E-1SSN: 2636-7688 R

Issue 2

ANNALS OF

MEDICAL RESEARGH

The Official Journal of the Inonu University Faculty of Medicine

Original Articles

Evaluation of muscle strength and range of motion of upper extremity in breast cancer-related lymphedema
Gurlex et al

Renal outcomes of children with ectopic kidneys: A single-center experience
Aydin et al.

The role of mood in complex regional pain syndrome: Cause or conseguence?
Kueulmez et al,

Volumetric MRI analysis of the pineal gland and brain ventricles in patients with migraine
Payas et al.

Hyperbaric oxygen therapy and contralateral ear hearing thresholds in unilateral sudden sensorineural hearing loss
Zaman et al.

Morton's neuroma or its mimics: Diagnostic yield of magnetic resonance imaging and radiographic markers in patients
referred with a clinical suspicion
Timacin Yigman et al,

Posterior tibial slope in adults with sequelae of Osgood-Schlatter disease: An MRI study
Akdal Dolex et al.

INONU
UNIVERSITY
PRESS




Ann Med Res

Annals of Medical Research

The Official Journal of Inonu University Faculty of Medicine

Editorial Board | Volume: 33 | Issue: 2 | February 2026

] OWNER
Mehmet Aslan (Dean)

Inonu University Faculty of Medicine,
Department of Pediatrics, Malatya, Turkiye

[l SECTION EDITORS

Ahmet Sami Akbulut, MD, PhD

inén University, Faculty of Medicine,
Department of General Surgery and
Liver Transplant Institute, Malatya,
Torkiye

Ahmet Sarici, MD
inénu University, Faculty of Medi-
cine, Department of Heamatology,
Malatya, Torkiye

Barig Otlu, PhD

inénu University, Faculty of Medicine,
Department of Medical Microbiology,
Malatya, Torkiye

Cem Azili, MD

Ufuk University, Ridvan Ege Hospital,
Clinic of Surgical Oncology, Ankara,
Turkiye

Cem Cankaya, MD

inént  University, Faculty of Medi-
cine, Department of Ophthalmology,
Malatya, Turkiye

Cuma Mertoglu, MD, PhD

inénu  University, Faculty of Medi-
cine, Department of Biochemistry,
Malatya, Turkiye

Emrah Gindiuz, MD

inént  University, Faculty of Medi-
cine, Department of Otolaryngology
Surgery, Malatya, Turkiye

Ercan Yilmaz, MD

inénu University, Faculty of Medicine,
Department of Obstetrics and Gyne-
cology, Malatya, Turkiye

Esra isci Bostanci, MD

Gazi University, Faculty of Medicine,
Department of Obstetrics and Gyne-
cology, Ankara, Turkiye

annalsmedres.org

ll EDITOR-IN-CHIEF

Nurettin Aydogdu, PhD
inénu University, Faculty of Medicine,

¢ Lokman Hekim Tanriverdi, MD, PhD
inénu University, Faculty of Medicine,
Department of Medical Pharmacol-
ogy, Malatya, Turkiye

* Neslihan Celik, MD
inénu University, Liver Transplanta-
tion Institute, Malatya, Turkiye

* Nurettin Tastekin, MD
Trakya University, Faculty of Medi-
cine, Department of Physical Med-
icine and Rehabilitation, Edirne,
Torkiye

* Nurullah Dag, MD
inéno University, Faculty of Medicine,
Department of Radiology, Malatya,
Torkiye

¢ Okan Aslantirk, MD
inén0 University, Faculty of Medicine,
Department of Orthopaedics and
Traumatology, Malatya, Turkiye

¢ Osman Kurt, MD
inénu  University, Faculty of Medi-
cine, Department of Public Health,
Malatya, Torkiye

¢ Tevfik Tolga Sahin, MD, PhD
inénu University, Faculty of Medi-
cine, Department of General Surgery,
Malatya, Torkiye

[} BIOSTATISTICS EDITORS

¢ Cemil Colak, PhD
Inonu University, Faculty of Medicine,
Biostatistics and Medical Informatics,
Malatya, Turkiye

* Harika Gozde Gozukara Bag, PhD
Inonu University Faculty of Medicine,
Biostatistics and Medical Informatics,
Malatya, Turkiye

¢ Ahmet Kadir Arslan, PhD
Inonu University Faculty of Medicine,

Department of Physiology, Malatya, Turkiye

Biostatistics and Medical Informatics,
Malatya,Torkiye

[l ETHICS EDITOR

Mehmet Karatag, MD., PhD

Inonu University, Faculty of Medicine,
Department of History of Medicine
and Medical Ethics, Malatya, Turkiye

l LANGUAGE EDITORS

Emrah Otan, MD
inéni  University, Faculty of Medi-
cine, Department of General Surgery,
Malatya, Torkiye

Murat Kara, PhD
Siirt University, Faculty of Veterinary
Medicine,Parasitology, Siirt, Turkiye

Tayfun Guldur, PhD

inén University, Faculty of Medicine,
Department of Medical Biochemistry,
Malatya, Torkiye

Tevfik Tolga Sahin, MD

inéni University, Faculty of Medi-
cine, Department of General Surgery,
Malatya, Turkiye

| WEB AND SOCIAL MEDIA EDITOR

Mustafa Karakaplan, PhD

Inonu University Faculty of Medi-
cine, Dijital Office Manager&String,
Malatya, Turkiye

[l PUBLICATIONS COORDINATOR

Neala Bozkurt Diskaya

Inonu University Faculty of Medicine,
Annals of Medical Research, Malatya,
Torkiye

Ann Med Res E-ISSN: 2636-7688



Annals of Medical Research

A Med Res The Official Journal of Inonu University Faculty of Medicine

| Volume: 33 | Issue: 2 | February 2026

Editorial Advisory Board

Adel Hamed Elbaih
Suez Canal University Faculty of Medicine, Emergency
Medicine, Ismailia, Egypt

Ayse Seval Ozgu Erdinc
Ministry of Health, Ankara City Hospital, Gynecology
and Obstetrics, Ankara, Turkiye

Aysegul Taylan Ozkan

Department of Medical Microbiologyi Faculty of Med-
icine, TOBB University of Economics and Technology,
Ankara, Torkiye

Cemsit Karakurt
Inonu University Faculty of Medicine, Pediatric Cardi-
ology Malatya, Turkiye

Erdem Topal
Inonu University Faculty of Medicine, Pediatric,
Malatya, Tirkiye

Gokce Simsek
Kirikkale University, Faculty of Medicine, Otorhino-
laryngology, Kirikkale, Turkiye

Hakan Parlakpinar
Inonu University Faculty of Medicine, Medical Phar-
macology, Malatya, Turkiye

ibrahim Topcu
Inonu University, Faculty of Medicine, Urology,
Malatya, Torkiye

Kamran Kazimoglu Musayev

Merkezi Klinika, Cardiovascular Surgery, Baku, Azer-
baijan

Mehmet Hamamci

Bozok University, Faculty of Medicine, Neurology,
Yozgat, Turkiye

Mehmet Kilic
Firat University Faculty of Medicine, Pediatric Im-
munology and Allergy, Elazig, Turkiye

annalsmedres.org

Meltem Kurus
Katip Celebi, University, Faculty of Medicine, Histol-
ogy and Embology , lzmir, Turkiye

Mustafa Canpolat
Inonu University Faculty of Medicine, Anatomy,
Malatya, Turkiye

Neslihan Yucel
Inonu University, Faculty of Medicine, Emergency
Medicine, Malatya, Turkiye

Numan Karaarslan
Istanbul Medeniyet University Faculty of Medicine,
Neurosurgery, Tekirdag, Turkiye

Ozkan Ozger
Istanbul Rumeli University, Neurosurgery, Istanbul,
Torkiye

Rauf Melekoglu
Inonu University Faculty of Medicine, Gyneacology
and Obstetrics, Malatya, Turkiye

Reni Kalfin
Institute of Neurobiology, Bulgarian Academy of Sci-
ences, Sofia, Bulgaria

Rizaldi Taslim
Pinzon Universitas Kristen Duta Wacana, UKDW Neu-
rology, Yogyakarta, Indonesia

Siho Hidayet
Inonu University Faculty of Medicine, Cardiology,
Malatya, Turkiye

Yusuf Yakupogullar
Inonu University, Faculty of Medicine, Clinic Microbi-
ology, Malatya, T&StringUrkiye

Yucel Duman
Inonu University Faculty of Medicine, Clinic Microbi-
ology, Malatya, Turkiye

Ann Med Res E-ISSN: 2636-7688



Annals of Medical Research

Ann Med Res

The Official Journal of Inonu University Faculty of Medicine

Table of Contents | Volume: 33 | Issue: 2 | February 2026

| Original Articles

048-055 Evaluation of muscle strength and
range of motion of upper extremity in
breast cancer-related lymphedema
Furkan Kadir Gurlek, Hande Ozdemir

056-059 Renal outcomes of children with ec-
topic kidneys: A single-center experience
Zehra Aydin, Emine Ozlem Cam Delebe

060-066 The role of mood in complex regional
pain syndrome: Cause or consequence?
Ozlem Kuculmez, Emine Dundar Ahi

067-072 Volumetric MRI analysis of the pineal
gland and brain ventricles in patients with
migraine
Ahmet Payas, Hamit Aksoy, Sule Goktiirk,
Yasin Goktiirk, Hasan Yildinm, Hikmet Koca-
man

annalsmedres.org

073-078 Hyperbaric oxygen therapy and con-
tralateral ear hearing thresholds in unilat-
eral sudden sensorineural hearing loss
Taylan Zaman, Recep Ozkan, Kubra 0zgok
Kangal, Osman Turkmen, Levent Yucel

079-085 Morton's neuroma or its mimics: Diag-
nostic yield of magnetic resonance imag-
ing and radiographic markers in patients
referred with a clinical suspicion
Gizem Timocin Yigman, Hande Ozen Atalay

086-090 Posterior tibial slope in adults with
sequelae of Osgood-Schlatter disease: An
MRI study
Betul Akdal Dolek, Halil Tekdemir, Semra
Duran

Ann Med Res E-ISSN: 2636-7688



Original Article

Ann Med Res 2026;33(2):48-55

Ann Med Res

Current issue list available at Ann Med Res

Annals of Medical Research

journal page: annalsmedres.org

ANNALS OF
MEDICAL RESEARCH

Evaluation of muscle strength and range of motion of upper extremity in
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B MAIN POINTS

The study found that lymphedema
after breast cancer treatment leads
to a notable reduction in shoulder
flexion and extension strength, as
well as range of motion.

Elbow flexion muscle strength was
also significantly reduced in the af-
fected arm.

No significant differences were
found in elbow extension, wrist
flexion and extension strength, or
the ROM of the elbow and wrist
joints.

The study's findings can assist clin-
icians in creating targeted reha-
bilitation programs that focus on
restoring strength and mobility in
the areas most impacted by lym-
phedema.

B ABSTRACT

Aim: The objective of this study was to examine the impact of lymphedema on the mus-
cle strength and range of motion of the upper extremities in breast cancer patients with lym-
phedema.

Materials and Methods: Thirty-one female breast cancer survivors with lymphedema were eval-
uated in this cross-sectional study. The measurement of shoulder, elbow, and wrist flexion and
extension strength was conducted using a hand-held dynamometer on both affected and unaf-
fected upper extremities. Subsequently, a digital goniometer was utilized to assess the range
of motion in both the affected and unaffected upper extremities.

Results: A median age of 61 years (with an interquartile range of 55 to 69 years) was reported for
the patients, and dominant right upper extremity was noted for all. The study revealed that the
affected extremity exhibited reduced shoulder flexion and extension muscle strength and range
of motion, and decreased elbow flexion muscle strength when compared to the unaffected upper
extremity (p<0.05). However, a lack of statistical significance was observed in the comparison
of elbow extension, wrist flexion and extension strength, and elbow and wrist joint range of
motion between the two extremities (p>0.05).

Conclusion: In cancer-associated lymphedema, limitations in muscle strength and range of mo-
tion are primarily localized to the shoulder region. These findings may serve as a guide for
clinicians in the development of targeted rehabilitation interventions, with the aim of restoring
mobility and strength in the areas most affected by lymphedema.

Keywords: Lymphedema, Muscle strength, Range of motion
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EINTRODUCTION

A significant increase in the burden of breast cancer has been
detected in middle- and low-income countries, particularly
over the last three decades, due to differences in access to
health resources [1]. About 20% of patients with breast can-
cer develop lymphedema, which can be caused by obstruction
or disruption in the lymphatic system resulting from cancer
treatment [2]. Lymphedema causes swelling of an extrem-
ity due to excessive accumulation of a protein-rich fluid [3].
Symptoms include pain, a sense of heaviness, and impaired
motor abilities, daily functioning, and quality of life [4,5].
Women undergoing breast cancer treatment are prone to de-

veloping upper extremity muscle weakness and range of mo-
tion (ROM) limitations, even in the absence of lymphedema
[6,7]. These impairments are underpinned by physiological
factors such as nerve damage from surgery, fibrotic tissue for-
mation from radiation therapy, and muscle ischemia, as well
as behavioral factors such as kinesiophobia, where patients
avoid using the affected arm out of fear of worsening lym-
phedema [8-11].

The majority of studies that have focused on upper extremity
function in cases of breast cancer-related lymphedema have
concentrated on the measurement of shoulder girth or the as-
sessment of hand grip strength. However, existing literature
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is either contradictory or deficient in its specific discussion
of changes in muscle strength and range of motion (ROM)
in more distal joints, including the elbow and wrist. For
instance, some studies have identified a correlation between
weakness in grip strength and lymphedematous extremities
[12], while others have found no significant difference in hand
grip strength or dexterity between affected and unaffected
sides in lymphedema patients [13,14]. This finding indicates
that the functionality of distal joints may be partially pre-
served, irrespective of the presence of lymphedema or through
patients’ adaptations to daily activities.

Given these variability in the existing literature and the lack
of objective assessments focusing on specific joints, it is cru-
cial to comprehensively examine flexion and extension muscle
strength and ROM in the shoulder, elbow, and wrist joints in
patients with breast cancer-associated lymphedema. By com-
paring these parameters between lymphedematous and non-
lymphedematous arms, this study aims to further elucidate
the specific effects of lymphedema on different regions of the
upper extremity, thereby contributing scientifically to the de-
velopment of rehabilitation strategies.

B MATERIALS AND METHODS
Study design

This cross-sectional study was conducted in Trakya Univer-
sity Faculty of Medicine, Physical Therapy and Rehabilita-
tion Outpatient Clinic Lymphedema Unit between Septem-
ber 2021 and September 2022 with the approval of Trakya
University Faculty of Medicine Scientific Research Ethics
Committee dated 14.06.2021 with protocol number TUTF-
BAEK 2021/277 and designed in compliance with the 2008
Declaration of Helsinki. All participants in the study have
provided written consent.

Participants

The sample size of the study was determined as 34 patients,
using an effect size of 0.496, an error rate of 5%, and a power
value of 80%, based on the hand grip strength values of lym-
phedema patients in the study conducted by Erdoganoglu et
al. [15]. However, only 33 patients were evaluated for eligibil-
ity. Women aged 18-75 years with unilateral upper extremity
lymphedema associated with breast cancer were included. Pa-
tients had to have completed radiotherapy and chemotherapy
for breast cancer at least 6 weeks prior and surgical treatment
atleast 3 months prior. Exclusion criteria were bilateral breast
cancer or lymphedema, metastatic or recurrent breast cancer,
acute upper extremity infection, or neuromusculoskeletal dis-
ease affecting upper extremity tests. After excluding two pa-
tients who failed to meet the specified inclusion criteria, the
study sample comprised a total of 31 patients.

