curcumin with other agents, 
such as DNA demethylating drugs like decitabine, has 
been shown to synergistically alter histone and DNA 
methylation patterns, further enhancing tumour suppres-
sor gene reactivation (43).

These findings underscore curcumin’s potential as a ther-
apeutic agent in ovarian cancer by reversing aberrant 
histone modifications, thereby restoring normal gene 
expression and enhancing the efficacy of existing treat-
ments. Future studies should focus on elucidating the 
precise molecular mechanisms of curcumin’s effects on 
histone-modifying enzymes and exploring its combina-
tion with other epigenetic therapies.

DNA methylation 
DNA methylation, the addition of a methyl group to the 
fifth carbon of cytosine within CpG dinucleotides, is a cru-
cial epigenetic mechanism that regulates gene expres-
sion without altering the DNA sequence. DNA methyl-
transferases (DNMTs), including DNMT1, DNMT3A, and 
DNMT3B, primarily mediate this process. Aberrant DNA 
methylation, characterised by hypermethylation of tumour 
suppressor genes and hypomethylation of oncogenes, is a 
hallmark of ovarian cancer and contributes to tumour pro-
gression, metastasis, and chemoresistance   (43).

Curcumin modulates DNA methylation by targeting 
DNMTs. Studies indicate that curcumin directly inhibits 
DNMT activity, leading to the reactivation of silenced 
tumour suppressor genes such as PTEN and p16INK4a  . 
For instance, in ovarian cancer, curcumin treatment was 
found to reduce CpG island hypermethylation in gene 
promoters, restoring normal transcriptional activity and 
inducing apoptosis (43, 44) .

In addition to its DNMT inhibitory effects, curcumin en-
hances DNA demethylation through the activation of 
ten-eleven translocation (TET) enzymes, which convert 
5-methylcytosine to 5-hydroxymethylcytosine. This dy-
namic regulation further contributes to the reversal of 
aberrant methylation marks in cancer cells (45).

Curcumin’s potential to enhance the efficacy of other 
epigenetic therapies has garnered significant attention. 
When combined with DNMT inhibitors like 5-aza-2’-de-
oxycytidine, curcumin synergistically amplifies the re-ex-
pression of tumour suppressor genes, addressing the 
limitations of monotherapy such as incomplete gene 
reactivation and off-target toxicity. Furthermore, curcum-
in’s inhibition of HDACs complements its suppression of 
DNMTs, creating a permissive chromatin environment 
conducive to the transcriptional activation of silenced 
genes. This dual modulation is particularly evident in 
the reactivation of BRCA1, which enhances DNA repair 
mechanisms and sensitises ovarian cancer cells to che-
motherapy (44, 46).

These findings highlight curcumin’s multifaceted role in 
regulating DNA methylation, from reactivating tumour 
suppressor genes to restoring the global methylation 
balance. Its ability to synergize with other epigenetic 
therapies further underscores its potential as a power-
ful adjunct in ovarian cancer treatment. Future research 
should explore the precise molecular mechanisms un-
derpinning curcumin’s epigenetic effects and assess its 
clinical utility in combination regimens.

Clinical implications and future directions
The ability of curcumin to modulate miRNAs, histone 
modifications, and DNA methylation highlights its po-
tential as a multi-targeted epigenetic therapy for ovarian 
cancer. However, challenges such as curcumin’s limited 
bioavailability and rapid metabolism hinder the transla-
tion of curcumin research into clinical settings. To over-
come these limitations, advanced curcumin formulations, 
including nanoparticles, liposomes, and conjugates with 
other carriers, are being developed to enhance its stabil-
ity, solubility, and targeted delivery (47, 48). These inno-
vations improve curcumin’s therapeutic efficacy in vivo.

