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Mismatch Repair (MMR) protein expression in liver
tissue and cancer: A study utilizing Human Protein
Atlas Data

Meral Uner'

'Department of Pathology, Faculty of Medicine, Hacettepe University, Ankara, Tirkiye

Abstract

Objective: Alterations in mismatch repair (MMR) protein expression have been reported in liver cancers, including
hepatocellular carcinoma and cholangiocarcinoma. Loss or reduced expression of MMR proteins is commonly associated
with microsatellite instability (MSI), which has important prognostic and therapeutic implications. Immunohistochemistry
represents a cost-effective and reliable method for detecting deficient MMR (dMMR). However, due to potential technical
pitfalls and variable staining patterns, careful interpretation of MMR immunostaining is required.

Materials and Methods: In this study, virtual slides of tumor microarray cores from 35 patients were re-evaluated. The
cases were stained with different antibody clones targeting MLH1, PMS2, MSH2, and MSH6. Based on the percentage of
nuclear staining, immunohistochemical expression patterns were categorized as: (1) total expression loss (<25% nuclear
staining), (2) focal expression loss (25-75% nuclear staining), and (3) intact expression (>75% nuclear staining).

Results: Among 35 cases (21 hepatocellular carcinomas and 14 cholangiocarcinomas), clone-dependent variability in MMR
immunohistochemistry performance was observed. Using the most effective antibody clones, potential dAMMR patterns
in hepatocellular carcinoma were identified in 25% of cases for MLH1, 50% for MSH2, and 50% for MSH®6. In contrast, no
dMMR-like pattern was observed in cholangiocarcinoma for any MMR protein. PMS2 (single available clone, CAB010235)
demonstrated minimal expression in normal liver tissue and variable staining in tumors, suggesting technical limitations
rather than true biological loss. These findings indicate that suboptimal antibody clones may artificially increase the
apparent dMMR rate.

Conclusion: This study evaluated MMR protein expression patterns in hepatocellular carcinoma and cholangiocarcinoma
using data from the Human Protein Atlas, an open-access resource. Although immunohistochemistry remains a cost-
effective and reliable method, factors such as fixation quality, antibody clone sensitivity, and careful evaluation of internal
controls must be considered. Appropriate antibody clone selection is therefore essential for accurate interpretation of MMR
immunostaining.

Keywords: MMR, liver, immunohistochemistry, cancer, human protein atlas

Introduction of the four key MMR proteins—MLH1, PMS2, MSH2, or

MSHé6—leads to impairment of the DNA mismatch repair
Mismatch repair (MMR) proteins play a critical role  system and results in microsatellite instability (MSI-H),
in maintaining genomic stability by correcting DNA  a hypermutable condition observed in various tumor
replication errors [1,2]. Loss of function of at least one  types. Loss of MMR protein expression is therefore
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commonly associated with MSI-H, a genomic instability
phenotype that may arise from either somatic or
germline alterations [3].

The frequency of deficient MMR (dAMMR) or MSI-H in liver
tumors varies according to tumor type and histologic
grade [4-7]. In well-differentiated hepatocellular
carcinomas (grade 1-2), the frequency of dMMR/
MSI-H is generally lower than that observed in poorly
differentiated tumors (grade 3), likely reflecting lower
proliferative activity and more preserved DNA repair
capacity [8].

Several methods, including immunohistochemistry
(IHC), polymerase chain reaction (PCR), and
next-generation sequencing (NGS), are used to

evaluate MMR deficiency in tumors. Among these,
immunohistochemistry is a widely used, cost-effective,
and practical method for detecting MMR dysfunction
[9-11]. However, this technique has several technical
limitations and interpretative challenges that require
expertise in evaluating staining patterns in both normal
and neoplastic tissues. Importantlyy, MMR protein
staining patterns may vary among different tissues,
tumortypes,andevenwithinthesametumor.Inaddition,
expression of MMR proteins is highly sensitive to tissue
fixation conditions [12]. Focal loss of staining may arise
from tumor subclones with MMR dysfunction, but it may
also result from fixation-related artifacts or abnormal
genetic alterations, such as novel mutations or aberrant
cytoplasmic accumulation of mutant proteins [13,14].

The present study aims to highlight the technical
and interpretative challenges associated with MMR
immunohistochemistry, with particular emphasis on
antibody clone characteristics, tissue fixation quality,
and the role of pathologist expertise. Liver tumors were
selected as a model because hepatocellular carcinoma
and cholangiocarcinoma display distinct biological
and proliferative characteristics. These differences
provide an opportunity to demonstrate clone- and
tissue-dependent variability in MMR staining patterns
and the potential risk of misinterpretation, particularly
in well-differentiated, low-proliferation tumors such
as hepatocellular carcinoma. Using data derived
from the Human Protein Atlas, we evaluated MMR
staining patterns across different antibody clones and
tissue types in order to emphasize the importance of
internal controls and technical awareness for accurate
interpretation of MMR immunohistochemistry.

92

Materials and methods

Study cohort and tissue microarray (tma) core
selection

Adult patients with hepatocellular carcinoma or
cholangiocarcinoma whose immunohistochemical
tissue microarray (TMA) data were available in the
open-access Human Protein Atlas (HPA) database were
included in the study cohort [15-17].

Immunohistochemical staining for proteins encoded
by four MMR genes—MLHT1 (clone 1: CAB013294, clone
2: HPA0O52707, clone 3: CABO70868), PMS2 (clone 1:
CAB010235), MSH2 (clone 1: CAB009572, clone 2:
CABO70867, clone 3: CAB080131), and MSH6 (clone 1:
CAB009091, clone 2: HPA028376, clone 3: HPA028446,
clone 4: CAB070870)—was evaluated in the available
TMA cores. Normal liver tissue cores were also assessed
as controls.

Clinical information including tumor type, age, and
sex was obtained from the Human Protein Atlas
database (Supplementary Table 1 and Supplementary
Table 2) (https://www.proteinatlas.org, accessed
August 25 2023).

Evaluation of protein-level expression

Evaluation of MMR protein expression in normal liver
tissue cores: In normal liver tissue cores, nuclear
staining in hepatocytes, cholangiocytes, fibroblasts,
and inflammatory cells was considered the expected
staining pattern (O = loss, 1 = intact) (Figure 1). These
cell populations were also used as internal controls for
the evaluation of tumor tissues

(Supplementary Table 1 and Supplementary Table 2).

Evaluation of MMR protein expression in neoplastic
cores: In tumor cores, peritumoral stromal cells—
including hepatocytes, cholangiocytes, fibroblasts, and
inflammatory cells—were assessed as internal controls
based on their nuclear staining status (0 = loss, 1 =
intact).

To distinguish fixation-related staining defects from
clone-related staining variability, each core was
evaluated using a modified H-score calculated by
multiplying the percentage of positive cells by staining

www.actamedica.org
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Figure 1. Normal liver tissue expression patterns of MMR antibodies obtained from the Human Protein Atlas (HPA)

Representative virtual tissue microarray (TMA) cores from the Human Protein Atlas (https://www.proteinatlas.org, accessed August 25 2023)
showing immunohistochemical staining patterns of mismatch-repair (MMR) proteins in non-neoplastic liver tissue. (A) Overview of MSH6 antibody
clones (HPA028376, CAB0O09091, CABO70870) demonstrating variable nuclear positivity in cholangiocytes and hepatocytes. (B) Intact nuclear
expression of MLH1 (clone CAB013294) in hepatocytes (arrowhead) and cholangiocytes (circle) (Patient ID 2251, female, age 50, liver). (C) Total
loss of MLH1 nuclear staining in both hepatocytes (arrowhead) and cholangiocytes (circle) (Patient ID 3402, female, age 54, liver). (D) Intact MLH1
nuclear staining in fibroblasts (arrowhead) and scattered inflammatory cells (circle) (Patient ID 3402, female, age 54, liver). (E) Complete loss of
MSH2 nuclear staining (clone CAB009572) with non-specific cytoplasmic background in hepatocytes and stromal cells (arrowhead and circle)
(Patient ID 1846, female, age 32, liver). (F) Suboptimal MSH6 staining pattern (clone CAB0O09091) showing absence of expression in vascular
endothelial and smooth-muscle cells (arrow), as well as in hepatocytes and cholangiocytes; mild non-specific cytoplasmic background staining

is observed in all cell types (Patient ID 1846, female, age 32, liver). Scale bars, section identifiers, and antibody clone codes are displayed in each

panel.

intensity (0-3 scale: 0 = negative,1=weak, 2 =moderate,
3 = strong) (Supplementary Table 1).

Based on the percentage of tumor cells showing
nuclear staining, immunohistochemical expression
patterns were categorized as: 1) Total expression loss
(<25% nuclear staining), 2) Focal expression loss (25-
75% nuclear staining) and 3) Intact expression (>75%
nuclear staining). These categories corresponded to the
following MMR status groups:

1.dMMR (deficient MMR): Loss of nuclear protein
expression of at least one MMR protein (MLH1, PMS2,
MSH2, or MSH6) in tumor cells while internal control
cells retained intact staining (Figure 2).

2a.fdMMR (focal deficient MMR): Loss of nuclear staining
in a subset of tumor cells, reflecting intratumoral

www.actamedica.org

heterogeneity, with preserved staining in surrounding
internal control cells.

2b.Fixation-related staining loss: Concurrent loss of
staining in both tumor cells and surrounding internal
control cells, suggesting technical artifact rather than
true biological loss.

3.pMMR (proficient MMR): Preserved nuclear staining of
all four MMR proteins (MLH1, PMS2, MSH2, and MSH®6)
in tumor cells (Figure 2).

Results
Demographic findings - All individuals included in the
study were adults, including those contributing normal

liver tissue used as controls. The mean age of the
patients (n=35) was 63.62 years (range: 24-82 years).
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Cholangio ca

HCC
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Figure 2. Neoplastic tissue expression patterns of MMR antibodies obtained from the Human Protein Atlas
(HPA)

Representative virtual tissue microarray (TMA) cores from the Human Protein Atlas (https://www.proteinatlas.org, accessed
August 25 2023) showing immunohistochemical staining patterns of MLH1, PMS2, MSH2, and MSH6 in hepatocellular carcinoma
(HCC) and cholangiocarcinoma (Cholangio ca). Panels on the left depict loss of nuclear expression in neoplastic cells, whereas
panels on the right show intact nuclear staining. Patient information, antibody clone, and tumor type are indicated in the upper-
left box of each image. Each panel also includes the HPA dataset identifier, staining intensity, percentage of positive cells, and
localization of staining, which may or may not correspond precisely to the current study’s semiquantitative evaluation.

MLH1 - Loss: Patient ID 2767 (M, 58 v, liver hepatocellular carcinoma, clone CAB013294); Intact: Patient ID 3402 (F, 54 v, liver
hepatocellular carcinoma, clone CAB013294). PMS2 - Loss: Patient ID 2251 (F, 50 v, liver cholangiocarcinoma, clone CAB010235);
Intact: Patient ID 3402 (F, 54 vy, liver cholangiocarcinoma, clone CAB010235). MSH2 - Loss: Patient ID 1846 (F, 32 y, liver
hepatocellular carcinoma, clone CAB080131); Intact: Patient ID 2251 (F, 50 y, liver cholangiocarcinoma, clone CAB080131).

MSH6 - Loss: Patient ID 1846 (F, 32y, liver hepatocellular carcinoma, clone CABO70870); Intact: Patient ID 2251 (F, 50 y, liver
cholangiocarcinoma, clone CABO70870).

HCC = hepatocellular carcinoma; Cholangio ca = cholangiocarcinoma; Loss = absence of nuclear staining in tumor cells; Intact =
retained nuclear staining in tumor cells. Scale bars, dataset identifiers, and clone codes are displayed on each panel.
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Figure 3. Normal tissue MMR antibody expression pattern by cell type (HPA data)

Heatmap representing the presence (+) or absence (-) of MMR protein expression across different liver cell
types based on the Human Protein Atlas dataset. Each cell indicates whether nuclear immunoreactivity was
observed in hepatocytes, cholangiocytes, fibroblasts, and inflammatory cells for each antibody clone. Consistent
nuclear expression was observed with MLH1 clone 3, MSH2 clone 3, and MSH6 clone 4, while PMS2 clone 1 and
early MSH6 clones showed no expression in any cell type. This visualization highlights the variability of baseline
expression among clones in non-neoplastic liver tissue, underlining the importance of antibody validation for

hepatic immunohistochemistry.

Among the patients, 21 had hepatocellular carcinoma
and 14 had cholangiocarcinoma. A summary of the
demographic characteristics is provided in Table 1.

Clone dependent antibody evaluation results

MLH1 - Based on the evaluation of staining patterns
in control tissues, clone 3 was identified as the most
effective antibody clone (Figure 3, Supplementary
Table 3). In all normal liver tissue cores, hepatocytes,
cholangiocytes, fibroblasts, and inflammatory cells
showed nuclear positivity for MLH1, indicating intact
expression. In neoplastic tissues, both hepatocellular
carcinomasandcholangiocarcinomasalsodemonstrated
preserved staining in internal control cells (Figure 4 and
Figure 5). Among hepatocellular carcinomas, one tumor
showed total expression loss (<25% nuclear staining)
and one tumor demonstrated focal expression loss (25-

www.actamedica.org

Table 1. Patients’ demographic data

HCC Cholangioca  Total

Number of patients (n) 21 14 35
Age (year)

mean 63,2 64,3 63,6

min 24 52 24

max 82 79 82
Gender

F 8 9 17

M 13 5 18

HCC: Hepatocellular carcinoma, Cholangio ca: Cholangiocarcinoma,
F: Female, M: Male.
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Figure 4. Expression categories across MMR antibody clones in HCC and CCA

Stacked bar chart demonstrating the distribution of MMR IHC expression categories across different antibody clones (MLH1, PMS2, MSH2,
MSH6). Expression categories were grouped as <25%, 25-75%, and >75% of tumor cell staining in hepatocellular carcinoma (HCC) and
cholangiocarcinoma (CCA) cases. Values represent number of evaluated cases per clone (based on the Human Protein Atlas dataset).
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Figure 5. Positive internal control staining across MMR antibody clones

Bar chart showing the number of cases with retained internal control staining (non-neoplastic hepatocytes, cholangiocytes, stromal

or inflammatory cells) for each MMR antibody clone. This reflects technical adequacy and clone-specific variability in baseline tissue
immunoreactivity (based on the Human Protein Atlas dataset).

75% nuclear staining), whereas six of the eight tumors  inflammatory cells showed nuclear staining. In

showed intact expression (>75% nuclear staining). In
cholangiocarcinomas, all four tumors showed intact
expression. No cases of total or focal expression loss
were observed.

PMS2 - Only one antibody clone was available
for PMS2 evaluation. This clone demonstrated
weak or absent staining in normal liver tissue
cores (Figure 3, Supplementary Table 3). None of
the hepatocytes, cholangiocytes, fibroblasts, or
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neoplastic cores, four of the six cholangiocarcinoma
cores and one of the six hepatocellular carcinoma cores
demonstrated preserved staining in internal control
cells (Figure 4 and Figure 5). Among hepatocellular
carcinomas, five tumors showed total expression loss
(<25% nuclear staining) and one tumor showed intact
expression (>75% nuclear staining). No cases of focal
expression loss were observed. In cholangiocarcinomas,
one tumor showed total expression loss (<25% nuclear
staining), while five tumors demonstrated intact
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expression (>75% nuclear staining). No focal expression
loss was detected (25%- 75%).

MSH2 - Based on control tissue staining patterns,
antibody clone 3 was identified as the most effective
clone (Figure 3).Innormalliver tissue cores, hepatocytes
showed no nuclear staining, whereas cholangiocytes,
fibroblasts, and inflammatory cells demonstrated
nuclear positivity for MSH2. In neoplastic tissues, both
hepatocellular carcinomas and cholangiocarcinomas
showed preserved staining in internal control cells
(Figure 4 and Figure 5). Among hepatocellular
carcinomas, two tumors demonstrated focal expression
loss (25-75% nuclear staining), while two tumors
showed intact expression (>75% nuclear staining).
No cases of total expression loss were observed. In
cholangiocarcinomas, all seven tumors demonstrated
intact expression. No cases of total or focal expression
loss were detected.

MSH6 - Evaluation of staining patterns in control
tissues indicated that clone 4 was the most effective
antibody clone (Figure 3). In normal liver tissue
cores, hepatocytes, cholangiocytes, fibroblasts,
and inflammatory cells all demonstrated nuclear
positivity for MSH6, indicating intact expression. In
neoplastic tissues, both hepatocellular carcinomas and
cholangiocarcinomas showed preserved staining in
internal control cells (Figure 4 and Figure 5).

Among hepatocellular carcinomas, four tumors
demonstrated total expression loss (<25% nuclear
staining), while four tumors showed intact expression
(>75% nuclear staining). No cases of focal expression
loss were observed. Among cholangiocarcinomas, all
four tumors showed intact expression. No cases of total
or focal expression loss were detected.

Most effective antibody clone-dependent MMR
evaluation results

MMR status was further evaluated using the most
effective antibody clones identified for each MMR
protein. When total or focal expression loss was
considered indicative of possible dMMR, the following
results were observed:

For hepatocellular carcinoma, possible dMMR rates
were 25% for MLH1, 50% for MSH2, and 50% for MSH6.
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For cholangiocarcinoma, no cases of possible dMMR
were observed for MLH1, MSH2, or MSH6.

When antibody clones other than the most effective
clone were used (representing suboptimal staining
conditions), the apparent frequency of possible dAMMR
increased due to ineffective staining (Figure 4 and
Figure 5, Supplementary Table 4).

Under these conditions, possible dMMR rates ranged
from 25-100% for MLH1,100% for MSH2, and 85-100%
for MSH6 in hepatocellular carcinoma.

For cholangiocarcinoma, possible dMMR rates ranged
from 20-100% for MLH1, 66-75% for MSH2, and 80-
100% for MSH6.

For PMS2, only one antibody clone was available,
which showed suboptimal staining. Using this clone,
the apparent dMMR rate was 83% for hepatocellular
carcinoma and 16% for cholangiocarcinoma.

Statistical evaluation of MMR expression
patterns

Based on the available Human Protein Atlas (HPA)
dataset, both categorical and continuous variables were
analyzed using appropriate non-parametric statistical
tests.

The proportions of loss versus intact expression were
compared between hepatocellular carcinoma and
cholangiocarcinoma using Fisher’s exact test, whereas
differences in staining intensity (0-3 scale) were
assessed using the Mann-Whitney U test.

Amongthe MMR proteins analyzed, MSH2 demonstrated
a statistically significant difference  between
hepatocellular carcinoma and cholangiocarcinoma
(Fisher’s exact test, p = 0.015), indicating a higher
frequency of expression loss in cholangiocarcinoma.

A secondary comparison of staining intensity also
showed statistical significance for MSH2 (p = 0.007)
and borderline significance for PMS2 (p = 0.045). No
other antibodies demonstrated statistically significant
differences (all p > 0.05).

Given the limited sample size and the observational
nature of the HPA dataset, these findings should be
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interpreted as descriptive and exploratory rather than
confirmatory (Figure 3, Figure 4 and Figure 5).

In supplementary analyses, comparisons of MLH]I,
PMS2, MSH2, and MSH6 expression levels revealed no
statistically significant differences in modified H-score
values among the four MMR proteins (Kruskal-Wallis
test, p = 0.407), suggesting similar overall expression
patterns across these markers (Supplementary Table 1).

Binary expression assessment in normal liver tissue
demonstrated consistent hepatocellular and stromal
staining for MLH1 and MSH6, whereas PMS2 showed
minimal expressioninnormalliver cores (Supplementary
Table 2).

Discussion

Hepatocellular carcinoma is the most common primary
malignancy of the liver, followed by cholangiocarcinoma
as the second most frequent type [18,19]. In this study,
we focused on these two major liver tumor types and
analyzed the expression status of MMR proteins using
virtual slide data available in the Human Protein Atlas
(HPA). This open-access platform provides a valuable
resource for both pathologists and researchers by
enabling systematic evaluation ofimmunohistochemical
staining patterns across different tissues and tumor
types.

Mismatch repair deficiency in hepatocellular carcinoma
hasbeenreportedatvaryingfrequenciesintheliterature.
Bonneville et al. reported a prevalence of 0.8%, whereas
Mukai et al., Kawaoka et al., and Cortes et al. reported
frequencies of 2%, 2.4%, and 2.9%, respectively [4-
6,20]. In the current study, higher apparent dMMR
rates (25-50%) were observed compared with
previously reported data. This discrepancy is most likely
attributable to the limited sample size, which may not
accurately represent the overall population.

For cholangiocarcinoma, MMR deficiency has
been reported in 41% to 10% of intrahepatic
cholangiocarcinomas in studies by Ju et al. and Saeed
et al. [7,21]. In contrast, no dMMR cases were detected
among the cholangiocarcinomas analyzed in the
present study, which may similarly be explained by the
limited sample size.
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From an immunohistochemical perspective, MMR
protein expression has been reported to be higher in
normal tissues with increased proliferative activity [8].
Similarly, higher MMR expression has been observed
in high-grade tumors, which typically demonstrate
elevated proliferation rates [8,15]. This association
between MMR expressionandtumor proliferative activity
may partly explain our observation of more frequent
expression loss in hepatocellular carcinomas compared
with cholangiocarcinomas, as the hepatocellular
carcinoma cases included in the present study were
predominantly low-grade tumors. This factor may
also contribute to the discrepancy between the dMMR
frequencies observed in this study and those reported
in the literature. In addition to the limited sample size,
several methodological factors may explain the higher
apparent dMMR rate observed in this study. The Human
Protein Atlas database does not represent a true clinical
cohort and may therefore be subject to selection bias.
Furthermore, MMR immunohistochemistry is highly
dependent on antibody clone performance and tissue
fixation quality, both of which may influence staining
intensity and potentially lead to misinterpretation of
reduced staining as true biological loss, particularly
in  well-differentiated and low-proliferation liver
tumors. The use of a single tissue core per tumor may
also underrepresent areas with preserved staining.
Taken together, the observed dMMR frequency in this
study likely reflects technical and sampling variability
rather than true biological prevalence. Larger,
clinicopathologically well-characterized cohorts with
optimized immunohistochemical protocols and external
validation are required to more accurately determine
the incidence of dMMR in liver cancers.

Assessment of MMR protein expression by
immunohistochemistry may present several challenges
for pathologists, particularly with respect to pre-
analytical variables such as tissue fixation [22]. Normal
cells present within the section can serve as internal
controls to help determine whether apparent loss of
expression reflects fixation-related artifacts or true
tumor heterogeneity [22]. However, in cases lacking
an appropriate internal control, distinguishing between
these possibilities becomes difficult.

Additionally, because each tumor in the HPA dataset

was represented by only one or two tissue cores, the
impact of intratumoral heterogeneity—particularly focal
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or patchy reduction of MMR protein expression—cannot
be fully evaluated. In routine diagnostic practice, focal
MMR alterations have been documented in several solid
tumors, and sampling only one or two tumor areas may
therefore underestimate or misclassify MMR status.
Furthermore, in routine diagnostic pathology, the
selection of tissue blocks and the choice of core sampling
sites on H&E sections have a significant influence on
interpretation. Preferential sampling of well-fixed,
viable, and necrosis-free tumor areas improves the
reliability of MMR immunohistochemistry and reduces
the likelihood of artifactual staining patterns that may
mimic true biological loss. Future studies incorporating
multiple-core sampling and whole-slide evaluation,
together with careful selection of well-preserved tumor
regions on H&E sections, would better address spatial
heterogeneity and help validate these observations in a
more comprehensive manner.

Another important factor influencing
immunohistochemical evaluation is the sensitivity of
antibody clones directed against the same antigen.
Differences in clone performance may account for the
observed variability in staining patterns, and the use
of suboptimal antibody clones can further complicate
interpretation of MMR immunohistochemistry [23]. In
the present study, this effect was clearly demonstrated
by the significant staining differences observed among
the MLH1, MSH2, and MSH#6 antibody clones [23].

The number of liver cancer cases available in the
Human Protein Atlas dataset was limited (n = 35),
which restricts the statistical power of the analysis
and precludes definitive conclusions regarding the
true prevalence of MMR deficiency in hepatocellular
carcinoma and cholangiocarcinoma. Therefore,
the findings of this study should be interpreted as
descriptive and exploratory rather than representative
of the general population. In addition, each tumor was
represented by a single tissue core, which may not
adequately capture intratumoral heterogeneity or focal
patterns of MMR protein loss. Furthermore, fixation
quality and other pre-analytical conditions were not
fully documented in the dataset, potentially affecting
staining performance and interpretation. Future large-
scale, well-annotated cohort studies incorporating
comprehensive clinicopathological and molecular
correlations are required to validate these observations
and to better define the true frequency and clinical
significance of MMR deficiency in liver malignancies.
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From a clinical perspective, although the prevalence
of dMMR/MSI-H in hepatocellular carcinoma and
cholangiocarcinoma is low, determination of MMR
status may still have important therapeutic implications.
Tumors with MSI-H/dMMR across multiple organ
systems are eligible for immune checkpoint inhibitor
therapy, such as pembrolizumab, based on tumor-
agnostic reqgulatory approval. Therefore, accurate
interpretation of MMR immunohistochemistry is
essential to avoid false-negative or false-positive
assessments and to ensure appropriate patient selection
for potential immunotherapy. Although routine MMR
testing is not currently recommended in liver cancers
because of the low frequency of dAMMR, selective testing
may be considered in specific clinical or pathological
contexts, including young patients, unusual tumor
morphology, or a strong personal or family history
suggestive of MMR deficiency. Continued refinement
of immunohistochemical interpretation standards and
increased awareness of potential technical pitfalls will
support the accurate identification of rare but clinically
actionable dMMR cases.

In conclusion, this study highlights the technical
complexity and interpretative challenges associated
with  MMR immunohistochemistry, particularly in
liver pathology. Using hepatocellular carcinoma and
cholangiocarcinoma as representative tumor models,
we demonstrated that theinterpretation of MMR staining
is strongly influenced by antibody clone characteristics,
tissue fixation quality, and the intrinsic proliferative and
morphological features of the tumor. Well-differentiated,
low-proliferative tumors such as hepatocellular
carcinoma may show weak or heterogeneous staining
patterns that complicate interpretation, whereas
cholangiocarcinoma, with relatively higher proliferative
activity, may provide clearer internal reference
staining. These findings emphasize that although
immunohistochemistry remains a cost-effective and
widely used method for detecting dMMR, careful
technical and interpretative evaluation is essential.
Awareness of clone-specific staining behavior, fixation-
related artifacts, and the appropriate use of internal
controls is critical for accurate interpretation. Careful
antibody clone selection, optimized technical protocols,
and expert pathological evaluation are therefore
necessary to avoid misclassification, particularly in
tissues with variable fixation characteristics and low
proliferative indices such as liver tumors.
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Abstract

Objective: This study aimed to evaluate the survivability and success rate of medical trauma implants used in orthopedic
trauma surgery. Fracture union rates, postoperative complications, and implant failures were analyzed to determine the
overall performance of the implants.

Materials and Methods: The study included 455 patients (621 fractures) who underwent surgical fixation with Oltho
Medical orthopedic trauma implants at Hacettepe University between January 2020 and July 2022. Patients with at least
six months of follow-up and adequate radiographic evaluation were included. Fracture healing was assessed using the
Radiographic Union Scale for Tibia (RUST) and a similar four-cortex scoring system for other fractures. Implant failures,
postoperative complications, and patient demographics were recorded.

Results: The mean patient age was 34.2 * 24.3 years (range: 6-93), with a mean follow-up of 16 months. The overall
fracture union rate was 97.2% at six months, with a mean RUST score of 10.5. The implant survival rate was 98.7%, with
implant failure observed in six (1.3%) cases. Postoperative complications occurred in 7.3% of patients, including wound
complications (6.2%), nonunion (1.3%), and implant failures (1.3%). Although implant-specific survival rates varied among
anatomical regions, all fractures ultimately achieved union following appropriate management.

Conclusion: Medical trauma implants demonstrated high survivability and effectiveness in fracture fixation, with a low
failure rate comparable to existing literature. Despite some complications, all were successfully managed, supporting the

reliability of these implants in orthopedic trauma surgery.

Keywords: orthopedic implants, fracture healing, trauma surgery, implant failure, survivability

Introduction

Bone is a dynamic tissue, and the damage that occurs
after trauma initiates the healing process due to the
high remodeling and regeneration capacity of the bone
[1]. Fracture healing is a physiological process that is
affected by biological and biomechanical factors [1,2].
Fracture stabilization and fixation are essential for bone
healing, making orthopedic implants indispensable
in trauma surgery [3,4]. Successful fracture healing
depends on biological, mechanical, and biomechanical

factors, as well as appropriate surgical management
[5,6]. The path to be followed in the detection and
treatment of the fracture is affected by factors such as
trauma severity, fracture location, soft tissue condition,
patient’s medical condition, bone quality, and surgical
experience [7].

Fracture healing is a dynamic process influenced by
multiple factors [3,8]. Bone healing occurs through
two primary mechanisms: primary (direct) healing and
secondary (indirect) healing. Primary (direct) healing
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is rare and occurs when absolute stability is achieved,
with interfragmentary movement of less than 0.01 mm
and strain below 2% [9]. Secondary (indirect) healing
is the most seen type, and it is a form of recovery after
fracture end movement and weight bearing. It is seen
in all non-surgical treatments, also in intramedullary
nailing, external fixation, and some internal fixation
treatmentsin complicated comminuted fractures [10,11].

The design of orthopedic implants has shown certain
changes from the time it was started to use [12]. Modern
implants improve bone healing through improved
biocompatibility, mechanical stability, and surface
chemistry [12]. Implant-bone healing mechanism
differs depending on implant surface chemistry and
topography [13]. Peri-implant incompatibility causes
complications as nonunion and multiple failure due
to implant insufficiency [14,15]. Nonunion occurs in
approximately 2% of all fractures but may reach 20%
in diaphyseal fractures [15]. The U.S. Food and Drug
Administration (FDA) defines nonunion as the absence
of healing within nine months or lack of progression
over three consecutive months [16].