Assessments

Patients diagnosed with unilateral upper extremity lym-
phedema were asked to provide information regarding their
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Ann Med Res 2026;33(2):48-55

age, height, body weight, marital status, educational level,
and employment status. The body mass index (BMI) was
computed as the weight (kg) divided by the height (m)
squared. Weight categories : underweight (BMI < 18.5);
normal (18.5-24.99); overweight (25-29.99); class 1 obesity
(30-34.99); class 2 obesity (35-39.99); and class 3 obesity
(40 and above) [16]. Patients were queried about their re-
ceipt of chemotherapy and/or radiotherapy. The Visual Ana-
log Scale (VAS) was used to evaluate the average degree of pain
in the affected arm over the past week [17]. The International
Physical Activity Questionnaire (Short Form) was given to as-
sess physical activity levels [18]. The Edinburgh hand prefer-
ence questionnaire was used to determine the dominant up-
per extremities [19]. Upper extremity circumference, mus-
cle strength, and range of motion measurements were per-
formed using validated and reliable methods by a single eval-
uator [20-22]. The measurement of the patient’s upper limb
circumference was taken in a supine position with both arms
at their sides, using a tape measure. The measurements were
obtained at the level of the first and fifth metacarpophalangeal
joints, followed by the measurement of 4-centimeter intervals
along the limb, commencing at the ulnar styloid process [20].
The lymphedema staging was carried out based on the Inter-
national Society of Lymphology (ISL) staging system [23].
Muscle strength was assessed in the subjects using a hand-held
dynamometer (HHD) (Lafayette Instrument, USA). They
were asked to take standard positions and apply resistance
against the dynamometer. They were given a trial application,
then instructed to reach maximum contraction with the ini-
tial warning signal and maintain it until the subsequent sig-
nal. The measurement was repeated after a one-minute in-
terval, and the higher value was documented. The strength
of the muscles on both sides of the body was measured with
the patient lying supine on a stretcher. The HHD was posi-
tioned posterior to the forearm, with the shoulder in 90° flex-
ion, the elbow and wrist in a neutral position, and the forearm
in pronation to assess the strength of the shoulder flexor mus-
cles. The HHD was positioned anterior to the forearm, with
the shoulder in 90° flexion, the elbow and wrist in a neutral
position, the forearm pronated to assess the strength of the
shoulder extensor muscles. To evaluate the strength of the el-
bow flexor muscles, the HHD was placed on the anterior as-
pect of the forearm, with the shoulder and wrist at 0°, elbow in
90° flexion, and forearm supinated. To measure the strength
of the elbow extensor muscles, the HHD was placed poste-
rior to the forearm, with the shoulder and wrist at 0°, elbow
at 90° flexion, forearm supinated. To evaluate the strength
of the wrist flexor muscles, the HHD was placed anterior to
the carpal surface, with the shoulder in 30° abduction, the el-
bow and wrist in 0°, the forearm supinated, the wrist outside
the stretcher. To measure the strength of the wrist extensor
muscles, the HHD was placed posterior to the carpal surface,
with the shoulder in 30° abduction, the elbow and wrist in 0°
flexion, the forearm in pronation, the wrist extending beyond

https://doi.org/10.5455/annalsmedres.2025.08.212
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the stretcher (Figure 1) [21, 24, 25]. The digital goniometer
(Baseline Absolute+ Axis, Newyork,USA) was utilized to de-
termine the ROM:s of shoulder flexion, shoulder extension,
elbow flexion, elbow extension, and wrist flexion and wrist ex-
tension of both upper extremities [22, 26].

Sensitivity analysis

To evaluate the robustness of the findings given the modest
shortfall in sample size (31 instead of 34 patients), a leave-
one-out sensitivity analysis was performed for all paired out-
comes. Each Wilcoxon signed-rank test was repeated after se-
quentially excluding one participant at a time, and the result-
ing range of p-values was recorded.

Statistical analysis

The study’s data were processed using Statistical Software
Package for Social Sciences (SPSS) for Windows, version 20.0
(license number 10240642). Continuous variables were ex-
pressed as mean + standard deviation and median (IQR 25-
75), while categorical variables were expressed as number and
percentage. In statistical evaluations, the conformity of the
data to normal distribution was evaluated by one sample Kol-
mogorov Smirnov test. Wilcoxon signed rank test was used
to compare affected and unaffected upper extremity muscle
strength and ROM:s of the participants. Any p<0.05 was con-
sidered as statistical significance.

B RESULTS

This study included 31 female patients, aged 55 to 69, with
unilateral upper extremity lymphedema. Among these par-
ticipants, 77% were overweight or obese, and 93% were mini-
mally active or physically inactive. The dominant arm for all
patients was the right, while the lymphedema-aftected extrem-
ity was the non-dominant arm in 71% of cases. The majority
of patients presented with stage 1 lymphedema, followed by
stage 2 and stage 3. Patient demographics and clinical charac-
teristics are detailed in Table 1.

A comparison of muscle strength between the affected and
unaffected upper extremities revealed statistically significant
deficits in the affected arm for shoulder flexion, shoulder
extension, and elbow flexion (Table 2). Sensitivity analy-
ses confirmed the robustness of these findings; leave-one-
out p-value ranges remained below 0.05 for shoulder flex-
ion (<.001-.002), shoulder extension (.009-.051), and elbow
flexion (.005-.031). No significant differences were observed
for elbow extension or wrist flexion and extension, and sensi-
tivity analyses confirmed the stability of these null results.

The range of motion of the affected and unaffected extrem-
ities is compared in Table 3. Shoulder flexion and exten-
sion were significantly reduced on the affected side (p = .008
and p = .035, respectively). Sensitivity analyses confirmed
these findings were robust (p-value ranges of .001-.013 and
.009-.059, respectively). No significant differences were ob-
served for elbow or wrist ROMs, and these null findings were
again supported by the sensitivity results.

Original Article
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B DISCUSSION

Among individuals with unilateral lymphedema following
breast surgery, this study identified decreased muscle strength
in shoulder flexion, shoulder extension, and elbow flexion, as
well as reduced ROM in shoulder flexion and extension in
the affected extremity compared to the unaffected one. How-
ever, no significant differences were found in elbow extension
strength, wrist flexion/extension strength, or elbow and wrist
joint ROM:s between the two extremities. These findings are
consistent with some reports in the literature but contradict
others.

Arm weakness is a commonly reported complication, affect-
ing 23-28% of patients after breast surgery [27, 28]. It is well-
established that women undergoing treatment for breast can-
cer are susceptible to developing muscle weakness and im-
paired mobility, even without lymphedema [6, 7]. In a 5-
year follow-up, Belmonte et al. [7] found that breast can-
cer patients who underwent axillary lymph node dissection—
a procedure associated with a higher lymphedema incidence
than sentinel lymph node biopsy—experienced significant
strength loss in the internal rotators of the affected shoulder.
This muscle weakness can be attributed to several factors, in-
cluding nerve damage during axillary dissection, radiation-
induced fibrosis, and sensory impairment [8-10]. Further-
more, scapular rhythm disturbances and the overworking of
compensatory muscles can negatively affect muscle strength
and endurance [9]. Consistent with our findings, previous
studies have also noted decreased strength in shoulder abduc-
tion, adduction, external rotation, and trapezius muscles [6],
as well as in shoulder internal and external rotation [9], in
women with lymphedema.

A notable finding from our study, which aligns with existing
literature, is the decreased elbow flexor strength in the lym-
phedematous limb. Smoot et al. [14] similarly reported re-
duced elbow flexor strength on the affected side in women
with lymphedema, who also experienced significant difficulty
carrying objects heavier than 4.5 kg. These findings suggest
that lymphedema is not merely a volumetric issue but one that
directly impairs upper extremity muscle function. The de-
velopment of muscle strength deficits after breast surgery is
multifactorial and not solely determined by lymphedema vol-
ume. Lee et al. [11] proposed that weakness in the affected
arm may not be a direct result of the disease itself but rather
from a reluctance to use the arm due to a fear of movement,
a phenomenon known as kinesiophobia. This fear can trig-
ger "use-avoidance” behaviors, leading to muscle atrophy and
functional decline. Therefore, all patients with lymphedema
post-breast surgery should undergo a comprehensive evalua-
tion of upper extremity muscle strength and function. Mul-
tidisciplinary interventions, including specialized rehabilita-
tion with resistance exercises, are crucial for managing the
condition and have been shown to improve functional capac-
ity and quality of life [29].

In contrast to some reports, our finding that wrist flexion and

https://doi.org/10.5455/annalsmedres.2025.08.212
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Table 1. Demographic and clinical characteristics of the patients.

Variables All cases (n=31)
AGe. Vears Mean (SD) 60.81 (9.46)
9.y Median (IQR) 61 (55-69)

. Mean (SD) 158.06 (4.75)
Height, cm Median (IQR) 156 (155-161)
. Mean (SD) 79 (17.15)
Body weight, kg Median (IQR) 79 (67-88)
Mean (SD) 31.70 (7.31)
2

BMI, kg/m Median (IQR) 31.25 (25.20-35.15)
Weight status category n (%)

Underweight 0

Normal 7(22.6)

Overweight 6 (19.4)

Class 1 obesity 10 (32.3)

Class 2 obesity 4(12.9)

Class 3 obesity 4(12.9)
Marital status n (%)

Married 27 (87.1)

Single 1(3.2

Widowed 3(9.7)
Educational Level n (%)

llliterate 1(3.2)

Primary School 15(48.4)

Middle School 6 (19.4)

High School 6 (19.4)

Undergraduate 3(9.7)
Employment Status n (%)

Housewife 23 (74.2)

Retired 5(16.1)

Employed 3(9.7)
History of receiving chemotherapy and/or radiotherapy n (%)

None 1(3)

Chemotherapy 4(13)

Chemotherapy and radiotherapy 26 (84)

) Mean (SD) 2.45 (3.02)

VAS (1-10) Median (IQR) 1(0-4)

. . - Mean (SD) 1349.27 (1995.35)
Physical activity level (MET-min/week) Median (IQR) 693 (396-1386)
Physical activity category n (%)

Low 12 (38.7)

Moderate 17 (54.8)

High 2 (6.5)
Distribution of lymphedema according to upper extremity dominance n (%)

Lymphedema in the dominant upper extremity 9(29)

Lymphedema in the non-dominant upper extremity 22 (71)
Lymphedema Stage n (%)

Stage 1 12 (38.7)

Stage 2 11 (35.5)

Stage 3 8(25.8)

BMI: body mass index , MET: metabolic equivalent of task, VAS: visual analogue scale.

extension strength in the lymphedematous extremity was sim-
ilar to the unaffected side offers a more nuanced view of up-
per extremity weakness. Smoot et al. [14] found a decline in
wrist flexion strength in the affected arm, and Baklact et al.
[12] demonstrated that hand grip strength was diminished in
the lymphedematous arm, even after complete decongestive

therapy. However, the latter study also noted that changes
in hand grip strength can occur regardless of surgery type or
the presence of lymphedema [12]. Supporting our results, a
study by Civelek [13] revealed no statistically significant dif-
ference in hand grip strength or function between the affected
and unaffected sides of patients with lymphedema. This sug-
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Table 2. Comparison of affected and unaffected upper extremity flexion and extension muscle strengths.

Affected upper extremity Unaffected upper extremity Sensitivity
Mean (SD) Mean (SD) " p-value
Muscle strength (kg) Median (IQR) Median (IQR) P (LOO range)**
(n=31) (n=31)
Shoulder flexion 7.16 (2.18) 8.29 (1.83) i
7.20 (5.4-8.9) 8.4(7.2-9.2) 002 <001-002
Shoulder extension 7.93 (2.05) 8.72(1.72) !
8.3(7.3-8.8) 8.4 (8.0-9.9) 028 -009-051
Elbow flexion 12.57 (3.67) 13.77 (2.91) :
13.10 (9.8-15.1) 13.3 (11.7-15.5) 018 -005-031
Elbow extension 10.09 (2.71) 10.89 (2.25) :
10 (8.8-11.4) 10.9 (9.6-12.3) 225 137-336
Wrist flexion 6.64 (2.07) 6.87 (1.77) )
6.0 (5.1-8.0) 6.4 (5.6-7.8) 239 124-349
Wrist extension 7.68 (2.36) 7.26 (1.87) _
7.7 (5.6:9.6) 72(5.88.2) .156 .076-.256
*p value by Wilcoxon Signed Ranks Test. Statistically significant p—value < 0.05. ** Sensitivity p-values indicate the range observed in leave-one-out analysis.
Table 3. Comparison of affected and unaffected upper extremity range of motions.
Affected upper extremity Unaffected upper extremity Sensitivity
L Mean (SD) Mean (SD) " p-value
Range of motion (°) Median (IQR) Median (IQR) P (LOO range)**
(n=31) (n=31)
Shoulder flexion 144.61 (24.51) 156.10 (22.02) B
146 (130-160) 160 (150-170) 008 001013
Shoulder extension 56.26 (12.24) 60.19 (11.18) B
55 (49-67) 60 (50-70) 035 -009-.059
Elbow flexion 132.23(9.71) 135.10 (8.32) B
135 (130-140) 135 (130-140) 267 188 -.439
Elbow extension 1.06 (2.59) -0.35 (4.05) B
0(03) 0(00) .068 .027 - .151
Wrist flexion 67.61(9.15) 67.93 (10.47) B
65 (60-75) 69 (62-75) 909 665-1.000
Wrist extension 64.71 (12.36) 61.39 (12.36) B
63 (60-75) 65 (54-70) 243 144 -.386

*p value by Wilcoxon Signed Ranks Test. Statistically significant p—value < 0.05. **Sensitivity p-values indicate the range observed in leave-one-out analysis.

Figure 1. Isometric strength testing positions using the handheld dynamometer. (A) shoulder flexion, (B) shoulder extension, (C) elbow flexion, (D)
elbow extension, (E) wrist flexion, (F) wrist extension.

gests that while surgical and therapeutic interventions im-
pact overall upper extremity function, the adaptive capacity
of distal joints like the wrist may mask these deficits. Patients
may maintain fine motor skills in their hands and wrists for
daily activities despite the severity of or apprehension about

their lymphedema [13]. Additionally, kinesiophobia may pri-
marily limit proximal movements at the shoulder and elbow,
while less-feared movements of the wrist remain relatively un-

affected.

Our observation of limited shoulder flexion and extension
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in the affected extremity is consistent with the literature.
Postoperative shoulder limitations are documented in 28.3%
of patients after breast surgery and are correlated with in-
creased upper extremity disability [14, 27]. Lymphedema
can exacerbate these limitations. Rezende et al. [6] observed
that women who underwent mastectomy had more restricted
shoulder flexion, abduction, and rotation ROMs on the af-
fected side, with limitations being more pronounced in those
with lymphedema. These shoulder limitations can be at-
tributed to factors such as scar tissue formation, radiation-
induced fibrosis, protective posturing, and prolonged immo-
bility or pain [14]. Our findings on distal joint ROM, how-
ever, reveal some discrepancies with previous research. The
similar elbow ROM we observed between extremities is con-
sistent with Smoot et al. [14]. Yet, while they noted a greater
limitation in wrist flexion on the affected side, our study
found comparable wrist ROM in both arms. This discrep-
ancy may be due to differences in patient populations. In the
study by Smoot et al., 52% of patients had lymphedema in
their dominant extremity, whereas this figure was only 29%
in our study. It is plausible that when the dominant hand
is affected, patients may use it less out of concern for wors-
ening symptoms, leading to reduced strength and mobility.
Since the majority of our patients had lymphedema in the
non-dominant limb, this effect may not have been present.
However, this explanation should be interpreted cautiously,
as Smoot et al. [14] found that limb dominance did not sig-
nificantly affect functional disability scores. Methodological
differences, such as goniometer sensitivity, measurement tech-
niques, or sample size, could also contribute to these divergent
results [14].