Another promising avenue is the use of curcumin in com-
bination therapies. Preclinical studies show that curcumin 
enhances the efficacy of standard chemotherapy agents, 
such as cisplatin and paclitaxel, by sensitising cancer 
cells through epigenetic reprogramming. For example, 
the combined use of curcumin and DNMT inhibitors has 
shown synergistic effects in restoring the expression of si-
lenced tumour-suppressor genes, while its HDAC-inhibi-
tory properties complement the actions of conventional 
drugs to disrupt tumour-promoting pathways (48). These 
combinatory approaches not only improve therapeutic 
outcomes but also mitigate the toxicity of high-dose che-
motherapy.

Future research should also explore the long-term effects 
of curcumin on epigenetic regulation and its potential 
role in preventing relapse by maintaining tumour-sup-
pressor gene activation. Large-scale clinical trials are 
needed to validate preclinical findings and establish 
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standardised protocols for curcumin-based therapies. By 
addressing these challenges and leveraging curcumin’s 
multi-faceted epigenetic actions, this natural compound 
holds significant promise for improving outcomes in 
ovarian cancer treatment.

CONCLUSION

In conclusion, this review highlights the multifaceted 
role of curcumin in modulating key signaling pathways 
and epigenetic mechanisms implicated in ovarian cancer 
pathogenesis. Curcumin exhibits potent anti-prolifera-
tive, anti-metastatic, and pro-apoptotic effects in ovarian 
cancer cells, primarily through the inhibition of critical 
signaling pathways such as PI3K/Akt/mTOR, NF-κB, and 
STAT3. Furthermore, curcumin exerted significant epi-
genetic effects, including the modulation of DNA meth-
ylation, histone modifications, and miRNA expression, as 
evidenced by the observed downregulation of miR-133b 
in combination with other treatments in cisplatin-resis-
tant ovarian cancer cells. Curcumin contributes to the 
reversal of chemoresistance by modulating the miRNA 
expression profiles. Given its favourable safety profile 
and promising preclinical data, curcumin holds signifi-
cant potential as an adjunct therapy for ovarian cancer, 
either alone or in combination with conventional treat-
ments. Future research should focus on optimising cur-
cumin delivery systems to enhance its bioavailability and 
target specific tumour microenvironments. In addition, 
comprehensive clinical trials are warranted to evaluate 
the efficacy and safety of curcumin in ovarian cancer pa-
tients. By further elucidating the underlying mechanisms 
of curcumin’s action, including its impact on miRNA ex-
pression, and conducting rigorous clinical investigations, 
we can pave the way for the translation of this promising 
natural compound into an effective therapeutic strategy 
for ovarian cancer.
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ABSTRACT

Brain arteriovenous malformations (AVMs) are congenital vas-
cular anomalies that can cause life-threatening haemorrhages. 
Spontaneous AVM thrombosis is extremely rare and is not ful-
ly understood. A 15-year-old female presented with severe he-
adache and confusion. Computed tomography (CT) revealed 
intraventricular haemorrhage, leading to urgent external vent-
ricular drainage (EVD). Digital subtraction angiography (DSA) 
confirmed an AVM located in the right caudate nucleus head, 
supplied by the lateral lenticulostriate artery and draining into 
the deep venous system. At the 2-month follow-up, DSA showed 
complete disappearance of the AVM. This case highlights the 
rare phenomenon of spontaneous AVM thrombosis, potential-
ly influenced by haemorrhage, venous outflow obstruction, and 
EVD placement. While spontaneous resolution is possible, long-
term imaging follow-up is essential due to the risk of delayed 
recanalization.