Fracture healing is assessed through both radiological
and clinical evaluation [17]. While pain during weight
bearingis considered clinically significant, radiologically
progressive improvement in serial radiographs and
cortical bridging are also to be considered [18]. Healing
scores in four cortices on anterior-posterior and lateral
radiographs has been modified recently, taking into
account the bony bridging and non-bridging callus
tissue, that has been applied in certain fracture types
[19,20].

This study aimed to assess the survivability and success
rate of medical trauma implants in various surgical
fixation methods across different fracture types.
Additionally, we aimed to analyze patient demographics,
comorbidities, fracture union rates, and associated
complications to further evaluate implant performance.

Material and methods

This study was approved by the Institutional Ethics
Committee (IRB No: GO 22/942). We retrospectively
analyzed all patients who underwent surgical fixation
with Oltho Medical orthopedic trauma implants (Ankara,
Turkey) at Hacettepe University between January 2020
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and July 2022. Routine postoperative follow-up was
conducted at 2 weeks, 6 weeks, 3 months, 6 months,
1 year, and annually thereafter. The study included
patients with at least 6 months of follow-up and proper
antero-posterior and lateral views of the fracture site.
Patients with less than 6 months of follow-up and
inadequate radiographs were excluded from the study.
A total of 601 patients were identified. Of these, 92
were excluded due to inadequate radiographs, and 54
were excluded for having less than 6 months of follow-
up. Immediate postoperative, 3-month, and 6-month
radiographs were analyzed for fracture union and
implant failure (loosening, breakage, and subsidence).
Fracture union was determined as viewing bridging
callus formation on radiographs (3 out of 4 cortices in
anteroposterior and lateral views if possible] and non-
tender/painless palpation of the fracture site). Patient
demographicdataandclinicalnotes wereretrospectively
collected from medical records. Radiological evaluation
was conducted independently by a fellowship-trained
orthopedic trauma surgeon using the Picture Archiving
and Communication System (PACS).

Tibial fracture healing was assessed using the
Radiographic Union Scale for Tibia (RUST) score
(Table 1) [20,21]. For other fracture types amenable
to standard two-view radiographic analysis, a RUST-
like scoring system was used. Each of the 4 cortex
(anterior, posterior, medial and lateral) was assessed
and received a score between 1 to 4 according to the
healing stage. A cortex with a visible fracture line
without callus formation received 1 point, cortex with
a visible fracture line with callus formation received 2
points, cortex with a visible fracture line with bridging
callus formation received 3 points and a remodeled
cortex without a visible fracture line received 4 points.
Then points for the all four cortices were summed up
and evaluated. A total of four points were determined
as absolute nonunion and 12 points were determined as
complete union [20,21].

Table 1. RUST scoring system

Radiologic criteria

Score per cortex Callus Fracture line
1 Absent Visible

2 Present Visible

3 Present Invisible

4 Remodelled Invisible
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Patient  demographics, medical comorbidities,
concomitant fractures, fracture type, affected bone,
and intraoperative and postoperative complications
were recorded. All patients received appropriate
postoperative physical therapy, analgesics,
anticoagulation, and immobilization based on individual
risk factors. The patients were checked for soft tissue
problems like wound complications,implant prominence,
surgical site infections in every follow-up. Appropriate
antibiotic therapy was administered incase of surgical
site infection. Fracture non-union was assessed as
failure to demonstrate bridging callus and RUST scores
of 4 at 6th months follow up. Fracture non-union was
addressed with revision fixation surgery with or without
bone grafting, implant prominence was addressed with
implant removal surgery in at appropriate time following
fracture union. Pediatric implants were routinely
removed at least 1 year after the surgery.

Statistical analysis

The statistical analysis was performed wit SPSS 22.0
(IBM, Sanfracisco). The descriptive characteristics of the
study patients were determined using frequency and
percentage, analysis of the scale was performed with
mean values and standard deviation. The relationship
between patient age and RUST scores was calculated
via Pearson’s correlation analysis. The differentiation of

601 patients with fracture were
evaluated for eligibility

the score levels according to the descriptive specifics
was calculated via T-test, one way variance analysis
(ANOVA) and Post-hoc analysis.

Results

The study included 455 patients with 621 fractures
Figure 1. The mean age for the study patients was 34.2
*+ 24.3 (range; 6 - 93) years. 58% of the patients were
male and 42% of the patients were female. The mean
follow-up was 16 [range; 9 - 24] months. Associated
medical comorbidities were noted in 34.5% of the
patients. According to radiological findings, physical
examinations and RUST scores the overall fracture
union rate was 97,2% at 6th months follow-up. The
RUST scores at the 6th-month follow-up was 10.5
which showed union of the fractures. The evaluation
of RUST scrores during follow-ups were demonstrated
in Figure 2. The overall complication rate was 7,3%
following fracture fixation surgery.

The most common location for surgically treated
fractures was ankle fractures (99 fractures) followed by
forearm fractures (80 fractures) and hip fractures (52
fractures). The anatomic distribution of the fractures
were demostrated in Table 2.

Excluded (n=146)

Incomplete imaging data (n=92)

P | Having less than 6 months of follow-up (n=54)

\4

455 patients (621 fractures)
included
in the study

Figure 1. Exclusion criteria for patient eligibility
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Postoperative complications were seen in 7.3% of
the patients, while 92.7% of the patients were free of
complications. In the postoperative course 6.2% of the
patients suffered postoperative wound problems that

were treated with antibiotics and surgical debridement
when needed. Nonunion was seen in 1.3% [6] of the
patients who were treated with revision surgery. Implant
failure occurred in 1.3% [6] patients which caused

12
10,46
10
8,6
8
6,89
6
Cizim Alant
4
2
0
1.5 MONTHS 3 MONTHS 6 MONTHS
Figure 2. The evaluation of RUST scores during follow-ups
Table 2. The distrubition of fracture types
Fracture types Number of fractures  Fracture types Number of fractures
Proximal femur fracture 52 Tibia plateau fracture 27
Clavicula fracture 44 Trimalleolar fracture 24
Distal humerus fracture 43 Proximal ulna fracture 20
Lateral malleolar + Bimalleolar fracture 42 Femur Shaft fracture 19
Tibia shaft fracture 35 Metatarsal fracture 18
Distal radius fracture 34 Metacarpal fracture 15
Calcaneus fracture 34 Ulna shaft fracture 13
Proximal humerus fracture 33 Radial shaft fracture 13
Distal femur fracture 33 Radial head fracture 12
Humerus shaft fracture 32 Talus fracture 12
Distal tibia fracture 30 Phalanx fracture 8
Both bone forearm fracture 28
TOTAL 621
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revision fixation procedure. One patient with both bone
forearm fracture suffered radial nerve palsy that was
solved at the 3rd month follow up.

The fracture union rate was evaluated via RUST scores
which significantly improved during follow-ups, Figure 3
.At the 6th weeks follow up, 62% of the fractures showed
3 and 31,8% showed 4 cortex callus formation. At 6th
months follow up 97.2% of the fractures showed 4
cortices callus formation that improved significantly (p<
0.05).

A total of 996 different implants were used during
the surgical treatment course. The distribution of the

implants used during the surgical treatment were
demonstrated in Table 3.

The most important aspect of orthopedic trauma
implants is to bear biological loads without breakage
till fracture union. Since the clinical outcomes depends
on mutlifactorial viariables like fracture type, location,
patient related ractors like comorbidities, treatment
compatibility , and surgical factors like technige and
proper implant usage, we decided to analyze implant
survival till union and operative complications. Below
are the individual analysis of specific implants.

Cortex Ratio (%)

B 1.5 Months 3. month M 6. month

120
100
80
62
60
40
20 = 11,5
) 0,3 - 0,3 28
1 2 3 4
Measurement Mean SD F P Bonferroni
Score at 1.5 months 6,890 1,131
Score at 3. month 8,600 1,334 1389,638 0,000 2>1; 3>1,2
Score at 6. month 10,460 1,687

Figure 3. RUST scores and cortex ratio percentile according to follow ups
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Table 3. The distrubition of implants used in the study

Plates Quantity Plates Quantity
Mini Plate 36 Olecranon Plate 25
3.5 LC-LCP compression Plate 35 LCP Superior Anterior Clavicle Plate, Locked 24
Lateral Extension
3.5mm Locking Reconstruction Plate 35 Pediatric Plate 3.5 mm 22
Distal Radius Plate Anatomic 35 LCP Proximal Medial Tibia Plate 21
1/3 Tubular Plate 34 Pediatric Plate 4.5 mm 19
Distal Lateral Femur Plate + Minimal Invasive 33 4.5 mm Reconstruction Locking Plate 18
Distal Fibula 3.5mm Plate Anatomic 32 T-Buttres Plate 17
Distal Medial Humerus Plate 32 Distal Lateral Dorsal Humerus Plate 17
Distal Medial Tibia Plate 31 LCP Clavicle Hook Plate 14
4.5mm Compression Plate (LC-LCP) (Narrow + Broad ) 30 T-Locking Plate 12
Proximal Humerus Plate Anatomic 28 LCP Radius T-Plate, Bend angle 10
Proximal Femur Plate 28 LCP Superior Anterior Clavicle Plate 10
Proximal Tibia Lateral Plate 27 L-Buttress Plate 8
Distal Tibia Lateral Compression Plate 26 Distal Ulna Hook Plate 5
Calcaneus Plate 26
Total (Plates) 689
Nails Quantity Cannulated screws Quantity
Cannulated Tibia Nail 32 Cannulated screw 4.5mm 50
Titanium Elastic Nail 30 Cannulated screw 3.5mm 42
Proximal Femoral Nail 29 Headlless Compression Screw 31
Long Reconstruction Femoral Nail 27 Cannulated screw 6.5mm 28
Humerus Nail 12 Cannulated screw 7.3mm 26
Total (Nails) 130 Total (Cannulared Screws) 177

Proximal humerus anatomic plate

The proximal humerus anatomic plate (Oltho medical)
allows sending locking screws in various directions to
improve stabilization and stabilize humeral head via
rotator cuff sutures fixed on the plate through holes.
28 proximal humerus anatomic plates were used for
the fixation of proximal humerus fractures. The union
rate for the proximal humerus fractures was 100%.
The implant survival rate for the proximal humerus
plate until fracture union was 100%. No implant related
complication was observed in study population.

Clavicle plates

Oltho medical clavicle plates include superior anterior
locking compression clavicle plates and clavicle hook

www.actamedica.org

plates. Superior clavicle plate also has lateral extended
version that allow sending locking 2.4mm screws to
lateral fragments. A total of 34 clavicle plates were
used in this study. The fracture union rates for clavicle
shaft fractures was 100%. The implant survival rate for
superior anterior locking compression clavicle plates till
fracture union is 100%. No implant related complication
was observed in the study population.

Oltho medical LCP clavicle hook plates allow treatment
of distal clavicle fractures and acromioclavicular joint
injuries. The healing rate for the distal clavicle fractures
was 100%. The implant survival rate for the LCP clavicle
hook plate till fracture union was 100%. No implant
related complication was observed in study population.
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10 patients received implant removal surgery at the 6
months follow up as routine elective implant removal.

Distal humerus plates

Oltho medical distal humerus plates included medial
and lateral dorsal column plates used for fixation of
distal humerus fractures. A total of 49 distal humerus
medial and lateral dorsal plates were used for the
fixation of distal humerus fractures. The union rate for
the distal humerus fractures was 96%. There were no
implant breakage in our medical records. Two fractures
received revision fixation surgery with bone grafting,
and both fractures healed uneventfully.

Olecranon plates

Oltho medical olecranon plates allow fixation olecranon
fractures and olecranon osteotomies. 25 olecranon
plates were analyzed. No implant breakage was
recorded. The union rates for the olecranon fractures
and olecranon ostetomies was 90%. Two patients
received revision fixation surgery. Implant prominence
and irritation was noted on 25% of the patients that is
paralel to the literature.

Distal radius plates

Oltho medical distal radius plate included anatomic
distal radius anatomic plates and LCP radius T-plate
with bent angle. Anatomic distal radius plate are
utilized for fixation of distal radius fractures. Locking
distal screw configuration allows restoration of joint
line and volar tilt. A total of 35 distal radius plates were
analyzed. All fractures were healed uneventfully at the
3rd month follow up. No implant breakage was seen.
Irritation of the extensor tendons was recorded due to
the overextending screws in 3 patients (9%) which were
removed following fracture union.

Proximal femur plates

Oltho medical proximal femur plates were used for
the fixation of the proximal femur fractures, femoral
osteotomies and trochanteric fractures. 28 proximal
femur plates were analyzed. Union rate for the proximal
femur fractures was 96%. One patient had trochanteric
non-union which was asymptomatic and left untreated.
No implant breakage was recorded.
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Distal femur plates

Oltho medical distal femoral lateral plates were used
for fixation of the distal femur fractures with or without
cannulated screws. 26 distal femur plates were analyzed.
The union rate for distal femur fractures were 100%. No
implant breakage was observed.

Proximal tibia plates

Oltho medical proximal tibia plates included 4.5mm
LCP medial plates and LCP lateral proximal tibia plates.
A total of 48 proximal tibia plates were analyzed in 27
fractures. One patient suffered from non union that
was successfully treated via revision fixation and bone
grafting. Healing rate for the proximal tibia fractures
was 96%. No implant breakage was noted.

Distal tibia plates

Oltho medical distal tibia plates included distal medial
tibial plate and distal lateral compression plates. A total
of 47 plates in 40 patients were analyzed. The union
rate for distal tibia fractures were 92.5%. Three patients
suffered from nonunion and received revision surgery.
Screw breakage was seen in 2 (5%) patients due to
nonunion, in 1 patient infection and soft tissue problems
caused nonunion. No plate breakage was recorded.

Fibula plate

Thirty-two distal fibula anatomic plate was analyzed in
32 distal fibula fractures. The healing rate of the fibula
fractures was 100%. No implant related problems were
recorded. All of the implants survived throughout the
treatment course.

Mini plates

Oltho medical Mini plates were used in various type
of fracture fixation constructs like primary fixation
providers in small bones as metatarsal and phalangeal
fractures or supplementary fixation as anti rotation
plates and neutralization plates. 36 mini plates, and a
total of 37 L buttress, T buttress, and T locking plates
were analyzed. There were no implant breakage
recorded.
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3.5 and 4.5 reconstruction plates

Oltho medical 3.5 and 4.5 reconstruction plates were
used in primary or secondary fixation providers. A
total of 53 reconstruction plates were analyzed and no
implant failure was recorded in our study cohort.

3.5- 4.5 Compression plates [LC-DCP]

Oltho Medical 3.5 -4.5 compression plates provides
compression of the fracture ends with cortical screws.
Additionally adding locking screws to the construct
would increase the rotational stability. A total of 65 LC-
DCP plates were analyzed and no implant breakage was
recorded.

Nails

A total of 130 intramedullary nails were analyzed in this
study. Below are the specific data for the implants.

Femoral Nails: There was 1 nail breakage due to
subtrochanteric fracture non-union and 1 interlocking
screw breakage due to segmentary femur fracture out
of 56 femoral nails that ended up with fracture union
following implant removal and revision fixation surgery
with the implant survival rates was 96.4% for Oltho
medical femoral nails.

Tibia Nails: No nail breakage was recorded in 32
Oltho medical cannulated tibia nails. There were 2
interlocking screw breakages in 2 distal tibia fractures
and 1 interlocking screw breakage tibia shaft breakage
in an open tibia shaft fracture. Three cases needed
exchange naill revision surgery all ended up with union.

Humerus nails: A total of 12 humerus intramedullary
nails were analyzed and no implant breakage was
observed in this study. All fractures healed uneventfully.

Titanium elastic nails: Oltho medical titanium elastic
nails were utilized in pediatric trauma surgeries like tibia
, femur and forearm fractures. Among 30 nails that were
analyzed no implant breakage was recorded. All of the
titanium elastic nails were removed following fracture
union.
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Cannulated screws and headless compression
screws

Oltho medical cannulated screws and headless
compression screws were used in the treatment of
periarticular distal femur, proximal tibia, distal tibia,
proximal femur, small bone fractures like scaphoid,
metacarpals, phalangeal fractures foot fractures.
Headless compression A total of 177 cannulated screws
were analyzed and 1 implant breakage was recorded
in a Lisfranc injury fixed with 4.0 headless cannulated
screw. This implant breakage was attributed to early
weight bearing.

Discussion

The present study demonstrated a high overall fracture
union rate of 97.2% following surgical fixation, with
implant failure observed in only 6 patients (1.3%). The
overall implant survival rate of Oltho Medical trauma
implants was 98.7%, indicating reliable biomechanical
performance across a wide range of fracture types.
Importantly, all fractures ultimately achieved union
after appropriate management, underscoring the
clinical effectiveness and safety of these implants in
routine orthopedic trauma practice.

With every surgical procedure and implantation in
orthopaedics there starts arace between implant failure
and healing process of fracture [7]. Implant failure can
be in form of plastic deformation, corrosion, or fatigue
failure. Mechanical failure of implant can result due to
repetitive loading and stress. In absence of union even
the toughest metallic device and best designed implants
are known to fail [13].

Technical aspects of implant failure have been studied
in various studies [11,13] [22] [23]. According to
laboratory results from two studies Azevedo in Brazil
and Amel Farad H in Iran, manufacturers did not follow
the standards in their cases of failed implant analysis.
It is possible that implants differ in terms of purity and
alloy inclusion from manufacturer to manufacturer [23].
In another study by Barbosa on three cases of implant
failure, surgical technique and implant design, selection
of implant have been reported to be important cause of
implant failure [22]. Studies on implant quality control
and designing errors are out of scope of this research
and are limiting factors.
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In study by Sharma et al. 2.4% implant failure was
associated with deep infection[22]. In our study
infection was found in 10 cases (2.2%). This infection
was superficial to deep and associated with loosening
of implant. Infection could have occurred during
the surgery due to faulty surgical technique of open
reduction and fixation of implant. Re-trauma is also
major factor of implant failure during consolidation
phase of fracture healing. Sharma et al. have also found
re-trauma as significant cause for implant failure in their
study.

Excessive body weight of the patient and early weight
bearing on affected lower limb imparts more stress
on implant during the healing stage of fracture.
During the stance phase of gait cycle, load on lower
limb is more than three times the body weight. Alfred
0. Ogbemudia et al. in their study found patient non
compliance and excessive body weight as significant
reason for failure of implant and suggested cautious
ambulation and graduated weight bearing [24]. Similar
observations have been reported by Sharma et al., who
emphasized that premature loading before sufficient
callus formation increases the risk of screw loosening
and fatigue failure [22]. Biomechanical analyses also
demonstrate that repetitive cyclic loading under
excessive weight significantly accelerates microcrack
propagation within the implant material, particularly in
stainless steel constructs [13,25]. In the present study,
all instances of implant breakage occurred in patients
with delayed union or early weight bearing, supporting
these findings. Therefore, appropriate patient education,
gradual rehabilitation, and close radiographic follow-
up are essential to minimize mechanical overload and
optimize implant longevity.

Plastic deformation, brittle and fatigue failure are
known to occur with minor loads and re-trauma. 1.5%
fatigue failure was observed in our study. Fatigue failure
is associated with poor design, workman ship, handling
and implant breaks from cyclical loading [7]. Surface
notches or holes severely affect fatigue strength.
Scratches or corrosion can also reduce the strength and
predispose to implant failure. Fatigue failure of plates is
more common than nails as intramedullary location of
nails in shaft prevents some bending forces responsible
for fatigue failure [13]. Plate ends act as stress riser
leading to fresh fractures at ends. Plate fixation requires
perfect reduction and anatomical reconstruction and
may interfere with periosteal blood supply[26]. Poorly
fixed implant with excessive soft tissue handling
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leads to failure of union and implant[26]. Recent
biomechanical studies have demonstrated that even
minor surface imperfections, such as micro-notches or
corrosion pits, can initiate fatigue cracks and markedly
reduce implant lifespan under repetitive cyclic loading
[27]. Furthermore, comparative studies have shown
that while plate constructs provide higher initial
stiffness, intramedullary nails display superior fatigue
endurance due to their load-sharing nature and reduced
exposure to bending stresses [28]. These findings are
in accordance with our observations, suggesting that
implant longevity depends not only on material quality
but also on mechanical design and surgical technique.

Intra-medullary implants are load sharing and provide
good stability to fractures of long bone, allowing early
rehabilitation and functional recovery of patient.
Locked intra-medullary nail provide excellent axial
and rotational stability as compared to unlocked intra-
medullary nail. Intra-medullary implant failures occur
with small diameter nail, improper selection of implant
whichis not suitable for unstable fracture configurations.
Failure to provide rotational stability at fracture site
leads to loosening of implant and failure [11]. At times
inability to select a suitable implant to match the
fracture configuration or animproper surgical technique
to restore fracture anatomy, inadequate fixations, pre/
post-operative complications like infections, patient
non-compliance with implant instructions and degree
of union lead to failure of implant [25].

We identified 1 cephalomedullary nail breakage in a
subtrochanteric femur fracture 12 months after the
surgery caused by nonunion of the fracture. The nail
breakage occurred in the shaft-neck intersection and
this type of failure is typically seen because of metal
fatigue due to excessive loading following fracture non-
union. In 2 patients with distal tibia fracture, broken
screws of the distal medial tibia plate was observed. This
was attributed to early weight bearing on the extremity
and extended fracture union time. Broken interlocking
screws of the femoral nail was noted 1 one, tibial nail in
1 patient. Interlocking screws of the femoral and tibia
nails occured following delayed union and cause auto-
dynamization of the fracture. Both fractures healed
uneventfully. Additionally, 1 4mm headless compression
screw was broken following surgical treatment of
Lisfranc injury at the 6 months follow-up. The screw
breakage was attributed to the motion between fixed
fragments due to weight bearing. No implant removal
was required.
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The major limitation of this study was its retrospective
nature. Prospective randomized studies would be
the ideal way of determining implant success in
trauma surgery. However, fracture healing rates with a
minimum of 6 months follow-up would provide sufficient
information for survival analysis. Additionally, this study
lacks clinical outcomes. In trauma surgery, clinical
outcomes are more related to the fracture type, injury
pattern, patient specific variables like age, associated
comorbidities and activity levels. Thus, analyzing clinical
outcomes were beyond the scope of this study.

Conclusion

In conclusion medical trauma implants provided good
to excellent survivability compared to the literature
till fracture healing. Even though complications were
noticed during follow-ups all were successfully managed
with appropriate approach.
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Abstract

Objectives: This study investigates the relationship between occupational noise, solvent exposure, and audiometric
abnormalities in male automotive industry workers, focusing on factors associated with audiometric abnormalities,
including age, body mass index, and biochemical markers.

Methods: This cross-sectional study was conducted among 500 male workers who were admitted to the outpatient clinic
of Ankara Occupational and Environmental Diseases Hospital for periodic health examinations between September 1,
2020, and July 1, 2021. Audiometric results and biochemical markers, including hippuric acid, trichloroacetic acid, and
manganese, were assessed alongside demographic and occupational variables. Multivariate logistic regression was used to
identify predictive factors for abnormal audiometry results.

Results: Among the participants, 61.2 % exhibited abnormal audiometry results, and 11.4 % had noise-induced hearing loss.
Age strongly predicted abnormal audiometry (OR =1.11,95% CI:1.07-1.15, p < 0.001), with an 11% increase in odds per year.
Elevated trichloroacetic acid (TCA) levels were also associated with a 9% increase in odds of abnormal audiometry (OR =
1.09,95% ClI:1.01-1.18, p = 0.027). No significant associations were found for body mass index, duration of work, or hippuric
acid levels.

Conclusions: Age and TCA levels were significantly associated with audiometric abnormalities among workers exposed to
occupational noise and solvents. These findings highlight the need for targeted interventions, including regular audiometric
evaluations and minimizing solvent exposure, to reduce the risk of hearing loss in industrial settings. Further research is
needed to explore the underlying mechanisms linking solvent exposure and auditory dysfunction.

Keywords: noise-induced hearing loss, occupational solvent exposure, audiometric abnormalities, automotive industry

workers, Trichloroacetic Acid (TCA), predictive risk factors

Introduction

Occupational noise is a common physical hazard in
many industrial workplaces. It is mainly generated by
machinery, metal processing, and other manufacturing
activities, and workers may be exposed to sound levels
that exceed recommended safety limits during routine

operations. To reduce the health risks associated
with excessive noise exposure, several international
organizations have established requlatory frameworks
and exposure limits for occupational settings.
For instance, the Occupational Safety and Health
Administration (OSHA) and the National Institute for
Occupational Safety and Health (NIOSH) recommend
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exposure limits of approximately 85-90 dB over an
8-hour work shift, with preventive measures required
when these limits are exceeded [1,2]. Prolonged
exposure to high levels of occupational noise may lead
to noise-induced hearing loss (NIHL), a progressive
sensorineural hearing disorder that typically begins at
high frequencies. Studies show the relationship between
workplace exposure to noise and noise-induced hearing
loss (NIHL). Over time, prolonged exposure to high sound
levels can cause permanent inner ear damage, called
noise-induced hearing loss. This sensorineural hearing
loss begins in the high-frequency range and progresses
gradually with continued exposure to extreme sound
levels [3]. It has been found in animal experiments
that heavy metals and organic solvents are ototoxic
[4-6]. Various chemicals with ototoxic properties have
been identified, and organic solvents have been shown
to increase hearing loss synergistically with noise
[7]. In a study conducted among printing workers, it
was found that there was a significant relationship
between hippuric acid level and hearing loss [8]. The
concentrations of methyl hippuric acid inurine and pure-
tone thresholds (2 to 8 kHz) were positively correlated
in xylene-exposed workers. In the same study, subjects
with a high cumulative dose of xylene exposure had
poorer test results than subjects with a low cumulative
xylene exposure [9].

In the literature, there are studies in the form of case
reports supporting that chronic exposure to manganese
may be associated with hearing impairment [10,11]. A
mouse study determined that the level of manganese
accumulated in the inner ear of the subject who was
injected subcutaneously for three days and remained in
the inner ear for at least 2 weeks after the treatment.
This is important as a study demonstrates manganese
accumulation in the inner ear due to systemic exposure
[12].

After diagnosing occupational diseases in Turkey, it
is mandatory to report them to SGK (Sosyal Guvenlik
Kurumu, Social Security Institution). According to the
latest published 2021 SGK Occupational Diseases
and Occupational Accidents Data, the total number of
reported occupational diseases in Turkey is 1207, 55
of which have been reported as occupational hearing
loss [13]. A significant relationship was found between
age, duration of exposure to noise at work, and hearing
loss in forestry workers using chainsaws in Turkey [14].
In another case-control study, no correlation was found
between blood arsenic levels and hearing loss levels
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in miners [15]. It has been found that there is a loss of
capacity for the vestibular-ocular reflex, which shows
vestibular dysfunction in patients with hearing loss due
to exposure to noise in industrial workers [16]. Work-
related noise and hearing loss were also associated with
carpenters [17].

According to the data for 2021, there are 16 million
insured employees in Turkey, 238,000 of whom work
in the automotive production sector [13]. In Turkey,
workers in automobile manufacturing plants typically
work 5 days a week, at least 8 hours a day. The total
weekly working timeis at most 45 hours. The automobile
manufacturing sector has main occupational groups
such as painters, assemblers, and welders [18]. In the
production sector, the sound of metals hitting and
rubbing against each other creates noise in the work
environment. Paint, solvents, and welding fumes, used
extensively in the automobile industry, can also cause
inner ear damage, as mentioned above [4,11].

Previous research has found that these chemicals can
cause damage to the inner ear. However, little evidence
suggests a relationship between workplace manganese
and solvent exposure and hearing. Studies on the
effect of paint and welding fume exposure on hearing
in the automotive manufacturing sector are minimal.
Therefore, this study aims to determine the relationship
between urinary manganese levels, solvent degradation
metabolites (urine TCA, hippuric acid), and audiometric
abnormality levels among automotive manufacturing
workers.

Methodology

Study design

This cross-sectional study examines the patient files
of the automotive factory employees who applied to
the occupational outpatient clinic of Gazi Hospital for
periodic health examinations between September 1,
2020, and July 1, 2021. xx University Human Research
Ethics Committee granted the study exemption from
full ethical approval (approval no: 20.10.2022-E-
77082166). All the workers included in the study are
men in different occupations in the same automotive
manufacturing factory. The entire universeisincludedin
the study. An otolaryngologist examined all employees,
and those with chronic otitis media were excluded from
the study. Individuals with personal or familial deafness
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in their anamnesis, those who had ear surgery, those
who used ototoxic drugs, and those with type 2 diabetes
mellitus and hypertension for more than 5 years were
excluded from the study. Workplace noise levels were
not measured. Workplace noise levels were not directly
measured in this study. However, all participants were
employed in the automotive production environment,
where routine processes such as metal processing,
welding, and assembly are known to generate
substantial occupational noise. Therefore, workers
were considered to be exposed to workplace noise
based on their job roles and the characteristics of the
production environment. According to the audiometry
results, the groups were divided into those with normal
and abnormal audiometry results. To diagnose NIHL,
Klockhoff-modified criteria for a history of occupational
noise exposure, bilateral hearing loss, and a threshold
level greater than 25 dB at frequencies between 1,000
Hz and 8,000 Hz were used [19].

Data collection

Age, gender, height, weight, BMI (Body Mass Index),
current and past occupations, working years, workplace
exposures, smoking and alcohol use status, chronic
diseases and drug use, previous ear diseases, and
operations were obtained from the medical anamnesis
form. The employees’ audiometer analysis reports,
hemogram, biochemistry, and toxicological marker
results were examined from the patient files. Due to
the small number of participants in some occupational
cateqgories (assembler and quality control officer), these
groups were not included as separate categories in
the comparative analyses. Body mass index (BMI) was
calculated by dividing body weight in kilograms by the
square of height in meters (kg/m?), according to the
standard anthropometric definition recommended by
the World Health Organization [20]. The employees’
audiometry reports, hemogram results, biochemical
parameters (glucose and thyroid-stimulating hormone
[TSH]), and toxicological markers (urinary hippuric
acid, TCA], and whole-blood manganese levels) were
obtained from patient records and included in the
analysis.