In our cohort, the affected extremity was the non-dominant
(left) arm in 71% of patients, which aligns with the higher
incidence of left-sided breast cancer in the general popula-
tion [30]. This suggests that the prevalence of lymphedema
may mirror the anatomical distribution of breast cancer. This
finding is clinically significant, as some data indicate that left-
sided breast cancers may have a more aggressive biological pro-
file and less favorable long-term outcomes [31]. The literature
is conflicting regarding the relationship between the treated
side’s dominance and lymphedema risk. Hayes et al. [32] re-
ported an 80% higher risk of lymphedema in patients treated
on the non-dominant side, suggesting that greater use of the
dominant arm in daily life may be protective. Conversely,
Bulley et al. [33] found no association between limb domi-
nance and the development of lymphedema or upper extrem-
ity dysfunction. Future research should investigate the com-
plex interplay between lymphedema localization, surgical fac-
tors, and long-term patient outcomes.

Limitations

This study has several limitations. First, its cross-sectional
design precludes the establishment of causal relationships.
Nonetheless, the data provide clinicians with valuable obser-
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vational findings to guide patient evaluations. Second, the fi-
nal sample size of 31 patients was slightly below our target of
34. Although a sensitivity analysis was performed to assess
the robustness of the findings, the reduced sample size may
still limit generalizability. Third, the absence of a healthy con-
trol group makes it difficult to ascertain whether the observed
impairments are solely attributable to lymphedema or are in-
fluenced by confounding factors such as age-related decline.
However, the within-subject comparison design is a strength,
as it minimizes the impact of inter-individual factors like gen-
eral health and lifestyle. Finally, due to alack of data, we could
notassess clinical parameters such as the specific type of malig-
nancy, whether axillary dissection was performed, or the sur-
gical procedure used. This prevented an analysis of how dif-
ferent treatments might affect upper extremity outcomes. Fu-
ture longitudinal studies with more comprehensive data col-
lection are needed to elucidate causal relationships and refine
clinical practice.

§ CONCLUSION

In conclusion, this study demonstrates that patients with up-
per extremity lymphedema following breast cancer treatment
have significant deficits in shoulder flexion/extension (both
strength and ROM) and elbow flexion strength in the affected
limb. These impairments appear to be localized to the proxi-
mal joints, which provides a clear rationale for targeted reha-
bilitation. Treatment programs should focus on addressing
the pronounced limitations around the shoulder while lever-
aging the preserved function of the elbow and wrist. This tar-
geted approach allows clinicians to prioritize interventions to
restore mobility and strength where it is most needed.
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B MAIN POINTS B ABSTRACT

Renal ectopia was frequently associated
with left-sided involvement in this pediatric
cohort.

Crossed renal ectopia (CRE) was observed
in 15.5% of the patients, with 77.7% show-
ing crossed-fused anatomy.

Additional urogenital anomalies, including
hydronephrosis, neurogenic bladder, vesi-
coureteral reflux, and duplicated collecting
systems, were common.

Renal scarring was detected in 8 patients,
all with vesicoureteral reflux, emphasizing
the need for early detection and follow-up.

Consanguinity and positive family history
of CAKUT were frequent, highlighting po-
tential genetic predisposition in renal ec-
topia.

Aim: This study aimed to evaluate the clinical characteristics, associated anomalies, and
outcomes of children diagnosed with renal ectopia in a single tertiary care center.

Materials and Methods: We retrospectively reviewed the medical records of 58 children
with renal ectopia who were followed up between January 2024 and June 2025. Data
on demographics, anomalies, laboratory findings, imaging findings, and treatments were
analyzed.

Results: Among 58 patients (mean age 71.6 + 56.4 months; 33 females, 25 males), 26
(44.8%) had right renal ectopia and 32 (55.2%) had left renal ectopia. Crossed renal ec-
topia was present in 9 (15.5%) patients, of whom 7 (77.8%) had crossed-fused renal ec-
topia. Additional urogenital anomalies included hydronephrosis in 7 (12.1%), neurogenic
bladderin 4 (6.9%), and vesicoureteral refluxin 3 (5.2%). Prenatal diagnosis was achieved
in 4 (6.9%) patients. Consanguinity was noted in 28 patients (48.3%), and 11 patients
(19.0%) had a family history of CAKUT. Voiding cystourethrography was performed in 12
patients (20.7%) and high-grade vesicoureteral reflux was identified in 3 patients. Renal
scarring was detected in 8 (15.1%) of the 53 patients who underwent DMSA scintigra-
phy; of these, 1 patient had hypertension, 1 had proteinuria, 1 was followed with stage 2
chronic kidney disease, and 1 with stage 5 chronic kidney disease.

Conclusion: Renal ectopia may be accompanied by additional urogenital anomalies.
Early diagnosis and comprehensive evaluation are essential for optimal management and

prognosis.
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EINTRODUCTION

Renal ectopia refers to the abnormal positioning of one or
both kidneys due to disrupted renal ascent during fetal devel-
opment. It occurs in approximately 1 in 900 live births and is
more frequently observed in males [1]. Ectopic kidneys may
be located in various anatomical regions, including the pelvic,
iliac, abdominal, or, more rarely, thoracic areas [2].

Renal ectopia is classified as either simple ectopia—where
the kidney is located on the correct side but in an abnor-
mal position—or crossed ectopia, in which the kidney crosses
to the opposite side. The ectopic kidney is fused with the
contralateral kidney in most cases of crossed renal ectopia
(approximately 90%), a condition known as crossed-fused
renal ectopia [3].
in approximately 1 in 7500 autopsies, whereas nonfused

Crossed-fused renal ectopia is identified

crossed renal ectopia is considerably rarer, occurring in ap-

proximately 1in 75,000 cases [4].

Although many children with renal ectopia are asymp-
tomatic, the condition may lead to various urological compli-
cations. These include ureteral obstruction, recurrent urinary
tract infections, and urolithiasis. Hydronephrosis (56%), vesi-
coureteral reflux (30%), and ureteropelvic junction obstruc-
tion (29%) are among the most common complications. Af-
fected kidneys may develop cystic dysplasia, calculi, or malig-
nancies less frequently [2,3].

Renal ectopia is also frequently associated with other con-
genital anomalies, particularly crossed ectopia. These include
genital tract anomalies (50%), skeletal malformations (40%),
and anorectal anomalies, such as imperforate anus (20%). Re-
nal ectopia has been associated with several congenital syn-
dromes, including thrombocytopenia with absent radius syn-
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drome, caudal regression syndrome, and VACTERL [1,5].

While the relationship between renal ectopia and long-term
renal dysfunction—such as hypertension, proteinuria, or
chronic kidney disease—remains unclear, thorough evalua-
tion and ongoing monitoring for associated anomalies are es-
sential. This study aimed to evaluate the clinical presentation
and associated abnormalities in children diagnosed with renal
ectopiaata single tertiary care center.

B MATERIALS AND METHODS

We retrospectively reviewed the medical records of 58 children
with ectopic kidney disease who were followed in our depart-
ment between January 2024 and June 2025. Patients’ data,
including age, gender, accompanying anomalies, laboratory
findings, imaging results,and treatments, were retrospectively
evaluated. The study was approved by the Scientific Research
Evaluation and Ethics Committee of Gaziantep City Hospital
(Number: 207/2025). All procedures were performed in ac-
cordance with the ethical standards and principles of the Dec-
laration of Helsinki.

All ectopic kidneys were initially evaluated using ultrasonog-
raphy (US). In a few patients whose kidneys were not visual-
ized in the renal fossa on US, the ectopic kidney was subse-
quently confirmed by DMSA scintigraphy. Pelvic dilatation
was graded according to the Society for Fetal Urology classi-
fication as follows: Grade 0, no dilation; Grade 1, mild dila-
tion of the renal pelvis without calyceal involvement; Grade
2, mild dilation of the renal pelvis and a few calyces with nor-
mal renal parenchyma; Grade 3, moderate dilation of the renal
pelvis and calyces with preserved renal parenchyma; Grade 4,
severe dilation of the renal pelvis and calyces accompanied by
thinning of the renal parenchyma [6].

Indications for voiding cystourethrogram (VCUG) included
recurrent urinary tract infections (>2 episodes) or ultrasono-
graphic findings suggestive of vesicoureteral reflux (VUR),
such as hydronephrosis or ureteral dilatation. The Interna-
tional Reflux Study in Children system was used to grade
VUR [7]. Indications for DMSA renal scintigraphy included
the presence of VUR or recurrent urinary tract infections.

Urinary tract infection was defined as the growth of a single
uropathogenic microorganism of >10° colony-forming units
(CFU)/mL in a midstream urine sample or >10* CFU/mL in
a catheterized urine sample [8]. If a random dipstick urinaly-
sis was positive for protein (>1+), the protein/creatinine ratio
in early morning urine was measured, and values >0.2 mg/mg
were considered indicative of proteinuria [9].

Hypertension was defined as an average systolic or diastolic
blood pressure >osth percentile for sex, age, and height on
at least three separate occasions or the use of antihypertensive
drugs [10]. The estimated glomerular filtration rate (eGFR)
was calculated using the Schwartz formula [11].
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Statistical analysis

Statistical analyses were performed using the Statistical Pack-
age for the Social Sciences version 22. Continuous vari-
ables were expressed as mean * standard deviation or median
(range) as appropriate. Categorical variables are expressed as
numbers and percentages.

B RESULTS

A total of 58 patients, including 33 females (56.8%) and 25
males (43.1%), with a mean age of 71.6 * 56.4 months and
a mean follow-up duration of 21.6 £ 38.9 months, were in-
cluded in the study. Prenatal diagnosis was made in 4 pa-
tients (6.8%) and postnatally in 54 patients. Consanguinity
was present in 28 patients (48.2%), and a family history of con-
genital anomalies of kidney and urinary tract (CAKUT) was
reported in 11 patients (18.9%).

Table 1. Socio-demographic data and urogenital system findings in chil-
dren with ectopic kidney.

(n=58) MeantSD
n (%)

Gender

Female 33 (56.8)

Male 25 (43.1)
Timing of the diagnosis diagrenatal 4(6.8%)
Postnatal 54 (93.1%)
Age (months) 71.6 £ 56.4
Follow-up duration (months) 11.6+8.9
Consanguinity (n) 28 (48.2)

CAKUT family historyFamily history of CAKUT (n) 11(18.9)

n: number of patients, SD: standard deviation, CAKUT: congenital anomalies of’
the kidney and urinary tract.

Table 2. Urogenital anomalies identified in patients with ectopic kidney
disease.

Urogenital Anomaly

=3
=

a°
2

Hydronephrosis 7(12)
Vesicoureteral reflux 4 (6.8)
Neurogenic bladder 4(6.8)
Duplicate collection system 3(5.1)
Nephrolithiasis 2(3.4)
Left undescended testicle 2(3.4)
Hypospadias 1(1.7)
Contralateral multicystic dysplastic kidney 1(1.7)
Contralateral renal agenesis 1(1.7)
Vesicostomy 1(1.7)
Table 3. Laboratory data of the patients at presentation.

Mean  SD
Urea (mg/dl) 13t4.1
Creatinine (mg/dL) 0.56 0.6
Na (mmol/L) 135.64.2
K (mmol/L) 3.87 0.1
Al (mmol/L) 101.341.9
eGFR (mL/min/1.73 m?) 112.2¢13.4
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Of the 58 patients, 26 (44.8%) and 32 (55.1%) had right and
left renal ectopia, respectively. Crossed renal ectopia (CRE)
was observed in 9 (15.5%) patients. Among these, 3 cases were
right-sided CRE and 6 were left-sided CRE. Additionally, 7
patients with CRE had crossed-fused renal ectopia, of whom
3 had right-sided and 4 had left-sided crossed-fused renal ec-
topia. Table 1 presents the sociodemographic data and uro-
genital system findings.

Additional urogenital anomalies were identified as follows:
hydronephrosis (n = 7), neurogenic bladder (n = 4), vesi-
coureteral reflux (VUR) (n = 3), duplicated collecting system
(n = 3), nephrolithiasis (n = 2), left undescended testicle (n
= 2), hypospadias (n = 1), contralateral multicystic dysplastic
kidney (MCDK) (n = 1), contralateral renal agenesis (n = 1),
and vesicostomy (n = 1). Additional urogenital anomalies are
given in Table 2.

Eleven patients (18.9%) had additional abnormalities, includ-
ing meningomyelocele (n = 3), anal atresia (n = 3), ventricular
septal defect (VSD) (n = 2), cerebral palsy (n = 1), liver trans-
plantation (n = 1), and Henoch-Schénlein purpura nephritis
(HSP nephritis) (n=1).

Ten patients (17.2%) had a history of UTI. Voiding cys-
tourethrography (VCUG) was performed in 12 (20%) pa-
tients. Of these, 1 patient had grade S vesicoureteral reflux
(VUR) on the same side as the ectopic kidney, and 2 patients
had bilateral grade 3 VUR.

Among the 58 patients, 53 (91.3%) underwent DMSA
scintigraphy. Renal scarring was detected in 8 of these pa-
tients. Among the patients with scarring, 1 had hyperten-
sion, 1 had proteinuria, 1 was being followed-up with stage II
chronic kidney disease (CKD), and 1 had stage S CKD. Table
3 summarizes the patients’ laboratory parameters at presenta-
tion.

B DISCUSSION

Renal ectopia was more frequently observed in females than
males in our cohort, with a mean age at diagnosis of 71.6 £
56.4 months. Prenatal detection was achieved in a minority
of patients, which is lower than the 15%-20% rates reported
in recent studies where widespread antenatal ultrasonography
has improved early diagnosis [12,13]. This disparity may be
attributed to regional demographics, as access to regular an-
tenatal care and ultrasonographic screening can be limited by
socioeconomic barriers and health care disruptions. Consan-
guinity was present in nearly half of our patients, similar to
other Turkish cohorts investigating congenital anomalies of
the kidney and urinary tract (CAKUT) [14]. In addition, a
positive family history of CAKUT was reported in a subset of
patients, supporting the role of genetic predisposition in the
pathogenesis of renal ectopia [15,2].

Embryologically, fusion anomalies likely result from abnor-
mal kidney migration and rotation during early gestation, and
the predominance of fusion in CRE may be due to shared vas-
cular and positional disturbances during renal ascent [3,4].
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Left renal ectopia was more common than right renal ec-
topia, consistent with previous reports [1]. The propor-
tion of crossed-fused renal ectopia among patients with CRE
aligns with the findings of prior pediatric studies [3,16].

Additional urogenital anomalies were present in a consid-
erable proportion of patients, with hydronephrosis being
the most common finding, followed by neurogenic bladder,
VUR, and duplicated collecting system. The coexistence of
contralateral anomalies, such as MCDXK or renal agenesis,
may have implications for long-term renal function, particu-
larly in patients with a solitary functioning kidney. Anomalies
involving the lower urinary tract underline the importance of
thorough urogenital evaluation, as timely detection and man-
agement may prevent further renal damage.

Systemic congenital anomalies were observed in a subset of pa-
tients, supporting the association between renal ectopia and
multisystem congenital disorders, in line with previous re-
ports [17].

VUR was identified in a subset of patients with renal scar-
ring, highlighting its role in renal injury. Our findings suggest
that the presence of hydronephrosis or a history of recurrent
urinary tract infections may serve as predictive indicators for
VUR. Therefore, VCUG may be considered selectively in pa-
tients with these risk factors rather than universally in all pa-
tients with ectopic kidneys.