Keywords: Arteriovenous malformation, external ventricular 
drainage, intraventricular haemorrhage, spontaneous thrombosis

ÖZET

Beyin arteriovenöz malformasyonları (AVM), yaşamı tehdit 
eden kanamalara yol açabilen konjenital vasküler anomalilerdir. 
AVM’lerin kendiliğinden tromboze olması son derece nadir gö-
rülen ve yeterince anlaşılamayan bir durumdur. On beş yaşında 
bir kız hasta, şiddetli baş ağrısı ve bilinç bulanıklığı ile acil servi-
se başvurdu. Bilgisayarlı tomografi (BT), intraventriküler kanama 
varlığı gösterdi ve acil eksternal ventriküler drenaj (EVD) uygu-
landı. Dijital substraksiyon anjiyografi (DSA), sağ kaudat çekirdek 
başına yerleşmiş, lateral lentikülostriat arter tarafından beslenen 
ve derin venöz sisteme drene olan bir AVM varlığını doğruladı. 
İki ay sonra yapılan kontrol takibinde DSA’da AVM’nin tamamen 
kaybolduğu gözlendi. Bu olgu, kanama, venöz drenaj tıkanıklığı 
ve EVD uygulamasının AVM trombozunu nasıl tetikleyebileceğini 
gösteren nadir bir örnektir. AVM’lerin kendiliğinden kaybolması 
mümkün olmakla birlikte, geç rekürrens riski nedeniyle uzun sü-
reli görüntüleme takibi gereklidir.

Anahtar kelimeler: Arteriovenöz malformasyon, eksternal 
ventriküler drenaj, intraventriküler kanama, spontan tromboz
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INTRODUCTION

Brain arteriovenous malformations (AVMs) are congenital 
vascular anomalies characterised by abnormal tangles of 
arteries and veins lacking an intervening capillary network 
(1). Rupture of AVMs is a well-known cause of intracerebral 
haemorrhage (ICH) and is the most common cause of ICH 
in the paediatric population. Symptoms of AVMs, includ-
ing headache, seizures, and motor weakness, are non-spe-
cific and can mimic other neurological conditions (2).

AVMs are classified into five grades based on three fea-
tures: size (<3 cm, 3–6 cm, >6 cm), location (eloquent 
vs. non-eloquent), and venous drainage (superficial vs. 
deep). Diagnosis is typically achieved through comput-
ed tomography angiography (CTA), magnetic resonance 
angiography (MRA), and digital subtraction angiography 
(DSA), with DSA being the gold standard (3).

In this study, we report a case of an AVM with a small 
nidus located in the caudate nucleus head, presenting 
with an intraventricular haematoma that disappeared 
spontaneously following external ventricular drain (EVD) 
placement.

CASE PRESENTATION

A 15-year-old woman with no known comorbidities present-
ed to the paediatric emergency unit with headache and 
confusion. Neurological examination revealed spontaneous 
breathing, spontaneous eye opening, isochoric pupils with 
positive light reflex, uncooperativeness, flexor response 
to painful stimuli, and nonsensical vocalisation (GCS: 8, 
E2M4V2). The patient was promptly intubated and stabilised.

A non-contrast cranial computed tomography (CT) scan 
demonstrated diffuse intraventricular haemorrhage. An 
EVD was immediately placed, with the evacuation of the 
high-pressure haemorrhagic fluid. The drainage rate was 
adjusted to 10–15 cc/h. A contrast-enhanced cranial CT 
angiography scan was subsequently performed, reveal-
ing an AVM in close proximity to the right caudate nucle-
us head and near the EVD catheter (Figure 1).

Diagnostic DSA confirmed an AVM in the same region, 
receiving arterial supply from the lateral lenticulostri-
ate artery. The nidus measured approximately 6 mm 
in diameter, with a 1.2 mm aneurysm within it. Venous 
drainage occurred via the deep circulation through the 
thalamostriate vein. The AVM was classified as Spet-
zler-Martin Grade 2 and Lawton-Young Score 1.

The patient was transferred to the intensive care unit 
(ICU), where sedation was gradually reduced. By the 
second day post-haemorrhage, she was extubated. The 
patient’s neurological examination was intact (GCS: 15), 
with no motor deficits or cognitive impairment.

Follow-up imaging showed a gradual reduction in intra-
ventricular haematoma volume. The EVD was removed 
on the seventh day post-haemorrhage. The patient had 
an uneventful recovery, with no wound infections, fever, 
or additional complaints. She was discharged on day 20 
with a scheduled follow-up DSA after 2 months. 