Audiometric examination

An otolaryngologist examined all of the employees after
apure tone audiometry was performed using a pure tone
manual diagnostic audiometer (Model GSI 61, Grason-
Stadler, Inc.) by a single audiologist at the Audiology

www.actamedica.org

Laboratory of Ankara Occupational and Environmental
Diseases Hospital. Pure tone audiometry was conducted
with the subjects at frequencies of 0.5, 1, 2, 3, 4,and 6
kHz using air and bone conduction in a sound-isolated
chamber.The participants wereinformed to differentiate
between low sound levels of several frequency pure
tones and react by pressing a button. The lowest tone
heard at each frequency was evaluated as the hearing
threshold level. A normal audiogram was described as
findings consistent with normal hearing sensitivity,
typically consisting of air conduction and bone
conduction shown for the right and left ear, respectively,
with <25 dB HL values at each tested frequency level
[21]. In this study, “abnormal audiometry” referred to
any audiometric finding deviating from normal hearing
thresholds. In contrast, NIHL was defined using the
Klockhoff-modified criteria, which identify hearing loss
patterns compatible with occupational noise exposure.
Therefore, NIHL represents a specific subset of abnormal
audiometric findings. Workplace environmental noise
measurements were not performed.

Collection of biological samples

Ten millilitres of venous blood were poured into tubes
(BD Vacutainer, USA) by venipuncture from each
subject and processed within the following 3 days. After
centrifuging the samples at 3,500 g for 10 minutes at +4
°C, the serum was separated and stored at -80 °C until
analysis. Whole blood was used for manganese analysis.
Urine was collected into a clean urine container. After
collecting the urine, it was stored in the refrigerator at
+4°C. It was sent to the analytical toxicology laboratory
for analysis and frozen before analysis.

Biochemical measurements

Complete blood counts were analysed using the Coulter
Gen-S haematology analyser. Whole blood manganese
wasanalysedwithcertifiedreference material (Seronorm
Trace Elements Billinstod, Norway) by Inductively
Coupled Plasma—Mass Spectrometer on Agilent 7700
(Agilent Technologies, USA). Urine hippuric acid rates
were analysed using “Chromosystems, Agilent 1200
series equipped with a UV detector, HPLC with reagent
kit for the HPLC-Analysis. Urinary TCA was measured
with a commercial kit (FAR, Verona, Italy). Briefly, TCA
in the sample reacts with pyridine in an alkali medium
and forms a colour complex that can be photometrically
determined at 526 nm. The assay principle is the
colorimetric endpoint.
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Statistical analysis

Statistical analyses were performed using the SPSS
software version 26 (Statistical Package for the Social
Sciences by IBM). The variable was investigated using
visual (histograms, probability plots) and analytical
methods (Kolmogorov-Smirnov/Shapiro-Wilk’s test) to
determine whether or not they are typically distributed.
Descriptive analyses were presented using medians
for the non-normally distributed and ordinal variables.
Since the age, weight, height, BMI, duration of work,
hippuric acid, manganese, TCA, TSH, and glucose levels
were not normally distributed, nonparametric tests
were conducted to compare these parameters and the
ordinal variables. The Mann-Whitney U test was used to
compare the differences between workers with normal
and abnormal audiometry for age, weight, height, BMI,
duration of work, hippuric acid, manganese, TCA, TSH,
and glucose levels. The proportions of workers with
abnormal and standard audiometry were presented
by smoking status and occupations using cross-
tabulations. The Chi-square test was used to compare
these proportions in different groups. Multivariate
logistic regression was employed to assess the
independent effects of predictors (age, BMI, duration of
work, hippuric acid, and TCA levels) on the likelihood of
abnormal audiometry results, with odds ratios (OR) and
95% confidence intervals (Cl) calculated to quantify
associations, and p-values used to determine statistical
significance. Multicollinearity among the independent
variables included in the regression model was
assessed using the variance inflation factor (VIF). All VIF
values were below the commonly accepted threshold,
indicating no significant multicollinearity.

Results

Atotal of 500 male workers employed in the automotive
production sector wereincludedin the study. The median
age of the participants was 33 years, and the median
body mass index (BMI) was 26,1 kg/m?. More than half of
the workers (62.4%) were current smokers. The median
duration of employment in the sector was 6 years. The
most common occupations were welding (50.8%) and
painting (43.8%). Overall,abnormal audiometry findings
were observed in 61.2% of the workers. The detailed
sociodemographic and biochemical characteristics
of the study population are presented in Table 1. All
subjects in the study group recruited in the automotive
industry were male. The median age of the subjects
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was 33. The median height was 175 cm, and the median
weight was 80 kilograms. The median BMI calculated
with the kg/m?2 formula was determined as 26.1. More
than half of the employees were smokers (62.4%). While
the maximum working period of the employees in the
same sector is 17 years, the average working year has
been determined to be 6 years. While reviewing the
occupations of the employees, it was determined that
56.2% were welders and 43.8% were painters. When the
data of all employees were examined, it was determined
that 61.2% of the individuals had abnormal findings in
audiometry. In toxicological analyses, the median value
of hippuric acid was 521.5 mg/L, the median value of TCA
was 4.4 ug/L, and the median value of manganese was
9.9 ug/L among all workers. In biochemical analyses,
the median glucose level was 96 mg/dl, and the median
TSH level was 1.86 mIU/L.

When the differences between the group with abnormal
audiometry and the group with normal audiometry
results were examined, age was statistically significantly

Table 1. Sociodemographic and biochemical characteristics
of male industry workers

Age (years), median (Q1-Q3) 33 (27-43)
Height (cm), median (Q1-Q3) 175 (171-180)
Weight (kg), median (Q1-Q3) 80 (74-90)
BMI (kg/m?), median (Q1-Q3) 26.1(24.2-2817)
Current smoking, n (%) 312 (62.4)
Duration of work (years), median (Q1-Q3) 6.0 (4-17)
Occupation, n (%) Welder 254 (50.8)
Painter 219 (43.8)
Assembler 22 (4,4)
Quality control officer 5 (1,0)
Abnormal audiometry, n (%) 306 (61.2)
NIHL, n (%) 57 (11.4)
Hippuric acid (mg/L), median (Q1-Q3) 528 (295-924)
TCA (ug/L), median (Q1-Q3) 4.4 (3.2-6.3)
Manganese (ug/L), median (Q1-Q3) 9.8 (7.9-12.4)
Glucose (mg/dL), median (Q1-Q3) 96 (90-104)

TSH (mlU/L), median (Q1-Q3) 179 (1.29-2.52)

N: number, BMI: body mass index, NIHL: Noise-Induced Hearing Loss,
TCA: Trichloroacetic Acid, TSH: Thyroid-Stimulating Hormone, mg/L:
Milligrams per Liter, pg/L: Micrograms per Liter, mIU/L: Milli-International
Units per Liter.
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higher in the group with abnormal audiometry results
(p<0.001). The BMI value in the group with abnormal
audiometry results is higher than in the group with
standard audiometry. This difference was also found
to be statistically significant (p=0.009). The groups
had no significant difference regarding height, weight,
and smoking status. There is a statistically significant
difference between the groups regarding working years
in favor of those with abnormal audiometry (p<0.001).
There was no significant difference between the groups
in terms of occupations. Hippuric acid and TCA levels
were statistically significantly higher in the group with
abnormal audiometry (p=0.015, p=0.040, respectively).
There was no significant difference between the groups
regarding manganese, glucose,and TSH levels (Table 2).

When the differences between those with and without
sensorineural hearing loss were examined, the median
age was 40 in those with sensorineural hearing loss
and higher than in those with no NIHL. This difference
is statistically significant. Those with NIHL had a
statistically higher BMI than those without. There was
no significant difference between the groups regarding
height and weight. When evaluated in terms of smoking,
54.2% of those with NIHL and 64.4% of the No NIHL
audiometry group were smokers. This difference is
not statistically significant. Considering the median

working years, this period was 8 years in patients with
sensorineural hearing loss, statistically significantly
higher than in the group with other audiometry. The
groups showed no significant difference in the hippuric
acid, TCA and manganese median. The median TSH
level was 1.76 mlU/L and statistically significantly lower
in the NIHL group. There was no significant difference
between the groups regarding glucose levels (Table 3).

Thefactors associated withabnormal audiometry results
among male industry workers exposed to occupational
noise are presented in Table 4. Multivariate logistic
regression analysis showed that age and TCA levels
were significantly associated with abnormal audiometry
results. Age was strongly associated with abnormal
audiometry results, with an odds ratio (OR) of 1.11 (95%
Cl: 1.07-1.15, p < 0.001), indicating that for every one-
year increase in age, the odds of having abnormal
audiometry results increased by 11%. Similarly, TCA
levels were significantly associated with abnormal
audiometry results, with an OR of 1.09 (95% ClI: 1.01-
1.18, p = 0.027), suggesting that for each unit increase
in TCA concentration, the odds of abnormal audiometry
results increased by 9 %. Other variables, including
body mass index (BMI) (OR =1.01,95% CI: 0.96-1.07, p
= 0.626), duration of work (OR = 0.98, 95% CI: 0.94-
1.02, p = 0.448), and hippuric acid levels (OR = 1.00,

Table 2. Comparison of characteristics according to audiometry results

Audiometry
Variable Normal Abnormal p-value
Age (years), median (Q1-Q3), (h=500) 28.5 (26.0-36.3) 39.0 (29.0-45.0) <0.001*
BMI (kg/m?), median (Q1-Q3), (n=496) 257 (24.0-28.0) 26.8 (24.3-29.0) 0.018*
Smoking status Current smoker, n (%), (n=312) 128 (41.0) 184 (59.0) 0.188"
Nonsmoker, n (%), (=188) 66 (35,1) 122 (64,9)
Occupation Welder, n (%), (n=254) 99 (51.0) 155 (50.7) 0.810f
Painter, n (%), (h=219) 83(42.8) 136 (44.4)
Duration of work (years), median (Q1-Q3), (h=500) 5(3-8) 7(4-20) <0.001*
Hippuric acid (mg/L), median (Q1-Q3), (n=485) 453.0 (282.0-851.0) 600.0 (322.0-991.5) 0.015*
TCA (pg/L), median (Q1-Q3), (n=489) 4.2 (3.1-6.2) 47 (3.4-6.5) 0.040*
Manganese (ug/L), median (Q1-Q3), (n=486) 9.7 (8.0 -12.6) 9.8 (7,9-12.3) 0.757*
Glucose (mg/dL), median (Q1-Q3), (h=490) 96 (90-101) 96 (90-105) 0.250*
TSH (mlU/L), median (Q1-Q3), (hn=470) 175 (1.31-2.50) 1.80 (1.27-2.54) 0.866*

For significance testing, a Chi-square’ was formed for the differences in group numbers, and a Mann-Whitney-U* was performed.
N: number, BMI: body mass index, NIHL: Noise-Induced Hearing Loss, TCA: Trichloroacetic Acid, TSH: Thyroid-Stimulating Hormone, mg/L: Milligrams per

Liter, yg/L: Micrograms per Liter, mIU/L: Milli-International Units per Liter.
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95% CIl:1.00-1.00, p = 0.365), did not show statistically
significant associations with abnormal audiometry
results in this model.

Discussion

It was observed that audiometry evaluations were not
within normal limits in 61.2% of the workers in our study.
Hearing loss is present in 19.2% of all participants. In a
study evaluating the hearing level of workers exposed
to noise and organophosphates in the workplace, an

abnormality was found in the audiometry results of
53.1% of the participants [22]. In a study conducted
among employees of 22 automobile factories, the
prevalence of noise-induced hearing loss was 28.8%
[23]. A survey conducted to determine the level of
hearing health and noise exposure among workers in
the automotive industry determined that 26.8% of the
participants had various levels of hearing loss [18].
In a study conducted on 2647 people working in an
automobile factory, the prevalence of high-frequency
hearing loss was 17.2% among the participants [24].
All these results show that a significant portion of the

Table 3. Comparison of characteristics according to the presence of NIHL

Audiometry
Variable No NIHL NIHL p-value
Age (years), median (Q1-Q3), (n=500) 32 (27-43) 40 (29-45) 0.016*
BMI (kg/m?), median (Q1-Q3), (n=496) 26.0 (24.2-28.4) 27.5 (24.7-29.2) 0.083*
Smoking status Current smoker, n (%), (n=312) 281(90.1) 31(9.9) 0.184f1
Non-smoker, n (%), (n=188) 162 (86,2) 26 (13,8)
Occupation Welder, n (%), (h=254) 230 (90.6) 24 (9.4) 0.147f
Painter, n (%), (n=219) 189 (86.3) 30 (137)
Duration of work (years), median (Q1-Q3), (n=500) 5 (3-16) 8 (6-20) 0.006*
Hippuric acid (mg /L), median (Q1-Q3), (n=485) 525.0 (294.0-925.0)  585.0 (319.8-909.8) 0.891*
TCA (ug/L), median (Q1-Q3), (n=489) 4.5 (3.3-6.4) 4.3 (2.8-6.0) 0.145*
Manganese (ug/L), median (Q1-Q3), (n=486) 9.8 (7.9-12.5) 9.7 (7.9-11.7) 0.480%*
Glucose (mg/dL), median (Q1-Q3), (n=490) 96 (90-104) 97 (89-103) 0.927*
TSH (mlIU/L), median (Q1-Q3), (h=470) 1.80 (1.31-2.52) 173 (1.11-2.65) 0.438*

For significance testing, a Chi-square’ was formed for the differences in gr
NIHL: Noise-Induced Hearing Loss, TCA: Trichloroacetic Acid, TSH: Thyroid
mlU/L: Milli-International Units per Liter.

oup numbers, and a Mann-Whitney-U* was. N: number, BMI: body mass index,
-Stimulating Hormone, mg/L: Milligrams per Liter, ug/L: Micrograms per Liter,

Table 4. Predictive factors of abnormal audiometry results among male industry workers exposed to occupational noise

Variable

Age

BMI (kg/m?)

Duration of work (years)
Hippuric acid (mg/L)
TCA (ug/L)

Multivariate logistic regression was used to calculate the means for each ¢
Liter, ug/L Micrograms per Liter.
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OR (% 95% CI) p-value
1.11 (1.07-1.15) <0.001
1.01(0.96-1.07) 0.626
0.98 (0.94-1.02) 0.448
1.00 (1.00-1.00) 0.365
1.09 (1.01-1.18) 0.027

ategory. BMI: body mass index, TCA Trichloroacetic Acid, mg/L Milligrams per
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workers in the automotive industry have hearing loss.
Our findings are compatible with the literature. The
differences between the frequencies may be due to the
lack of similarity in characteristics such as age, gender,
working unit, noise exposure, and personal protective
equipment use of the individuals in the sample.

Our results showed that age and working time were
statistically significantly higher in participants with
abnormal audiometry results and those with noise-
induced hearing loss. In our study, the odds of abnormal
audiometry results increased by 11% for every one-year
increase in age. In a survey of workers in automobile
parts manufacturing factories, the frequency of
hearing loss development in any ear is 33.3% for the
participants with a working period of 10 years or more
and 20.6% for those with less than 10 years. This
frequency, which was 12.2% in the 20-30 age group,
was determined as 27.5% in the 31-50 age group [25].
In a study investigating the effectiveness of earplugs in
preventing noise-induced hearing loss in an automobile
factory, it was observed that the hearing thresholds of
workers exposed to noise increased significantly as age
and exposure time increased [26]. A study investigating
the characteristics of hearing loss in workers exposed
to noise in the automotive manufacturing industry
revealed that hearing loss is associated with working
time [27]. In a prospective study that determined the
10-year incidence of workplace noise exposure and
age-related hearing loss, evidence was found that age
and exposure time have a potential multiplier effect on
hearing function [28]. Undoubtedly, the findings in our
study can be considered significant, considering that
hearing loss occurs due to chronic exposure to noise
and cumulative cochlear microtraumas [29]. In this
study, increasing age was associated with abnormal
audiometric findings. However, hearing impairment
may also occur as part of the natural aging process
(presbycusis), even in individuals without occupational
exposures. Although NIHL was defined using the
Klockhoff-modified criteria to identify audiometric
patterns compatible with occupational noise exposure,
the contribution of age-related hearing changes
cannot be completely ruled out. Therefore, age should
be considered a potential confounding factor when
interpreting the association between occupational
exposures and hearing impairment.

In this study, the mean body mass index of workers with

abnormal audiometry results and noise-induced hearing
loss was higher than that of workers with standard

www.actamedica.org

audiometry. In a study that included 48,549 employees
aged 20-64 who did not have hearing loss at baseline
and aimed to prospectively determine the link between
obesity and hearing loss, overweight and obesity were
found to be associated with an increased risk of hearing
loss [30]. The findings of a meta-analysis to clarify
further the potential relationship between body mass
index and hearing loss contributed to the evidence that
high body mass index may be positively associated
with the risk of hearing loss [31]. In a longitudinal study
of 249,000 Swedes that determined the estimated
relative risks for sensorineural hearing loss, obesity was
associated with doubling the risk of hearing loss [31].
Many different mechanisms can explain the relationship
between obesity and hearing loss. Obesity can cause
hearing loss by directly damaging hair cells through
oxidative stress [32]. Obesity-related atherosclerosis
may reduce blood flow to the cochlea by causing the
narrowing of the artery and may result in decreased
auditory sensitivity [8,33]. In addition, obesity-induced
inflammation may contribute to target organ damage,
and degeneration in hearing may be exacerbated by
increased hypoxia and loss of spiral ganglion cells
[28,34].

In this study, workers with hearing loss showed lower
TSH levels compared with those with normal audiometry
results. However, TSH levels alone are insufficient to
determinethe presenceortypeofthyroiddysfunction,as
decreased TSH levels may also reflect hyperthyroidism.
Since free T3 and free T4 measurements were not
available in this study, the relationship between thyroid
function and hearing impairment should be interpreted
cautiously. Further studies including comprehensive
thyroid hormone assessments are needed to better
clarify this potential association.

In our study, hippuric acid and TCA levels were higher
in participants with abnormal audiometry. TCA levels
were significantly associated with abnormal audiometry
results, suggesting that for each unit increase in TCA
concentration, the odds of abnormal audiometry results
increased by 9 %. Hippuric acid and TCA are the primary
metabolites of toluene, and trichloroethylene is among
the most essential organic solvents [33]. A study
evaluating hearing impairments in workers exposed to
various levels of noise and solvents in a printing facility
showed that occupational exposure to toluene caused
an increase in hippuric acid, a nonspecific metabolite, in
the urine. Arise of one gram of hippuric acid in the urine
increased the probability of hearing loss by 1.76 times
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[8]. Results of a study of workers exposed to solvents
at concentrations below the occupational exposure
limit values indicate that exposure to even moderate
concentrations of occupational organic solvents
increases the risk of hearing loss [35]. In a five-year
studydocumentingthe potentialdevelopment oftoluene
and noise-induced hearing loss through repeated
testing and measurement, the estimated relative risk of
elevated hippuric acid levels for high-frequency hearing
loss was 1.28 [34]. In a relatively old study of workers
with chronic trichloroethylene poisoning, hearing loss
was observed in 26 of 40 workers who were frequently
exposed to high concentrations of trichloroethylene.
Hearing loss in workers with urinary TCA levels between
40-200 mg/l was bilateral, affecting sensorineural and
high frequencies [36]. In an animal study in four groups
of rats exposed to trichloroethylene alone, the noise
alone, a combination of trichloroethylene and noise,
or control conditions, hearing loss due to exposure
to a combination of trichloroethylene and noise at a
frequency of 4 kHz was significantly greater than in
the other groups [37]. The need for current data on
the effects of solvent exposure on hearing function is
noteworthy in the literature.

Limitation

This study has several limitations that should be
acknowledged when interpreting the results. First,
workplace noise levels were not directly measured using
environmental noise monitoring; therefore, individual
noise exposure levels could not be quantified precisely.
Second, information on the use of personal hearing
protection devices was not available, which may have
influenced the audiometric outcomes observed among
the workers. Third, due to the cross-sectional design
of the study, causal relationships between solvent
exposure, occupational noise, and hearing impairment
cannot be established. Finally, although several relevant
variables were included in the analysis, the possibility of
residual confounding from unmeasured factors cannot
be entirely ruled out.

Conclusion
This study highlights age and TCA levels significantly

associated with audiometric abnormalities among male
automotive industry workers exposed to occupational
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noise and solvents. The findings demonstrate an 11%
increase in the odds of abnormal audiometry per year
of age and a 9% increase per unit rise in TCA levels,
emphasizing the cumulative impact of aging and
chemical exposure on auditory health. In contrast,
body mass index (BMI), duration of work, and hippuric
acid levels did not show significant associations. These
results underscore the importance of integrating
reqular audiometric evaluations, targeted interventions
to reduce solvent exposure, and hearing conservation
programs to mitigate the risks of occupational hearing
loss in industrial settings. Further research is needed
to explore the mechanisms linking solvent exposure
to auditory dysfunction and develop evidence-based
preventive strategies.
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Abstract

Objective: To evaluate the mid-term results of three different surgical techniques utilized for the treatment of femoro-
acetabular impingement, by means of functional outcomes and joint awareness.

Materials and Methods: 53 patients were selected retrospectively, treated by one of the three surgical techniques: hip
arthroscopy (HA), anterolateral mini open (AMO) or surgical hip dislocation (SHD). Patients with <12 months of follow-up
were excluded. Median follow-up period was 57.5 months (range 16-256 months). Primary outcome measures were the
Forgotten Joint Score (FJS), Harris Hip Score (HHS) and UCLA activity index. Surgical success was determined as FJS=70
and a regression analysis was performed on different radiological and clinical parameters for the risk of failure.

Results: Mean post-operative FJS was 74.5 (+13.8) for the HA group, 72.6 (*17) for the AMO group and 52.7 (+24) for the
SHD group (p=0.023). Pre-operative and post-operative HHS and UCLA were similar. Post-operative alpha angles were
similar (p=0.597). Regression analysis results showed two factors affecting surgical success: pre-operative Ténnis stage
(adjusted OR+95% Cl: 0.091£0.005-0.659 ; p=0.023) and type of surgery performed (HA: adjusted OR+95% Cl: 11.2+1.2-
50.5, p=0.029; for AMO: adjusted OR+95% CI: 7.2 +1.1-48.8, p=0.041).

Conclusion: Despite allowing more complete assessment of the hip joint, SHD results in inferior outcomes when evaluated
with FJS.Three surgical approaches provide similar radiological and functional results if evaluated with conventional

outcome scores of HHS and UCLA.

Keywords: femoro-acetabular impingement, hip joint, cam, hip preservation, forgotten joint score

Introduction

Cam-type femoro-acetabular impingement (FAI) occurs
due to the structural deformity of the hip joint and is one
of the most common causes of hip pain in young active
patients[1,2].Ifleftuntreated,itcausesosteoarthritisand

hip joint dysfunction in early period with accompanying
cartilage and labral pathologies, leading to a decrease
in the quality of life[3]. The main purpose of preventive
hip surgeries applied in cam-type FAIl is correction of
the bony deformity, prevention of impingement and
treatment of accompanying intra-articular pathologies

Corresponding author: Riza Mert Cetik + Email: rmcetik@gmail.com

Received: October 21,2025 Accepted: March 19,2026 Published online: June 28,2026

Copyright © 2026 The Author(s). Published by Hacettepe University Faculty of Medicine. This is an open access article distributed under the Creative Commons
Attribution License (CC BY), which permits unrestricted use, distribution, and reproduction in any medium or format, provided the original work is properly cited.

www.actamedica.org

123


https://actamedica.org/
https://orcid.org/0000-0001-9390-4129
https://orcid.org/0000-0001-5403-3324
https://orcid.org/0000-0001-9540-5809
https://orcid.org/0000-0002-0346-8528
https://orcid.org/0000-0003-4125-347X
https://orcid.org/0000-0003-4796-0642
mailto:rmcetik@gmail.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Cetik, RM, et al. Comparison of Different Surgical Techniques in FAI

Acta Medica 2026; Early View: 123-131

and improve the quality of daily life. Yet, there is still
some debate on the surgical methods for the treatment
of this pathology. The safe surgical dislocation defined
by Ganz et al.[4] in 2001 was previously described as
the gold standard, and the short- to mid-term results
for this procedure are also favourable for many authors.
However, Hip arthroscopy (HA) and anterolateral mini
open (AMO) techniques are more preferred today
because surgical hip dislocation (SHD) is a technically
challenging procedure which requires ligamentum teres
detachment, trochanteric osteotomy and refixation, and
is more prone to intraarticular adhesions.

HA and AMO can be applied without the need
of trochanteric osteotomy and sacrificing of the
ligamentum teres, compared to surgical dislocation,
also provide faster rehabilitation and recovery[5,6].
Although these procedures are less traumatic and have
low complication rates, there are several associated
drawbacks such as risk of femoral nerve palsy, inability
to display entire labral or chondral lesion and the
difficulty of performing osteoplasty at an appropriate
amount.

Despite the existence of significant overlap of their
indications, there are few studies comparing the results
of these 3 surgical methods in the literature[7,8].
Although surgical dislocation was the most preferred
method in our clinic in the past, in recent years HA
and AMO (Figure 1) approaches have been preferred
regarding shorter rehabilitation period and avoidance
of implant removal. Besides, SHD is still preferred in

patients presenting with global pincer and reserved for
the cases that require close evaluation and manipulation

of the posterior part of the hip joint.

Functional outcomes of FAl surgery were generally
evaluated in the literature with clinical scoring systems
such as the HSS and UCLA activity index. These scores
mainly focus on the functional status and give less

information about patient satisfaction.

The aim of the study is to analyse the midterm results
of 3 different surgical approaches by evaluating patient
satisfaction and joint awareness with a current patient
reported outcome measure (PROM): Forgotten Joint
Score (FJS-12).

Our hypotheses are;

1. All
radiological

procedures have similar functional and
success without demonstrating a

superiority of either technique

2.Minimally invasive procedures (HA and AMO)
provides higher scores in FJS-12 than SHD

3. Pre-operative radiographic or clinical parameters
indicating advanced disease adversely affect

patient outcome.

Figure 1. A 38 year-old female patient who underwent surgery with the AMO technique; a: pre-operative x-ray
demonstrating an alpha angle of 89 degrees, b: a sagittal T2-weighted MRI section showing the degenerative para-labral
cyst, and c: the post-operative x-ray demonstrating the resected cam lesion.
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Materials and methods

Patients and study design

A single-center consecutive case study is conducted
retrospectively at the Hacettepe University Hospital,
Department of Orthopaedics and Traumatology..
Approval from the institutional ethical committee has
been obtained. Informed consent was obtained from all
patients prior to surgery. Institutional database search
revealed 53 patients undergoing surgical treatment for
FAl between January 1999- January 2019. Patients with

<12 months of follow-up were excluded. After exclusion,
41 patients: 24 men and 17 women, with an average age
of 35.8 (range 16-62) have been included in our study.
The median follow-up period was 57.5 months (range
16-256 months). For further analysis, the patients are
separated into three groups according to the surgical
method used: HA (n=14), AMO (n=18), and SHD (n=9).
The demographic and clinical information of the groups

are detailed in Table 1.

Table 1. Demographic information, clinical parameters and functional status of the three study groups

Hip Arthroscopy Anterolateral Mini Open Surgical Hip Dislocation

(HA)
Number of patients 14
Age (Mean*SD) 34.5 (x12.2)
Sex (Male/Female) 9/5
Body mass index (MeanxSD) 24.2(%x4.2)
Pre-operative alpha angle (Mean+SD) 64.1(x12.7)
Follow-up period (Months; mean+SD) 60.7 (x22.4)
Toénnis stage
<2 11 (78.6%)
22 3(21.4%)
Anterior offset (Mean+SD) 0.17 (£0.03)
Lateral center-edge angle (Mean+SD) 28.3 (x4.6)
Acetabular angle (Mean*SD) 39.1(x4.4)
Tonnis angle (Mean+SD) 5.5 (+3.8)
Labral tear
Not present (Full thickness or 5 (35.7%)
degenerative)
Present 9 (64.3%)
Pre-operative HHS (Mean+SD) 68.8 (£6.9)
Post-operative HHS (MeanxSD) 88.0 (x4.9)
Pre-operative UCLA (MeanxSD) 5.1(x0.9)
Post-operative UCLA (Mean+SD) 6.2 (x1.1)
Post-operative alpha angle (Mean+SD) 41.9 (x11.7)
Post-operative FJS (Mean+SD) 74.5 (+13.8)

Surgical success according to FJS
Successful (=270)

Unsuccessful (<70)

www.actamedica.org

11 (78.6%)
3 (21.4%)

(AMO) (SHD) p value
18 9

37.2 (£13.9) 35.0 (+10) =0.874
/7 4/5 =0.655
24.9 (+3.5) 24.0 (+2.6) =0.860
67.5 (£6.6) 797 (215.1) =0.042
64.1(£53.4) 81.9 (£63.3) =0.677
=0.560

16 (88.9%) 7(77.8%)

2 (11.1%) 2 (22.2%)
0.17 (+0.05) 0.16 (+0.05) =0.440
26.9 (+8.6) 31.2 (+8.3) =0.279
397 (+4.8) 38.4 (+2.9) =0.641
5.1(+3.8) 5.8 (+4.6) =0.965
=0.492

3 (167%) 3(33.3%)

15 (83.3%) 6 (667%)
70.5 (£8) 72.4 (£8.6) =0.555
86.6 (+6.4) 84.3 (£9.5) =0.579
4.9 (1.2) 5.4 (£1.8) =0.405
6.1(1.2) 5.9 (+1.1) =0.848
39.1(+6.5) 377 (£11.9) =0739
72.9 (217) 527 (+24) =0.024
=0.029

15 (83.3%) 3(33.3%)

3(167%) 6 (667%)

125


https://actamedica.org/

Cetik, RM, et al. Comparison of Different Surgical Techniques in FAI

Acta Medica 2026; Early View: 123-131

Treatment

Before the surgical intervention, all patients underwent
a thorough physical examination focused for hip
impingement. Standard anteroposterior (AP), cross-
table lateral and 45° Dunn radiographs[9], and
magnetic resonance imaging (MRI) were also obtained.
The alpha angle was measured on the 45° Dunn view by
two of the authors (RMC, SB) Femoral head-neck offset,
lateral center-edge angle (LCEA) , acetabular angle of
Sharp[10] and the Tonnis angle were also measured.
The extent of degeneration was evaluated according
to the Tonnis classification[11]. For further analysis, the
Toénnis stage was dichotomized as <2 and =2. MRI was
examined for labral tears. As for functional assessment,
each patient is asked to complete the Harris Hip
Score[12] (HHS) and the UCLA activity scale [13].