Renal scarring emphasizes the increased risk of renal damage
due to anatomical abnormalities. Careful follow-up and early
detection of urological abnormalities are crucial in determin-
ing the long-term prognosis and guiding management.

The strengths of our study include a relatively large single-
center pediatric cohort and comprehensive evaluation of as-
sociated anomalies.

Limitations

The limitations include its retrospective design and limited
follow-up duration for some patients. Although all patients
with renal scarring had VUR, the small number of events
precluded formal statistical analysis to assess the association’s
strength or significance.

§ CONCLUSION

A careful and detailed physical examination is essential due to
the frequent presence of additional congenital and urogenital
anomalies. Early detection of urological abnormalities, such
as vesicoureteral reflux (VUR), plays a crucial role in deter-
mining long-term prognosis and guiding management.

Ethics Committee Approval: The study was approved by the
Scientific Research Evaluation and Ethics Committee of
Gaziantep City Hospital (Number: 207/2025).

Informed Consent: Individual informed consent is not applica-
ble for this study because no identifiable personal patient in-
formation was used.
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B MAIN POINTS

* Anxiety and depression often ac-
company complex regional pain
syndrome.

* It's unclear if this condition pre-
cedes or follows the disease.

» The study’s results indicate that
mood changes stem from the dis-
ease.
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B ABSTRACT

Aim: Complex Regional Pain Syndrome (CRPS) involves pain and dysfunction in multiple nervous
system pathways. Psychological symptoms such as anxiety, depression, and difficulty coping
often accompany the physical aspects of the condition. This study sought to examine whether
mood-related factors play a causal role in the onset of CRPS or if individuals with pre-existing
psychological conditions exhibit increased susceptibility to its development.

Materials and Methods: This is a cross-sectional study that included 131 patients with a history
of trauma or surgery who were referred for rehabilitation within the first three months following
the incident. Among them, 70 patients were diagnosed with CRPS, while 61 patients formed the
control group. Each participant underwent evaluation through the Short Form-36, Visual Analog
Scale (VAS), Beck Depression Inventory, and the Beck Anxiety Inventory.

Results: The study included 62 men and 69 women, with no significant differences in anxiety
and depression scores observed between the CRPS group and the control group (p>0.05 for
both). However, individuals with CRPS reported notably higher scores on the VAS (p<0.05). In
addition, their scores were significantly lower in the Short Form-36 subdomains related to pain
intensity (p<0.05), social functioning (p<0.05), and physical role limitations (p<0.05).

Conclusion: The results indicate that an individual's baseline mood does not seem to contribute
to the development of CRPS. These mood changes may be only the result of the disease, as pain
level, social function, and physical role were determined to be worse in these patients.

Anxiety, Complex regional pain syndrome, Depression, Mood, Reflex
sympathetic dystrophy
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EINTRODUCTION

other chronic musculoskeletal conditions [3]. The diagnosis
relies on the internationally endorsed Budapest criteria [4].

Complex Regional Pain Syndrome (CRPS-I) typically
emerges following an injurious event and is characterized
by pain, edema, dysregulated cutaneous perfusion, and
abnormal sudomotor activity [1]. CRPS frequently affects
the upper or lower limbs and presents with a constellation
of autonomic, sensory, and vasomotor abnormalities. Com-
mon clinical features include ongoing pain, changes in skin
coloration and temperature, motor impairment, hypersensi-
tivity, muscular and osseous wasting, excessive perspiration,
and atypical patterns in hair and nail development [2].

The disease was reported to affect 13.6 individuals per
100,000 each year. It exhibits a higher prevalence in women
and predominantly involves the upper limbs, often present-
ing with comorbidities distinct from those commonly seen in

Beyond its physical manifestations, CRPS is strongly linked
to psychological and emotional disturbances. Aftected in-
dividuals commonly experience depression, anxiety, frustra-
tion, and difficulty coping factors that can heighten pain per-
ception and impair daily functioning [5]. These emotional
disturbances may not only be consequences of chronic pain
but could also influence autonomic responses and central
pain processing, potentially perpetuating the condition. Psy-
chiatric comorbidities, such as mood disorders and somatic
symptom presentations, are frequently observed in this pop-
ulation and may compromise therapeutic outcomes. How-
ever, it is not certain whether these psychological symptoms
predate the onset of CRPS or develop as a result of the disease
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and its disabling effects [6].

The literature reflects ongoing debate regarding the tempo-
ral relationship between mood disorders and CRPS. Some
evidence suggests that pre-existing psychological vulnerabili-
ties such as catastrophic thinking, high anxiety levels, or poor
stress resilience may contribute to disease onset [7]. Con-
versely, other research proposes that psychiatric symptoms
arise in response to the intense pain, limited mobility, and de-
layed recognition often associated with CRPS. Recent find-
ings indicate a notable rise in psychological distress follow-
ing diagnosis, particularly in patients with severe or persis-
tent symptoms [8]. While the biopsychosocial framework is
widely accepted as foundational for CRPS management, the
precise influence of mental health variables on both disease
development and progression remains insufficiently defined
and continues to be a major area of investigation [7].

This study aims to examine the influence and predictive value
of mood disturbances specifically anxiety and depression in
individuals diagnosed with CRPS. By assessing whether these
conditions precede or result from the syndrome in outpa-
tient contexts, the research seeks to clarify the chronological
and causal interplay between psychological distress and CRPS
symptoms. Elucidating these dynamics may guide the devel-
opment of holistic treatment strategies and targeted screen-
ing protocols, ultimately improving clinical outcomes by in-

tegrating physical and psychological approaches.

B MATERIALS AND METHODS

This is a cross-sectional cohort study. Ethical approval was se-
cured from the Institutional Review Board of Baskent Uni-
versity Hospital (Approval No: E-94603339-604.01-484842,
dated 23.07.25). All participants provided written informed
consent regarding participation and the use of their data. The
study adhered to the ethical standards outlined in the Decla-
ration of Helsinki.

Patient selection and sampling

Patients referred to the physiotherapy clinic between February
2023 and February 2025, following initial evaluation by the
Department of Orthopedics and Traumatology for trauma-
related conditions or postoperative care, were recruited for
this study. An a priori power analysis was conducted using
G*Power (version 3.1.9.4). Based on a medium effect size (d =
0.5) consistent with previous literature [7], a minimum of 51
participants per group (total N = 102) was required to achieve
80% statistical power at an alpha level of 0.05.

Inclusion and exclusion criteria

Participants who suffered from trauma or undergone surgical
procedures were recruited within a three-month timeframe
were evaluated for inclusion to the study. Individuals diag-
nosed with CRPS Type I based on the Budapest criteria were
assigned to the CRPS group, while those exhibiting no clinical
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signs of CRPS were allocated to the control group. The pri-
mary objective of this study is to examine whether mood dis-
turbances, such as anxiety and depression, predated the onset
of complex regional pain syndrome or if they manifested sub-
sequently as a consequence of the disease. Accordingly, only
patients within the initial three months of the acute phase
were included in the study cohort, given that in chronic cases,
prolonged disease progression may render mood alterations
an anticipated outcome.

Exclusion criteria included individuals under 18 or over 65
years of age, those with rheumatologic conditions, motor
deficits, or myelopathy affecting the involved limb. Addi-
tionally, patients who had received injections, manual ther-
apy, or physiotherapy in the affected area within the preced-
ing three months; pregnant individuals; those demonstrating
non-adherence to the treatment protocol; individuals with
cognitive impairment; and those who were not willing to par-
ticipate were excluded from the study cohort.

Evaluation of the participants

All assessments were conducted by a single experienced physi-
atrist to ensure consistency. Demographic characteristics
were documented for each participant, and all individuals
were instructed to accurately complete the following stan-
dardized instruments: the Visual Analog Scale (VAS), Beck
Depression Inventory (BDI), Beck Anxiety Inventory (BAI),
and the Short Form-36 (SF-36) Health Survey.

The Visual Analog Scale is a straightforward, widely utilized
tool designed to quantify subjective pain intensity. It involves
a 10-centimeter horizontal or vertical line anchored by de-
scriptors at each end (0 indicating "no pain” and 10 indicat-
ing "the most severe pain”). Participants mark the point that
best reflects their current pain intensity, and the distance from
the "no pain” endpoint to the marked location is measured
in centimeters or millimeters. The VAS is recognized for its
simplicity, reproducibility, and minimal equipment require-
ments, and it has been validated as a reliable measure for both
acute and chronic pain [9].

The Beck Anxiety Inventory is a self-report questionnaire de-
signed to assess the frequency of anxiety symptoms using a 4-
point Likert scale. Responses range from 0 ("not at all") to 3
("severely"), with total scores spanning 0 to 63. Higher scores
denote greater levels of anxiety. Turkish version of the BAI
was validated by Ulusoy et al., making it suitable for clinical
and research use in Turkish populations [10].

The Beck Depression Inventory consists of 21 items assessing
various emotional and somatic symptoms of depression. Each
item offers four graded response options, reflecting symptom
severity. Participants are instructed to select responses that
best represent their emotional state. Total scores are inter-
preted as follows: 0-9 indicates no depression; 10-18 sug-
gests mild depression; 19-29 corresponds to moderate de-
pression; and 30-63 indicates a high likelihood of severe de-
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Table 1. Demographic characteristics of the participants.

CPRS Group (n=70) Control Group (n=61)

Age (mean t SD) 46.51113.57 42.24114.60
n (%) n (%)
Female 39 (55.7) 30 (49.2)
Gender Male 31 (44.3) 31 (50.8)
llliterate 2(2.9) 1(1.6)
Primary school 36 (51.4) 29 (47.5)
Education Secondary school 12 (17.7) 8(13.1)
High school 9(12.9) 13(21.3)
University 11(15.7) 10 (16.4)
Unemployed 2(2.9) 0(0)
Worker 16 (22.9) 11(18)
Oceunation Retired 8(11.4) 7(7)
P Desc worker 14 (20) 18 (29.5)
Housewife 28 (40) 20 (32.8)
Student 2(2.9) 5(8.2)
- Upper extremity 42 (60) 0(0)
Localization Lower extremity 28 (40) 0(0)
Operation history 23 (32.8) 14 (23.0)
Trauma history 56 (80) 11 (18)
Psychiatric disease 7(10) 5(8.2)

CRPS: Complex regional pain syndrome.

Table 2

Value P value
Gender# X2=0.058, p = 0.455
Education? 0.729
Occupation® 0.399
Localization* 0.001*
Operation history¥ X2=1.578, p = 0.209
History of trauma® 0.001*
History of psychiatric disease* 0.877

¥Pearson Chi Square test, # Fisher’s exact test, *p < 0.05 statistically significant.

pressive symptoms. BDI has been shown to be usable across
diverse populations [11].

To evaluate health-related quality of life, the SF-36 Health
Survey was administered. This instrument is one of the most
extensively used general health status questionnaires and has
been validated for use in Turkish populations. The SF-36
assesses nine domains: physical functioning, role limitations
due to physical problems, bodily pain, general health percep-
tions, vitality, social functioning, emotional role limitations,
mental health, and perceived changes in health over time.
Higher subscale scores reflect better perceived health and well-

being, while lower scores suggest diminished quality of life
[12].

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics for Windows, Version 25.0 (IBM Corp., Armonk, NY,
USA). Categorical variables were presented as frequencies (n)
and percentages (%), while continuous variables were assessed

for normality using the Shapiro-Wilk test. Normally dis-
tributed data were expressed as mean + standard deviation
(SD), whereas non-normally distributed data were summa-
rized as median (minimum-maximum).

Due to the non-normal distribution of the data, the Mann—
Whitney U test was used to compare anxiety, depression, and
SF-36 scores between groups. Categorical comparisons were
conducted using the Pearson chi-square (x”) test or Fisher’s
exact test. Effect sizes were calculated using the rank-biserial
correlation. For all analyses, a p-value < 0.05 was considered
statistically significant.

B RESULTS
Demographic characteristics

The study population comprised 131 individuals (62 males,
69 females). Of these, 70 patients were diagnosed with Com-
plex Regional Pain Syndrome (CRPS), while 61 individuals
constituted the control group. The mean age of the partic-
ipants was 44.53+14.17 years. The majority of participants
had completed primary education. Regarding occupation, a
significant proportion were housewives, while a considerable
segment worked in labor-intensive jobs. Among patients with
CRPS, approximately 60% reported a history of trauma or
surgical intervention involving the upper extremities, whereas
the remaining 40% presented with involvement of the lower
extremities. Specifically, 32.8% of CRPS patients had a doc-
umented history of surgery, while a substantially larger pro-
portion (80%) reported a prior traumatic injury. The demo-
graphic and sociodemographic profiles of the participants are
summarized in Table 1.
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Table 3. Comparison of anxiety, depression and quality of life parameters between complex regional pain syndrome group and control group.

Valuable Median Min-Max u Effect size# p

VAS 3 0-10 550.5 0.742 0.001*
BDI 8 0-35 1890.5 0.115 0.258
BAI 7 0-44 2016.0 -0.056 0.582
PF 80 0-100 1827.0 -0.144 0.154
PH 25 0-100 1292.0 -0.395 0.001*
EP 66.7 0-100 1875.0 -0.122 0.214
Energy/Fatigue 60 15-100 1927.0 -0.097 0.336
EW 60 16-100 1887.0 -0.116 0.251
SF 75 12.5-100 1696.0 -0.206 0.041*
Pain 62 0-100 1673.5 -0.216 0.033*
General health 62 5-100 1979.5 -0.073 0.472
Health change 50 2575 2085.0 0.023 0.801

¥Man-Witney U test, #Rank-Biserial Correlation, *p < 0.05 statistically significant. VAS: Visual Analog Score, BDI: Beck Depression Inventory, BAI: Beck Anxiety
Inventory, PF: Physical functioning, PH: Role limitations due to physical health, EW: Emotional well-being, SF: Social function.

Comparisons of categorical variables

Comparative analysis revealed no statistically significant asso-
ciations between the incidence of CRPS and gender, educa-
tion level, occupation, history of surgery, or psychiatric co-
morbidities (p>0.05). In contrast, both the localization of the
pathology (p=0.001) and a history of trauma (p=0.001) were
significantly associated with a CRPS diagnosis. The details
are summarized in Table 2.

Clinical and quality oflife outcomes

There were no statistically significant differences between the
CRPS and control groups regarding anxiety (p=0.582) or
depression (p=0.258) levels. However, patients with CRPS
demonstrated significantly higher pain intensity according to
VAS scores (p=0.001). Furthermore, specific subdomains of
the SF-36 health survey—specifically bodily pain (p=0.033),
social functioning (p=0.041), and physical role limitations
(p=0.001)—were significantly more impaired in the CRPS
group compared to controls. The remaining SF-36 subscales
did not differ significantly between the groups (p > 0.05).
Comparisons of anxiety, depression, and quality of life para-
meters are presented in Table 3.

E DISCUSSION

In the current study, no statistically significant differences
in anxiety or depression scores were observed between in-
dividuals diagnosed with CRPS and the control group.
However, participants in the CRPS group reported signifi-
cantly greater pain intensity, as measured by the Visual Ana-
log Scale (VAS). Moreover, specific domains of the SF-36
survey—namely bodily pain, physical role limitations, and so-
cial functioning—were notably more impaired in the CRPS
group, while the remaining subscales showed no significant
between-group differences.

The mean age of patients in the CRPS cohort was 46.51 years,
aligning closely with findings from Cave et al., who reported
a mean age of 47.1 years in an 8-year longitudinal study [7].
Regarding anatomical distribution, 60% of CRPS patients in

this study exhibited upper extremity involvement, which is
consistent with the broader literature identifying the upper
limbs as the most frequently affected region [3-7]. A female
predominance was observed in the CRPS group (55.7% fe-
male vs. 44.3% male), consistent with earlier studies reporting
higher incidence rates among females and frequent upper ex-
tremity involvement [3-13]. One plausible explanation is that
women may engage more frequently in domestic labor that
predisposes them to upper limb injuries, thereby increasing
the risk of developing CRPS.