At the 2-month follow-up, repeat DSA revealed complete 
disappearance of the previously identified AVM adjacent 
to the right caudate nucleus head (Figure 2).

DISCUSSION

Management options for AVMs include microsurgical 
resection, stereotactic radiosurgery, endovascular em-
bolisation, or a combination of these approaches. The 
Spetzler-Martin and Lawton-Young grading systems 
guide treatment selection by assessing the AVM size, 
location, venous drainage, patient age, and haemor-
rhage history (4).

In the Spetzler-Martin grading system, microsurgical re-
section is typically preferred for low-grade AVMs (Grades 

Figure 1: A, B: Preoperative CT scans demonstrating 
acute intraventricular haemorrhage. (C) Postoperative CT 
scan confirming persistent intraventricular haemorrhage
with the EVD catheter (green arrow) positioned within the 
ventricle. D: Postoperative CT angiography revealing 
intraventricular haemorrhage, a suspected AVM nidus 
(blue arrow) at the head of the right caudate nucleus, and 
the close proximity of the EVD catheter (green arrow) to 
the AVM drainage vein within the ventricle
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I–III) because of the relatively low surgical risk. Converse-
ly, high-grade AVMs (Grades IV–V) may be unsuitable for 
surgery, and alternative treatments such as stereotactic 
radiosurgery or endovascular embolisation are preferred 
(5). Lawton et al. introduced the Supplemented Spet-
zler-Martin grade, which incorporates additional factors 
such as patient age, haemorrhage history, and nidus type 
to improve surgical risk assessment (4).

Spontaneous AVM disappearance
Spontaneous regression of brain AVMs is exceptionally 
rare, with an estimated incidence of 0.1%. Small AVMs 
with a single superficial draining vein and prior haemor-
rhage have a higher likelihood of spontaneous thrombo-
sis (6).

Following an initial haemorrhage, the mass effect and 
associated hemodynamic changes may lead to reduced 
blood flow to the AVM. The subsequent gliotic reaction 
alters venous drainage and may promotes thrombosis. In 
AVMs with a single draining vein, the lack of alternative 
outflow pathways may increase the susceptibility to com-
plete thrombosis. This process is believed to be gradual, 
with thrombosis developing over time rather than as a 
sudden event (7).

In this case, the presence of a single deep draining vein 
and the history of previous haemorrhage likely contrib-

uted to the spontaneous AVM thrombosis. Additionally, 
the proximity of the EVD catheter to the AVM nidus may 
have facilitated thrombosis, potentially due to localised 
hemodynamic alterations or inflammatory responses.

Clinical implications and follow-up
The annual haemorrhage rate of AVMs is estimated to be 
2.2%–4.5% per 100 patient-years, increasing significantly 
after an initial rupture. The risk of rehemorrhage within 
the first year post-rupture ranges from 6% to 15.8%, em-
phasising the importance of early intervention in high-risk 
cases (8). However, given the extremely low likelihood of 
spontaneous AVM obliteration, conservative manage-
ment should not be considered a primary strategy. Pa-
tients who opt for non-operative management should 
be informed of the rare but possible outcome of sponta-
neous resolution (9).

Long-term follow-up is essential because cases of de-
layed AVM recanalization have been reported up to 39 
months after the initial disappearance (10). In this case, 
no recanalization was observed during the six-month 
follow-up period. However, continued surveillance with 
magnetic resonance angiography (MRA) has been rec-
ommended to rule out late recanalization.