Same surgical team (OAA, BA) performed all the
procedures. Hip arthroscopy was performed with the
patient in supine position, on a traction table. Most
commonly used portals were anterior, anterolateral and
posterolateral. Anterolateral mini-open surgery was
performed with the patient lying supine according to
Hueter’s technique[14], the femoral head was exposed
of anteriorly, and the cam lesion was addressed.

Post-operatively, follow-up visits were scheduled at
6 weeks, 3 months, 6 months, 12 months and yearly
thereafter. Post-operative alpha angle is measured at
the immediate post-operative x-ray. The HHS and UCLA
activity indexes and FJS-12 were completed by the
patients at the latest follow-up visits [15].

Outcomes

The primary outcome parameter was the post-operative
FJS. In addition to the scores, the patients were
dichotomized according to the success of treatment
based on the obtained FJS. The threshold for this has
been determined as 70%, which is based on clinical
judgement which is also consistent with the literature
regarding hip procedures[16,17]. The independent
variables tested for a relationship with post-operative
FJS were as follows: age, body mass index (BMI), labral
tear, Tonnis stage (<2 and =2), pre-operative alpha
angle, LCEA, acetabular angle, Tonnis angle and the
type of surgery performed (HA, AMO or SHD).

The secondary outcome measures were the post-
operative HHS, UCLA activity index and alpha angles.
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Statistical analysis

Statistical analysis was performed using the software
package SPSS (IBM Corp. Released 2015. IBM SPSS
Statistics for Mac OS, Version 23.0. Armonk, NY).
Descriptive statistics are presented as means-standard
deviations (SD) for parametric variables and medians-
ranges for non-parametric variables. When comparing
means, one-way ANOVA and student’s t-test were used
for parametric variables; and Mann-Whitney-U test
and Kruskal-Wallis test were used for non-parametric
variables. Paired samples t-test was used for comparing
the pre-operative and post-operative functional scores.
The chi-square test and Fisher’s exact test were used
for comparing cateqgorical variables between groups.
We also ran a logistic regression analysis with treatment
success (based on FJS) as the dependent variable.
The results of the multivariate logistic regression are
presented as odds ratio (OR) with 95% confidence
intervals (Cl). Level of significance was determined as
5% for all the tests.

Results

Pre-operative

The number of patients in the study groups and the
pre-operative clinical and radiographic results are
summarizedin Table1.When three groups are compared,
the only variable found to be different was the pre-
operative alpha angle (p=0.042). When compared in
pairs, SHD group had a higher average pre-operative
alpha angle than both the HA (p=0.021) and the AMO
(p=0.047) groups.

Pre-operative mean HHS and UCLA activity index
values (Table 1) were similar between groups (p=0.719
and p=0.405, respectively).

Post-operative

As the primary outcome measure, the mean post-
operative FJS was 74.5 (*13.8) for the HA group, 72.6
(£17) for the AMO group and 527 (x24) for the SHD
group (Figure 2). There was a significant difference
between the groups (p=0.023) and when compared
pairwise, SHD group was found to be significantly lower
than both the HA group (p=0.012) and the AMO group
(p=0.019).
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When grouped according to treatment success based
on the FJS, 28 patients (68.3%) resulted in a successful
treatment meanwhile 13 patients (31.7%) were less
successful. When success rates of the study groups are
compared, a significant difference was found (p=0.039,
Table1).Table 2 summarizestheclinicaland radiographic
variables between the two groups. Two of the pre-
operative features demonstrated significant difference
between groups; the group regarded as unsuccessful
had a higher percentage of patients with pre-operative

100

80 M

N
A\

A
ov

Post-operative FJS

20

HA AMO SHD

Figure 2. Post-operative FJS of the three study groups.
There was a significant difference of means (p=0.024).

Tonnis stage =2 (38.5% vs 7.2%, p=0.024), and also a
higher pre-operative mean alpha angle (74.3 vs 66.6,
p=0.042).

As the secondary outcome measures, post-operative
HHS and UCLA activity indexes of the three surgery
groups were compared (Table 1). The mean post-
operative HHS (p=0.384) and UCLA activity indexes
(p=0.848) were similar between the groups (Figure 3,
Figure 4). HHS showed significant improvement after
surgery, for each group, when compared to the pre-
operative values: HA group increased from 68.8 (+6.9)
to 88.0 (*4.9) (p<0.001), AMO group from 70.5 (£8)
to 86.6 (x6.4) (p<0.001), and the SHD group from
72.4 (+£8.6) to 84.3 (+9.5) (p=0.021). UCLA activity
indexes also showed significant improvement for
HA and AMO groups: HA group increased from 5.1
(£0.9) to 6.2 (%1.1) (p=0.003) and AMO group from
49 (*1.2) to 6.1 (%£1.2) (p<0.001) post-operatively.
The SHD group also showed a small improvement
and increased from 5.4 (*1.8) to 5.9 (*1.1); but that
did not reach significance statistically (p=0.225).
As another secondary outcome of our study, post-
operative alpha angles were also measured (Table 1).
The mean values were similar between the three study
groups (p=0.597). All the groups showed significant
reduction of the alpha angles when compared to
the pre-operative mean values: HA group decreased
from 64.1 (¥12.7) to 41.9 (*11.7) (p<0.001), AMO group
decreased from 67.5 (+6.6) to 39.1 (x6.5) (p<0.001) and

Table 2. Clinical and radiographic variables of two groups according to treatment success based on FJS

Unsuccessful (FJS<70) Successful (FJS<70) p value
Age (Mean*SD) 377 (£13.7) 36.4 (£11.9) =0.699
BMI (Mean*SD) 25.2 (x2.4) 24.2 (£3.9) =0.093
Labral tear
Not present 2 (15.4%) 9 (32.1%) =0.453
Present (Full thickness or degenerative) 11 (84.6%) 19 (67.9%)
Tonnis stage =0.024
<2 8 (61.5%) 26 (92.8%)
=2 5(38.5%) 2 (7.2%)
Pre-operative alpha angle (Mean+SD) 74.3 (£15.2) 66.6 (£9.7) =0.106
Anterior offset (Mean+SD) 0.16 (+0.05) 0.17 (x0.04) =0.395
Lateral center edge angle (Mean+SD) 30.8 (£8.1) 277 (x7.3) =017
Acetabular angle (Mean*SD) 38.6 (x3.7) 39.9 (#4.5) =0.386
Toénnis angle (Mean+SD) 4.3 (£3) 5.9 (x4.2) =0.289
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Figure 3. Post-operative HHS of the study groups. The
means were not different between groups (p=0.404).
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Figure 4. Post-operative UCLA activity indexes of the

study groups. The means were not different between
groups (p=0.8438).

Table 3. Results of the regression analysis

Univariate analysis

Odds ratio (95% Cl)

Tonnis stage 0.12 (0.02-0.74)

Type of surgery
HA 9(%1.1-71)
AMO 7(*1.2-41.4)

Pre-operative alpha angle 0.94 (0.88-1.00)
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the SHD group decreased from 79.7 (£15.1) to 37.7 (£11.9)
(p<0.001).

A multivariate logistic regression analysis was
performed with treatment success as the dependent
variable, to analyse the effect of pre-operative factors
on the possible outcome of the treatment. The pre-
operative variables that are included in the analysis
were; age, BMI, presence of a labral tear, Ténnis stage
(dichotomized as =2 and <2), pre-operative alpha
angle, femoral head-neck offset, lateral CEA, acetabular
angle, Tonnis angle and the type of surgery performed
(with SHD designated as the baseline). The results of
the regression analysis are presented in Table 3. In the
univariate analysis, three of the variables (Ténnis stage,
pre-operative alpha angle, type of surgery performed)
reached significance and entered the multivariate
analysis. In the multivariate analysis, pre-operative
alphaangle lost significance and two variables remained
related with treatment success: Tonnis stage and type
of surgery performed.

Discussion

Even though SHD allows more complete assessment of
the hip joint, labral and acetabular pathologies, the trend
in recent years is in favour of less invasive techniques.
Today, SHD is preferred in selected cases with global
pincer, where the posterior compartment of the hip
joint should be seen, while HA and AMO are frequently
preferred because of both decreased hospital stay and
the shorter rehabilitation period[18].

In our study, demographic data in 3 different groups
were similar. Only the alpha angle was higher in the
SHD group pre-operatively. This difference in the pre-
operative alpha angle was an indication to go for SHD

Multivariate analysis

p value Adjusted odds ratio (95% CI) p value
0.022 0.091(+0.005-0.659) 0.023
0.037 1.2 (¥1.2-50.5) 0.029
0.032 7.2 (*1.1-48.8) 0.041

0.063 -
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in patients with severe deformity; but especially in the
last few years, minimally invasive methods are more
frequently utilized even for more severe deformities.
Literature showed inferior results of hip arthroscopy
in patients presenting with anterior acetabular
insufficiency, acetabular dysplasia or aberrant femoral
retroversion[19]. Although the pre-operative alphascore
was higher in the SHD group, there was no statistically
significant difference among the 3 groups in terms of
post-operative alpha angles.

To the best of our knowledge, FJS-12[20], which is
a PROM with a lower ceiling effect, was applied in 3
different surgical method groups for the first time. Our
results showed that; FJS-12 was found to be lower in the
SHD group, which showed comparable functional results
interms of HHS and UCLA activity indexes. Capsulotomy,
trochanteric osteotomy, existence of hardware, muscle
damage and sacrificing the ligamentum teres all
may contribute to a micro-instability and eventually
increased joint awareness in the SHD group may be the
cause of difference between groups. FJS-12, which has
been used since 2012 to evaluate patient satisfaction
especially after arthroplasty, is needed to be analysed
on FAS patients with larger cohort series.

The number of studies comparing SHD, HA and
AMO is limited in the literature and also outcome
measurements differ considerably among studies. In
the study of Beck et al., SHD was applied to 19 hips due
to FAIl, and 13 patients were classified as excellent-to-
good based on Merle d’Aubigné-Postel score [21]. In the
study by Domb. et al., which 10 SHD and 20 HA patients
were evaluated, Non-Arthritic Hip Score (NASH) was
significantly higher in the HA group (94.2 vs 85.7) [22].
Additionally, in the study by Byrd et al,, it is stated that
during the 10-year follow-up period of hip arthroscopy
performed on 15 athletes, the median improvement in
the modified Harris hip score was 45 points. Also, it was
emphasized that HSS is not sufficiently sensitive and
has a high ceiling effect [23].

There are some limitations to our study; the mean age
was relatively young compared to the literature, and
there was no THA conversion in any of the patients,
since the follow-up period was midterm. For this reason,
joint survival was not designated as an outcome as it
is in many hip-preservation studies in the literature. In
the multivariate analysis, a significant relationship was
found between the Ténnis stage and surgical success. In
previous studies, the relationship between the increase
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in the Tonnis stage and the failure of surgery and the
return to THA have been shown[24,25]. Risk factors for
treatment failure includes a longer mean symptomatic
period before surgical procedure, older age, higher
BMI, hip dysplasia, acetabular retroversion, higher
pre-operative alpha angle, full thickness acetabular
chondral lesion, higher Ténnis grade of osteoarthritis,
labral hypertrophy and total labral resection. However,
its relationship on joint awareness has not been
documented in the literature. The follow-up period
was found to be similar between the study groups,
however, the wide range of follow-up for the whole
study population (ranging between 16 to 256 months) is
a significant source of heterogeneity. Finally, our study
has a small sample size which may not be adequate to
detect small differences in the outcomes. A significant
difference has been found with regards to the primary
outcome measure, postoperative FJS, therefore we
elected not to run a post-hoc power analysis as part
of the study. However, when an analysis is made with
a small effect size (0.2), the post-hoc power is found
to be less than 0.5, which shows that the study may be
inadequately powered to show smaller differences in
other variables.

In conclusion, all 3 surgical approaches provide similar
radiological and functional results after midterm follow-
up if evaluated with conventional outcome scores of HHS
of UCLA. In that point, FJS appears to be a more sensitive
outcome measure providing accuracy to demonstrate a
functional difference. We believe that joint awareness is
an important component of patient satisfaction, and it
is closely related to the success of a surgical procedure.
High joint awareness and low patient satisfaction are
expected in patients with advanced arthritis (Tonnis
stage=2) or who were applied SHD regardless of the
Tonnis stage, therefore early intervention before the
development of advanced arthritis and less invasive
techniques (HA and AMO) are preferable for FAl surgery.
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Abstract

Objective: This study aimed to evaluate the predictive value of the hemoglobin, albumin, lymphocyte, and platelet (HALP)
score for lymph node metastasis (LNM) in patients with resectable gastric cancer and to investigate the relationship
between hematological markers and LNM.

Materials and Methods: Patients who underwent surgery for gastric adenocarcinoma between 2020 and 2024 were
retrospectively analyzed. Demographic data, comorbidities, and laboratory parameters were recorded, and the HALP
score, neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and platelet-to-neutrophil ratio (PNR)
were calculated. Tumor stage, nodal stage, and pathological features were reviewed. The optimal HALP cutoff value was
determined by receiver operating characteristic (ROC) curve analysis. Variables significant in univariate analysis were
included in multivariate logistic regression to identify independent risk factors for LNM.

Results: A total of 238 patients were included, with a mean age of 65.5 + 11.4 years; 70.2% were male. The mean number of
dissected lymph nodes was 26.0 + 10.6, and the mean number of metastatic nodes was 6.2 + 9.0. Perineural invasion (PNI)
and lymphovascular invasion (LVI) were observed in 66.8% and 71.0% of patients, respectively. LNM was present in 159
patients (66.8%). In univariate analysis, a low HALP score, advanced invasion depth, and the presence of PNI and LVI were
significantly associated with LNM (p < 0.005). ROC analysis identified an optimal HALP cutoff value of 17 (AUC = 0.581, p =
0.041). In multivariate analysis, invasion depth (p = 0.001), PNI (p = 0.008), and LVI (p < 0.001) were independent predictors
of LNM, whereas the HALP score was not (p = 0.221).

Conclusion: In resectable gastric cancer, a low HALP score was associated with lymph node metastasis but was not
confirmed as an independent predictive factor. As a composite parameter reflecting systemic inflammation and immune-
nutritional status, the HALP score may indicate tumor aggressiveness and poor prognosis. Preoperative recognition of low
HALP(<17) scores may help identify patients requiring closer monitoring for LNM risk.

Keywords: gastric cancer, lymphatic metastasis, prognostic factors, HALP score

Introduction

Gastric cancer is the fifth most common malignancy
worldwide and remains one of the leading causes of
cancer-related mortality [1]. Adenocarcinoma is the
predominant histopathological type, accounting for

approximately 95% of all cases [2]. Owing to the fact
that gastric cancer is frequently diagnosed at advanced
stages, the overall prognosis is generally poor. The TNM
staging system, which incorporates tumor depth, lymph
node involvement, and distant metastasis, is the most
widely accepted and clinically relevant determinant of
prognosis [3].
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In recent years, several hematological and biochemical
parameters—including the neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR),
C-reactive protein (CRP), and albumin-to-alkaline
phosphatase ratio (AAPR)—have been investigated
for their potential role in predicting lymph node
metastasis. Findings suggest that these markers may
provide additional prognostic information in gastric
cancer [4,5]. Moreover, the hemoglobin, albumin,
lymphocyte, and platelet (HALP) score, which reflects
both nutritional and immunological status, has emerged
as a novel biomarker with reported predictive value for
lymph node metastasis [6,7]. For example, Cagliyan
et al. demonstrated that a lower HALP score was
associated with lymph node metastasis and poorer
prognosis in patients with colorectal cancer [8].
Other studies similarly suggest that a low HALP score
correlates with advanced tumor stage, increased lymph
node involvement, and decreased survival rates [9].
Nevertheless, evidence regarding the clinical utility
of the HALP score in gastric cancer remains limited.
Although previous studies examined HALP in predicting
survival, its role in predicting LNM in the Turkish
population remains unclear.

The primary aim of this study was to evaluate the
predictive value of the HALP score for lymph node
metastasis in patients with gastric cancer. A secondary
objective was to explore the association between other
hematological markers and lymph node metastasis.

Materials and methods

This study was approved by the Ethics Committee of
Bilkent City Hospital (Decision No: TABED 1-25-1790)
and conducted in accordance with the principles
of the Declaration of Helsinki (revised in 2013). A
retrospective cohort design was employed. Patients
aged 18 years or older who underwent surgery for
gastric adenocarcinoma at our clinic between 2020
and 2024 were included. Exclusion criteria were as
follows: gastrectomy performed for indications other
than adenocarcinoma (e.g., neuroendocrine tumors,
lymphoma), concomitant malignancies, chronic
inflammatory, hematological, or autoimmune diseases
that could influence hematological parameters, history
of corticosteroid use, presence of acute infection,
receipt of neoadjuvant therapy (to avoid confounding
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of hematologic parameters), availability of fewer
than 15 lymph nodes in the pathology specimen, and
incomplete clinical data.

Data were retrieved from patient medical records and
the hospital database. Demographic variables (age, sex),
comorbidities (diabetesmellitus,hypertension,coronary
artery disease, chronic obstructive pulmonary disease),
and laboratory parameters [hemoglobin (g/dL), albumin
(g/L), neutrophils (x10°/L), lymphocytes (x10°/L),
platelets (x10°/L)] were recorded. Derived indices were
calculated as follows: platelet-to-lymphocyte ratio
(PLR = platelets/lymphocytes), platelet-to-neutrophil
ratio (PNR = platelets/neutrophils), and HALP score
[hemoglobin (g/dL) x albumin (g/L) x lymphocytes
(x10°/L) / platelets (x10°/L)]. Laboratory values were
obtained from blood samples collected within one week
prior to surgery.

Clinicopathological features, including tumor stage
(T), nodal status (N), overall stage, perineural invasion
(PNI), lymphovascular invasion (LVI), total number of
lymph nodes, and number of positive lymph nodes, were
extracted from postoperative pathology reports. Tumor,
nodal, and stage classifications were based on the 8th
edition of the American Joint Committee on Cancer
(AJCC) staging system [3]. For additional analysis,
tumor invasion depth was categorized into two groups
according to T stage: T1-2 and T3-4.

Statistical analysis

Categorical variables were presented as frequency
and percentage and continuous variables as means
and standard deviation. Mann-Whitney U test was used
to compare continuous variables. Fisher’s Exact Chi-
square test was used to compare cateqorical variables.
The ROC curve was used to determine the optimum
cut-off values for HALP score which is associated with
lymph node metastasis (based on Youden’s J index
from the ROC curve). Variables that showed significant
correlation in the univariate analysis were evaluated
by multivariate binary logistic regression analysis to
determine the risk factors associated with lymph node
metastasis and to calculate the odds ratio with 95%
Cl. All analyses were performed using the Statistical
Package for the Social Sciences for Windows version
22.0 (SPSS Inc., Chicago, lllinois, USA). The level of
statistical significance was set at p<0.05.
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Results

A total of 238 patients were included in the study.
The mean age was 65.5 * 11.4 years, and the cohort
consisted of 71 females (29.8%) and 167 males (70.2%).
The mean follow-up duration was 27.4 + 17.2 months.
Total gastrectomy was performed in 136 patients
(57.1%), while 102 patients (42.9%) underwent subtotal
gastrectomy. The demographic characteristics of the
study population are summarized in Table 1.

When clinicopathological data were evaluated, the
mean number of dissected lymph nodes was 26.0
*+ 10.6, while the mean number of metastatic lymph

nodes was 6.2 * 9.0. Perineural invasion (PNI) was
identified in 159 patients (66.8%), and lymphovascular
invasion (LVI) was present in 169 patients (71.0%). The
clinicopathological characteristics of the patients are
summarized in Table 2.

Table 2. Clinicopathological data

Table 1. Demographic data

Variable

Age (years) (meanxSD)

Gender (n/%)
Female
Male

Smoking Status (n/%)
Non-smoker
Smoker

DM (n/%)
Non-present
Present

HT (n/%)
Non-present
Present

CAD (n/%)
Non-present
Present

COPD (n/%)
Non-present
Present

HALP score (meantSD)

NLR (mean*SD)

PLR (mean*SD)

PNR (mean*SD)

SD: standart deviation

134

Value

65.53%11.45

71(29.8%)
167 (70.2%)

141 (59.2%)
97 (40.8%)

182 (76.5%)
56 (23.5%)

134 (56.3%)
104 (43.7%)

174 (73.1%)
64 (26.9%)

223 (93.7%)
15 (6.3%)
36.54%30.16
3.24+3.16
18717+£95.83
66.19+26.55

Variable Value

T (n/%)
1A 18 (7.6%)
1B 17 (7.1%)
2 15 (6.3%)
3 114 (47.9%)
4A 74 (31.1%)

N (n/%)
0 79 (33.2%)
1 38 (16%)
2 45 (18.9%)
3A 46 (19.3%)
3B 30 (12.6%)

Stage (n/%)
1A 33 (13.9%)
1B 12 (5%)
2A 32 (13.4%)
2B 31(13%)
3A 37 (15.5%)
3B 48 (20.2%)
3C 45 (18.9%)

Perineural invasion
None

Yes

Lymphovascular invasion

79 (33.2%)
159 (66.8%)

None 69 (29%)

Yes 169 (71%)
Total lymph node number (meanxSD) 26%10.6
Positive lymph node number (mean£SD) 6.21+£8.98
Depth of invasion(n/%)

T1/2 50 (21%)

T3/4

SD: standart deviation

188 (79%)
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Patients were classified into two groups: those without
lymph node metastasis (NO) (79 patients, 33.2%) and
those with lymph node metastasis (N1-3) (159 patients,
66.8%). In univariate analysis, the HALP score, tumor

invasion depth, perineuralinvasion, and lymphovascular

invasion were significantly associated with lymph node
metastasis (p < 0.005) (Table 3).

The optimal cutoff value for the HALP score was
determined to be 17, based on receiver operating
characteristic (ROC) curve analysis using Youden’s J

Table 3. Univariate analysis of factors associated with lymph node metastasis

Age (years) (mean%SD)
Gender (n/%)
Female
Male
DM (n/%)
Non-present
Present
HT (n/%)
Non-present
Present
CAD (n/%)
Non-present
Present
COPD (n/%)
Non-present
Present
HALP score (meantSD)
NLR (mean*SD)
PLR (meantSD)
PNR (meanxSD)
Depth of invasion(n/%)
T1/2
T3/4
Perineural invasion
None

Yes

Lymphovascular invasion

None

Yes

LNM (-)
(n=79)
66.02+12.50

26 (32.9%)
53 (67.1%)

56 (70.9%)
23 (29.1%)

45 (57%)
34 (43%)

54 (68.4%)
25 (31.6%)

75 (94.9%)
4 (51%)
38.75%£22.20
3.39+4.87
173.94+95.46
64.53+28.11

43 (54.4%)
36 (45.6%)

59 (74.7%)
20 (25.3%)

57 (72.2%)
22 (27.8%)

SD: standart deviation, ® Mann-Whitney U Test, ® Fisher’s Exact Test

www.actamedica.org

LNM (+)
P value
(n=159)
65.28+10.93 0.217°2
45 (28.3%) 0.548°®
114 (711.7%)
126 (79.2%) 0.194°
33(20.8%)
89 (56%) 1.000°
70 (44%)
120 (75.5%) 0.278°
39 (24.5%)
148 (93.1%) 0779°
1 (6.9%)
35.44+33.42 0.041:2
3.16+1.81 0.2832
19374+95.63 0.074 2
67.02+2579 0.360°
7(4.4%) <0.001°®
152 (95.6%)
20 (12.6%) <0.001°*
139 (87.4%)
<0.001°®

12 (7.5%)
147 (92.5%)
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index. This threshold yielded a sensitivity of 86.1% and a
specificity of 29.6% (AUC: 0.581, 95% CI: 0.505-0.657,
p = 0.041) (Figure 1).

Variables that were significant in univariate analysis
were subsequently included in the multivariate logistic
regression model. Tumor invasion depth (OR: 0.127,
95% Cl: 0.039-0.413, p = 0.001), perineural invasion
(OR: 0.276, 95% CI: 0.107-0.7116, p = 0.008), and
lymphovascular invasion (OR: 0.055, 95% CI. 0.021-
0.140, p < 0.001) were identified as independent risk
factors for lymph node metastasis (Table 4).

Discussion

In the present study, univariate analyses demonstrated
a significant association between the HALP score,
tumor invasion depth, perineural invasion (PNI),
lymphovascular invasion (LVI), and the presence
of lymph node metastasis (LNM) in patients with
resectable gastric adenocarcinoma. However, in
multivariate logistic regression analysis, only invasion
depth, PNI, and LVI were identified as independent
predictive factors for LNM, whereas the HALP score did
not retain statistical significance. Receiver operating
characteristic (ROC) analysis indicated a HALP cutoff
value of 17, which yielded high sensitivity (86.1%) but low
specificity (29.1%) (AUC: 0.581,95% Cl: 0.505-0.657, p
= 0.041). PNl and LVI were observed in 66.8% and 71.0%
of patients, respectively, indicating a high prevalence
of aggressive pathology included in the model. This
suggests that the effect of hematological parameters
may be overshadowed. Also the low specificity of HALP
cut-off value can be explained by this way. While this
limits the utility of the HALP score as a standalone
predictor of LNM, it still holds value as a complementary
marker in the broader prognostic assessment of gastric
cancer.

Wang et al. reported that the HALP score was an
independent risk factor for LNM in patients with gastric
cancer, with an odds ratio of 2.276 (p = 0.032) [10]. In
that study, the HALP score, when combined with tumor
invasion depth and tumor markers (CEA, CA19-9),
demonstrated strong predictive performance for LNM.
In our study HALP score was significantly higher in the
lymph node-positive group (p = 0.041). Differences
in study populations, sample sizes, and the range of
variables incorporated into statistical models may
partly explain these discrepancies.
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Figure 1. ROC curve for HALP score

Table 4. Multivariate analysis of factors associated with
lymph node metastasis

OR 95% ClI p value
HALP score 1.898 0.680-5.294 0.221
Depth of invasion(n/%) 0.127 0.039-0.413 0.001
Perineural invasion 0.276 0.107-0.716  0.008
Lymphovascular invasion 0.055 0.021-0.140 <0.001

OR: Odds ratio, Cl: Confidence interval

Chen et al. analyzed a large cohort of 1,332 patients
and demonstrated that the HALP score was closely
associated with clinicopathological characteristics, as
well as survival outcomes [11]. Patients with a HALP
score <56.8 were more likely to present with advanced
T and N stages, whereas those with a HALP score
>56.8 exhibited significantly longer median survival
and improved 1-, 2-, and 3-year survival rates. These
results indicate that worsening prognosis parallels the
increased frequency of lymph node metastasis, and
that lymph node involvement adversely impacts overall
survival.

In a more recent study, Aoyama et al. (2024) reported

5-year overall survival rates of 57.2% in patients
with HALP =40 and 85.8% in those with HALP >40
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who underwent curative gastrectomy. Furthermore,
multivariate analysis identified a low HALP score as
an independent risk factor for survival (HR = 2.679, p
= 0.002). Similarly, Sargin et al. demonstrated that
patients with higher HALP scores had significantly
longer overall survival in gastric carcinoma [12].

Taken together, these findings suggest that a low HALP
score reflects impaired nutritional and immune status,
which may contribute to more aggressive tumor biology,
progression,and worse survival outcomes. HALP scoreis
statistical significance in univariate analysis—combined
with robust evidence from prior studies—supports its
potential role as a clinically valuable prognostic marker
in gastric cancer.

Koseci et al. evaluated the role of the HALP score in
predicting perioperative treatment response in early-
stage gastric cancer and reported a significantly higher
pathological response rate among patients with a HALP
score 228.9 [13]. In our study, treatment response
parameters were not analyzed because neoadjuvant
therapy was not administered, as such treatment
could potentially influence hematological parameters.
Nevertheless, the findings of Kdseci et al. support the
notion that the HALP score may reflect tumor biology
and sensitivity to therapy.

In our series, other hematological inflammatory indices
such as the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and platelet-to-
neutrophil ratio (PNR) were not significantly associated
with lymph node metastasis. However, numerous
studies in the literature have demonstrated the
prognostic relevance of NLR and PLR in gastric cancer.
For example, Gunaldi et al. analyzed 245 patients in
Turkey and showed that patients with elevated NLR were
more frequently diagnosed at advanced stages (55.9%
with high NLR) and were more likely to present with
lymph node metastases. Elevated PLR was correlated
with deeper tumor invasion (T3/4) and higher stage.
Furthermore, this study reported that baseline NLR at
the time of diagnosis was a significant prognostic factor
for survival and could even aid in quiding surgical and
treatment strategies. Interestingly, PLR did not show a
significant association with survival in the same cohort
[4].

Consistent with these findings, Zhang et al. conducted
a large meta-analysis and demonstrated that elevated
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preoperative PLR was associated with poorer prognosis
in gastric cancer patients (HR =1.37, 95% Cl: 1.26-1.49)
and significantly increased the risk of lymph node
metastasis (OR = 1.17, 95% Cl: 1.02-1.33) [6]. Although
no statistical association was identified for PLR or PNR
in our cohort, the cumulative evidence suggests that
systemic inflammatory markers may provide insight
into tumor biology and metastatic potential. Variations
in cutoff values, sample sizes, and heterogeneity among
study populations likely contribute to the discrepancies
observed across studies. Among these indices, the
prognostic significance of NLR appears more consistent,
whereas the role of PLR remains less definitive.