A significantly higher incidence of preceding trauma was
noted in the CRPS group compared to controls. While the
precise pathophysiological mechanisms underlying CRPS re-
main debated, numerous publications identify trauma as a
primary precipitating factor—a relationship clearly observed
in this investigation.

The relationship between CRPS and psychological factors re-
mains controversial. A retrospective case-control study in-
volving 186 CRPS patients and 697 matched controls found
no substantial association between CRPS and psychological
conditions such as anxiety or depression [13]. Similarly, a sys-
tematic review of 31 empirical studies—most rated as hav-
ing low to moderate methodological rigor—suggested that
higher-quality studies generally did not identify psychologi-
cal traits (e.g., anxiety, depression, neuroticism) as predictors
of CRPS. However, exposure to stressful life events appeared
to increase risk, warranting more rigorous investigation [14].

It is important to note that this study assessed participants
within three months of their CRPS diagnosis, corresponding
to the acute phase of the disease. The timing of assessment
is critical, as psychiatric comorbidities often emerge or inten-
sify with chronicity. Many studies fail to specify the inter-
val between diagnosis and study inclusion, a methodological
limitation that obscures differences between early- and late-
stage CRPS and complicates assessments of treatment efficacy
[13,14].

Literature on the chronic phase presents a different picture. A
2017 prospective study reported that 38% of CRPS patients
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screened positive for post-traumatic stress disorder (PTSD),
with most cases predating CRPS onset. This suggests PTSD
may be a predisposing factor, particularly as maladaptive cop-
ing mechanisms were found to correlate with PTSD severity
[15]. In another study of 50 patients, 60% had a history of
depression, 20% reported panic attacks, and 18% had experi-
enced alcohol or substance use disorders [16]. A separate ret-
rospective analysis of 64 CRPS patients similarly documented
a higher prevalence of psychological disorders—including ad-
justment disorders, depression, substance misuse, and per-
sonality disorders—compared to patients with other chronic
pain conditions [5].

Further research indicates that while pre-CRPS psychiatric
rates may mirror the general population, these rates escalate
following onset [8]. For instance, one study found that post-
diagnosis, the incidence of psychiatric disorders rose by 76%,
suggesting a significant psychosocial impact of the disease [8].
Rommel et al. found psychiatric comorbidities in 78% of
CRPS cases, with adjustment disorders and major depression
being the most frequent [17]. Additionally, psychosocial eval-
uations indicate that CRPS contributes to adverse psycholog-
ical states and is associated with diminished quality of life and
occupational functioning [18].

The relationship between mood and pain may be bidirec-
tional or cyclothymic. Tajerian et al,, in an experimental
study on mice, demonstrated that neuropathic pain is re-
tained through neuroplastic mechanisms, potentially precip-
itating mood alterations such as anxiety [19]. Pereira et al.
conducted a one-year follow-up of CRPS patients and deter-
mined that mood disturbances were diagnosed with greater
frequency in this cohort compared to patients without CRPS
[20]. Brinkers et al. demonstrated that psychiatric conditions
can influence pain perception in CRPS and found that both
neuropathic pain and psychiatric disorders responded to sim-
ilar psychotropic treatments [5].

Despite this evidence, our study found no significant differ-
ence in anxiety or depression scores. This discrepancy is likely
attributable to the cross-sectional design and the restriction
of our sample to the acute phase (first three months), whereas
mood disorders may manifest more prominently as the con-
dition becomes chronic. Consequently, multicenter cohort
studies with extended longitudinal follow-up are warranted.

Recent studies exploring the link between anxiety and CRPS
suggest biological and behavioral mechanisms underlying this
relationship. Anxiety may exacerbate CRPS symptoms by
enhancing systemic inflammation and promoting peripheral
sensitization through elevated catecholamine levels. Addi-
tionally, anxiety is associated with altered brain processing
that can lead to central sensitization, amplifying the subjective
pain experience. Individuals with heightened anxiety may also
exhibit greater attentional bias toward pain, increasing symp-
tom intensity through hypervigilance and catastrophic inter-
pretation [15,16].
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Regarding functional outcomes, CRPS patients in the cur-
rent study reported significantly greater pain intensity on the
VAS, and their physical role functioning and social participa-
tion (SF-36) were more severely compromised than in con-
trols. Possible explanations include the effects of limb immo-
bilization, which can lead to hyperalgesia, trophic changes,
vascular dysregulation, and cortical reorganization. Cogni-
tive and perceptual factors may also play a role; uncertainty
or misunderstanding about the nature of CRPS may foster
negative health beliefs and perceptions of disability, further
intensifying the experience of pain and limiting functional re-
covery [17,18].

Limitations

This study has several limitations. First, the cross-sectional
design precludes any inference of causal relationships be-
tween CRPS and associated psychological or functional out-
comes. Second, reliance on self-administered instruments
such as the SF-36 and VAS introduces the potential for re-
sponse bias. Third, the study did not comprehensively con-
trol for confounding variables, including concurrent medi-
cation use and coexisting medical conditions. Fourth, pa-
tients were recruited from a single center within a defined time
frame, which may limit generalizability.

A significant challenge in this field is recruiting patients who
meet strict inclusion criteria, as CRPS is relatively uncom-
mon. This study was powered at 80%; however, a causal analy-
sis would require a substantially larger sample size. Addition-
ally, our study focused exclusively on the acute phase (within
three months of diagnosis) to determine if emotional diffi-
culties existed prior to the chronic progression of the syn-
drome. Future research should encompass personality assess-
ments and longitudinal follow-up of chronic cases. Finally,
similar to the review by Beerthuizen et al. [21], we found no
direct association between psychological factors and CRPS.
However, unlike their review, our study did not examine the
impact of significant life events, representing an important
area for future comprehensive investigation.

B CONCLUSION

Although no significant differences in anxiety and depression
were observed between CRPS patients and controls in the
acute phase, those affected by CRPS experienced markedly
greater pain intensity. Additionally, the CRPS cohort demon-
strated significant deficits in domains related to pain severity,
social functioning, and physical role performance. These re-
sults highlight the profound impact of CRPS on functional
abilities and overall quality of life. The absence of significant
differences in other SF-36 subscales suggests that the burden
of CRPS is localized to specific facets of daily living. Tar-
geted interventions addressing these functional impairments
may enhance therapeutic outcomes and inform comprehen-
sive, multidisciplinary management strategies.
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B MAIN POINTS B ABSTRACT

Individuals with migraine have sig-
nificantly smaller pineal gland and
cerebral ventricle volumes com-
pared to healthy controls.

A smaller pineal gland volume may
indicate reduced melatonin produc-
tion capacity, potentially contribut-
ing to migraine pathophysiology.
The reduction in third ventricle vol-
ume may be associated with in-
creased intracranial pressure and
decreased CSF-mediated melatonin
transport.

The study demonstrates that mi-
graine is associated not only with
functional but also with microstruc-
tural brain alterations.

Aim: Previous studies have reported reduced melatonin levels and elevated cerebrospinal fluid
(CSF) pressure in patients with migraine. However, the volumetric characteristics of the pineal
gland, which is the primary source of melatonin, and the brain ventricles, which serve as CSF
reservoirs, have not been sufficiently investigated. This study analyzed the volumes of the pineal
gland and brain ventricles in migraine patients.

Materials and Methods: The study included 21 migraine patients and 22 age- and sex-matched
healthy controls. Brain volumetric analyses were performed using high-resolution magnetic res-
onance imaging (MRI). Pineal gland volumes were manually segmented and measured using
ITK-SNAP software, while ventricular volumes were automatically computed using volBrain soft-
ware. All volumetric measurements were expressed in cubic centimeters (cm?).

Results: The groups were comparable in terms of age (p=0.730), gender (p=0.420), and body
mass index (p=0.082). Pineal gland volume was significantly reduced in the migraine group. An
ANCOVA controlling for total intracranial volume confirmed this significant reduction (F(1, 39) =
34.95, p<0.001, partial 2 = 0.473). Likewise, ventricular volumes were significantly smaller in
migraine patients (p<0.001).

Conclusion: These findings indicate that the reduction in pineal gland volume in migraine pa-
tients occurs independently of overall brain size, pointing to a specific structural change relevant
to the underlying pathology of the disease.

Keywords: Pineal gland, Cerebral ventricles, Migraine, Headache
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B INTRODUCTION

Migraine is a neurological disorder that affects approximately
15% of the global population and may occur at any age [1].
Itis more prevalent among women and individuals under the
age of 50, tends to follow a chronic course, and typically lasts
between 4 hours and 3 days [2,3]. Migraine manifests primar-
ily as a headache and is frequently accompanied by symptoms
such as photophobia, phonophobia, nausea, or vomiting [1].

Despite the considerable individual and societal burden of mi-

graine, its pathophysiology remains incompletely understood.
While various theories have been proposed, neuroimaging
studies have consistently revealed both structural and func-
tional alterations in the brains of individuals with migraine
[4,5,6]. Among these findings, the observation of reduced
melatonin levels and elevated cerebrospinal fluid (CSF) pres-
sure in migraine patients has drawn increasing attention.

The pineal gland, located above the thalamus, is responsi-
ble for the secretion of several hormones, most notably mela-
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tonin [7]. Melatonin, one of the most potent natural antiox-
idants, can readily cross cellular membranes to neutralize re-
active oxygen and nitrogen species, thereby reducing oxida-
tive stress [8].

plays a role in the pathophysiology of both primary and sec-

Emerging evidence suggests that melatonin

ondary headache disorders [9,10,11], and studies have consis-
tently reported lower melatonin levels in individuals with mi-
graine [8].

Melatonin secretion has been shown to be positively corre-
lated with the volume of the pineal gland, and inter-individual
differences in this volume may influence circulating mela-
tonin levels [12,13]. Additionally, the cerebral ventricles—
cavities within the central nervous system—are responsible
for the production and circulation of CSF [14]. Several stud-
ies have suggested a potential link between ventricular sys-
tem morphology and migraine pathophysiology, particularly
regarding CSF dynamics [15,16]. Furthermore, it has been
demonstrated that a large portion of melatonin secreted by
the pineal gland enters the third ventricle directly through the
pineal recess, suggesting that the ventricular system may be in-
directly influenced by melatonin levels [17,18].

Although various theories exist regarding migraine pathogen-
esis, volumetric studies focusing on the pineal gland and cere-
bral ventricles remain limited. Given the evidence of low
melatonin levels and increased CSF pressure in individuals
with migraine, investigating the structural characteristics of
these regions is warranted. Therefore, the aim of this study
was to examine possible volumetric differences in the pineal
gland and cerebral ventricles between migraine patients and
healthy controls using magnetic resonance imaging (MRI).

E MATERIALS AND METHODS
Study design and ethical considerations

This a cross-sectional cohort study conducted in a single cen-
ter and adhered to the Declaration of Helsinki for scientific
and ethical conduct in scientific research. Written informed
consent was obtained from the participants. The study was
approved by the institutional review board on February 28,
2024 (Institutional Review Board of Hitit University, Deci-
sion No. 2024-04).

Study groups

The study included a Migraine Group of 21 patients (15 fe-
males, 6 males) and a Control Group of 22 healthy, asymp-
tomatic individuals (18 females, 4 males).

Inclusion and exclusion criteria

Migraine patients were selected based on the International
Headache Society diagnostic criteria for migraine without
aura. These criteria included: (I) headache attacks lasting
4-72 hours (untreated or unsuccessfully treated); (II) uni-
lateral, pulsating pain of moderate to severe intensity; (III)
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aggravation by routine physical activity; (IV) associated nau-
sea/vomiting or photophobia/phonophobia; and (V) the ab-

sence of other underlying diseases.

General inclusion criteria for all participants required that
they be between 18 and 65 years of age, have a normal neu-
rological examination, and show no lesions or anomalies on
brain MRI. Participants were required to have no systemic dis-
eases affecting the autonomic nervous system, no history of
alcohol or substance abuse in the last five years, and no regu-
lar medication use for at least one month prior to the study.
Individuals with neurodegenerative diseases, congenital brain
anomalies, or a history of head trauma were excluded.

Image acquisition

Radiological evaluation of brain structures and the pineal
gland was performed using a 3-Tesla MRI scanner (Magne-
tom Skyra, Siemens). The pineal gland was localized by iden-
tifying the corpus callosum, superior colliculus, third ventri-
cle (ventriculus tertius), and quadrigeminal cistern. A T1-
weighted MPR AGE sequence was acquired with the follow-
ing parameters: sagittal plane, slice thickness = 1 mm, flip an-
gle = 9°, voxel size = 1 x 1 x 1 mm, repetition time (TR) =
2300 ms, field of view (FOV) = 250 x 250 mm?, echo time
(TE) = 3.4 ms, and matrix = 256 x 256.

Pineal gland volumetry

Pineal gland volumes were measured using ITK-SNAP soft-
ware (Insight Segmentation and Registration Tool Kit). Man-
ual segmentation was performed to ensure accuracy. Brain
MRI data in DICOM format were imported into ITK-
SNAP, and the boundaries of the pineal gland were delineated
in the coronal, sagittal, and axial planes. Using the ’Active La-
bel’ and "Interpolate Labels’ tools, the gland boundaries were
traced across all relevant slices. Upon completion of the seg-
mentation, the software automatically calculated the pineal
gland volume in cubic centimeters (cm’) (Figure 1).

Figure 1. Pineal gland image reconstructed in ITK-SNAP program.

Brain ventricular volumetry

Brain ventricular volumes were calculated using the auto-
mated cloud-based volumetry system, volBrain (https://vol-
brain.upv.es). T1-weighted images were first converted from
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DICOM to NIfTT format using dem2niigui software and
compressed into .zip archives. The data were then uploaded
to the volBrain server. The ’vol2Brain’ pipeline was selected,
and participant demographic data (age and sex) were entered
into the system. The server processed the data and generated a
report detailing the volumetric information of the brain ven-
tricles (Figure 2).

Figure 2. Brain ventricle images reconstructed in volBrain program.

Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics
(Version 22.0; IBM Corp., Armonk, NY, USA), R (Version
4.4.3), and JASP (Version 0.19.3). Continuous variables were
expressed as mean and standard deviation (Mean + SD), while
categorical data were presented as frequencies (n) and percent-
ages (%). Group comparisons for baseline characteristics were
performed using the independent samples t-test for continu-
ous variables and the Pearson chi-squared test for categorical
variables.

To assess differences in pineal gland volume between migraine
patients and healthy controls while accounting for variations
in overall brain size, Analysis of Covariance (ANCOVA) was
employed. Total intracranial cavity volume was included as a
covariate to isolate the effect of group status. Model assump-
tions were rigorously verified: linearity was assessed via scat-
terplots; homogeneity of regression slopes was confirmed by
the non-significant interaction between Group and Intracra-
nial Cavity; normality of residuals was checked using Q-Q
plots and the Shapiro-Wilk test; and homogeneity of variance
was assessed using Levene’s test.

A post-hoc power analysis was conducted using G*Power
(version 3.1.9.7) to evaluate sample size adequacy. The anal-
ysis indicated a high statistical power (1-3 = 0.99) to detect
the observed effect size [f = 0.94] at o= 0.05. Statistical signif-
icance was defined as p<0.05.