CONCLUSION

The spontaneous disappearance of brain AVMs is an ex-
tremely rare phenomenon, likely influenced by a combi-
nation of haemorrhage-induced hemodynamic changes, 
venous outflow obstruction, and gliotic responses. In 
this case, the presence of a single deep draining vein, 
prior bleeding, and the proximity of the EVD catheter to 
the AVM nidus may have contributed to the thrombosis. 
While spontaneous resolution is possible, it should not 
be considered a primary management strategy due to 
the unpredictable risk of rebleeding or delayed recanal-
ization. Long-term radiological follow-up remains crucial 
to ensure that the AVM does not reappear, and further 
research is needed to better understand the mechanisms 
behind spontaneous AVM obliteration.
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Figure 2: A, B: Preoperative diagnostic DSA scans showing 
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head, supplied by the lateral lenticulostriate artery. The nidus 
measured approximately 6 mm in diameter, with a 1.2 mm 
aneurysm (red arrow) identified within it, and drainage 
occurred via the thalamostriate vein. The AVM was also noted 
to be in close proximity to the EVD catheter and its drainage 
vein within the ventricle. C, D: Follow-up DSA at 2 months 
demonstrating complete disappearance of the previously 
identified AVM near the right caudate nucleus head
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Case reports are defined as brief reports that describe 
the unique aspects of a medical case and contribute sig-
nificantly to the existing medical literature and medical 
education (1).

The academic landscape has long been shaped by the 
publication of case reports, which have traditionally 
played a vital role in advancing scientific knowledge and 
understanding (2). Case reports, which provide detailed 
accounts of individual patient experiences, have been 
lauded for their ability to shed light on rare diseases, 
novel interventions, and unique clinical presentations (1). 
However, in recent years, there has been a growing con-
cern about the declining importance of case reports in 
academia (2, 3).

One of the primary reasons for this trend is the percep-
tion that case reports do not highly rank in the hierarchy 
of scientific evidence. In the context of evidence-based 
medicine, randomised controlled trials and systematic 
reviews are generally considered to be more robust and 
reliable sources of information (1, 2). As a result, many 
high-impact medical journals have become increasingly 
reluctant to publish case reports, as they are seen as less 
valuable contributions to the scientific literature. The im-
pact factor is the average number of citations garners by 
a journal, an indicator to assess the significance of a par-
ticular journal in the academic field. The citation proba-
bility of case reports is much lesser compared to the orig-
inal researches, review articles and meta-analyses (3). The 
journals have limited spaces due to the limited issues per 
year/volume; most of the journals publish two or three 

case reports in a single issue and with a rapid expansion 
of scientific community, journals receive huge number of 
submissions making the selection process significantly 
competitive. Some journals encourage authors to submit 
their case reports in a concise form under letter to editor, 
clinical/radiological/histopathological image and quiz. It 
is challenging for the editors to find a suitable reviewer 
for a case report, especially when it deals with a unique 
and rare case. The assessment of the quality and viability 
of such case reports becomes a challenge to the editor 
(Figure 1).

Figure 1: Few probable causes behind the decline of 
case reports in the scientific literature.
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Despite this shift, it is important to recognise the sig-
nificant educational and practical value of case reports. 
They have long been used as a means of disseminating 
information on unusual clinical presentations, disease as-
sociations, and responses to treatment. Moreover, case 
reports can serve as a valuable learning experience for 
both authors and readers, as they provide insights into 
the practical application of medical knowledge.

REFERENCES

1. Nissen T, Wynn R. The clinical case report: a review of 
its merits and limitations. BMC Res Notes 2014;7:264. 
[CrossRef]

2. Bradley PJ. Guidelines to authors publishing a case 
report: the need for quality improvement. AME Case Rep 
2018;2:10. [CrossRef]

3. Taheri A, Adibi P, Abbasi A, Sabbagh Jaffari M, Rahimi 
A. Analysis of the reporting requirements of clinical case 
reports dedicated journals: Towards updating the CARE 
Guideline. Adv Biomed Res 2023;12:41. [CrossRef]

https://orcid.org/0000-0001-6168-3069
https://doi.org/10.1186/1756-0500-7-264
https://doi.org/10.21037/acr.2018.04.02
https://doi.org/10.4103/abr.abr_391_21