The findings of our study indicate that a low HALP score
may be associated with more aggressive pathological
features and the presence of lymph node metastasis
in gastric cancer. As a composite parameter reflecting
both systemic inflammation and immune-nutritional
status, the HALP score provides a broader prognostic
perspective than individual hematological indices.
Although its specificity is limited, the HALP score
should not be overlooked in clinical practice. In the
preoperative setting, a low HALP score—easily obtained
without additional investigations—may serve as a
practical marker to identify patients who require closer
monitoring and heightened vigilance regarding the risk
of lymph node metastasis. Although HALP was not an
independent predictor, its easy preoperative calculation
may complement existing risk models. Prospective
multicenter validation is warranted.

Taken togetherwith evidence fromthe current literature,
our results suggest that integrated indices such as
the HALP score may hold potential value not only for
prognostic assessment but also for guiding treatment
planning in patients with gastric cancer.
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Abstract

Objective: Artificial intelligence (Al) is transforming healthcare, and large language models (LLMs) like ChatGPT and
Google Bard have shown promise in providing medical information and decision support. The LLMs performed similarly
or better than human participants in several board exams. However, their proficiency in complex clinical scenarios, like in
oncology board exams, remains unclear. We aimed to assess the performance of three LLMs (ChatGPT 3.5, ChatGPT 4 and
Google Bard) on the oncology board examination.

Materials and Methods: We utilized a question bank from the Turkish Society of Medical Oncology Board Exam encompassing
290 multiple-choice questions from 2021-2023. ChatGPT 3.5, ChatGPT 4, and Google Bard were asked to answer each
question in both Turkish and English, providing explanations and confidence levels with their answers.

Results: The overall accuracy of LLMs was 59.3%, 42.8%, 36.2% for ChatGPT4, ChatGPT3.5, and Google Bard, respectively.
The accuracy of ChatGPT 4 was significantly higher than that of ChatGPT 3.5 (p<0.001) and Google Bard (p<0.001), while
the accuracy of ChatGPT3.5 was higher than that of Google Bard (p<0.001). Only the ChatGPT 4 was proficient in all three
examination years (2021-2023). All LLMs performed better on translated questions than original Turkish ones. The LLMs
were more accurate in general knowledge than case questions and were more confident in their answers for translated
questions.

Conclusion: LLMs had moderate success in a medical oncology board exam, with only ChatGPT 4 demonstrating proficiency.
The efficacy of LLMs in clinical decision-making requires further development, especially in native languages and complex

case interpretations.

Keywords: large language models, ChatGPT, Google Bard, medical oncology, board, exam

Introduction

Artificial intelligence (Al) can transform every aspect
of daily living, including healthcare [1]. The field of
oncology was one of the most studied specialties in
which Al emerged as a feasible way to improve patient
care. In this regard, Al has already been used in cancer
screening, molecular pathology, and big data analysis

[2,3]. Furthermore, Al was promising as a decision-
making tool after the earlier success of several models
like IBM Watson [4]. However, the interest in this area
was diminished after the limited clinical benefit of these
models in complex clinical scenarios. Although not
primarily developed for clinical decision and healthcare,
the newly created large language models (LLMs)
could potentially counter the limitations of previous
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clinical decision support systems due to their training
with larger datasets [5,6]. However, the potential of
these LLMs in resolving complex clinical scenarios
and generating true medical information has not been
thoroughly investigated.

The most important prominent members of the
recently developed LLMs are ChatGPT 3.5, ChatGPT
4, and Google Bard. In earlier studies, these LLMs
were able to give accurate medical information in over
the clinical scenarios [7,8]. Additionally, to evaluate
their performance against human intelligence, these
LLMs were tested in medical board exams. While the
earlier results were very promising and demonstrated
proficiency in board exams like United States Medical
Licensing Examination (USMLE) [9] and radiology
board exams [10], the LLMs’ success was lower in
specialties like ophthalmology [11] and neurology [12],
in which more complex clinical scenarios and higher-
order questions were more frequent. Additionally, the
performance of individual LLMs, as well as the versions
of the individual LLMs varied [11,13-15]. Despite this
body of evidence in cardiology [16], radiology [17], and
surgery boards [18], the performance of LLMs was not
investigated in oncology board exams. Considering
the huge burden of cancer, the generation of accurate
information and the proficiency of LLMs in oncology is
paramount. Therefore, we evaluated the performance
of LLMs in an oncology board exam (Turkish Society
of Medical Oncology Board Exam) and compared the
performance of individual LLMs.

Methods

Sample questions

A question bank comprising the questions from the last
three years (2021-2023) and including a total of 290
guestions was used (Supplement). The questions for the
board certification of Medical Oncologists from Turkey
were created by a Turkish Society of Medical Oncology
Proficiency Board Members, and the passing grades for
each year were previously calculated according to the
difficulty of this year’s exam. The passing score was 53,
49, and 58 for 2021, 2022 and 2023, respectively. The
full question set used in this study is openly available

The questions were multiple choice questions with five

options and one correct answer with four distractors.
The questions were retrieved from the website of the
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Turkish Society of Medical Oncology (members area).
They were used with the approval of the Turkish Society
of Medical Oncology Executive Board. The proficiency
board members previously calculated the individual
guestion difficulties, and these difficulty levels were
used to compare the difficulty level annotated by the
LLMs. Question topics and formats were categorized as
case-based or general knowledge questions.

Data collection

The ChatGPT 3.5, ChatGPT 4, and Google Bard LLMs
were used viatheindividual website interfaces. While the
previous ChatGPT models were trained up to September
2021, this restriction was removed on September 27th,
2023, and both ChatGPT versions have access to live
data via internet browsing. Similarly, the Google Bard
could have live data from the internet. Therefore, all
three LLMs were expected to provide answers in light of
the most up-to-date data.

The researchers did not additionally pre-trained the
LLMs before replying to the questions. The questions
were asked in Turkish, and the LLMs were asked to
answer in Turkish whenever possible. In another turn,
the LLMs were also asked to translate the questions into
English and give answers in English with explanations.

The following command was given to individual LLMs to
gather data and all answer choices to this command and
explanations were recorded.

“You are a medical oncologist and you are taking the
oncology board exam. The board exam consists of
multiple choice questions.

* Please write your answer so that there is only one
correct answer among 5 options.

» Give an explanation

* Rate your confidence in your answer according
to Likert performance with the following scales:
1=do not trust [indicates that he/she does not
know]; 2 = little confidence [i.e., maybe]; 3=some
interference; 4 =confidence [i.e., likelyl; 5=high
confidence [stating the answer and explanation
without doubt])

« Grading the question’s difficulty level according
to Likert performance with the following grades:
1=Very easy question, 2=Easy question, 3=Medium

www.actamedica.org
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question, 4=Difficult question, 5=Very difficult
question.

Make sure you have these 4 in your output.
Answer each question with this format:

Answer:
Explanation:
Confidence level

Difficulty level:”

Statistical analyses and ethical considerations

The baseline question characteristics, and the accuracy
of the LLMs were expressed with frequencies and
percentages. The comparison of the accuracy of the
individual LLMs and the comparison of the accuracy
of the LLMs in original and translated versions of the
questions were conducted with Chi-square tests. The
comparison of median Likert scores for case questions
vs general knowledge was conducted with Mann-
Whitney U test. All statistical analyses were conducted
with SPSS, version 25.0 (IBM Inc., Armonk, NY, USA),
and a type 1 error level of 5% (p<0.05) was considered
as the threshold limit for statistical significance.

Due to the use of a previously available question bank
and no involvement of human subjects, the study is
exempt from ethical approval. The study was conducted
and reported according to STrengthening the Reporting
of OBservational studies in Epidemiology (STROBE)
quidelines [19].

Results

A total of 290 questions were evaluated via three LLMs.
Breast (n=31), lung (n=24), and colorectal cancers
(n=29) were the most frequently assessed tumor
types in the question bank. The distribution of case
questions and general knowledge-based questions
were even (49.7% vs. 50.3%). The treatment was the
most frequently evaluated area (49.3%). The topic
distribution for the questions is summarized in Table 1.

The overall accuracy of LLMs was 59.3%, 42.8%,
36.2% for ChatGPT4, ChatGPT3.5, and Google Bard,
respectively.Theaccuracy of ChatGPT4 was significantly
higher than that of ChatGPT3.5 (p<0.001) and Google
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Bard (p<0.001), while the accuracy of ChatGPT3.5 was
higher than that of Google Bard (p<0.001). Only the
ChatGPT4 was proficient in all three examination years
(2021-2023). The three LLMs had moderate correlation
in their accuracy for individual responses (r=0.319,
p<0.001 for ChatGPT 3.5 vs. ChatGPT 4, r=0.263,
p<0.001 for ChatGPT 3.5 vs. Google Bard and r=0.288,
p<0.001 for ChatGPT 4 vs. Google Bard). The accuracy
of the LLMs was higher for the translated questions
compared to original language in all three LLMs (62.8
vs. 59.3%, p<0.001 for ChatGPT 4, 48.3 vs. 42.8%,
p<0.001 for ChatGPT3.5and 43.1 vs. 36.2%, p<0.001
for Google Bard). While the accuracy was improved
with the translated questions, the LLMS were not able
to replicate the correct answers given in the original
language for over 10% of the questions (Table 2). The
LLMs were more accurate in general knowledge than
case questions (Table 3). The ChatGPT 3.5 (p=0.301)
and Google Bard (p=0.378) had similar accuracy across
variable knowledge domains (treatment, diagnosis,

Table 1. General characteristics of the question bank

Feature n (%)
Question Type
General Information 146 (50.3)
Case Question 144 (49.7)
Question Category
Diagnosis 39 (13.4)
Treatment 143 (49.3)
Prognosis 32 (1)
Toxicity 22 (7.6)
General Information 54 (18.6)
Question Topic
Basic Science 55(19)
Breast 31(10.7)
Lung 24 (8.3)
Gl 51(17.6)
GU 28 (9.7)
GYN 22 (7.6)
HNC 15 (5.2)
Sarcoma 19 (6.6)
Hematology 16 (5.5)
Other 29 (10)
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Table 2. Comparison of individual LLMs performance

Translated Questions (English)

ChatGPT 3.5
Original Questions (Turkish) Wrong Correct Total p value
ChatGPT 3.5 Wrong n, (%) 122 (42.10) 44 (15.20) 166 (57.20) <0.001
Correct n, (%) 28 (9.70) 96 (33.10) 124 (42.80)
Total 150 (51.70) 140 (48.30) 290 (100)
ChatGPT 4
Wrong Correct Total p value
ChatGPT 4 Wrong, n (%) 78 (26.90) 40 (13.80) 118 (40.70) <0.001
Correct, n (%) 30 (10.30) 142 (49.00) 172 (59.30)
Total 108 (37.20) 182 (62.80) 290 (100)
Google Bard
Wrong Correct Total p value
Google Bard Wrong, n (%) 122 (42.10) 63 (21.70) 185 (63.8) <0.001
Correct, n (%) 43 (14.80) 62 (21.40) 105 (36.2)
Total 165 (56.90) 125 (43.10) 290 (100)

prognosis, toxicity, general information), while the
performance of ChatGPT 4 varied across knowledge
domains (Table 3). The accuracy of the LLMs across
tumor types demonstrated similar accuracy across
most tumor types.

The median Likert score was 4 for ChatGPT4,
ChatGPT3.5, and Google Bard (Figure 1). The LLMs’
answers’ certainty was higher in general knowledge
than in case questions for Google Bard (p=0.001), while
the certainty for general knowledge questions and case
qguestions were similar in ChatGPT 3.5 (p=0.135) and
ChatGPT 4 (p=0.111). The median difficulty was 3/5
for all three LLMs (Figure 2). The question difficulty
was regarded as higher case questions than general
knowledge questions for ChatGPT 3.5 (p<0.001),
ChatGPT 4 (p<0.001) and Google Bard (p<0.001).

Discussion

In the present study, we observed that LLMs had
moderate success in medical oncology proficiency.
The performance of the individual LLMs significantly
varied, with ChatGPT4 outperforming the two other
LLMs. The LLMs underperformed in clinical cases,
mirroring complex clinical scenarios in daily practice.
Additionally, the performance of LLMs was lower in the
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native language compared to questions translated to
English. To best our knowledge, our study is the first
study evaluating the proficiency of LLMs in oncology
proficiency.

The use of LLMs as an assistant to clinical practice
garnered a lot interest in the last year, especially after
the eye opening performance of the ChatGPT 3 in
USMLE examination [20]. In the pivotal study which
was broadcasted via even television news, the ChatGPT
achieved around 60% accuracy and an acceptable
reasoning for the responses (20). In a later work, Brin
et al. compared the performance of ChatGPT 4 and
ChatGPT 3.5. The ChatGPT4 outperformed ChatGPT 3.5
(correct response rate 90 vs. 62.5%) [21]. Additionally,
the ChatGPT4 was consistent with repeated evaluations,
while the ChatGPT 3.5 revised its’ responses in 82.5% of
the cases [21], further supporting the use of ChatGPT 4
in medical knowledge. However, later studies challenged
these findings.

Regarding the accuracy of LLMs in cancer care, similar
unequivocal results exist. The ChatGPT 4 was accurate
and comprehensive, with over 85% of questions related
to head and neck cancer knowledge [22]. The questions
in the study were generated from the frequently asked
questions of professional societies, support groups, and
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Table 3. Accuracy of individual LLMs across question types

ChatGPT 3.5 ChatGPT 4 Google Bard
Wrong Correct Wrong Correct Wrong Correct
Count (%) Count (%) Count (%) Count (%) Count (%) Count (%)
Question Type General Information 70 (47.9) 76 (52.1) 41(28.1) 105 (71.9) 85 (58.2) 61(41.8)
Case Question 96 (66.7) 48 (33.3) 77(53.5) 67 (46.5) 100 (69.4) 44 (30.6)
Knowledge Diagnosis 19 (48.7) 20 (51.3) 6 (15.4) 33(84.6) 23 (59) 16 (41)
Domain Treatment 87(60.8)  56(39.2)  T4(517)  69(48.3)  98(685)  45(31.5)
Prognosis 19 (59.4) 13 (40.6) 13 (40.6) 19 (59.4) 21(65.6) 11(34.4)
Toxicity 15 (68.2) 7(31.8) 11 (50) 11 (50) 14 (63.6) 8 (36.4)
General Information 26 (48.1) 28 (51.9) 14 (25.9) 40 (74.1) 29 (537) 25 (46.3)
Question Topic Breast 22 (11) 9 (29) 12 (38.7) 19 (61.3) 17 (54.8) 14 (45.2)
Lung 13 (54.2) 11 (45.8) 10 (41.7) 14 (58.3) 16 (66.7) 8(33.3)
Gl 27(52.9) 24 (471) 24 (471) 27(52.9) 38 (74.5) 13 (25.5)
GU 18 (64.3) 10 (35.7) 17 (60.7) 11(39.3) 19 (67.9) 9 (32.1)
HNC 10 (66.7) 5(33.3) 8 (53.3) 7(467) 11(73.3) 4 (26.7)
GYN 14 (60) 8 (36.4) 6 (27.3) 16 (72.7) 12 (54.5) 10 (45.5)
Sarcoma 5(26.3) 14 (73.7) 7(36.8) 12 (63.2) 10 (52.6) 9 (474)
Basic Science 30 (54.5) 25 (45.5) 18 (32.7) 37(67.3) 35 (63.6) 20 (36.4)
Hematology 10 (62.5) 6 (37.5) 6 (37.5) 10 (62.5) 10 (62.5) 6 (37.5)
Other 17 (58.6) 12 (41.4) 10 (34.5) 19 (65.5) 17 (58.6) 12 (41.4)

social media, reflecting the potential of the LLMs in
population-level healthcare education [22]. In contrast,
ChatGPT provided accurate and comprehensive
responses to only 53.1% of the questions regarding
cervical cancer care in another study. [23]. It should
be noted that this study used ChatGPT 3.5 [23], which
underperformed in our analysis compared to ChatGPT
4. Whether the newer versions of the LLMs could
improve healthcare information should be investigated.

There are several caveats regarding the use of LLMs
in cancer care. First, the LLMs gather information from
several sources with various publishing dates. In the
earlierworks withthe ChatGPTin healthcare, the training
time limitation up to September 2021 was an important
problem. While this issue was resolved in September
2023, some of the recommendations by LLMs are still
outdated. Although the LLMs gather information from
several sources, the reasoning for selecting a particular
referenceis not fully delineated by artificial intelligence,
as previously noted in IBM Watson studies [24]. This
issue is particularly problematic in complex scenarios
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with more than one therapeutic option. Additionally,
the LLMs could not understand and solve the complex
clinical scenarios that are very common in clinical
practice [25]. Moreover, LLMs may generate errors in
treatment sequencing and timing in such cases and may
assign high confidence to incorrect or potentially unsafe
recommendations. Furthermore, in line with the general
principles of the LLMs, the LLMs used very confident
language even in the obviously wrong simple questions
[13,26]. The reasoning for the problems requiring the
best option. Lastly, less is known about the comparative
efficacy of different LLMs. In several studies, the
performance of newer versions of the LLMs was better
compared to previous versions [11,13], and the ChatGPT
outperformed Google Bard in a very recent study on
radiology exam questions [17]. Further studies should
separately evaluate the performance of different LLMs
to delineate the best model for individual scenarios.

In conclusion, the LLMs had below acceptable

performance in a national oncology board exam with
only the ChatGPT 4.0 had proficiency in an oncology
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Figure 1. Confidence level rated on a 5-point Likert Scale
(1 =very unconfident, 5 = very confident)

board examination. The LLMs’ success in questions
mirroring clinical practice was lower. Further research
is needed to improve the proficiency of LLMs in cancer

care-related information.
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Abstract

Objectives: This study delineates the diagnostic architecture of patients referred with suspected mitochondrial disease
through the integrated analysis of clinical, biochemical, instrumental, and genetic data. By comparing patients with
mitochondrial involvement, alternative genetic disorders, and unresolved cases, we aim to define phenotypic and molecular
patterns associated with diagnostic stratification and characterize the diverse spectrum of genetic and non-genetic
conditions that converge phenotypically on mitochondrial disease.

Materials and Methods: A total of 240 patients with clinical suspicion of mitochondrial disease were consecutively enrolled
and assessed using a modified Nijmegen Mitochondrial Disease Score. All participants underwent comprehensive clinical,
metabolic, instrumental, and neuroimaging evaluations, complemented by systematic molecular analyses, starting with
common mitochondrial variant screening and progressing to more extensive targeted investigations quided by clinical and
biochemical findings. Comparative analyses across the three groups employed nonparametric and categorical statistical
tests.

Results: Relevant molecular findings were identified in 81 patients (33.7%), encompassing 37 (15.4%) with mitochondrial
involvement and 44 (18.3%) with alternative genetic disorders, while 159 individuals (66.3%) remained unresolved.
The mitochondrial group exhibited significantly higher rates of neuromuscular, brainstem, ophthalmic, and cardiac
involvement, along with developmental regression, whereas seizures were a shared hallmark of both mitochondrial and
non-mitochondrial subgroups. Biochemically, elevated serum lactate and plasma alanine were the most discriminative
markers for the mitochondrial group, with a significantly higher prevalence of abnormal acylcarnitine profiles and organic
aciduria in both the mitochondrial and alternative genetic subgroups. The undiagnosed cohort demonstrated phenotypic
convergence with confirmed cases but lacked definitive molecular correlates despite extensive evaluation.

Conclusions: These findings underscore the intrinsic complexity and phenotypic heterogeneity of suspected mitochondrial
disease, affirming the critical role of integrated clinical, metabolic, instrumental, and molecular assessment while
simultaneously highlighting the limitations of current diagnostic paradigms and the imperative for expanded genomic and
functional strategies to enhance resolution in unresolved cases.

Keywords: mitochondrial disease, mtDNA, nijmegen mitochondrial disease score, multisystem involvement, metabolic
profilin
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Introduction

Mitochondrial diseases are a diverse group of inherited
disorders caused by defects in mitochondrial oxidative
phosphorylation, resulting in impaired cellular energy
production. These conditions arise from pathogenic
variants in either mitochondrial DNA (mtDNA) or nuclear
genes encoding proteins essential for mitochondrial
structure and function. The dual genetic origin of these
disorders, together with variable heteroplasmy, the
coexistence of mutant and wild-type mtDNA within
the same cell, and complex genotype-phenotype
relationships, contributes to marked clinical variability
and a wide spectrum of disease severity, with onset
ranging from childhood to adulthood [1].

Clinically, organs with high energy requirements,
including the central nervous system, skeletal muscle,
heart, and endocrine system, are most commonly
affected. However, mitochondrial diseases lack
pathognomonic clinical features and frequently
share overlapping manifestations with other genetic,
metabolic, and neuromuscular disorders. This
substantial phenotypic overlap represents a major
challenge in the diagnostic evaluation of patients with
suspected mitochondrial disease and often leads to
delayed, incomplete, or incorrect diagnoses [2].

The estimated prevalence of mitochondrial diseases
is approximately 1 in 5,000 individuals, placing them
among the most common inherited metabolic disorders.
When patients with suspected but unconfirmed disease
are considered, the true prevalence is likely higher,
further underscoring the clinical and diagnostic burden
associated with these conditions. Despite significant
advances in molecular genetic techniques, a definitive
diagnosis cannot be established in a considerable
proportion of patients [3].

The diagnostic workup of suspected mitochondrial
disease requires an integrated, multidisciplinary
approach, combining clinical evaluation  with
biochemical, instrumental, neuroimaging, and genetic
investigations. Although clinical scoring systems, such
as the Nijmegen Mitochondrial Disease Score, are
useful for diagnostic stratification, they lack disease
specificity and may capture a broad range of non-
mitochondrial conditions with overlapping phenotypes
[4]. Consequently, even after extensive diagnostic
assessment, many patients remain without a conclusive
diagnosis.
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The aim of the present study was to provide a
comprehensive comparative characterization of
patients with suspected mitochondrial disease, stratified
by molecular outcome into: mitochondrial involvement,
alternative genetic disorders, and unresolved cases
despite extensive clinical and molecular evaluation.
Through a multidimensional analysis of clinical,
biochemical, instrumental, neuroimaging, and genetic
features, we aimed to identify distinguishing profiles
across these groups, to highlight the limitations
of current diagnostic strategies, and to provide a
framework for improving future diagnostic pathways in
mitochondrial medicine.

Materials and methods

Enroliment strategy and cohort
characterization

A cohort of 240 patients with clinical suspicion of
mitochondrial disease was consecutively enrolled at the
Institute of Mother and Child, a tertiary care hospital
in the Republic of Moldova, between March 2021 and
October 2024. Patients were primarily referred to our
unit from various specialized departments, including
neurology, cardiology, ophthalmology, and other clinical
units, due to complex, multisystemic presentations that
remained undiagnosed after routine investigations.

Upon referral, each patient underwent a standardized
clinical assessment by our multidisciplinary team
to objectively quantify the level of suspicion using
a modified Nijmegen Mitochondrial Disease Score
(NMDS) [5] (Table 1).

The NMDS is a validated domain-based tool that
integrates clinical features, metabolic and biochemical
data, and neuroimaging findings to estimate the
likelihood of mitochondrial involvement. In its original
form, the score also incorporates muscle biopsy and
enzymatic assessments, which were not available for
all patients in this cohort. To adapt to these constraints,
the biopsy and enzymology domain was omitted,
and the score was calculated solely based on clinical,
biochemical, and neuroimaging criteria, maintaining the
original scoring structure within these domains. Scores
are interpreted as follows: 1 indicates mitochondrial
disorder unlikely, 2-4 suggests a possible mitochondrial
disorder, 5-7 corresponds to a probable mitochondrial
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Table 1. Modified nijmegen mitochondrial disease score
I. Clinical signs and symptoms (max. 4 points)

Muscular presentation
(max. 2 points)

CNS presentation

(max. 2 points)
Ophthalmoplegia t Developmental delay
Facies myopathica Loss of sKills

Exercise intolerance Stroke-like episode

Muscle weakness Migraine
Rhabdomyolysis Seizures
Abnormal electromyography Myoclonus

Cortical blindness
Pyramidal signs
Extrapyramidal signs

Brainstem involvement

Multisystem disease
(max. 3 points)

Hematology
Gastrointestinal tract
Endocrine/growth Heart
Kidney

Vision

Hearing

Neuropathy

Recurrent/familial

Il. Metabolic/imaging studies
(max. 4 points)

Elevated lactate T

Elevated lactate/pyruvate ratio
Elevated alanine t

Elevated CSF lactate T

Elevated CSF protein

Urinary tricarbon acid excretion t
Elevated CSF alanine T

Ethylmalonic aciduria

Stroke-like picture/MRI
Leigh syndrome/MRI
Elevated lactate/MRS

Legend: T - indicates that this specific symptom scores 2 points; CSF - cerebrospinal fluid; MRl - magnetic resonance imaging; MRS - magnetic

resonance spectroscopy.

disorder, and 8 reflects a definite mitochondrial disorder.
An inclusion threshold of =3 points was retained to
capture individuals with possible mitochondrial disease,
ensuring that patients with early or partially expressed
phenotypes were not excluded.

The study was approved by the Research Ethics
Committee of the State University of Medicine and
Pharmacy Nicolae Testemitanu and was conducted in
accordance with the Declaration of Helsinki. Written
informed consent was obtained from all participants or
their legal guardians prior to inclusion in the study.

Patients were subsequently stratified into three
cateqgories based on diagnostic outcomes: individuals
with confirmed mitochondrial involvement (n = 37),
those with alternative genetic disorders (n = 44), and
patients who remained without a definitive diagnosis
(n = 159). Within this framework, the mitochondrial
involvement group was defined by the identification
of pathogenic or likely pathogenic variants, alongside
specific variants of uncertain significance (VUS),
including homoplasmic mtDNA mutations, that directly
implicate the oxidative phosphorylation machinery.
While these genetic findings provided a robust
molecular explanation for most cases, this classification
also encompassed patients where the detected variants
offered a substantial causal contribution to the clinical
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presentation, serving as a foundational diagnostic
anchor even in cases where they provided only a partial
explanation for an exceptionally complex phenotype.
Conversely, the alternative genetic disorders group was
operationalized as an etiologically distinct collective
originating from non-mitochondrial pathways, such as
ion channelopathies or various syndromic conditions,
which exhibit a marked phenotypic convergence with
mitochondrial disease by replicating its multisystemic
and complex clinical trajectory. Finally, the unresolved
group comprised individuals who met the inclusion
criteria but in whom no causative genetic variants
were identified, representing the inherent diagnostic
limitations in current genomic screening. In the
following sections, we detail our institutional experience
across these three cohorts, providing a comprehensive
appraisal of the clinical, biochemical, and molecular
patterns observed to improve the differential diagnosis
between confirmed or suspected mitochondrial
involvement and its genetic mimics.

Clinical, familial, and paraclinical evaluation

All participants underwent a thorough clinical
assessment, including detailed medical history,
family history, prenatal and perinatal data, and age at
symptom onset. Systematic physical and neurological
examinations were conducted to evaluate multisystem
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involvement. Routine laboratory testing encompassed
hematological indices, renal and hepatic function,
serum electrolytes, lactate, creatine kinase, and lactate
dehydrogenase.

Extended metabolic investigations, conducted for a
subset of the cohort, encompassed plasma amino acid
profiling via high-performance liquid chromatography,
acylcarnitine quantification by liquid chromatography-
tandem mass spectrometry, and urinary organic
acid analysis using nuclear magnetic resonance
spectroscopy. Pathological status was defined by
persistent deviations from laboratory-established
reference intervals, encompassing disproportionate
accumulations of short-, medium-, and long-chain
acylcarnitine species, aberrant diagnostic ratios
indicative of impaired intermediary metabolism, or
the abnormal excretion of organic acid biomarkers,
including dicarboxylic, methylmalonic, and glutaric
acids, alongside elevated Krebs cycle intermediates.

Instrumental and imaging studies were performed
based on clinical indications, comprising
electroencephalography, electromyography,
electrocardiography, audiometry, and cerebral
imaging (MRI or CT) to detect structural or functional
abnormalities.

Genetic analysis

All 240 patients underwent initial molecular
prescreening for seven recurrent pathogenic mtDNA
point mutations, specifically m.3243A>G, m.8344A>G,
m.8993T>G/C, m.13513G>A, m.3460G>A, m.11778G>A,
and m.14484T>C, using quantitative polymerase chain
reaction with high-resolution melting analysis (qPCR-
HRM). To ensure diagnostic precision and calibrate
melting profiles, synthetic oligonucleotide controls
representing both wild-type and mutant genotypes
were systematically employed. Heteroplasmy levels for
variantsidentified viagPCR-HRM were further evaluated
using PCR-restriction fragment length polymorphism,
with semi-quantitative assessment performed through
densitometric analysis of electrophoresis gels using
ImageJ software.

Patients with a modified NMDS =6, as well as those
exhibiting inconclusive results in the prescreening,
were advanced to targeted Sanger sequencing of
the mitochondrial genome. This threshold of =6
was strategically established to prioritize molecular
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resources for a subgroup with the highest pre-test
probability of mitochondrial disease. Within the NMDS
framework, a score exceeding 6 ensures that clinical
signs (which contribute a maximum of 4 points in
Category |) are supported by objective findings from
Category I, such as hyperlactatemia, hyperalaninemia,
or specific mitochondrial signatures on brain MRI.
The analysis covered all 13 protein-coding genes and
included flanking tRNA and rRNA genes adjacent to the
coding regions, ensuring comprehensive assessment of
locirelevant to mitochondrial disease. Detected variants
were interpreted according to the American College
of Medical Genetics and Genomics (ACMG) guidelines
[6], ensuring a standardized and clinically meaningful
classification framework.

A subset of patients underwent additional molecular
analyses of the nuclear genome using targeted Sanger
sequencing and next-generation sequencing (NGS)
technologies, including whole-exome sequencing
(WES), whole-genome sequencing (WGS) and targeted
multigene panels. These genomic investigations
were complemented in some instances by Multiplex
Ligation-dependent Probe Amplification (MLPA) or
array comparative genomic hybridization (aCGH). All
procedures were conducted in ISO 15189-accredited
laboratories, both domestically and internationally,
ensuring methodological rigor, reproducibility, and
adherence to recognized quality standards. These
comprehensive analyses facilitated the identification
of nuclear gene variants implicated in mitochondrial
dysfunction,aswellas the detectionof variants unrelated
to mitochondrial disease. Detected variants were
systematically interpreted and classified according to
the ACMG quidelines, considering pathogenicity, allele
frequency, predicted functional impact, and available
clinical evidence, thereby providing a standardized
and clinically meaningful framework for molecular
diagnosis.