B RESULTS
Demographics and initial comparisons

Table 1 summarizes the demographic characteristics and ini-
tial volumetric measurements. There were no statistically sig-
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nificant differences between the groups regarding gender dis-
tribution (p=.420), mean age (t(41) = -0.35, p=.730), or Body
Mass Index (t(41) = -1.78, p=.082), confirming the compara-
bility of the two cohorts.

Volumetric analysis

Volumetric comparisons, summarized in Table 2, revealed dis-
tinct structural differences. The migraine group exhibited a
significantly smaller pineal gland volume, which was approx-
imately 23% smaller than that of the control group (p<.001).
A consistent reduction was also observed across the ventricu-
lar system; volumes of the lateral ventricle (p<.001), third ven-
tricle (p<.001), and fourth ventricle (p=.005) were all signifi-
cantly smaller in migraine patients. Conversely, while the to-
tal volumes of Grey Matter, White Matter, and the overall In-
tracranial Cavity were slightly smaller in the migraine group,
these differences were not statistically significant (p=.961 and
p=.791, respectively). This indicates that the observed vol-
umetric reductions are specific to the pineal-ventricular sys-
tem rather than a consequence of global differences in brain
or head size.

Results of ANCOVA

As detailed in Table 3, Analysis of Covariance (ANCOVA)
was performed to determine if the difference in pineal gland
volume persisted after accounting for intracranial cavity vol-
ume (ICV). Prior to analysis, all assumptions were verified.
The assumption of homogeneity of regression slopes was met,
as the interaction between group status and ICV was not
statistically significant (F(1, 39) = 0.237, p=.629, partial n*
=.006), confirming that the relationship between ICV and
pineal volume was consistent across groups. Levene’s test for
homogeneity of error variances was also non-significant (F(1,
41) = 0.351, p=.557). Additionally, standardized residuals
were normally distributed with no significant outliers.

After adjusting for ICV, the ANCOVA revealed a significant
main effect of group status (F(1, 39) = 34.95, p<.001). The
effect size was large (partial n” = .473), indicating that 47.3% of
the variance in pineal gland volume was attributable to group
differences after controlling for brain size.

Analysis of means

Unadjusted descriptive statistics showed a mean pineal gland
volume of 0.20 cm® (SD=0.03) for the migraine group and
0.26 cm’ (SD=0.04) for the control group. After controlling
for ICV, the adjusted means (estimated marginal means) re-
mained 0.20 cm® and 0.26 cm’, respectively. Pairwise com-
parisons confirmed that the control group had a significantly
larger pineal gland volume, with a mean difference of 0.058
cm® (95% CI: 0.038 to 0.078, p<.001). The minimal differ-
ence between unadjusted and adjusted means suggests that
the reduction in pineal volume in migraine patients is a robust
finding, independent of intracranial cavity volume.
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Table 1. Descriptive statistics of the participants.
Migraine group Control group
(n=21) (n=22) Sig. (p)
(MeantSD) (MeantSD)
Gender F/M (F% / M%) 15/6 (71.43% / 28.57%) 18/4 (81.2582% / 18.18%) 0.420
Age (years) 37.8616.75 38.5546.22 0.7302
BMI 26.42+1.64 27.4812.25 0.082°
SD: Standard deviation, BMI: Body mass index, *: t-test, b, Welch t-test.
Table 2. Comparison of pineal gland and brain ventricle volume data between groups.
Migraine group Control group
(n=21) (n=22) Sig. (p)
(MeantSD) (Mean1SD)

Pineal gland volume (cm3) 0.200.018 0.2610.036 p<0.0012
Lateral ventricle volume (cm3) 7.65+2.39 15.6316.80 p<0.001°
Third ventricle volume (cm3) 0.7610.33 1.3210.55 p<0.001°
Fourth ventricle volume (cm?) 1.1240.511 1.52+0.37 0.0052
Grey and White Matter (cm?) 1135.98496.07 1136.55+100.54 0.961°
Intracranial Cavity (cm?) 1306.99+86.26 1313.27196.99 0.7912
SD: Standard deviation, ?: t-test, °: Welch t-test.
Table 3. Analysis of Covariance (ANCOVA) for the effects of group and intracranial cavity volume on pineal gland volume.
Source SS df MS F Sig. (p)° n?
ANCOVA Model
Group (Main Effect) 0.036 1 0.036 34.951 <0.001 0.473
Intracranial Cavity (Covariate) 0.001 1 0.001 0.750 0.392 0.019
Assumption Test
Group x Intracranial Cavity 0.00025 1 0.00025 0.237 0.629 0.006
Error 0.040 39 0.001

SS: Sum of Squares, MS: Mean Square, Model R Squared = 0,478 (Adjusted R Squared = 0.438), ©: Analysis of covariance test. Note. The main effect of Group is

interpreted as the interaction term was not significant.

E DISCUSSION

This study demonstrated that individuals with migraine have
significantly smaller pineal gland and cerebral ventricle vol-
umes compared to healthy controls. These findings may be
associated with the reduced melatonin levels and increased in-
tracranial pressure frequently observed in migraine patients.
Although multiple theories have been proposed regarding the
pathophysiology of migraine, the role of reduced melatonin
levels has recently attracted significant attention [19,6].

Located above the thalamus, the pineal gland plays a key role
in regulating the body’s physiological and circadian rhythms
[8]. In addition to glial cells, the pineal gland contains en-
docrine cells known as pinealocytes, which are of photore-
ceptor origin and are responsible for synthesizing hormones,
particularly melatonin [20]. Melatonin is one of the most
potent natural antioxidants, capable of easily diffusing across
cell membranes to neutralize reactive oxygen and nitrogen
species [8].

The pineal gland’s involvement in migraine is supported by
studies demonstrating that melatonin supplementation re-
duces headache frequency and intensity [9,10,11]. In an ex-

perimental study, Tanuri et al. (2009) showed that rats sub-
jected to pinealectomy exhibited increased c-fos positive cells
associated with pain, and that melatonin administration sig-
nificantly reduced the number of these cells [21]. Other ani-
mal studies have reported that melatonin modulates pain by
reducing neuroinflammation [22,23].

Previous research has consistently shown that individuals
with migraine tend to have lower melatonin levels [8,9,10,11].
These biochemical differences may be linked to the structural
characteristics of the pineal gland, as melatonin secretion has
been found to correlate with pineal volume [12,24]. Studies
suggest that in healthy adults aged 25-65, the average pineal
volume ranges between 0.22-0.24 cm”® [25,26]. In the present
study, the average pineal volume was 0.24 cm’ in the control
group compared to 0.19 cm”® in the migraine group. This re-
duction in volume may reflect a diminished capacity for mela-
tonin production, potentially contributing to the low mela-
tonin levels reported in this population.

The cerebral ventricles—cavities within the central nervous
system—play a crucial role in the production and circulation

of cerebrospinal fluid (CSF) [14]. Beyond providing mecha-
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nical protection, the ventricles help maintain brain homeosta-
sis by clearing metabolic waste and regulating CSF composi-
tion. Several studies suggest a potential link between CSF dy-
namics and migraine pathophysiology [15,16]. For instance,
Chen et al. found a reduction in fourth ventricle volume in
individuals with episodic migraine. Although we did not di-
rectly measure CSF pressure, alterations in ventricular volume
may indirectly reflect changes in intracranial pressure [27].

While some studies have reported that longer migraine du-
ration is associated with increased CSF volumes in the lat-
eral and third ventricles, hinting at intracranial hypertension,
our findings differ. Notably, although migraine and idio-
pathic intracranial hypertension share common risk factors,
their pathophysiological mechanisms are distinct [15,16].

In our study, the reduced ventricular volumes observed in
migraine patients may indicate restricted physical space for
CSF, potentially leading to increased CSF pressure despite the
smaller volume. The third ventricle is particularly significant
in this context. The pineal gland, situated just above the roof
of the third ventricle, secretes melatonin directly into the CSF
via the pineal recess [28,29]. Consequently, melatonin con-
centrations in the ventricular system may be higher than in
peripheral blood. CSF-delivered melatonin may suppress the
activity of the trigeminovascular system, a key pathway in mi-
graine pathogenesis [30,31]. Trigeminal neurons, similar to
visceral sensory neurons, innervate the meninges and are di-
rectly involved in pain transmission [12,29,32]. In this study,
the third ventricle volume in migraine patients was approx-
imately 44% smaller than in controls. This reduction, com-
bined with decreased pineal volume, may result in lower lo-
cal melatonin concentrations and subsequent disinhibition of
the trigeminovascular system, contributing to headache sever-
ity.

The cross-sectional design of the present study precludes es-
tablishing a causal relationship between reduced pineal gland
volume and migraine. It remains uncertain whether the ob-
served volumetric reduction represents a predisposing struc-
tural vulnerability contributing to migraine onset or a sec-
ondary adaptation resulting from the chronic course of the
disorder. Previous neuroimaging studies have shown that
prolonged pain exposure and recurrent nociceptive activa-
tion can induce microstructural and volumetric alterations
in brain regions associated with pain modulation and cir-
cadian regulation [33,34]. Similarly, long-term alterations
in melatonin secretion secondary to repeated attacks could
lead to pineal gland remodeling or atrophy over time [8,28].
Therefore, the reduced pineal volume observed here likely re-
flects a complex interaction between predisposing neuroen-
docrine dysregulation and chronic disease-related neuroplas-
ticity. Longitudinal studies integrating volumetric, biochem-
ical, and clinical data are required to disentangle this bidirec-
tional relationship.

Neuroimaging has previously revealed functional and mi-
crostructural alterations in migraine patients, particularly in

Original Article

Ann Med Res 2026;33(2):67-72

pain processing regions such as the brainstem, hypothalamus,
basal ganglia, and cerebral cortex [27,33,34]. The present
study suggests that the pineal gland and cerebral ventricles
should be added to the list of structures undergoing mi-
crostructural changes in the migraine brain.

Limitations

This study has several limitations. First, only patients with
migraine without aura were included; future studies should
examine different migraine subtypes. Second, the sample size
was relatively small; however, a post-hoc analysis indicated
sufficient statistical power for the main outcome. Third, al-
though we attempted to control for confounding variables,
factors such as lifestyle, medication use, and genetic predispo-
sition were not comprehensively analyzed. Lastly, the study
relied solely on volumetric MRI data; integrating functional
imaging and biochemical markers would provide a more com-
prehensive understanding of structural-functional correla-
tions. Addressing these limitations in future research will
strengthen the clinical implications of these findings.

§ CONCLUSION

These findings demonstrate that individuals with migraine
have significantly smaller pineal gland and cerebral ventricle
volumes compared to healthy controls. Notably, the reduc-
tion in pineal gland volume appears to be independent of
overall brain size, suggesting a specific structural alteration
in the migraine brain that may contribute to the underlying

pathophysiology of the disorder.
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B MAIN POINTS B ABSTRACT

Hyperbaric oxygen therapy (HBOT) is
widely used as an adjunctive treatment for
idiopathic sudden sensorineural hearing
loss (SSNHL) and is generally considered
safe.

This study uniquely evaluated the con-
tralateral, clinically unaffected ears of 101
SSNHL patients undergoing HBOT.

Hearing thresholds remained stable across
250 Hz-8 kHz, supporting the otologic
safety of HBOT.

A subtle but significant deterioration at 6
kHz (+1.98 dB, p = 0.0049) suggests cham-
ber noise as a possible contributor.

Findings highlight the need for high-
frequency monitoring and noise-control
measures in HBOT practice.

Aim: To evaluate changes in hearing thresholds of the clinically unaffected contralateral
ear before and after hyperbaric oxygen therapy (HBOT) in patients treated for unilateral
idiopathic sudden sensorineural hearing loss (ISSNHL).

Materials and Methods: In this single-center retrospective observational study, pure-tone
audiograms (250 Hz-8 kHz) of the contralateral ears of 101 patients who underwent
HBOT were compared before and after treatment. Each session lasted approximately
120 minutes at 2.4 ATA, including compression, oxygen exposure, and decompression
phases. Thresholds were age-corrected according to ISO 7029:2017. Depending on dis-
tributional assumptions, Wilcoxon signed-rank test were used for paired comparisons
(2=0.05). The median number of sessions was 20 (IQR: 10--20).

Results: No significant changes were observed across most frequencies. Only at 6000
Hz, a minimal but statistically significant difference was detected (p=0.0049). The hear-
ing thresholds at other frequencies remained stable.

Conclusion: Overall, HBOT was not associated with substantial changes in contralateral
hearing thresholds. The minor threshold shift observed at 6 kHz may suggest noise ex-
posure during treatment sessions rather than oxidative stress. This highlights the impor-
tance of monitoring high-frequency hearing and emphasizes the need for noise control
measures during therapy. These findings confirm that HBOT is generally safe for the un-

affected ear.

Cite this article as: Zaman T, Ozkan R, Ozgok Keywords:
Kangal K, Turkmen O, Yucel L. Hyperbaric oxygen
therapy and contralateral ear hearing thresholds
in unilateral sudden sensorineural hearing
loss. Ann Med Res. 2026;33(2):73--78.  doi:

10.5455/annalsmedres.2025.08.241.

Hyperbaric oxygen treatment, Sensorineural hearing loss, Occupational
noise, Alternative therapies

Received: Aug 27,2025 Accepted: Nov 13,2025 Available Online: Feb 25, 2026

@@@ Copyright © 2026 The author(s) - Available online at annalsmedres.org. This is an
Open Access article distributed under the terms of Creative Commons Attribution-
Ciam P8  NonCommercial-NoDerivatives 4.0 International License.

B INTRODUCTION

Sudden sensorineural hearing loss (SSNHL) is an acute-onset
condition, typically unilateral, defined as a hearing loss of
>30 dB affecting at least three consecutive frequencies within
a 72-hour window [1]. Although its etiology remains pre-
dominantly idiopathic, proposed mechanisms include viral
infections, vascular compromise, autoimmune responses, and
membrane ruptures. Given the risk of permanent auditory
deficit, SSNHL necessitates prompt diagnosis and interven-
tion [2].

Hyperbaric oxygen therapy (HBOT) has emerged as a criti-
cal adjunctive treatment for SSNHL. It functions by increas-
ing arterial partial oxygen pressure, thereby facilitating oxy-
gen diffusion to the cochlea and mitigating hypoxic injury.
Cochlear hair cells—particularly the outer hair cells—are
highly sensitive to oxidative stress, mechanical trauma, baro-
metric fluctuations, and ototoxic agents [3-5]. Because these
cells lack regenerative capacity in the mammalian cochlea, any
significant damage typically results in permanent hearing loss.

Significant physiological effects on various organ systems, in-
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cluding the auditory system, can be induced by changes in
ambient pressure, whether at high altitudes or under hyper-
baric conditions [6,7]. During HBOT, elevated ambient pres-
sure and increased oxygen partial pressure may alter gas ex-
change, blood flow distribution, and cochlear microcircu-
lation. Beyond pressure fluctuations, hyperbaric chambers
are also significant sources of mechanical noise. A multi-
center study conducted in Tirkiye reported that noise lev-
els within HBOT chambers can occasionally exceed inter-
national safety standards, particularly during the ventilation
phase at treatment pressure [8]. Cochlea’s dual sensitivity to
pressure changes and acoustic stress highlights the need for a
rigorous evaluation of the hyperbaric environment’s impact
on the auditory system [9].

The generation of reactive oxygen species (ROS), oxida-
tive stress, and mitochondrial dysfunction are central to the
pathophysiology of cochlear injury [4,5]. Noise exposure fur-
ther exacerbates ROS production in cochlear cells, trigger-
ing DNA damage, lipid peroxidation, and apoptotic path-
ways. When combined with the disruption of mitochon-
drial membrane potential and reduced energy production,
these factors can culminate in permanent sensorineural hear-
ing loss. Consequently, strategies to prevent noise-induced
hearing loss—such as reducing exposure time, utilizing pro-
tective devices, and implementing pharmacological interven-
tions targeting oxidative stress—are essential [10]. Hyper-
baric environments, where multiple stressors like pressure and
noise coexist, must be managed with robust protective and
monitoring protocols.

The aim of this study is to evaluate whether the noise and pres-
sure fluctuations inherent in the hyperbaric environment in-
duce auditory changes in the contralateral ear—which is con-
sidered clinically unaffected—in patients undergoing HBOT
for unilateral SSNHL. By comparing pre- and post-treatment
audiometric data, this study seeks to determine the risk of
functional impairment in the healthy ear, thereby providing
evidence to optimize the safety and efficacy of clinical HBOT
protocols.

E MATERIALS AND METHODS

Study design and participants

This retrospective cohort study was conducted at the Depart-
ment of Underwater and Hyperbaric Medicine in University
of Health Sciences Giilhane Training and Research Hospi-
tal. Medical records of patients who underwent HBOT for
unilateral idiopathic SSNHL between February 1, 2017 and
February 1, 2022 were reviewed.

Inclusion criteria were as follows: (1) diagnosis of unilateral
SSNHL confirmed by pure-tone audiometry, (2) receipt of
at least five HBOT sessions, and (3) availability of both base-
line and post-treatment audiometric data for the contralateral
(clinically unaftected) ear. Exclusion criteria included bilat-
eral hearing loss, a history of chronic otologic disease, previ-
ous ear surgery, recent acoustic trauma, use of known ototoxic
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drugs within the past three months, and incomplete medical
records.

Each HBOT session was conducted at 2.4 ATA for a total du-
ration of 120 minutes, partitioned into 15 minutes of com-
pression, 90 minutes of oxygen inhalation, and 15 minutes of
decompression.

Audiological assessment

Pure-tone air-conduction thresholds dB (A) at 250 Hz, 500
Hz, 1 kHz, 2 kHz, 4 kHz, 6 kHz, and 8 kHz were measured
for both ears in a soundproof booth using supra-aural head-
phones, in accordance with ISO 8253-1:2010. Audiometric
evaluations were performed before hyperbaric oxygen ther-
apy (pre-HBOT, baseline) and after treatment (post-HBOT,
follow-up).

To control for the confounding effects of age-related hearing
loss (presbycusis), thresholds were adjusted according to ISO
7029:2017 standard reference equations. These equations es-
timate median hearing thresholds for otologically normal in-
dividuals based on age and sex, utilizing the 18-year-old me-
dian as the 0 dB reference point [11]. For each frequency, the
age-adjusted value was calculated by subtracting the predicted
median threshold from the observed measured threshold.

The expected (age-adjusted) thresholds were then used to cal-
culate correction values as follows:

APre=Pre-HBOT - Expected
APost=Post-HBOT - Expected
Change = APost - APre

Here, pre-HBOT and post-HBOT represent the hearing
thresholds measured before and after treatment, respectively.
In this way, the ISO 7029-adjusted hearing change for each
patient was determined.

Reference noise level data

The noise data used in this study were obtained from mea-
surements previously performed by our research team in the
same multiplace hyperbaric chamber evaluated in the present
study [8]. These measurements were carried out using a Briiel
& Kjer Sound Level Meter Type 2240 and a Type 4231 Sound
Level Calibrator under identical chamber conditions and op-
erational protocols. Measurements were taken at a height of
130 cm above the floor and at least 1 m away from the cham-
ber walls, corresponding to the ear level of a seated patient.
The mean noise levels were 78.7 dB during compression, 84.2
dB during treatment with ventilation open, 76.0 dB with ven-
tilation closed, and 79.1 dB during decompression. These val-
ues were used for the contextual analysis of potential noise ex-
posure during HBOT in the present study. Although the data
were cited from our previous publication, they represent the
same environment and equipment used in this study.
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Figure 1. Change in 6 kHz pure-tone thresholds of the unaffected ear before and after HBOT.

Statistical analysis

All statistical analyses were performed using JAMOVT soft-
ware, version 2.3.28 (The JAMOVI Project, Sydney, Aus-
tralia). Descriptive statistics were presented as mean + stan-
dard deviation (SD) for normally distributed variables, and
as median (interquartile range, IQR) for non-normally dis-
tributed variables. Normal distribution of continuous vari-
ables was assessed by Kolmogorov—Smirnov test. The difter-
ence between present audiogram (baseline and follow-up) and
age-adjusted ISO 7029:2017 standards were calculated. These
differences were used in statistical analyses. The Wilcoxon
signed rank test was used for analyzing the change before
HBOT and after HBOT. A p-value <0.05 was considered sta-
tistically significant.

A post-hoc power analysis was conducted after study comple-
tion, based on a total sample size of N=101, an effect size of
d=0.5, and asignificance level of p=0.05. The analysis demon-

Table 1. Demographic characteristics and laterality of the unaffected
ear in patients with unilateral idiopathic sudden sensorineural hearing
loss (ISSNHL).

Characteristic n (%) or Median [IQR]

Sex
Male 58 (57.4)
Female 43 (42.6)
Age (years) 42 [29-51]
Side of unaffected ear
Right 54 (53.5)
Left 47 (46.5)
HBOT sessions 20 [10-20]

Note: Age s presented as median [Interquartile Range (IQR)]. Categorical variables
are presented as absolute numbers and percentages.

strated a statistical power of 0.99.

B RESULTS

A total of 101 patients diagnosed with unilateral idiopathic
SSNHL who met the inclusion criteria were included in the
analysis. The cohort consisted of 58 (57.4%) males and 43
42.6%) females, with a median age of 42 years (IQR: 29-51).
The unaffected ear was the right ear in 54 patients (53.5%) and
the left ear in 47 patients (46.5%). The median number of
HBOT sessions completed was 20 (IQR: 10-20) (Table 1).

The pure-tone thresholds of the unaftected ear before and af-
ter HBOT, alongside the ISO 7029:2017 age-adjusted refer-
ence values, are detailed in Table 2. Across the majority of
the tested frequencies (250Hz-8 kHz), both pre- and post-
treatment median thresholds remained within the normal
hearing range. The age-adjusted reference values were gener-
ally lower than the observed thresholds, suggesting the pres-
ence of subtle, subclinical variations in some individuals.

No statistically or clinically significant threshold shifts were
observed in the contralateral (unaffected) ear at most tested
frequencies, including 250 Hz, 500 Hz, 1 kHz, 2 kHz, 4
kHz, and 8 kHz. However, a minor but statistically signifi-
cant change was detected at 6 kHz (p = 0.0049). This isolated
high-frequency shift may reflect subtle exposure to hyperbaric
chamber noise rather than the barometric or oxidative effects
of HBOT (Figure 1, Table 2). This finding suggests a poten-
tial susceptibility of the unaffected ear to high-frequency en-
vironmental factors during HBOT sessions.

1 DISCUSSION

This study investigated whether HBOT in patients with
unilateral idiopathic SSNHL induces measurable auditory
changes in the contralateral ear considered clinically unaf-
fected. Our analyses showed no significant post-treatment
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Table 2. Comparison of pre- and post-HBOT pure-tone and age-adjusted thresholds in the unaffected ear.

Frequency (Hz) Pre-HBOT Age-adjusted Pre-HBOT Post-HBOT Age-adjusted Post-HBOT Change P-value
Median (IQR) (dB) Median (IQR) (dB) Median (IQR) (dB) Median (IQR) (dB) Median (IQR) (dB)
250 15 (10-20) 10.46 (8.29-17.08) 15(10-17.5) 12.73 (8.45-15) 0 (-5-5) 0.9921
500 10 (10-15) 8.54 (4.75-11.73) 10 (5-15) 6.98 (4.01-10) 0 (-5-0) 0.2426
1000 10 (5-10) 4.94 (3.71-8.16) 10 (5-10) 4.91 (3.16-9.58) 0 (0-0) 0.1729
2000 5(5-10) 4.51 (1.76-7.77) 5(5-10) 4.45 (1.42-5) 0 (-5-0) 0.6231
4000 10 (5-20) 4.99 (1.80-13.43) 10 (5-20) 4.81(-0.21-13.43) 0 (-5-0) 0.1099
6000 15 (10-25) 9.27 (4.19-14.92) 15 (10-25) 9.94 (4.06-19.27) 0 (0-5) 0.0049*
8000 15 (10-25) 7.53 (2.84-12.50) 15 (10-23.75) 8.02 (0.87-15.17) 0 (0-0) 0.9483

Note: Values are expressed as median (interquartile range, 25th_7sth percentiles). Age-adjusted medians are calculated according to ISO 7029:2017 reference equations.
p-values were obtained using Wilcoxon signed-rank test due to non-normal data distribution. *p < 0.05 indicates statistical significance.

threshold shifts at most frequencies, although a small but sta-
tistically significant deterioration was observed at 6 kHz. The
magnitude of this change was minimal; however, its statisti-
cal significance and occurrence at one of the frequencies com-
monly affected by noise-induced damage is noteworthy.

During HBOT, patients are exposed to increased ambient
pressure and partial oxygen pressure, which may influence in-
ner ear physiology through alterations in gas diffusion, vascu-
lar perfusion, and oxidative metabolism. HBOT is known to
enhance oxygen delivery to the cochlea, thereby supporting
recovery in the affected ear. However, in addition to pressure
fluctuations, patients are also exposed to chamber noise gen-
erated by mechanical systems, ventilation cycles, and gas flow
adjustments. A multicenter study from Ttirkiye reported that
chamber noise levels at treatment pressure varied between
100.4 and 40.5 dB(A), reaching particularly higher values dur-
ing ventilation [8]. In our clinic, noise levels during treat-
ment depth were observed to range between 76-84.2 dB(A),
and during decompression, brief peaks up to 92.3 dB(A) were
recorded. Although these levels remain below most occupa-
tional exposure limits, repeated exposure across multiple ses-
sions may exert subtle auditory effects, particularly in vulner-
able frequency regions.

In noise-induced hearing loss (NIHL), the earliest audiomet-
ric finding is typically a notch at high frequencies, most of-
ten at 3, 4, or 6 kHz. The frequency at which this notch
first appears varies among individuals. Initially confined to a
single frequency, the notch gradually spreads to adjacent fre-
quencies with continued noise exposure [12-14]. This vul-
nerability results from the combined influence of external ear
canal resonance, middle ear transmission characteristics, and
the tonotopic organization of the cochlea. The basal turn
of the organ of Corti, which processes frequencies in the
3,000-6,000 Hz range, is particularly susceptible to mecha-
nical and metabolic stress and thus vulnerable to injury from
prolonged or intense noise exposure [12,13]. Moreover, res-
onance of the external auditory canal further amplifies acous-
tic energy in this range, increasing the risk of hair cell damage.
The finding of a significant change exclusively at 6 kHz in our
cohort suggests that chamber noise exposure during HBOT
may produce subtle but measurable effects at higher frequen-

cies.

The relationship between HBOT and oxidative stress is dual:
while hyperoxia can transiently increase ROS production, re-
peated sessions may induce antioxidant responses and mito-
chondrial adaptation, thereby counterbalancing the net ef-
fect [15,16]. Improved cochlear oxygenation, enhanced mi-
crocirculation, and suppression of inflammation are among
the proposed mechanisms underlying HBOT’s therapeutic
benefits [17,18]. In our cohort, the only significant differ-
ence was detected at 6 kHz, where the median change in age-
adjusted threshold was 0 dB (IQR 0-5 dB), although the
mean increased slightly from 19.65 dB pre-HBOT to 21.63
dB post-HBOT (A = +1.98 dB; p = 0.0049). Although
this difference reached statistical significance, both the me-
dian and mean shifts remained within the clinically negligi-
ble range, indicating that no meaningful alteration in hearing
function occurred. Thus, this minimal shift should be inter-
preted as subclinical rather than indicative of noise-induced
hearing loss. We believe this minor change is more consis-
tent with potential chamber noise exposure during treatment
rather than attributable to oxidative stress itself. HBOT is
generally regarded as a safe therapy; the most frequent adverse
event is middle ear barotrauma, while serious complications
remain rare [19,20]. Monitoring of high frequencies during
treatment and implementation of in-session noise control are
therefore advisable.

There are few studies evaluating contralateral ear changes in
SSNHL patients undergoing HBOT. Most of the available
literature has focused on functional recovery in the affected
ear, while potential auditory effects on the unaffected ear have
largely been overlooked. Our findings are consistent with pre-
vious studies reporting that HBOT is overall safe from an oto-
logic standpoint. The small but statistically significant change
observed at 6 kHz, although clinically minimal, aligns with
known NIHL patterns and underscores the importance of
monitoring the contralateral ear in HBOT protocols. Engi-
neering measures—such as optimization of ventilation sys-
tems, maintenance of silencers, and regulation of gas flow
rates—may help reduce acoustic exposure during HBOT.

The retrospective, single-center design of this study limits
causal inference and generalizability. Another limitation of
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this study is that direct in-chamber noise measurements were
not performed during the HBOT sessions. Although pre-
viously collected reference data from the same HBOT unit
were used, the lack of real-time measurements may limit the
precision of the noise exposure assessment. The relatively
short follow-up period also precluded assessment of possible
delayed auditory effects. Future prospective studies should
incorporate detailed monitoring of chamber noise exposure,
comprehensive auditory testing, and long-term follow-up.

8§ CONCLUSION

In this study, no changes were detected in most frequencies
between 250 Hz and 8 kHz. A minimal but statistically sig-
nificant difference was found at 6000 Hz (p = 0.0049), with
no clinically relevant shift in median values. These findings
suggest that HBOT is not associated with significant audi-
tory deterioration in the unaffected ear, and that the small-
scale change observed at 6000 Hz may be attributable to noise
exposure during treatment sessions. While HBOT remains a
generally safe adjunctive therapy, attention should be paid to
noise control during treatment and to the possibility that high
frequencies may be affected by noise. Prospective multicen-
ter studies incorporating in-session noise measurements are
needed to confirm these observations and to clarify the clini-
cal significance of potential threshold shifts.
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B MAIN POINTS B ABSTRACT

Only two-thirds of patients referred
with a clinical suspicion of Mor-
ton's neuroma were confirmed to
have the diagnosis on magnetic res-
onance imaging.

Bursitis was the most frequent al-
ternative diagnosis, highlighting its
importance as the main differential
diagnosis for MN.

The 3/4 interphalangeal angle was
significantly greater in patients with
Morton’s neuroma and showed di-
agnostic value, whereas other angu-
lar parameters were not discrimina-
tory.

The Vulcan sign is a specific radio-
graphic marker for Morton neuroma
but not for bursitis.

To the best of our knowledge, this
is the first study conducted exclu-
sively in patients referred with a
clinical suspicion of Morton neu-
roma, addressing diagnostic over-
lap in this unique population.

Aim: To determine the prevalence of Morton's neuroma (MN) among patients referred with a
clinical suspicion of MN, identify alternative diagnoses, and assess whether angular measure-
ments and the Vulcan sign may help differentiate.

Materials and Methods: This retrospective study included 265 feet from 244 patients (mean
age, 50.7+13.0 years; 75% female) referred for magnetic resonance imaging with a presumptive
diagnosis of MN between January 2020 and June 2025. All patients underwent radiography and
magnetic resonance imaging. Morphometric parameters, including the hallux valgus angle, in-
termetatarsal angle, and interphalangeal angle (IPA), were measured according to the affected
web space (2/3 or 3/4). The Vulcan sign was documented on radiographs. Statistical compar-
isons were performed using the Mann-Whitney U, chi-square, and Fisher's exact tests.