DNA extraction for all molecular investigations,
including gPCR-HRM screening, Sanger sequencing,
and NGS-based analyses, was performed exclusively
from peripheral blood samples.

Statistical analysis

Statistical analyses were performed using SPSS version
28.0 (IBM Corp., USA). Continuous variables were
expressed as mean * standard deviation or median with
interquartile range, whereas categorical variables were
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summarized as counts and percentages. Comparisons
across the three investigation groups were conducted
using the Kruskal-Wallis test for continuous variables
and the Chi-square test for categorical variables. A
significance threshold of p < 0.05 was applied.

Results

The study population comprised 240 patients with
suspected mitochondrial disease, stratified into three
groups based on molecular outcomes: 37 (15.4%) with
mitochondrial involvement, 44 (18.3%) with alternative
genetic disorders, and 159 patients (66.3%) remained
without a confirmed diagnosis.

The median age at study inclusion was 24 months (IQR:
11-68) for the mitochondrial involvement group, 24
months (IQR: 12-72) for alternative genetic disorders,
and 30 months (IQR: 11-66) in the undiagnosed group,
indicatingsubstantialoverlapinagedistributionbetween
the cohorts. Symptom onset occurred predominantly in
early infancy, with a median age of 3 months (IQR: 1-15)
in the mitochondrial group, 4 months (IQR: 1-10) in the

p <0.001 p=0.031
I 1 I 1

p =0.002
1

100

80

p =0.040

alternative disorders group, and 2 months (IQR: 0-12) in
undiagnosed patients.

No statistically significant differences were observed
across the three investigation groups with respect
to the presence of a positive family history of similar
clinical manifestations. Additionally, the frequency of
pregnancy and birth-related complications, including
preterm delivery, intrauterine growth restriction, and
other perinatal adversities, was comparable across
groups.

Clinical manifestations

The clinical profile of the study cohort was highly
heterogeneous, reflecting the multisystemic nature of
suspected mitochondrial dysfunction. This diversity
provided a structured framework for a comparative
analysis of clinical prevalence and severity across
the three investigation groups, with the distribution
of these features among patients with mitochondrial

involvement, alternative genetic disorders, and
unresolved cases illustrated in Figure 1.
p=0.019

p<0.001  p=0.009 p=0018

I LI | 1 I 1

Figure 1. Prevalence of clinical features across patients with mitochondrial involvement, alternative genetic disorders, and
unresolved cases

Legend: * - variables marked with an asterisk indicate statistically significant findings.

150

www.actamedica.org


https://actamedica.org/

Acta Medica 2026; Early View: 146-156

Secu D, et al. Diagnostic Challenges in Mitochondrial Disease

The mitochondrial involvement group exhibited
significantly higher rates of severe neuromuscular
deficits (40.5% vs. 15.9% and 12.6%; p < 0.001),
brainstem involvement (43.2% vs. 20.5% and 24.5%; p
= 0.040), ophthalmic manifestations (64.9% vs. 40.9%
and 37.1%; p = 0.009), cardiac abnormalities (35.1% vs.
22.7% and 15.1%; p = 0.018), and skill regression (27.0%
vs.9.1% and 4.4%; p< 0.001) compared to the alternative
genetic disorders and unresolved groups, respectively.
Seizures were a shared predominant feature in both
the mitochondrial involvement (70.3%) and alternative
genetic disorders (72.7%) groups, occurring significantly
more frequently than in the unresolved cohort (47.8%;
p=0.002).

Conversely, undiagnosed patients exhibited a higher
prevalence of neurodevelopmental and behavioral
impairments (86.8% vs. 67.6% and 81.8%; p = 0.021)
endocrine or growth-related abnormalities (73.6%
vs. 56.8% and 56.8%; p = 0.011), relative to the
mitochondrial involvement and alternative genetic
disorders groups, respectively.

Biochemical and instrumental investigations

Biochemical testing revealed that elevated serum
lactate emerged as a discriminative marker between
groups, being both significantly more prevalent as
an abnormal finding in patients with mitochondrial
involvement (34/37, 91.9%) compared to both the
alternative genetic disorders (16/38, 42.1%) and
unresolved (57/138, 41.3%) cohorts. Furthermore,
a comparison of absolute concentrations using the
Kruskal-Wallis test demonstrated that lactate levels
were significantly higher in the mitochondrial group
(Mean Rank: 159.6) than in the alternative (Mean Rank:
95.0) and unresolved (Mean Rank: 96.2) groups (H =
32.66,p<0.001). Plasmaalanine demonstrated a similar
discriminative pattern, with significant differences
observed in both prevalence (p < 0.001) and absolute
concentrations across the three investigation groups
(H=22.92, p < 0.001). This significance was primarily
driven by the mitochondrial involvement group, which
presented elevated alanine levels in 60.0% (18/30)
of patients, substantially exceeding the frequencies
observed in the alternative genetic disorders (23.5%,
8/34) and unresolved (11.2%, 13/116) cohorts (Mean
Ranks: 87.1, 59.0, and 46.5, respectively).

Additional metabolic screening identified significant
disparities in secondary markers of metabolic

www.actamedica.org

dysfunction, revealing that pathological acylcarnitine
profiles (p = 0.027) were notably more frequent
in the alternative genetic disorders group (32.3%,
10/31) compared to the mitochondrial involvement
(25.0%, 5/20) and unresolved (12.7%, 15/118) cohorts.
Furthermore, while infrequent across all groups,
organic aciduria (p = 0.008) was more common in
the mitochondrial involvement (16.7%, 5/30) and
alternative genetic disorders (13.5%, 5/37) groups than
in the unresolved cohort (3.1%, 4/130).

Other routine laboratory parameters, including serum
transaminases, creatine kinase, lactate dehydrogenase,
and serum electrolytes, did not differ significantly
between groups. The distribution of biochemical,
instrumental, and neuroimaging abnormalities across
the mitochondrial involvement, alternative genetic
disorders, and unresolved groups is summarized in
Figure 2.

Instrumental assessments revealed marked distinctions
between cohorts. Electromyographic abnormalities
reached their highest frequency in the alternative
genetic disorders group (68.8%, 11/16), followed by the
mitochondrial involvement group (50.0%, 9/18), with
both cohorts showing significantly higher rates than
the 31.3% (20/64) identified in the unresolved cohort
(p=0.016). This was paralleled by a higher frequency of
electroencephalographic alterations in the alternative
genetic (80.6%, 29/36) and mitochondrial (67.7%,
21/31) groups compared to unresolved cases (55.8%,
58/104; p = 0.025), alongside cardiographic deviations
which were notably more prevalent in the mitochondrial
involvement group (36.7%, 11/30) relative to the
alternative genetic (18.9%, 7/37) and unresolved (13.4%,
17/127) cohorts (p = 0.011).

Neuroimaging abnormalities were  significantly
more prevalent in the mitochondrial involvement
group (82.4%, 28/34) compared to the alternative
genetic disorders (54.1%, 20/37) and unresolved
(58.0%, 58/100) cohorts (p = 0.022). Specifically, the
mitochondrial involvement group exhibited higher rates
of cerebral or cerebellar atrophy (44.1% vs. 18.9% and
23.0%; p=0.026) and basal gangliainvolvement (17.6%
vs. 2.7% and 2.0%; p < 0.001), underscoring a distinct
neuroanatomical pattern of mitochondrial pathology.

The cumulative burden of these multi-systemic findings

was furtherreflectedinthe clinical stratification provided
by the NMDS. Within the mitochondrial involvement
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p <0.001
p <0.001
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p=0.025 p=0.022
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p=0.016 p=0.011
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Figure 2. Prevalence of biochemical, instrumental, and neuroimaging abnormalities across patients with mitochondrial
involvement, alternative genetic disorders, and unresolved cases

Legend: * - variables marked with an asterisk indicate statistically significant findings; CK - creatine kinase; EEG - electroencephalography; EKG -

electrocardiography; EMG - electromyography.

group, clinical suspicion was most intense, with 10
patients reaching a definite mitochondrial disease
classification and 26 a probable one, compared to only 1
possible case. In the alternative genetic disorders group,
the distribution shifted toward milder clinical features,
involving 3 definite, 17 probable, and 24 possible cases.
In contrast, the unresolved cohort was heavily skewed
toward lower clinical suspicion, being dominated by 98
possible and 59 probable qualifiers, with only 2 patients
meeting the definite mitochondrial disease criteria.
Ultimately, significantly higher NMDS scores were
concentrated in the mitochondrial group (p < 0.001),
confirming the scale’s effectiveness in identifying
individuals whose multi-organ clinical burden strongly
aligns with a mitochondrial-related phenotype.

Genetic investigations

Genetic evaluation contributed decisively to case
stratification within the study population. All patients
underwent initial molecular screening using a qPCR-
HRM-based approach targeting common pathogenic
mtDNA variants. Through this first-line screening,
eight patients were identified as carriers of established
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pathogenic mtDNA point mutations. Specifically, the
m.3243A>G variant was detected in three patients,
m.8993T>G in two patients, m.3460G>A in two
patients, and m.11778G>A in one patient, all of whom
were classified as molecularly confirmed mitochondrial
cases.

Subsequently, a total of 82 patients with increased
clinical suspicion, defined by an NMDS =6, underwent
extended molecular analysis of the mitochondrial
genome by targeted Sanger sequencing with capillary
electrophoresis. This approach led to the identification
of 24 additional patients harboring mtDNA variants:
11 individuals (45.8%) with variants classified as
pathogenic or likely pathogenic and 13 patients (54.2%)
with VUS. Although these VUS cases do not fulfill the
criteria for formal molecular confirmation, they were
included in the mitochondrial involvement group based
on the presence of homoplasmic variants that closely
correlated with the specific clinical phenotypes of the
patients. Analysis of the functional distribution of these
variants revealed a predominant impact on respiratory
chain architecture, with mutations affecting Complex
I in 25.0% of cases, followed by alterations involving
Complex V in 12.5% and mitochondrial RNA genes in
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16.7%. In contrast, variants affecting Complexes Il and
IV were comparatively infrequent, each accounting for
4.1% of cases, while a substantial proportion of patients
(37.6%) harbored variants predicted to compromise
multiple respiratory chain complexes, underscoring
the extensive and functionally heterogeneous nature
of mitochondrial genomic involvement within this
clinically selected subgroup.

In selected patients presenting with sustained clinical
features suggestive of mitochondrial involvement,
extended nuclear genetic testing was undertaken to
further elucidate the underlying molecular etiology. This
diagnostic effort, utilizing targeted Sanger sequencing
(n=2)and WES (n= 3),yielded significant findingsin five
individuals. These investigations identified pathogenic
or likely pathogenic variants in POLG (n = 2), TWNK, and
ETHET, alongside aVUS in the DGUOK gene. Notably, one
patient evaluated via WES demonstrated dual molecular
involvement, harboring a pathogenic mtDNA alteration,
previously detected by gPCR-HRM, concomitant with a
VUS in the OPAT gene.

Altogether, the integration of these findings resulted
in a total of 37 patients with molecular evidence
of mitochondrial involvement, encompassing both
mitochondrial and nuclear genetic determinants.
Detailed profiles of the identified genetic variants and
corresponding patient phenotypes are summarized in
Supplementary Table 1.

Among patients with non-mitochondrial conditions,
genetic testing identified alternative molecular
diagnoses in 44 cases, comprising 32 individuals with
pathogenicorlikely pathogenic variantsand 12 with VUS.
The diagnostic workflow utilized a multimodal approach
primarily leveraging high-throughput sequencing (WGS,
n =15; WES, n = 14; targeted multigene panels, n = 6),
supplemented by structural variant analysis (MLPA, n =
4; aCGH, n = 1), and targeted Sanger sequencing (n =
4). These findings were distributed across five principal
diagnostic categories. Syndromic and sensory disorders
represented the largest group (n = 15, 34.1%), with
variants in genes associated with neurodevelopmental
and multisystem syndromes, including FOXGI, NSDI,
PPP2R5D and others. The inborn errors of metabolism
group (n =12, 27.3%) involved defects in amino acid,
carbohydrate, lipid, and peroxisomal metabolism,
exemplified by variants in GLBI, PCCA, ALDOB, and
additional genes. Channelopathies (n = 8, 18.1%)
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were associated with variants in voltage-gated ion
channel genes such as SCNI1A, SCN2A, and SCNI0A.
Neuromuscular disorders (n = 4, 9.1%) included
variants in ANO5, DARS2, and TCAP, affecting muscle
integrity and protein translation. Finally, chromosomal
microdeletion syndromes (n = 5, 11.4%), encompassed
recurrent pathogenic regions including 4p16.3, 7q11.23,
and 15q11-q13, among others, further illustrating
the broad spectrum of genetic conditions that can
phenotypically mimic suspected mitochondrial
disease. The molecular characteristics of the identified
variants and their associated clinical phenotypes are
systematically presented in Supplementary Table 2.

Patients who remained without a definitive molecular
diagnosis were subjected to the same initial gPCR-HRM
screening; however, no pathogenic mtDNA variants
fulfilling diagnostic criteria were detected, and further
genetic evaluations, encompassing the targeted
analyses employed in this study, did not yield conclusive
molecular evidence, underscoring the limitations of
current methodologies in resolving these complex
cases.

Discussion

We evaluated a pediatric cohort with suspected
mitochondrial disease by integrating clinical,
biochemical, instrumental, and genetic data. By
comparatively analyzing patients across the categories
of confirmed mitochondrial involvement, alternative
genetic disorders, and unresolved cases, our findings
pinpoint specific phenotypic patterns that improve
patient classification and reflect the diverse nature of
mitochondrial pathology.

Despite broadly comparable demographic and perinatal
characteristics, patients with mitochondrial involvement
exhibited a markedly more severe and multisystemic
phenotype. This subgroup demonstrated higher rates
of severe neuromuscular dysfunction, brainstem
involvement, ophthalmic manifestations, cardiovascular
abnormalities, and developmental regression. These
clinical features reflect the heightened susceptibility
of high-energy-dependent tissues to mitochondrial
impairment and confirm that extensive multisystemic
involvement remains a key indicator of mitochondrial
disease [7-8]. Seizures were a predominant feature in
both the mitochondrial involvement and alternative

153


https://actamedica.org/

Secu D, et al. Diagnostic Challenges in Mitochondrial Disease

Acta Medica 2026; Early View: 146-156

genetic disorders groups. Conversely, patients
lacking molecular confirmation were predominantly
distinguished by neurodevelopmental, behavioral,
and growth-related abnormalities, which, while often
prompting suspicion of mitochondrial dysfunction, are
more frequently associated with alternative genetic
etiologies exhibiting overlapping phenotypic features.

Biochemical profiling further distinguished these
groups, with elevated serum lactate and plasma alanine
emerging as the most discriminative metabolic markers
for the mitochondrial involvement group, indicative
of impaired oxidative phosphorylation and secondary
perturbations in intermediary metabolism. Pathological
acylcarnitine profiles and organic aciduria were
more frequently observed in both the mitochondrial
involvement and alternative genetic disorders
subgroups. These findings highlight the importance of
expanded biochemical screening for identifying both
the metabolic effects of mitochondrial failure and other
underlying systemic metabolic abnormalities.

The Nijmegen Mitochondrial Disease  Score
demonstrated strong utility in capturing multisystem
involvement, with significantly higher values in the
mitochondrial involvement group (p < 0.001). Given that
relatively high scores were also noted in the alternative
genetic group, in our setting, the NMDS effectively
identified cases more likely to yield relevant molecular
findings across the entire cohort.

Comprehensive genetic analyses, encompassing both
targeted mitochondrial and selected nuclear testing,
identified relevant molecular findings in 33.7% of
patients. This approach effectively stratified patients
according to molecular etiology and highlighted
the critical role of integrated genomic evaluation in
the diagnostic workflow of suspected mitochondrial
disease. Within this context, the diagnostic distribution
observed in the present study is concordant with
that reported in previous investigations of large
and medium-sized cohorts of patients referred with
suspected mitochondrial disease, which consistently
demonstrate a heterogeneous composition including
confirmed mitochondrial disorders, alternative non-
mitochondrial genetic conditions, and a substantial
proportion of unresolved cases. In the largest series
reported to date, Rouzier et al. [9] analyzed a cohort
exceeding 2,000 patients and established a molecular
diagnosis in approximately 20% of cases, identifying
322 patients with mitochondrial disease and 75
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with non-mitochondrial genetic etiologies, while the
majority of individuals remained without a definitive
diagnosis. Similarly, van der Ven et al. [10] investigated
491 patients and achieved a diagnostic yield of 51% (n
= 250), of whom 221 patients (45%) were diagnosed
with non-mitochondrial disorders and 29 patients
(6%) with mitochondrial disease, whereas 241 patients
(49%) remained undiagnosed. Comparable results
were reported by Kerr et al. [11], who evaluated 390
patients and established a molecular diagnosis in 184
cases (47.2%), including 115 patients (29.5%) with non-
mitochondrial genetic disorders and 69 patients (17.7%)
with mitochondrial disease, with 206 patients (52.8%)
remaining without molecular resolution. At the family-
based level, Schon et al. [12] analyzed 319 families and
identified a genetic diagnosis in 104 families (32.6%),
comprising 65 families (20.4%) with non-mitochondrial
causes and 39 families (12.2%) with mitochondrial
disease, while 215 families (67.4%) remained without a
confirmed molecular diagnosis. In smaller cohorts, such
as that reported by Grigalioniené et al. [13], diagnostic
yields were similarly limited; among 83 patients, only
18 (21.7%) received a molecular diagnosis, including
11 patients (13.3%) with mitochondrial disease, six
patients (7.2%) with non-mitochondrial disorders, and
one patient (1.2%) with combined mitochondrial and
other genetic pathology, leaving 65 patients (78.3%)
undiagnosed. Collectively, these data place our findings
within a robust and reproducible diagnostic paradigm
characteristic of suspected mitochondrial disease.

While this study provides a comprehensive evaluation,
several methodological limitations merit consideration
when interpreting the findings. Although the cohort
benefited from extensive clinical, biochemical, and
instrumental characterization, invasive functional
investigations, most notably muscle biopsy with
histopathological, histochemical, and respiratory
chain enzymatic analyses, could not be systematically
performed, precluding direct tissue-level confirmation
of mitochondrial dysfunction and potentially limiting
diagnostic resolution in selected cases. Furthermore,
genetic investigations were conducted exclusively
using peripheral blood samples. While this non-invasive
approach is standard for primary screening and
provides adequate DNA vyield, it may underrepresent
tissue-specific heteroplasmy or fail to detect certain
mitochondrial DNA alterations that are more reliably
identified in post-mitotic tissues, such as muscle.
Additionally, the use of Sanger sequencing for mtDNA
analysis precluded the precise quantification of
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heteroplasmy levels; however, the majority of variants
we identified appeared homoplasmic, aligning with the
expected molecular profile for these specific alterations.

Moreover, although the genetic diagnostic strategy was
structured and clinically guided, it relied primarily on
targeted assays, and the limited use of NGS constrained
comprehensive interrogation of both nuclear and
mitochondrial genomes. This methodological constraint
is especially relevant considering that expanded NGS
approaches, including whole exome and dual genome
analyses, have been shown to substantially increase the
diagnostic yield in suspected mitochondrial disorders
[14-16]. In our setting, the restricted application of
these advanced technologies reflects persistent
regional challenges; as high-throughput genomic
testing is not yet integrated into the national healthcare
reimbursement system, its implementation remains
largely dependent on the financial resources of the
patients’ families. Consequently, pathogenic variants
beyond the scope of the applied methods may have
remained undetected, contributing to the persistence of
unresolved cases. Finally, the pediatric, referral-based
nature of the cohort may constrain the generalizability
of these findings to adult populations or unselected
clinical settings. Nonetheless, these constraints
mirror real-world diagnostic practice and highlight the
continued need for integrated functional approaches
and broader genomic strategies to improve diagnostic
resolution in patients with suspected mitochondrial
disease.

Conclusion

This study delivers a rigorous, multidimensional
characterization of a pediatric cohort with suspected
mitochondrial disease, integrating clinical, biochemical,
instrumental, and genetic data to refine diagnostic
stratification.Relevantmolecularfindingswereidentified
in 33.7% of patients (n = 81), distributed between
patients with mitochondrial involvement (n = 37) and
alternative genetic disorders (n = 44), while 66.3% (n
=159) remained unresolved. Specifically, patients with
mitochondrial involvement demonstrated pronounced
multisystemic involvement, distinctive metabolic
perturbations, and convergent neuroanatomical
alterations, reflecting the complex pathophysiology
and systemic impact of mitochondrial dysfunction. The
results underscore the critical importance of integrated
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diagnostic frameworks that combine detailed clinical
assessment with targeted and expanded genomic
analyses. Beyond current strategies, there remains a
clear necessity for advanced sequencing technologies
and functional investigations to enhance diagnostic
resolution and support precision management in
complex clinical settings.
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Abstract

Objective: The European LeukemiaNet (ELN) 2022 risk classification for acute myeloid leukemia (AML) was primarily
developed in cohorts treated with intensive chemotherapy and has demonstrated limited prognostic discrimination in AML
patients receiving less-intensive regimens. The recently proposed ELN 2024 classification aims to refine risk stratification
in patients treated with less-intensive regimens. We compared the prognostic performance of ELN 2022 and ELN 2024 in
a real-world cohort of unfit AML patients treated with azacitidine plus venetoclax.

Materials and Methods: In this retrospective single-center study, 39 newly diagnosed AML patients treated with first-line
azacitidine and venetoclax between January 2023 and September 2025 were included. Patients were stratified according
to ELN 2022 and ELN 2024 criteria. Overall survival (OS) was analyzed using Kaplan-Meier estimates, log-rank tests, Cox
regression, and Harrell’s concordance index (C-index).

Results: Median age was 70 years (range, 60-84). Secondary AML was present in 33.3%, and 30.8% harbored TP53
mutations. Under ELN 2022, 64.1% of patients were classified as adverse risk compared with 30.8% under ELN 2024. ELN
2022 did not significantly stratify OS in either three-group or dichotomized analyses (p=0.265 and p=0.199, respectively).
In contrast, dichotomized ELN 2024 demonstrated significant survival separation (p=0.041). Adverse risk according to
ELN 2024 was associated with inferior OS (HR 2.41,95% CI 0.98-5.94; p=0.057). The highest discriminatory capacity was
observed with the dichotomized ELN 2024 model (C-index 0.697; p=0.021).

Conclusion: In AML patients treated with hypomethylating agents plus venetoclax, ELN 2024 provides improved prognostic
discrimination compared with ELN 2022. These findings support the clinical relevance of treatment-context-specific risk
stratification in the venetoclax era.
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Introduction

Acute myeloid leukemia (AML) is a biologically
heterogeneous malignancy with historically poor
outcomes in older or medically unfit patients who are
ineligible for intensive induction chemotherapy. Prior
to 2018, treatment options for this population were
largely limited to hypomethylating agents (HMAs)
or low-dose cytarabine, with median overall survival
(OS) rarely exceeding one year [1]. The U.S. Food and
Drug Administration’s approval of the BCL-2 inhibitor
venetoclaxin combination with azacitidine or decitabine
in 2018 marked a pivotal turning point in AML therapy,
leading to substantially higher response rates and
improved survival in patients previously considered to
have a dismal prognosis [2].

In parallel with therapeutic advances, rapid progress
in genomic profiling has fundamentally reshaped
risk assessment in AML. Molecular and cytogenetic
abnormalities are currently recognized as key
determinants of treatment response and survival,
forming the backbone of European LeukemiaNet (ELN)
risk classifications [3,4]. However, the ELN 2017 and
subsequently ELN 2022 recommendations were derived
predominantly from cohorts treated with intensive
chemotherapy and were not designed to stratify
outcomes in patients receiving less-intensive, HMA-
based regimens [4,5]. As a result, validation studies
in venetoclax-treated or HMA-treated older patients
demonstrated suboptimal prognostic discrimination,
with a disproportionate number of patients being
assigned to the adverse-risk category [6].

These limitations prompted the development of the ELN
2024 genetic risk classification for patients receiving
less-intensive therapies, which represents a conceptual
shift from therapy-agnostic to treatment-context-
specific prognostication. The ELN 2024 framework
integrates emerging real-world and clinical trial data
from patients treated with HMA monotherapy, HMA plus
venetoclax, or azacitidine plus targeted agents such
as ivosidenib. Importantly, it emphasizes the dominant
adverse prognostic impact of TP53 mutations, while
identifying favorable-risk subgroups such as DDX41-
mutated or selected NPM1- and IDH-mutated AML,
particularly in the absence of activating signaling
mutations [6].

Given the widespread adoption of venetoclax-based
regimens in real-world clinical practice, there remains a
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criticalunmet need to determine whetherthe ELN 2024
classification provides superior prognostic stratification
compared with ELN 2022 in this specific therapeutic
setting. Accordingly, in our study, we aimed to compare
the prognostic performance of the ELN 2022 and ELN
2024 risk classifications in patients with AML treated
with a combination of HMAs and BCL-2 inhibitors, and to
evaluate their ability to discriminate survival outcomes
within a real-world cohort.

Materias and Methods

Study design and patient population

This retrospective, single-center observational cohort
study included consecutive adult patients (=218 years)
with newly diagnosed AML according to the 2022 World
Health Organization (WHO) and International Consensus
Classification (ICC) criteria between January 2023 and
September 2025 [7,8].

All patients received first-line therapy with azacitidine
in combination with venetoclax at the Department of
Hematology, Ankara Etlik City Hospital, and those who
received at least one dose of both agents were included
in the analysis.

The study was approved by the Ankara Etlik City
Hospital Ethics Committee (Date: 28-05-2025;
Approval No: AESH-BADEK1-2025-086) and conducted
in accordance with the Declaration of Helsinki.

Data collection and molecular analyses

Demographic, clinical, and laboratory data were
retrieved from electronic and paper-based medical
records. Collected variables included age at diagnosis,
sex, comorbidities, prior azacitidine exposure,
cytogenetic findings, and molecular abnormalities at
diagnosis.

Conventional cytogenetic analysis was performed
using G-banding. Fluorescence in situ hybridization
(FISH) was conducted to detect recurrent chromosomal
abnormalities, including del(5q), del(7q), +8, del(20q),
1(8;21),t(15;17),inv(16),1(9;22), KMT2A rearrangements,
DEK/NUP214, and inv(3).

Molecular Profiling and Next-Generation Sequencing
(NGS)
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Comprehensive somatic genomic profiling was
performed using a high-throughput targeted NGS
approach designed to evaluate 74 genes frequently
mutated in myeloid malignancies and bone marrow
failure syndromes. The panel targeted the complete
coding regions and essential splice sites of a broad
gene set, including NPM1,FLT3 (ITD and TKD), DNMT3A,
TET2, TP53, ASXL1, RUNX1, IDH1/2, as well as markers
for telomere maintenance (TERC, TERT) and ribosome
biogenesis (SBDS, RPL23).

Genomic DNA was isolated from bone marrow aspirates
or peripheral blood samples obtained at diagnosis.
Library preparation was performed using the SOPHIiA™
Myeloid Custom Solution (SOPHIA GENETICS, Saint-
Sulpice, Switzerland), employing a hybrid-capture-
based target-enrichment methodology. This approach
was selected for its superior capacity to provide uniform
coverage and detection internal tandem duplications.
Sequencing was performed on the Illumina NextSeq
2000 (Illumina, San Diego, CA, USA) platform.

Somatic variants were interpreted and categorized
according to the Joint Consensus Recommendations
of the Association for Molecular Pathology (AMP),
American Society of Clinical Oncology (ASCO), and
College of American Pathologists (CAP). A variant allele
frequency (VAF) threshold of =5% was utilized for
clinical risk stratification. However, variants with lower
VAFs were meticulously evaluated for key driver genes,
such as TP53, where subclonal mutations may carry
independent prognostic weight. Based on cytogenetic
and molecular findings at diagnosis, patients were
stratified according to both the ELN 2022 and ELN
2024 risk classifications.

Endpoints

The primary endpoint of the study was OS, defined as
the time from AML diagnosis to death from any cause.
Patients who were alive at the time of last follow-up
were censored accordingly.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics version 25.0 (IBM Corp., Armonk, NY, USA).
Categorical variables were expressed as frequencies
and percentages. Continuous variables were reported
as median and range.
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Survival probabilities were estimated using the
Kaplan-Meier method and compared between groups
using the log-rank test. Cox proportional hazards
regression analysis was performed to estimate hazard
ratios (HRs) and 95% confidence intervals (Cls).
Prognostic discrimination was evaluated using Harrell’s
concordance index (C-index). To enhance statistical
robustness given the small sample size, additional
dichotomized analyses (favorable/intermediate vs
adverse risk) were performed for both ELN 2022 and
ELN 2024. A two-sided p-value <0.05 was considered
statistically significant.

Results

A total of 39 patients were included in the study. The
medianageatdiagnosiswas70years(range,60-84),and
56.4% of the cohort were male. Baseline demographic,
clinical,and molecular characteristics were summarized
in Table 1. The most frequently mutated genes identified
by NGS were NPM1 (32.4%), DNMT3A (23.5%),
TET2 (23.5%), SRSF2 (23.5%), FLT3 (20.6%), ASXL1
(20.6%), and TP53 (20.6%). When patients harboring
TP53 mutations detected by Sanger sequencing were
additionally included, the overall prevalence of TP53
mutations in the entire cohort increased to 30.8%.
Secondary AML accounted for 33.3% of cases, and
20.5% of patients had a documented history of prior
azacitidine exposure.

The median follow-up was 7 months (IQR, 3-11). During
follow-up, 20 deaths were observed, providing the basis
for the OS analyses. Kaplan-Meier analysis of OS for the
entire cohort is shown in Figure 1, yielding an estimated
12-month OS rate of 41.1%.

The redistribution of risk categories between ELN 2022
and ELN 2024 was summarized in Figure 2. Under
ELN 2022, 3 patients were classified as favorable, 11
as intermediate, and 25 as adverse risk. In contrast,
ELN 2024 categorized 17 patients as favorable, 10
as intermediate, and 12 as adverse risk. All patients
classified as favorable by ELN 2022 remained favorable
under ELN 2024. Among the 11 patients classified as
intermediate risk according to ELN 2022, 8 (72.7%)
remained in the intermediate category, whereas 3
(27.3%) were reclassified as favorable under ELN 2024.
Importantly, among the 25 patients categorized as
adverse risk by ELN 2022, only 12 (48%) remained
adverse under ELN 2024, while 2 (8%) were reassigned
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Table 1. Baseline demographic, clinical, and molecular characteristics of the study cohort

Characteristics Entire Cohort (n: 39)
Age at diagnosis, years

Median (Range) 70 (60 - 84)
Age categories, n (%)

60-69 years 19 (48.7)

70-79 years 17 (43.6)

80-85 years 3(77)
Sex, n (%)

Female 17 (43.6)

Male 22 (56.4)
ELN 2022 risk classification, n (%)

Favorable 3 (77)

Intermediate 11(28.2)

Adverse 25 (64.1)
ELN 2024 risk classification, n (%)

Favorable 17 (43.6)

Intermediate 10 (25.6)

Adverse 12 (30.8)
Prior exposure to azacitidine, n (%) 8 (20.5)
Secondary AML*, n (%) 13 (33.3)
Recurrent gene mutations detected by NGS**, n (%) (N: 34)
NPMt1 11(32.4)
FLT3 7(20.6)
DNMT3A 8(23.5)
TP53 7** (20.6)
IDH1-IDH 2 5(14.7)
KRAS - NRAS 2(5.9)
RUNX1 4 (11.8)
TET2 8 (23.5)
CEBPA 4 (11.8)
ASXL1 7(20.6)
PTPNI11 3(8.8)
SRSF2 8(23.5)
BCOR 5(14.7)
Others (ATM, DDX41, JAK2, RAD21, SETBP1, SF3B1, STAG2, U2AF1) 10 (29.4)
Allogeneic HSCT performed, n (%) 4 (10.3)
Median follow-up, months (IQR) 7(3-1)

(ELN, European LeukemiaNet; HSCT, hematopoietic stem cell transplantation; NGS, next-generation sequencing) *Secondary AML included patients with
therapy-related AML and those with a documented history of myelodysplastic syndrome or chronic myelomonocytic leukemia prior to AML diagnosis.
**NGS-based molecular profiling was performed in 34 patients. Mutation frequencies were calculated exclusively among patients who underwent NGS
testing. The TP53 mutation rate presented in the table includes only mutations identified by NGS.
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Figure 1. Overall survival curve for the entire cohort (OS, overall survival)

to the intermediate cateqgory and 11 (44%) were
reclassified as favorable (Figure 2).

Kaplan-Meier survival analyses were performed
according to both ELN 2022 and ELN 2024 risk
classifications. Using the three-group ELN 2022 model
(favorable, intermediate, adverse), no statistically
significant difference in OS was observed among risk
categories (log-rank p=0.265; Figure 3A). Similarly,
when patients were dichotomized as favorable/
intermediate versus adverse risk, ELN 2022 did not
significantly stratify OS (log-rank p=0.199; Figure 3B).
In contrast, ELN 2024 demonstrated improved risk
discrimination. Although the three-group analysis did
not reach statistical significance (log-rank p=0.125;
Figure 4A), dichotomizing into favorable/intermediate
versus adverse risk groups resulted in significant
separation of the survival curves (log-rank p=0.041;
Figure 4B).

In Cox regression analysis, the adverse risk category
according to ELN 2022 was not significantly associated
with inferior OS compared with the favorable/
intermediate risk cateqgories (hazard ratio [HR] 1.98,
95% confidence interval [CI] 0.66-5.97; p=0.225).
By contrast, the adverse risk category defined by ELN
2024 showed a stronger association with inferior OS

www.actamedica.org

(HR 2.41,95% Cl 0.98-5.94; p=0.057), demonstrating a
near-significant trend toward worse survival.

Model discrimination was assessed using Harrell’s
concordance index (C-index). The ELN 2022 model
yielded a C-index of 0.613 (p=0.215; 95% Cl, 0.434-
0.792).Asimilar value was observedforthedichotomized
ELN 2022 model (C-index 0.612; p=0.221). ELN 2024
showed improved discrimination with a C-index of 0.672
(p=0.051; 95% Cl, 0.499-0.845). Notably, the highest
discriminative performance was achieved with the
dichotomized ELN 2024 model (C-index 0.697; p=0.021;
95% ClI, 0.529-0.865), indicating superior prognostic
accuracy compared with ELN 2022 (Supplementary
Table 1).

When patients with prior azacitidine exposure or
those who underwent allogeneic transplantation were
excluded, the cohort size decreased; however,the overall
direction and magnitude of the survival differences did
not change materially (data not shown).

Discussion
In our real-world cohort of AML patients uniformly
treated with azacitidine plus venetoclax, ELN 2024

showed improved prognostic discrimination compared
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Favorable 3

Intermediate 11

Adverse 25
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Figure 2. Risk category redistribution between ELN 2022 and ELN 2024 classifications

Graphical representation of patient reclassification across risk categories when transitioning from ELN 2022 to ELN
2024 criteria. Under ELN 2022, 3 patients were classified as favorable, 11 as intermediate, and 25 as adverse risk. In
contrast, ELN 2024 categorized 17 patients as favorable, 10 as intermediate, and 12 as adverse risk. All patients classified
as favorable according to ELN 2022 remained favorable under ELN 2024. While most intermediate-risk patients retained
their classification, a subset was reclassified as favorable. Notably, among the 25 patients categorized as adverse risk by
ELN 2022, only 12 remained adverse under ELN 2024, with the remainder reassigned to lower-risk categories.

with ELN 2022. Although three-group comparisons did
not consistently reach statistical significance—likely
due to the limited sample size—the directionality of
results across Kaplan-Meier analyses, Cox regression,
and concordance indices generally favored ELN 2024.
Notably, the dichotomized ELN 2024 model (favorable/
intermediate vs adverse) achieved significant survival
separation and the highest discriminative capacity
(C-index 0.697), providing preliminary support for its
potential clinical utility in the venetoclax era.

AML outcomes vary substantially according to recurrent
cytogenetic and molecular abnormalities. The ELN 2017
and 2022 classifications stratify patients into favorable,
intermediate, and adverse risk groups based on these
features. However, the derivation cohorts primarily
consisted of younger patients treated with intensive
chemotherapy, with or without allogeneic hematopoietic
stem cell transplantation [4,5]. Consequently, ELN 2022
was not designed for patients receiving less-intensive
regimens such as HMAs combined with venetoclax.
Subsequent validation studies in older or unfit AML
patients treated with HMAs with or without venetoclax
demonstrated limited prognostic discrimination and
an overrepresentation of patients within the adverse-
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risk category [4,6,9,10]. Such skewed allocation may
reduce the clinical utility of ELN-based stratification
as treatment paradigms shift toward venetoclax-based
combinations in non-intensive settings.

In our cohort, ELN 2022 classified 64.1% of patients as
adverserisk,whereas ELN 2024 reduced this proportion
to0 30.8%, with substantial redistribution to favorable and
intermediate categories. This shift reflects the transition
from therapy-agnostic risk assessment to treatment-
context-specific  stratification. By incorporating
outcome data from HMA-based regimens, including
HMA plus venetoclax and azacitidine combined with
targeted agents, ELN 2024 recalibrates the prognostic
weight of molecular abnormalities in the non-intensive
setting [6,11]-13]. In particular, it emphasizes the
dominant adverse impact of TP53 mutations while
refining the classification of other molecular subgroups.

The biological rationale is supported by evidence
showing that venetoclax-based regimens improve
outcomes in NPMi1-mutated AML—traditionally a
favorable-risk ~ subgroup—whereas  TP53-mutated
disease continues to carry a poor prognosis despite
combination therapy 1,14]-16]. In our cohort, TP53
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Figure 3. Overall survival according to ELN 2022 risk classification

Kaplan-Meier curves illustrating overall survival (OS) stratified by ELN 2022 risk categories. (A) A three-group analysis (favorable, intermediate,
and adverse risk) showed no statistically significant difference in OS among risk groups (log-rank p=0.265). (B) Dichotomized analysis comparing
favorable/intermediate versus adverse risk also failed to show significant survival discrimination (log-rank p=0.199).
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Figure 4. Overall survival according to ELN 2024 risk classification

Kaplan-Meier curves illustrating overall survival (OS) stratified by ELN 2024 risk categories. (A) Three-group analysis (favorable, intermediate, and
adverse risk) did not demonstrate a statistically significant difference in OS (log-rank p=0.125). (B) Dichotomized analysis comparing favorable/
intermediate versus adverse risk groups showed significant separation of survival curves (log-rank p=0.041), indicating improved prognostic

discrimination with ELN 2024.

mutations were present in 30.8% of patients, reflecting
the high-risk molecular profile typical of older AML
populations treated with non-intensive regimens. The
improved discrimination observed with ELN 2024 may
be related to more accurate risk allocation of these
molecularly defined subgroups within the venetoclax-
based treatment context [6].
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When comparing our cohort with the pivotal VIALE-A
trial, several differences become apparent [14].
In VIALE-A, 286 of 431 patients were assigned to
azacitidine-venetoclax, with a median age of 76 years
and a median OS of 14.7 months after 20.5 months of
follow-up [14]. Prior exposure to HMAs, venetoclax,
or chemotherapy for myelodysplastic syndrome was
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an exclusion criterion [14]. In contrast, 20.5% of our
patients had prior azacitidine exposure, reflecting a
less selected real-world population. The proportion
of secondary AML was higher in our cohort (33.3%
vs 25% in VIALE-A), and TP53 mutation frequency
was also increased (30.8% vs 23% in the azacitidine-
venetoclax arm) [14]. These adverse biological features
likely contributed to the comparatively shorter survival
observed in our study. Additionally, real-world factors—
including a greater comorbidity burden, variability
in supportive care, and treatment interruptions—may
further explain differences in outcomes compared
with a controlled trial setting. Together, these elements
indicate that our cohort represents a more complex,
higher-risk population, underscoring the importance of
validating prognostic models in routine clinical practice.

Our study has several limitations that should be
considered. The modest sample size and short median
follow-up (7 months) restrict evaluation of long-term
survival and preclude fully adjusted multivariable
modeling. In addition, the single-center design,
institutional testing practices, referral patterns,
and transplant selection strategies may limit the
generalizability of our findings. Nonetheless, the
consistent directionality of survival separation and
effect estimates across analytic methods supports
the biological plausibility of ELN 2024 stratification
in this context. Larger multicenter studies with longer
follow-up are warranted to confirm these findings and
further refine prognostic models, potentially integrating
molecular risk with measurable residual disease (MRD)
assessment to enhance risk prediction in the venetoclax
era [17].

Conclusion

In this real-world Turkish AML cohort treated
with azacitidine plus venetoclax, the ELN 2024
risk classification showed improved prognostic
discrimination compared with ELN 2022. ELN 2024
more accurately redistributed patients across risk
cateqgories and achieved superior survival separation
and concordance performance. These findings provide
preliminary support for the potential clinical utility
of treatment-context-specific risk stratification and
reinforce the need for continued external validation of
evolving genetic classification systems in contemporary
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AML practice. With larger patient cohorts and extended
follow-up, future studies may enable the development
and refinement of novel molecularly driven prognostic
models tailored specifically to venetoclax-based
treatment settings, potentially integrating genomic,
clinical, and MRD parameters to further enhance risk
prediction.
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Abstract

Objective: Social media has transformed patient-physician interactions, with YouTube emerging as a major contributor.
Platelet-rich plasma (PRP) therapy has gained substantial popularity in orthopedics despite ongoing debate regarding
its effectiveness. As orthobiologic treatments are increasingly promoted directly to consumers, concerns have emerged
regarding the quality, reliability, and potential bias of online information. This study aimed to evaluate the quality, reliability,
and bias of YouTube videos related to PRP in orthopedics.

”

Materials and Methods: A cross-sectional analysis of YouTube was performed, using the search terms “prp,” “prp knee,”
and “prp shoulder.” The first 50 results were recorded, and after exclusions, eligible videos were analyzed. Video metadata
were recorded and content sources were categorized as physician, medical institution, or non-medical sources. Information
quality was assessed using Brief DISCERN instrument, JAMA Criteria, and Global Quality Score (GQS). Bias was evaluated
based on predefined criteria including promotional language and testimonial-driven claims.

Results: A total of 111 videos were analyzed. Physicians produced 49.5% of videos, followed by institutions (39.6%) and non-
medical sources (10.8%). Overall information quality was low-to-moderate, with median Brief DISCERN, JAMA, and GQS
scores of 17, 3, and 3, respectively. Significant differences were observed between uploader types for all quality metrics
(DISCERN p=0.008; JAMA and GQS p<0.001). Physicians demonstrated higher quality compared to medical institutions and
non-medical sources. Overall, 40.5% of videos were classified as biased, with no significant association between source and
bias (p=0.0516). Non-biased videos had higher JAMA (p=0.038) and GQS (p=0.025) scores. Longer videos were associated
with higher quality and engagement (all p<0.001), while popularity metrics were not associated with information quality.

Conclusion: YouTube videos on PRP in orthopedics demonstrate variable quality, incomplete transparency, and a notable
proportion of potentially biased content. Physician-generated content is associated with higher quality, although overall
reliability and transparency remain inconsistent. These findings highlight both the need and the opportunity for more
accurate, transparent, balanced, and evidence-based content to better support patient decision-making.

Keywords: platelet-rich plasma, orthopedics, social media, health information quality, bias

Introduction traditional patient-provider dynamic, shifting toward

more participatory and information-driven interactions
In the current landscape of digital health, social [1-3]. Among these platforms, YouTube has emerged
media platforms have substantially transformed the  as one of the most visited websites globally and serves
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as a major repository for health-related information
[4-6]. Importantly, online video platforms may also
provide accessible and practical educational content for
patients when information is accurate, transparent, and
appropriately contextualized [6-9].

This shift toward digital self-education is particularly
evident in orthopedics, where patients frequently
access online resources prior to consultation and
explore nonoperative treatment options for chronic
musculoskeletal conditions [9-12]. These resources may
improve familiarity with treatment options, but they may
also shape expectations before a clinician has had the
opportunity to discuss indications, uncertainties, risks,
and alternatives [9,13].

Public interest in PRP has increased in recent years,
as reflected by online search trends (Figure 1). The
global PRP market has demonstrated rapid growth,
with estimates exceeding $600 million by 2025, largely
drivenbyitsincreasing applicationin knee osteoarthritis
and shoulder pathologies [14,15]. Although numerous
clinical trials and meta-analyses suggest that PRP
may improve pain and functional outcomes in selected
musculoskeletal conditions, its clinical effectiveness
remains debated [16-22]. This uncertainty is partly
due to substantial variation in preparation methods,
composition, and application protocols across studies.

The growing demand for “regenerative” therapies
has led to rapid commercialization of orthobiologics,
often accompanied by direct-to-consumer marketing
strategies that may outpace established evidence-
based guidelines [9,23,24]. In this setting, promotional
narratives, selective presentation of benefits, and

@® joint injection @ prp

limited discussion of uncertainty may affect patient
expectations and informed decision-making [7,25-27].

Previous studies evaluating medical and orthobiologic
content on YouTube have shown variable information
quality and incomplete transparency [5,28,29].
However, there remains a relative paucity of studies
specifically examining PRP-related YouTube videos in
orthopedics while assessing both informational quality
and potential commercial or promotional bias [29,30].
This combined assessment represents the main
contribution of the present study.

Therefore, the aim of this study was to evaluate the
quality, reliability, and bias of YouTube videos addressing
the use of PRP in orthopedic practice. We hypothesized
that PRP-related videos would demonstrate variable
information quality and that a substantial proportion
would contain potentially promotional or biased content.

Materials and Methods

No ethical approval was required for this study, as it
did not involve human participants, animal subjects, or
identifiable personal data.

On 27 March 2026, a cross-sectional search of YouTube
was performed using the search terms “prp”, “prp
knee”, and “prp shoulder”. Searches were performed
on a newly configured MacBook (Tahoe 26.4) using
Safari Version 26.4, with cookies and tracking disabled,
along with a newly created YouTube account based in
the United States. Searches were performed using

YouTube’s default relevance-based sorting, which was

corticosteroid injection @ hyaluronic acid

Mg

AN\
Slioneaiil NN~ anh

Figure 1. YouTube search trends for joint injection, platelet-rich plasma (PRP), corticosteroid injection, and hyaluronic acid
between January 1, 2008, and March 1, 2026, presented on a normalized 0-100 scale
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selected to reflect the order most likely encountered
by a typical user. The first 50 results for each search
term were screened because users are more likely to
interact with videos appearing early in search results.
Beyond this range, results increasingly included less
relevant recommendations. Videos appearing in more
than one search were recorded once, and duplicate
entries were removed before final analysis. Non-
English content, videos not related to orthopedic PRP
applications, and inaccessible or duplicate videos were
excluded. Metadata were collected for each video,
including duration, view count, likes, comments, and
video age. The creator of each video was categorized as
a physician, medical institution, or non-medical source.
To account for the variation in video age and its impact
on popularity, a view ratio was calculated as the total
number of views divided by the number of days since
upload. An interaction ratio was also calculated to
assess user engagement, defined as the sum of likes
and comments divided by the total view count.

Information quality and reliability were evaluated using
three scoring systems: the Brief DISCERN instrument,
which comprises six questions scored from 1 to 5,
yielding a total score ranging from 6 to 30, the JAMA
(Journal of the American Medical Association) Criteria
(one point for each of the four criteria), and the Global
Quality Score (GQS) (scored on a 1 to 5 Likert scale)
(Table 1). Source neutrality was assessed using a binary
bias score, with 1 indicating the presence of bias and
0 indicating neutral presentation. Criteria for a bias
score of 1 included the use of hyperbolic descriptors
(e.g., “miracle solution” or “liquid gold”), the promotion
of proprietary medical brands, or a heavy reliance on
patient testimonials to suggest guaranteed outcomes.
Allvideos were independently evaluated by two authors.
In instances where initial scoring was not identical,
discrepancies were resolved through consensus
discussion with the senior author.

Statistical analysis was performed using IBM SPSS
Statistics V23 (IBM Corp., Armonk, NY, USA). Descriptive
data were presented as median, interquartile range
(IQR), minimum, maximum, and first and third quartiles
for continuous variables, and as frequencies and
percentages for cateqgorical variables. The normality of
continuous variables was assessed using the Shapiro-
Wilk test and histogram analysis. As the data were not
normally distributed, nonparametric tests were applied.
Comparisons between two groups were performed using
the Mann-Whitney U test, while comparisons across
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multiple groups were conducted using the Kruskal-
Wallis test. When significant differences were identified,
post hoc pairwise comparisons were performed using
Dunn’s test with Bonferroni correction. Categorical
variables were analyzed using the chi-square test or
Fisher’s exact test, as appropriate. Correlations between
continuous variables were assessed using Spearman’s
rank correlation coefficient. A p-value of <0.05 was
considered statistically significant.

Results

A total of 150 videos were initially identified, and after
applying exclusion criteria, 111 videos were included
for final analysis. The median video age was 38.06
(IQR:44.13) months, with amedian video duration of 3.83
(IQR: 6.38) minutes, and a median view count of 3807
(IQR:25421). The median view ratio was 6.9 (34.61), and
the median interaction ratio was 0.0147 (IQR:0.0205).

Regarding content sources, 49.5% of videos were
uploaded by physicians, 39.6% by medical institutions,
and 10.8% by non-medical sources. The median Brief
DISCERN score was 17 (IQR:6), corresponding to low-to-
moderate information quality. The median JAMA score
was 3 (IQR:1) and median Global Quality Score (GQS)
was 3 (IQR:2). According to the predefined criteria,
32.7% of videos from physicians, 54.5% of videos from
medical institutions, and 25.0% of videos from non-
medical sources were biased, with a total of 40.5% of
videos being classified as biased based on predefined
criteria (Table 2) (Figure 2).

When grouped by uploader type, a significant difference
was observed among physicians, medical institutions,
and non-medical sources for DISCERN (p=0.008),
JAMA (p<0.001), and GQS (p<0.001) scores. Physicians
had significantly higher DISCERN scores compared to
medical institutions (p=0.002), while no significant
difference was observed between physicians and
non-medical sources (p=0.185) or between medical
institutions and non-medical sources (p=0.534). For
JAMA and GQS scores, physician-generated videos
had significantly higher scores than videos uploaded
by medical institutions (p=0.0004 and p=0.0002,
respectively) and non-medical sources (p=0.0071
and p=0.0020, respectively), whereas no significant
differences were found between medical institutions
and non-medical sources (p=0.659 and p=0.472,
respectively). There was no statistically significant
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Table 1. Scoring systems

Question no Brief DISCERN question

1 Is it clear what sources of information were used to compile the publication (other than the author or
producer)?

2 Is it clear when the information used or reported in the publication was produced?

3 Does it describe how each treatment works?

4 Does the publication describe the benefits of each treatment?

5 Does it describe the risks of each treatment?

6 Does it describe how the treatment choices affect overall quality of life?

Score Global quality description

1 Low quality, video information flow weak, most information missing, not beneficial for patients.

2 Usually, low quality and low flow of information, some listed information and many important issues are
missing, very limited use for patients.

3 Moderate quality, the insufficient flow of information, and some important information is sufficiently
discussed, but some are poorly discussed and somewhat useful for patients.

4 Good quality and generally good information flow. Most of the relevant information is listed, but some topics
are not covered, useful for patients.

5 Excellent quality and information flow, very useful for patients.

JAMA criteria  Description

Authorship Are the authors, contributors, and their credentials clearly listed?

Attribution Are all sources of information, including references and data sources, cited?
Disclosure Are potential conflicts of interest, funding sources, or commercial interests disclosed?
Currency Is the date of publication or last update clearly shown?

association between creator type and bias, although the
difference approached significance (p=0.0516).

Compared to biased videos, non-biased videos showed
higher JAMA (p=0.038) and GQS (p=0.025) scores,
but no significant differences were found in terms of
View Ratio (p=0.087), Interaction ratio (p=0.220),
and Brief DISCERN scores (p=0.080). Longer videos
showed higher View Ratio (p<0.001), Interaction ratio
(p<0.001), Brief DISCERN scores (p<0.001), JAMA
scores (p<0.001), and GQS scores (p<0.001).

Discussion

This study found substantial variability in the quality
of YouTube videos addressing PRP use in orthopedics.
Overall, videos exhibited low-to-moderate information
quality and limited adherence to transparency criteria.
A notable proportion of videos (40.5%) met the

www.actamedica.org

predefined criteria for bias; however, the association
between uploader type and bias did not reach statistical
significance (p=0.0516). Therefore, these findings
should be interpreted as evidence of potentially
promotional framing in a meaningful subset of videos
rather than definitive proof of widespread commercial
bias.

These findings are consistent with previous literature
indicating that online health information often lacks
completeness, proper sourcing, and accountability
[5,28].Although no significant association was observed
between view-based popularity metrics and information
guality, longer videos were consistently associated with
higher quality scores and greater engagement. This
suggests that content depth, rather than popularity,
may be a more meaningful indicator of informational
value. It also supports prior evidence that views, likes,
and engagement are unreliable proxies for medical
accuracy [28].

169


https://actamedica.org/

Ayik G, et al. PRP YouTube Videos in Orthopedics: Bias and Quality

Acta Medica 2026; Early View: 166-173

Table 2. Descriptive statistics

Variables Median (1st and 3rd quartiles) Minimum - maximum
Video Age (months) 38.06 (16-60.13) 0.03-148.76
Video Length (minutes) 3.83(1.93-8.31) 0.43-69.50
View Count 3807 (514-25835) 10-538209
View Ratio 6.90 (0.47-35.08) 0.05-290.80
Like Count 42 (3-316) 0.00-7800
Comment Count 7(0-53) 0-809
Interaction Ratio 0.0147(0.0056-0.0261) 0.0000-0.2000
Brief DISCERN Score 17 (15-21) 10-29
JAMA Score 3(2-3) 1-4
GQS Score 3(2-4) 1-5
Variables Frequencies Percentages
Creator Physician 55 49.5%
Medical Institutions 44 39.6%
Non-Medical Sources 12 10.8%
Bias Biased 45 40.5%
Non-biased 66 59.5%
rigor and limited discussion of uncertainty. This aligns
:2 with previous studies highlighting deficiencies in

20

15

10
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Physician Instutition Non-Medical
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Figure 2. Distribution of biased and non-biased content
according to source type

A key strength of this study was the simultaneous
evaluation of informational quality and bias. Promotional
characteristics, including hyperbolic language, brand-
oriented messaging, and testimonial-driven narratives,
were observed in a subset of videos. Videos classified as
biased demonstrated no significant differences in Brief
DISCERN scores, but significantly lower JAMA and GQS
scores, which may suggest that commercially driven
content may be associated with reduced scientific
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transparency and evidence-based communication in
YouTube health content [5]. The influence of commercial
bias is particularly relevant in orthobiologics, where
direct-to-consumer marketing has expanded rapidly
and may shape patient perceptions independent of the
underlying evidence [7,23].

Differences according to wuploader type further
contextualize these findings. Physician-generated
videos demonstrated higher quality and reliability
scores compared to those produced by non-medical
sources, consistent with prior reports that clinician
involvement improves the structure and credibility of
online medical information [1]. Videos produced by
medical institutions were not superior to those uploaded
by non-medical sources, suggesting that institutional
affiliation alone does not guarantee content quality.
However, even physician-produced content did not
consistently meet transparency standards, particularly
regarding disclosure and referencing, which are
essential components of the JAMA criteria [31]. This
suggests that while professional involvement improves
content quality, it does not fully address issues related
to accountability and completeness.

www.actamedica.org
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The present findings also align with the broader
literature evaluating YouTube as a source of health
information.  Multiple systematic reviews have
concluded that YouTube contains heterogeneous and
frequently unreliable medical content, with significant
variability across topics and methodologies [5,28].
Within orthopedics, recent studies on orthobiologics
have similarly reported low-to-moderate reliability and
incomplete information, although some reports focusing
specifically on PRP have suggested acceptable quality
depending on study design and evaluation criteria
[29,30]. These discrepancies likely reflect differences
in search strategies, scoring systems, and the rapidly
evolving nature of online content [32].

The susceptibility of PRP-related content to
oversimplification and promotional framing may
be explained by the inherent complexity and

heterogeneity of PRP therapy. Although some studies
have demonstrated clinical benefits in conditions such
as knee osteoarthritis and rotator cuff tendinopathy,
others have reported no significant advantage
compared to placebo [16,17]. Meta-analyses suggest
that outcomes may vary depending on factors such
as platelet concentration and preparation methods
[18]. This variability is further compounded by the lack
of standardized classification systems and reporting
protocols, which limits comparability across studies and
complicates interpretation [19,22]. As a result, nuanced
scientific findings may be reduced to simplified or
exaggerated claims in online media, where clear and
appealing narratives are often favored over balanced
explanations [18].

Commercialization  likely also  amplifies  this
phenomenon.The expanding PRP marketandincreasing
demand for regenerative therapies have created strong
incentives for direct-to-consumer promotion, often
emphasizing accessibility and effectiveness without
adequately addressing limitations or uncertainties [15].
Similar patterns have been observed in other areas of
regenerative medicine, including stem cell therapies,
where misleading or exaggerated claims have raised
ethical and requlatory concerns [7,23]. These dynamics
contribute to the proliferation of persuasive but
potentially misleading content, reinforcing the role of
commercial bias in shaping online health information

[71.

The clinical implications of these findings are relevant
but should be interpreted in light of the study design.

www.actamedica.org

Biased or low-quality information may influence patient
expectations, contribute to therapeutic misconception,
and affect decision-making processes. Informed consent
requires a clear understanding of benefits, risks, and
alternatives; however, promotional content may distort
this balance by emphasizing positive outcomes while
minimizing uncertainty [25,27]. Moreover, exposure
to online health information has been shown to affect
patient behavior, including treatment preferences
and healthcare utilization, and may influence the
patient-physician relationship [2,26]. In this context,
PRP-related online content should be considered an
important component of patient education rather than
a direct measure of clinical outcomes.

These findings highlight the importance of proactive
patient education and the opportunity to improve
online resources. Clinicians should routinely inquire
about patients’ exposure to online information and
provide quidance toward reliable, evidence-based
resources. Open discussion of online content may
enhance patient understanding and strengthen the
therapeutic relationship [1,2]. Additionally, healthcare
professionals and medical institutions can improve
the online information environment by producing
concise, balanced, and transparent videos that explain
indications, expected benefits, risks, alternatives,
uncertainty, and the heterogeneity of PRP preparations
in accordance with established quality standards such
as the JAMA criteria [31].

Several limitations should be considered. YouTube is
a dynamic platform, and search results may vary over
time and across users, limiting reproducibility. The
cross-sectional design, restriction to English-language
videos, and use of predefined search terms may limit
generalizability and may not capture the full diversity
of available content. Furthermore, while the Brief
DISCERN instrument, JAMA criteria,and GQS are widely
used, they were not specifically developed for video-
based platforms and may not fully reflect all aspects
of informational accuracy. The assessment of bias,
although based on predefined criteria and independent
review, also involves a degree of subjectivity. In addition,
formal inter-rater reliability coefficients were not
calculated after consensus scoring, which should be
addressed in future studies.

Future research should focus on longitudinal analyses

to evaluate temporal changes in content quality and
incorporate more detailed assessments of scientific
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accuracy and evidence levels. Evaluating the impact
of online content on patient knowledge, expectations,
and clinical decision-making would further enhance
understandingofitsreal-worldimplications.Additionally,
future studies may benefit from more granular analysis
of PRP-related content, including whether videos
adequately address treatment heterogeneity and
reporting standards.

Conclusion

YouTube videos on PRP in orthopedics demonstrate
variable quality, incomplete transparency, and a notable
proportion of potentially biased content. Physician-
generated content is associated with higher quality,
although overall reliability and transparency remain
inconsistent. These findings underscore the need for
more accurate, transparent, balanced, and evidence-
based online content to support informed patient
decision-making.
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Abstract

Objective: The coexistence of primary hyperparathyroidism (PHPT) and papillary thyroid carci-noma (PTC) has been
increasingly recognized; however, its impact on tumor behavior and clinicopathological features remains unclear. To
investigate the association be-tween PHPT and the clinicopathological characteristics of PTC in a large single-center
cohort.

Materials and Methods: This retrospective study included patients who underwent parathyroidectomy for PHPT between
2019 and 2024. Patients with concomitant PTC were identified and compared with a separate cohort of patients with
PTC without PHPT. Demographic, biochemical, and clinicopathological features, including tumor subtypes and adverse
pathological characteristics, were analyzed.

Results: Among 190 patients with PTC, 91(47.9%) had concomitant PHPT. Patients with PHPT were older and more frequently
female. Tumor size was significantly smaller in patients with PHPT. Aggressive histological subtypes were significantly less
frequent in the PHPT group (8.8% vs. 21.2%, p = 0.017). In addition, capsular invasion, lym-phovascular invasion, perineural
invasion, and lymph node metastasis were observed less frequently in patients with PHPT. Radioactive iodine use was also
significantly lower in this group.

In the PHPT cohort (n = 750), the presence of concomitant PTC was not associated with significant differences in
preoperative calcium, phosphorus, PTH, or ALP levels. However, patients with PTC had lower preoperative magnesium
levels and exhibited distinct postoperative biochemical profiles.

Conclusion: PHPT may be associated with non-aggressive subtypes and more favorable clinico-pathological features
in PTC. However, these findings should be interpreted cautious-ly, as tumor size and other potential confounders may
influence the observed associa-tions. PHPT alone should not be considered a determinant for treatment de-escalation,
and clinical decision-making should remain guided by established risk-adapted strategies. These findings may provide
additional insight into risk stratification in patients with coexisting PHPT and PTC.
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Introduction

Primary hyperparathyroidism (PHPT) is a common
endocrine disorder affecting ap-proximately 0.1-0.4%
of the general population [1]. In the majority of cases,
it is caused by a solitary parathyroid adenoma, and
surgical excision remains the definitive treatment [2].
Given the relatively high prevalence of con-comitant
thyroid pathology, preoperative thyroid evaluation
is routinely recommended in patients undergoing
parathyroidectomy [3].

Papillary thyroid carcinoma (PTC), accounting for 85-
90% of all thyroid malignancies, is the most common
type of thyroid cancer, with a steadily increasing
incidence worldwide over recent decades [4,5].
Although several stud-ies have reported an association
between PHPT and thyroid carcinoma [6,7], the nature of
this relationship remains incompletely understood [8].
In particular, it is still unclear whether this coexistence
reflects a causal link or represents a coincidental
finding, and further investigation is required to clarify
the underlying mechanisms.

Potential shared molecular pathways and genetic
predispositions contributing to the coexistence
of these two conditions have been proposed, but
current evidence re-mains limited [9,10]. Moreover,
comprehensive studies eval-uating the impact of PHPT
on the prognosis, disease progression, and treatment
out-comes of PTC—as well as the potential influence of
PTC on the clinical course of PHPT—are scarce [11,12].

A betterunderstanding of the clinical implications of this
coexistence is of considera-ble importance, particularly
in terms of diagnostic challenges, surgical planning, and
treatment strategies [7,12-14].

Therefore, the aim of this study was to systematically
evaluate the potential interac-tion between PHPT and
PTC in a large patient cohort.

Materials and Methods

Study design and patient selection

This retrospective study was conducted in two phases.
In the first phase, all consecu-tive patients with PHPT
who underwent surgery at our institution between
January 2019 and December 2024 were included. All
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procedures were performed by attending surgeons
from the Department of General Surgery.

During this period, a total of 816 patients underwent
parathyroidectomy. Of these, 67 patients were excluded
due to secondary or tertiary hyperparathyroidism (n =
36), fa-milial syndromes such as MEN1 or MEN2A (n =
7), incomplete medical records (n = 17), or unsuccessful
parathyroidectomy (n = 6). After applying these
exclusion criteria, 750 patients were included in the final
analysis and were stratified according to the presence
or absence of concomitant PTC (Figure 1).

In the second phase, to enable comparison between
patients with PTC with and with-out PHPT, a separate
cohort of patients with PTC without PHPT was included.
These patients were selected from consecutive cases
who underwent surgery between Jan-uary 2019 and
December 2020 and had a histopathological diagnosis
of PTC, in order to achieve a comparable sample size
with the PTC + PHPT group. This approach was chosen
to minimize temporal bias and ensure a homogeneous
surgical and diagnostic environment following the
establishment of our high-volume center in 2019.

Patients with concomitant PHPT and PTC were included
in both analytic cohorts, as each analysis addressed a
distinct research question.

Data collection

Preoperative and postoperative biochemical data
were retrieved from institutional electronic medical
records. All biochemical analyses were performed
in the central laboratory of our institution using
standardized automated analyzers in accordance with
the manufacturers’ instructions.

Alkaline phosphatase (ALP), calcium, phosphorus,
magnesium, and creatinine levels were measured using
the Siemens Atellica CH automated chemistry analyzer
(Sie-mens Healthineers,Erlangen,Germany),employing
IFCC-recommended kinetic col-orimetric or enzymatic
methods, as appropriate. Parathyroid hormone
(PTH) levels were measured using chemiluminescent
immunoassay on the Siemens Atellica IM analyzer.

The reference ranges were as follows: ALP 42-98 U/L,
calcium 8.7-10.4 mg/dL, phosphorus 2.4-5.1 mg/dL,
magnesium 1.3-2.7 mg/dL, and creatinine 0.5-1.1 mg/
dL. The reference range for serum PTH was 18.4-80.1
ng/mL.
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Parathyroidectomy alone
n =502

Parathyroidectomy + thyroidectomy
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Figure 1. Flowchart of the study population and patient selection process

Serum calcium concentrations were corrected for
albumin using the following formula:

Corrected calcium (mg/dL) = [0.08 x (40 - albumin
(g/L))] + measured calcium.

Laboratory parameters were collected at predefined
perioperative time points. Magne-sium and phosphorus
levels obtained during the final week prior to surgery
were rec-orded. PTH levels included the highest
preoperative value measured within one month before
surgery and the postoperative value measured on
postoperative day 1. Similar-ly, calcium levels were
defined as the highest preoperative value within one
month prior to surgery and the postoperative value
measured on postoperative day 1.

Clinical and pathological data

Data on PTC were obtained from pathology reports.
Parathyroid adenoma localization and dimensions were
determined based on preoperative ultrasonography and
opera-tive records. Adenomas were assumed to have an
ellipsoid shape, and their volumes were calculated using
the formula: volume = (1t/6) x length x width x depth.

Patients with renal stones detected on imaging
(ultrasonography or computed tomog-raphy) or with a
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documented history of nephrolithiasis were classified
as having a his-tory of renal stones.

Definitions

PHPT with PTC was defined as the coexistence of
histopathologically confirmed para-thyroid tumor and
PTC in the same patient, with both lesions identified and
treated during the same surgical procedure.

PTC subtypes were classified according to the World
Health Organization criteria.

Aggressive PTC subtypes were defined as tall cell,
hobnail, columnar cell, diffuse sclerosing, and solid/
trabecular variants, based on their established
association with adverse clinicopathological features.
Other subtypes—including classic (conventional),
follicular, Warthin-like, oncocytic, and cribriform-
morular variants—were not classified as aggressive.

Bone health was assessed using bone mineral density
(BMD) and T-scores obtained from dual-energy X-ray
absorptiometry (DXA) of the lumbar spine. Lumbar
spine measurements were selected because they
represented the most consistently availa-ble data in
this retrospective cohort (missing in only 8 patients).
Measurements from the radius, femoral neck, and total
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hip were not consistently available and were there-fore
excluded from analysis.

DXA measurements were performed using a GE/Lunar
Prodigy densitometer (GE Healthcare, Madison, WI,
USA) according to standard protocols. The precision
error for lumbar spine BMD measurements was within
acceptable limits, with a coefficient of variation (CV)
< 2%, in accordance with international densitometry
standards.

Statistical analysis

Continuous variables were assessed for normality
using visual inspection and the Shapiro-Wilk test and
are presented as mean * standard deviation (SD) or
median with interquartile range (IQR), as appropriate.
Categorical variables are expressed as frequencies and
percentages.

Comparisons between groups were performed using
Student’s t-test or the Mann-Whitney U test for
continuous variables and the chi-square test or Fisher’s
exact test for cateqgorical variables, as appropriate.

A two-sided p-value < 0.05 was considered statistically
significant. All statistical anal-yses were performed
using R software (version 4.1.1).

Ethical approval

This study was conducted in accordance with the ethical
principles of the Declaration of Helsinki. The study
protocol was approved by the local Ethics Committee
(approval number: TABED 1-25-1568). Informed consent
was obtained from all participants as part of the routine
institutional admission procedure, which includes
permission for the retrospective use of anonymized
clinical data for scientific research purposes.

Results

Comparison of PTC with and without concomitant PHPT
Among 190 patients with PTC, 91 (47.9%) had
concomitant PHPT. Patients with PTC and PHPT were

older than those without PHPT (55 £ 11 vs. 47 + 14 years,
p < 0.001) and were more frequently female (89% vs.
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71.7%, p = 0.003). The distribution of con-ventional
(classic) PTC was similar in patients with and without
PHPT (78.1% vs.78.7%). In contrast, the follicular subtype
was more common in patients without PHPT (42.4% vs.
33.0%) (Figure 2). Aggressive PTC subtypes were more
frequently ob-served in patients without PHPT (21.2%
vs. 8.8%, p = 0.017).

Patients without PHPT demonstrated higher rates of
adverse pathologic features, in-cluding capsule invasion
(31.3% vs. 17.6%, p = 0.028), lymphovascular invasion
(20.2% vs. 6.6%, p = 0.006), perineural invasion
(11.1% vs. 3.3%, p = 0.039), and central lymph node
metastasis (29.3% vs. 6.6%, p < 0.001). Lateral lymph
node me-tastasis was observed exclusively in patients
without parathyroid adenoma (PA) (7.9% vs. 0%, p <
0.001). Radioactive iodine therapy was administered
more frequently to patients without PHPT (80.8%
vs. 21.1%, p < 0.001). The rates of multifocality, bilat-
erality, recurrence, and follow-up duration did not differ
significantly between the groups (Table 1).

Comparison of PHPT with and without
concomitant PTC

A total of 750 patients with parathyroid pathology were
included, of whom 91 (12.1%) had concomitant PTC.
Patients with PHPT and concomitant PTC were slightly
older than those without PTC (55 + 11 vs. 52 + 12 years,
p = 0.002) and were more fre-quently female (89% vs.
80%, p =0.03).

The preoperative biochemical parameters, including
serum calcium, phosphorus, par-athyroid hormone
(PTH) and ALP levels, were largely comparable between
the groups. However, patients with concomitant PTC
had significantly lower preoperative magnesium levels
(median 1.99 vs. 2.07 mg/dL, p = 0.003).

Postoperatively, patients with PA and PTC had
significantly lower calcium levels (me-dian 8.48 vs. 8.90
mg/dL, p < 0.001), higher phosphorus levels (3.50 *
0.81 vs. 3.21 + 0.64 mg/dL, p = 0.001), and lower PTH
levels (median 10 vs. 17 pg/mL, p = 0.002). Parathyroid
gland location, pathology subtype, size, and volume did
not differ signifi-cantly between the groups. Similarly,
the prevalence of renal stones, bone mineral density,
and T-scores were comparable between patients with
and without concomi-tant PTC (Table 2).
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Figure 2. Distribution of PTC subtypes in patients with or without concomitant PHPT

Percentage distribution of papillary thyroid carcinoma subtypes in patients with and without parathyroid
adenomas. PHPT: Primary Hyperparathyroidism; PTC: papillary thyroid carcinoma. Percentages may exceed
100% due to the presence of mixed histological patterns.

Table 1. Comparison of PTC with or without PHPT

Variables Total (n=190) PTC without PHPT (n=99) PTC with PHPT (n=91) p

Age, years, mean, SD 5114 47 +14 55+11 <0.001
Sex, female, n, % 152 (80) 71(71.7) 81(89) 0.003
Tumor Size, cm, median, IQR 12 (6-17) 15 (12-25) 6(3-9) <0.001
Aggressive tumor variant, n, % 29 (15.3) 21(21.2) 8 (8.8) 0.017
Multifocal tumor, n, % 86 (45.3) 47 (47.5) 38(42.9) 0.523
Bilateral tumor, n, % 61(32.1) 35(35.4) 26 (28.6) 0.317
Capsule Invasion, n, % 47 (247) 31(31.3) 16 (17.6) 0.028
Extrathyroidal extension, n, % 41 (21.7) 27 (27.3) 14 (15.6) 0.051
Lymphovascular Invasion, n, % 26 (13.7) 20 (20.2) 6 (6.6) 0.006
Perineural Invasion, n, % 14 (7.4) 11 (11.1) 3(3.3) 0.039
Central Lymph Node Metastasis, n, % 35(18.4) 29 (29.3) 6 (6.6) <0.001
Lateral Lymph Node Metastasis, n, % 15 (7.9) 15 (15.1) 0 (0) <0.001
Radioactive lodine Treatment, n, % 99 (52.4) 80 (80.8) 19 (21.1) <0.001
Recurrence, n, % 3(1.6) 3(3) 0(0) 0.247
Follow op time, months, median, IQR 18 (10-35) 16 (7-33) 20 (11-35) 0.09

IQR: Interquartile range, PHPT: Primary Hyperparathyroidism, PTC: Thyroid Papillary Carcinoma, SD: Standard Deviation.
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Table 2. Comparison of PHPT with or without PTC

Variables
Age, years, mean, SD
Sex, female, n, %
Preoperative Laboratory Values
ALP, U/L, median, IQR
Calcium, mg/dL, median, IQR
Phosphorus, mg/dL, mean, SD
Magnesium, mg/dL, median IQR
Creatinine, mg/dL, median, IQR
PTH, pg/mL, median, IQR
Postoperative Laboratory Findings
Calcium, mg/dL, median, IQR
Phosphorus, mg/dL, mean, SD
PTH, pg/mL, median, IQR
Parathyroid location, n, %

Left Superior

Left Inferior

Right Superior

Right Inferior

Intrathyroidal

Atypic
Parathyroid pathology n, %

Adenoma

Atypic adenoma

Hyperplasia

Cancer
Parathyroid size, mm, median, IQR

Parathyroid volume mm3, median,
IQR

History of Renal Stone, n, %
BMD g/cm3, median, IQR

T Score, median, IQR

Total (n=750)
53+12
608 (81.1)

108 (85-137)
11.52 (11.08-11.96)
2.62+0.56
2.06 (1.91-2.19)
0.74 (0.64-0.86)
192 (139-273)

8.85 (8.44-9.32)
3.25 + 0.67
16 (9-35)

88 (11.7)
273 (36.4)
89 (11.9)
248 (33.1)
34 (4.5)
18 (2.4)

687 (91.8)
25(3.3)
32 (4.3)
5(0.7)
12 (9-17)
374.6 (164.8-918.3)

169 (23)
0.99 (0.88-1.10)
-1.40 (-2.40 - -0.5)

PHPT without PTC (n=659) PHPT with PTC (n=91) p
52 %12 55+11 0.002
527(80) 81(89) 0.03

107 (84-136) 109 (88-149) 0.313
11.53 (11.09-11.97) 11.41 (11.03-11.92) 0.483
2.61+0.55 2.69 +0.62 0.109
2.07(1.92-2.2) 1.99 (1.83-2.13) 0.003
0.73 (0.64-9.85) 0.76 (0.64-0.87) 0.483
191 (139-271) 205 (137-311) 0.650
8.90 (8.49-9.37) 8.48 (7.91-8.89) <0.001
3.21+0.64 3.50 + 0.81 0.001
17 (9-36) 10 (4.5-29.7) 0.002
0.119
81(12.3) 7(77)
240 (36.4) 33 (36.3)
82 (12.4) 7(77)
212 (32.2) 36 (39.6)
31(4.7) 3(3.3)
13(2) 5(5.5)
0.567
605 (91.9) 82 (90.1)
22(3.3) 3(3.3)
26 (4) 6 (6.6)
5(0.7) 0(0)
12 (9-16) 12 (9-18) 0.343
363 (164.4-863.9) 457 (164-1706) 0.121
153 (23.8) 16 (17.6) 0.188
0.99 (0.88-1.10) 0.96 (0.82-1.13) 0.170
-1.40 (-2.40 - -0.50) -170 (-2.70 - -0.4) 0.160

ALP: Alkaline Phosphatase, BMD: Bone Mass Density, IQR: Interquartile range, PHPT: Primary Hyperparathyroidism, PTH: Parathyroid Hormone, PTC:
Thyroid Papillary Carcinoma, SD: Standard Deviation.

Discussion

In this large cohort study, we compared patients with
PTC with and without concomi-tant PHPT in terms of
demographic, biochemical,
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and clinicopathological

characteris-tics. Our findings suggest that the presence
of PHPT may be associated with differ-ences in tumor
behavior and could represent a clinically relevant factor
in the evalua-tion of PTC. In addition, we performed a
secondary analysis comparing patients with isolated
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PHPT and those with concomitant PTC across similar
parameters.

Previous studies investigating the coexistence of PHPT
and PTC have predominantly focused on the prevalence
of thyroid disease in patients with PHPT, frequently
report-ing a high incidence of papillary thyroid
microcarcinomas (PTMCs) and incidentally detected
tumors in this population [14-17]. However, to the best
of our knowledge, large-scale studies systematically
comparing the distribution of aggressive histological
subtypes and other adverse clinicopathological features
be-tween PTC patients with and without PHPT remain
limited. In the present study, we evaluated not only
tumor frequency but also a wide range of prognostic
parameters reflecting tumor biology and clinical
behavior. Our findings suggest that PTC associat-ed with
PHPT may exhibit a more indolent clinicopathological
phenotype compared with isolated PTC. Nevertheless, a
causal relationship cannot be established based on the
current data.

The existing literature on this topic is heterogeneous.
Beebeejaun et al. proposed that elevated PTH levels,
hypercalcemia, and low 1,25-dihydroxyvitamin D
levels may in-fluence the tumor microenvironment
and thereby alter the biological behavior of PTC [8].
Similarly, Jeong et al. and Cetin et al. reported that PTC
associated with PHPT may present with more aggressive
histopathological and clinical features [6,7]. In contrast,
Hu et al. found no significant difference in tumor
aggressiveness between PTC patients with and without
PHPT, while Tsai et al. suggested that PTC associated
with PHPT may follow an indolent course, potentially
due to earlier detection [18]. These conflicting findings
highlight the need for further well-designed studies to
clarify the nature of this association.

One of the most notable findings of our study is the
significantly lower frequency of aggressive histological
subtypes—such as tall cell and hobnail variants, which
are well known to be associated with poor prognosis and
higher invasive potential—in patients with concomitant
PHPT [19]. In addition, rates of capsular invasion, lym-
phovascular invasion, and perineural invasion were
significantly lower in this group, while extrathyroidal
extension showed a trend toward lower frequency. The
lower rate of lymph node metastasis further supports
the notion that these tumors may exhibit a more
indolent biological behavior [20-22].
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However, the significantly smaller tumor size observed
in patients with concomitant PHPT should be considered
an important confounding factor that may partially ac-
count for the lower rates of invasion and metastasis.
Therefore, it would be inappro-priate to attribute the
less aggressive clinicopathological features solely
to the pres-ence of PHPT without accounting for
tumor size differences. In this context, tumor size
should be taken into consideration when interpreting
the observed differences between groups.Adjuvant
treatment patterns may also reflect these differences
in tu-mor characteristics. The lower rate of radioactive
iodine (RAI) use in patients with concomitant PHPT
may suggest that these tumors are more frequently
classified into lower-risk categories. Given that current
guidelines recommend a more selective use of RAI in
low-risk PTC patients [23,24], this finding may indi-cate
that unnecessary adjuvant treatments could potentially
be avoided in this sub-group. However, the difference
in RAl use should be interpreted cautiously, as it likely
reflects risk-adapted clinical decision-making rather
than intrinsic tumor biology.

It has been suggested that PTC associated with PHPT
may be detected at smaller sizes due to increased
diagnostic scrutiny, leading to a more indolent clinical
course [25]. This raises the possibility that detection
bias may contribute to the observed differencesintumor
behavior. However, the lower frequency of aggressive
histological variants observed in our study suggests
that the indolent phenotype can-not be explained solely
by earlier detection and may also reflect underlying
biological differences.

From a biological perspective, the chronic
hypercalcemic microenvironment character-istic of
PHPT may modulate calcium-sensing receptor (CaSR)-
mediated signaling pathways, thereby influencing
cellular proliferation and differentiation processes
[26,27]. In addition, the observed indolent phenotype
may speculatively reflect differences in the underlying
molecular landscape, including a lower prevalence of
alterations associated with aggressive behavior, such
as BRAFV600E and TERT promoter mutations [28].
However, these hy-potheses require validation in future
molecular and prospective studies.

The lower frequency of aggressive histological variants
in PTC associated with PHPT may also be considered in
the context of the risk-adapted approach emphasizedin
the American Thyroid Association (ATA) 2025 guidelines.
Current recommendations de-fine recurrence risk
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based on a combination of pathological features, with
the accumu-lation of adverse characteristics leading
to higher risk categories [24]. In this regard, the lower
rates of aggressive subtypes, lymph node metastasis,
and other invasive features observed in patients with
PHPT suggest that these tumors may be more likely
to fall into lower-risk categories. However, given the
differences in tumor size between groups and the
absence of multivariable analyses, caution is warranted
when translating these findings into clinical decision-
making.

In our secondary analysis comparing patients with
PHPT with and without concomi-tant PTC, preoperative
biochemical parameters were largely similar between
groups. The absence of significant differences in serum
calcium, phosphorus, PTH, and ALP levels suggests
that the presence of PTC is not associated with the
biochemical se-verity of PHPT. This finding supports
the notion that the two conditions may largely follow
independent biochemical courses. Interestingly,
preoperative magnesium levels were significantly
lower in patients with concomitant PTC. Given the
potential role of magnesium in cellular proliferation
and oxidative stress, this finding may indicate a
possible interaction between mineral metabolism and
thyroid tumor biology. Our re-sults are consistent with
previous studies reporting an association between low
serum magnesium levels and thyroid cancer [29,30].
Postoperative-ly, patients with concomitant PTC
exhibited lower calcium and PTH levels and higher
phosphorus levels, suggesting a different balance
of mineral metabolism following surgery. However,
the absence of differences in parathyroid gland size,
volume, local-ization, and pathological characteristics
suggests that these findings may be more closely
related to surgical extent or perioperative factors rather
than intrinsic disease burden. Furthermore, the similar
rates of renal stone history, bone mineral density, and
T-scores between groups indicate that end-organ
involvement in PHPT appears to be independent of the
presence of concomitant PTC. Taken together, these
find-ings suggest that the coexistence of PTC does not
substantially alter the systemic clinical manifestations
of PHPT.

Severallimitations of this study should be acknowledged.
First, the retrospec-tive design and baseline differences
betweengroups—particularlyinage,sex,and tumorsize—
limit the ability to fully account for potential confounding
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factors. Second, the absence of multivariable analyses
precludes definitive assessment of the inde-pendent
effect of PHPT. Finally, the relatively short follow-up
period restricts the eval-uation of recurrence and long-
term oncological outcomes.

In conclusion, this study suggests that PHPT may
be associated with non-aggressive subtypes of PTC
and that these tumors may exhibit less aggressive
clinicopathologi-cal features compared with isolated
PTC. The lower frequency of aggressive histolog-ical
variants, invasive features, and lymph node metastasis
supports the notion of amoreindolent tumor phenotype.
While the more favorable pathological profile ob-
served in patients with concomitant PHPT appears
to be consistent with the risk-adapted approach
emphasized in the ATA 2025 quidelines, PHPT itself
should not be considered an independent criterion
for treatment de-escalation. Clinical decision-making
in this patient population should remain gquided by
established guidelines and multidisciplinary evaluation.
These findings may provide additional insight into risk
stratification in patients with coexisting PHPT and PTC.
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LETTER TO THE EDITOR

Rethinking unresponsiveness: Cognitive motor
dissociation in disorders of consciousness

Okan S6kmen'

'Department of Neurology, Atatilirk Sanatoryum Training and Research Hospital, Ankara, Turkiye

Dear Editor,

Disorders of consciousness encompass a range of
clinical states, including unresponsive wakefulness
syndrome (UWS), minimally conscious states minus
and plus (MCS-, MCS+), emergence from MCS
(MCS E), and cognitive motor dissociation (CMD)
[1,2]. Table 1 summarizes the behavioral, motor, and
neurophysiological features of each category. Accurate
assessment of consciousness remains one of the most
challenging aspects of neurocritical care.

Recentadvancesinthefieldofdisordersofconsciousness
have shown that behavior-based clinical assessments
may not always accurately reflect a patient’s level
of consciousness. CMD, also referred to as covert
consciousness, is a recently defined concept describing
a dissociation between cognitive processes and
motor output [3]. This concept challenges established
assumptions about consciousness evaluation in patients
who appear clinically unresponsive [1,2,4].

Current evidence suggests that patients identified as
having CMD differ from other subgroups of disorders of
consciousness in terms of brain network organization
and clinical characteristics. This indicates that CMD
has been described as a potentially distinct subgroup
with unique brain network characteristics, although its
classification remains to be fully established. In some
patients who are clinically diagnosed at the bedside
as having UWS or MCS-, the evidence of willful brain
activity using advanced neurophysiological methods

has led to the recognition of this new entity [2,4].
From a diagnostic perspective, CMD is defined by the
detection of voluntary brain responses using task-
based functional magnetic resonance imaging (fMRI)
or electroencephalography (EEG) in patients who show
no behavioral signs of consciousness during bedside
examination [2,5,6].

Recentstudieshavealsoexploredalternative techniques
for detecting CMD. For example, a 2025 study using
functional near-infrared spectroscopy (fNIRS) combined
with a motor imagery paradigm detected covert
command-following in a subset of patients who were
behaviorally diagnosed as UWS or MCS- [7]. Because
fNIRS is portable and can be applied at the bedside, it
may represent a more accessible tool for identifying
covert consciousness in clinical practice [7,8]. However,
its clinical applicability and diagnostic accuracy require
further validation. Despite these advances, the routine
clinical implementation of these techniques remains
limited because of technical complexity, cost, and the
need for specialized expertise [8].

It is unclear whether CMD is a stage between MCS- and
MCS+, or a separate condition [1,4]. This makes its exact
classification within current clinical systems uncertain.
Nevertheless, since 2017, studies employing task-
based fMRI and EEG paradigms have demonstrated
the presence of CMD in a subset of behaviorally
unresponsive patients in intensive care units [2,4,5].
The true prevalence of CMD in patients with acute and
subacute-chronic disorders of consciousness is not yet
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Table 1. Clinical comparison of cognitive motor dissociation and other disorders of consciousness [1-6]

Feature UWS MCS- MCS+ MCS-E CMD
Behavioral response No observable Very limited, Consistent but Functional, No observable
response inconsistent limited reliable response
Evidence of consciousness No behavioral Inconsistent, Clear but limited Clear Brain-based
evidence low-level signs evidence only
Brain response to commands Not detected Inconsistent Present Consistent Detected (EEG/
fMRI)
Diagnostic method Bedside Bedside Bedside Bedside Advanced
examination examination examination examination methods (EEG/
fMRI)
Motor output None Very limited Limited but Functional, None
intentional intentional
Clinical significance/prognosis Poor Variable More Favorable  Favorable Uncertain

Note: Clinical and neurophysiological findings should be interpreted with caution, as responses may vary and false-negative results may occur

depending on patient condition and methodology.

Abbreviations: UWS = Unresponsive Wakefulness Syndrome; MCS- = Minimally Conscious State minus; MCS+ = Minimally Conscious State plus; MCS-E =
Emergence from MCS; CMD = Cognitive Motor Dissociation.; EEG: Electroencephalography; fMRI: functional magnetic resonance imaging

known with certainty [1,2]. Reported prevalence rates
vary across studies, with some suggesting that CMD
may be present in a subset of patients with disorders
of consciousness. In addition, CMD detection in the ICU
has been associated with functional recovery in some
cohorts, although findings remain heterogeneous [1,2].
Recent evidence from a large multicenter prospective
cohort study further supports the clinical relevance
of cognitive-motor dissociation. In this study, task-
based fMRI or EEG detected command-following brain
activity in approximately 25% of patients who showed
no behavioral response to commands at bedside. These
findings highlight that a notable proportion of patients
who appear clinically unresponsive may retain covert
cognitive processing that is not detectable through
behavioral examination [2]. Considering that hundreds
of thousands of individuals worldwide live with chronic
disorders of consciousness, and that access to advanced
diagnostic tools remains limited, the number of
unrecognized CMD cases may be higher than currently
estimated [2].

At present, meaningful communication with patients

diagnosed with CMD is not possible. However, advances
in EEG-based brain-computer interface systems raise

www.actamedica.org

the possibility that communication with patients in the
acute stage of CMD may become feasible in the future
[6]. It is still unknown whether a diagnosis of CMD leads
to directly actionable treatments, and its prognostic
value has not yet been fully clarified. Furthermore,
whetherand how such findings should be communicated
to patients’ families raises important ethical concerns

[91.

In conclusion, CMD is an important concept that calls
for a reconsideration of how disorders of consciousness
are evaluated. The integration of advanced
neuroimaging and neurophysiological methods into
clinical assessment in appropriately selected patients
may improve diagnostic accuracy and contribute to
more informed prognostic assessment. Importantly,
the absence of detectable task-related responses
does not exclude preserved consciousness, as false-
negative results may occur due to fluctuations in
arousal, impaired comprehension, sensory deficits, or
methodological limitations. Therefore, negative findings
should be interpreted with caution and integrated with
clinical and longitudinal assessments. Further studies
are needed to clarify the diagnostic, prognostic, and
clinical implications of CMD.
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