Results: MN was diagnosed in 167 feet (63.0%), while alternative diagnoses were in 98 (37.0%).
Bursitis (32.8%), hallux valgus (30.9%), adventitial bursitis (24.5%), hallux rigidus (12.5%), and
stress reaction (8.3%) were the most frequent mimics. The 3/4 IPA was significantly greater in
MN than in non-MN feet (p<0.001).ROC analysis confirmed limited discriminatory performance,
with the 3/4 IPA achieving an AUC of 0.60. Comparisons between bursitis and non-bursitis
groups revealed no significant differences in any angular parameters. The Vulcan sign was
significantly associated with MN in both the 2" (p=0.006) and 3" (p<0.001) web spaces, but no
discriminatory value was found for bursitis. Its diagnostic performance was higher in the third
web space (AUC 0.62) than in the second (AUC 0.51).

Conclusion: This is the first study conducted exclusively in patients referred with a clinical sus-
picion of MN. The 3/4 IPA demonstrated a modest yet significant association with MN, while
the Vulcan sign showed relative specificity for MN compared with bursitis. These results un-
derscore the importance of detailed assessment in clinical practice to differentiate MN from its
mimics.
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B INTRODUCTION

Metatarsalgia is defined as forefoot pain localized to the
metatarsal region. A common clinical problem with a broad
spectrum of potential causes. Morton’s neuroma (MN) is one
of the most common and well-recognized Histologically, MN
does not represent a true neuroma but rather a neuro—bursal
complex characterized by perineural fibrosis, axonal degener-

ation, and vascular proliferation [1, 2]. It typically occurs in
the third intermetatarsal space, less commonly in the second,
and has a marked female predominance [3, 4].

MN clinically presents with burning plantar pain, tingling or
numbness of the toes, and the classic sensation of “walking
on a pebble.” Symptoms usually worsen with weight bearing
and the use of constrictive footwear [5]. Examination find-
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ings, such as Mulder’s sign or palpation-induced pain in the
web space, may raise suspicion, but they are not sufficiently
specific to confirm the diagnosis [4]. Therefore, imaging plays
a pivotal role. Ultrasound (US) is an easily accessible and dy-
namic modality with high sensitivity and specificity [1, 6],
whereas magnetic resonance imaging (MRI) is the gold stan-
dard because of its soft tissue contrast and ability to charac-
terize other findings [4, 7].

The differential diagnosis of MN is broad and includes inter-
metatarsal bursitis, plantar plate tears, metatarsophalangeal
synovitis, submetatarsal bursitis (adventitious bursitis), stress
fractures, tendon sheath tumors, and hallux valgus or rigidus
[1, 2, 8]. These diagnoses may present similar symptoms and
complicate diagnostic accuracy. In particular, intermetatarsal
bursitis can easily mimic MN both clinically and radiologi-
cally and cause difficulty in accurate diagnosis [1]. In addi-
tion, forefoot static disorders, such as hallux valgus and hallux
rigidus, are frequent contributors to metatarsalgia and may
co-exist with MN [7, 9].

Difterentiating MN from its mimics is challenging in clinical
practice. Most patients referred with a preliminary diagno-
sis of MN have alternative pathologies, particularly bursitis
[2]. Previous studies have attempted to define distinguishing
imaging or clinical features to separate MN from other eti-
ologies; however, diagnostic overlap persists [4]. Importantly,
morphologic parameters have been studied in the context of
forefoot disorders. To our knowledge, no previous study has
specifically investigated a cohort consisting exclusively of pa-
tients referred with a clinical suspicion of MN. Itis essential to
systematically evaluate imaging-confirmed diagnoses and ex-
plore whether specific radiographic and MRI-based morpho-
logic features can distinguish MN from its mimics to clarify
the true prevalence of MN among such clinically suspected
cases.

The aim of this study, which represents the first to focus ex-
clusively on patients referred with a clinical suspicion of MN,
is therefore to determine the proportion of patients referred
with a clinical suspicion of MN who actually demonstrate
MN or alternative diagnoses, to investigate whether IMA and
IPA differ between patients with MN and those with other
diagnoses or normal findings, and to evaluate the association

between the Vulcan sign on radiographs and the presence of
MN.

B MATERIALS AND METHODS

This retrospective study was conducted in accordance with
the principles of the Declaration of Helsinki and was ap-
proved by our institutional Biomedical Research Ethics Com-
mittee (Kog University Ethics Committee, Approval number:
2025.388.IRB2.175). All patients provided written informed
consent before radiological evaluation, including permission
for anonymized use of data for research purposes.
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Study participants

We retrospectively reviewed patients referred with a clinical
suspicion of MN who underwent both radiography and MRI
of the foot between January 2020 and June 2025 at our ter-
tiary care institution. The inclusion criterion was referral for
forefoot pain with “MN?” as the clinical query. We excluded
patients with prior foot surgery, known traumatic foot in-
juries, congenital anomalies, or examinations with nondiag-
nostic image quality.

Imaging protocol

All patients initially underwent radiography in standard an-
teroposterior and oblique projections, followed by MR ex-
aminations using a dedicated coil and 1.5T or 3T scanners
(MAGNETOM Aera and Skyra, Siemens Healthcare, Erlan-
gen, Germany). Was examined in the supine position with
the foot in neutral alignment and padded to minimize mo-
tion. Our institutional routine foot MRI protocol included
coronal T1-weighted spin-echo images (TR/TE, 675/27 ms;
FoV, 165x110 mm; slice thickness, 3.3 mm; acquisition ma-
trix, 960x800); axial T'1-weighted spin-echo images (TR/TE,
735/28 ms; FoV, 120x120 mmy; slice thickness, 3.6 mm;
acquisition matrix, 614x768); coronal proton density fat-
suppressed fast spin-echo (PD-FS TSE) (TR/TE, 3250/40
ms; FoV, 165x110 mm; slice thickness, 3.0 mm; acquisi-
tion matrix, 806x768); axial PD-FS TSE (TR/TE, 4820/45
ms; FoV, 109x120 mmy; slice thickness, 3.6 mm; acquisition
matrix, 512x704); sagittal T1-weighted turbo inversion re-
covery magnitude (TIRM, fat-suppressed) images (TR/TE,
4500/28 ms; FoV, 247x180 mm; slice thickness, 3.3 mm; ac-
quisition matrix, 352x320). Intravenous contrast was not ad-

ministered in any case as per the departmental protocol for
suspected MN.

Image analysis

All radiographs and magnetic resonance images were in-
dependently reviewed by two radiologists with more than
10 and 5 years of experience, respectively. MN was diag-
nosed when a fusiform lesion of low-to-intermediate signal
on T1- and T2-weighted sequences was identified in the in-
termetatarsal space, typically contiguous with the plantar dig-
ital nerve. A fluid-signal lesion within the intermetatarsal
bursa was defined as bursitis. Additional forefoot patholo-
gies were systematically assessed. Hallux valgus was diagnosed
on radiographs with a hallux valgus angle of >15°. Hallux
rigidus was identified in the presence of joint space narrowing,
osteophyte formation, and subchondral sclerosis of the first
metatarsophalangeal joint and diagnosed based on both ra-
diographs and magnetic resonance imaging. On MR1, adven-
titial bursitis was accepted as a fluid-signal lesion adjacent to
the medial eminence of the first metatarsal head. Stress reac-
tion was diagnosed based on marrow edema-like signal inten-
sity on T2-weighted images without a distinct fracture line.
Morphometric measurements included the HVA, IMA, and
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Figure 1. Measurement of angular parameters on dorsoplantar radio-
graphs The hallux valgus angle was defined as the angle between line a
(first metatarsal axis) and line b (proximal phalanx of the hallux). The
2/3 IMA was measured between lines ¢ and e, whereas the 3/4 IMA was
measured between lines e and g. The 2/3 IPA was measured between
lines d and f, and the 3/4 IPA was measured between lines f and h.

IPA at the 2/3 or 3/4 interspaces depending on the pathology
site. For patients with MN or bursitis in both the second and
third interspaces, both corresponding angles were measured
(Figure 1). On plain radiographs, the presence or absence of
the Vulcan sign, which is characterized by the presence of a
V-shaped appearance in the interphalangeal space, was docu-
mented at the 2/3 and 3/4 phalanx interspaces.

Statistical analysis

All statistical analyses were performed using the Statistical
Package for the Social Sciences (version 28.0; IBM Corp., Ar-
monk, NY, USA). Continuous variables, including IMA and
IPA, are presented as medians with interquartile ranges. The
corresponding 2/3 or 3/4 IPA and IMA were compared with
those without MN in the same interspace using the Mann—
Whitney U test. Separate analyses were also conducted to
compare MN and bursitis cases. Patients showing both con-
ditions in the same web space were excluded, and bursitis-
positive versus bursitis-negative groups were evaluated ac-
cordingly. The presence of the Vulcan sign on radiographs
was analyzed in relation to MN and bursitis within the ond
and 3' interspaces using Fisher’s exact test or chi-square test

Original Article
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Enrolled: 261 patients: Patients referred with a clinical suspicion of Morton
neuroma who underwent both radiography and MRI of the foot between
January 2020 and June 2025

H = 3 patients: previous feet surgery

> 5 patients: known traumatic feet injuries

Exclusion

> 1 patients: congenital anomaly

H | 8 patients: inadequate image quality

The final cohort: 244 patients / 265 feet

Figure 2. Flowchart of the study design.

as appropriate. In addition, ROC curve analyses were per-
formed to assess the diagnostic performance of the 2/3 and
3/4 IPA and IMA values as well as the Vulcan sign. The
area under the curve (AUC), optimal cutoff, sensitivity, and
specificity were calculated for each parameter. A p-value of <
0.05 was considered statistically significant. Effect size anal-
yses were also performed to assess the magnitude of signifi-
cant associations: for Mann—Whitney U tests, the effect size
(r = Z/VN) was calculated, and for categorical comparisons,
Cramer’s V was used. The intraclass correlation coefficient
(ICC) was used to assess the interobserver reproducibility of
angular measurements, and agreement for the Vulcan sign
was evaluated with Cohen’s kappa coefficient. A p-value of
< 0.05 was considered statistically significant.

B RESULTS

A total of 261 patients were initially evaluated. Of these, 3
patients were excluded due to previous foot surgery, 5 pa-
tients due to known traumatic foot injuries, and 1 patient
due to congenital anomaly and 8 patients due to inadequate
images for evaluation. The final cohort comprised 265 feet
from 244 patients, including 21 patients with bilateral exam-
inations (Figure 2). The mean age was 50.7+13.0 years, and
199 (75%) were female, while 66 (25%) were male.

On MRI, 167 feet (63.0%) demonstrated MN, while 98
(37.0%) did not. In our cohort, alternative diagnoses included
bursitis in 87 feet (32.8%), hallux valgus in 82 (30.9%), ad-
ventitial bursitis in 65 (24.5%), hallux rigidus in 33 (12.5%),
and stress reaction in 22 (8.3%) (Table 1). Multiple diag-
noses were identified in 144 patients. The distribution of MN
was as follows: 46 (17.4%) in web space 2, 102 (38.5%) in
web space 3, and 19 (7.2%) involving both interspaces. Bur-
sitis was observed in web space 2 in 20 cases (7.5%), in web
space 3 in 24 cases (9.1%), and in both interspaces in 43 cases
(16.2%). The Vulcan sign on radiographs was present in 126
patients (47.5%). Patients with MN were slightly older than
those without MN (mean 52.31£12.8 vs. 48.1+13.2 years,
p<0.005), whereas gender distribution did not differ signifi-
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Figure 3. Comparison of the interphalangeal angle (IPA) in Morton neuroma (MN) and bursitis (A-C) A 71-year-old woman with MN in the third web
space. Coronal T1-weighted (A) and fat-suppressed T2-weighted (B) magnetic resonance images show a fusiform lesion (arrows). The corresponding
radiograph (C) demonstrates a 3/4 IPA of 7.8°, which is enlarged compared with non-MN cases. A 56-year-old female patient with intermetatarsal
bursitis in the third web space. Coronal T1-weighted (D) and fat-suppressed T2-weighted (E) magnetic resonance images showing a fluid-signal lesion
within the intermetatarsal bursa (arrows). The corresponding radiograph (F) shows a 3/4 IPA of 5.2°.

Table 1. Demographic and clinical characteristics of the study population.

Characteristic

Total number of patients per foot 244/265
Age, mean * SD (years) 50.7¢13.0
0 Female 199 (75%)
Sex,n (%) Male 66 (25%)
Morton neuroma, n (%) 167 (63.0%)
Bursitis, n (%) 87 (32.8%)
Hallux valgus, n (%) 82 (30.9%)
Morton neuroma and its differential diagnoses Adventitial bursitis, n (%) 65 (24.5%)
Hallux rigidus, n (%) 33(12.5%)
The stress reaction, n (%) 22 (8.3%)
Multiple diagnoses (n) 144
ROC Curve for 3/4 IPA in MN Diagnosis Table 2. Comparison of interphalangeal angle (IPA) and intermetatarsal
10} angle (IMA) between the Morton neuroma and non-Morton neuroma
groups.
ost Angle MN Non-MN -value
: g (median, range) (median, range) P
2/3 IPA 4.3°(0.7-17.2) 4.2°(0.4-19.8) =0.96
2/3 IMA 3.2°(0.8-7.9) 3.0°(0.6-10.0) =0.94
06 3/4 IPA 5.1°(0.3-13.7) 3.6°(0.3-14.2) <0.001
3/4 IMA 5.2° (0.9-11.7) 4.4°(0.8-11.9) =0.056

IPA: interphalangeal angle; IMA: intermetatarsal angle; MN: Morton neuroma; CI,
confidence interval.

<
~

Table 3. Comparison of the angles between the Bursitis and Non-Bursitis

Sensitivity (True Positive Rate)

0.2} groups.
Anale Bursitis Non-Bursitis value
g (median, range) (median, range) P
0.0 — 3/4 IPA (AUC = 0.60)
' ' ' s - : 2/3 IPA 3.4° (0.8-8.6) 4.3°(0.4-19.8) =022
Q.0 f‘_zs edﬂcoi:‘ (Falee giitive R:t'; L0 2/3 IMA 2.3° (0.6-5.4) 3.1°(0.7-10.0) =0.056
P y 3/41PA 4.0° (0.4-9.3) 4.4°(0.3-14.2) =0.22
3/4 IMA 5.5° (0.8-9.5) 4.5°(0.9-11.9) =0.27

Figure 4. ROC curve of the 3/4 IPA for MN diagnosis.

IPA: interphalangeal angle; IMA: intermetatarsal angle.
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Figure 5. Comparison of the Vulcan sign in MN and bursitis. A-C. A 48-year-old woman with MN in the third web space. Coronal T1-weighted (A)
and fat-suppressed T2-weighted (B) magnetic resonance images show a fusiform lesion (arrows). The corresponding radiograph (C) demonstrates
a positive Vulcan sign at the 3/4 interspace. A 53-year-old female patient with intermetatarsal bursitis in the third web space. Coronal T1-weighted
(D) and fat-suppressed T2-weighted (E) magnetic resonance images showing a fluid-signal lesion within the intermetatarsal bursa (arrows). The

corresponding radiograph (F) shows the absence of the Vulcan sign.

Table 4. Association between the Vulcan Sign and Morton neuroma and bursitis.

Group Web space V-sign (+) V-sign () p-value
MN vs. Non-MN 2nd 24.6% 10.1% =0.006
MN vs. Non-MN 3d 56.0% 22.3% <0.001
Bursitis vs. non-bursitis 2nd 10.0% 13.6% =1.0
Bursitis vs. non-bursitis 3 33.3% 40.7% =0.657
MN: Morton neuroma; V-sign: Vulcan sign.

Table 5. ROC analysis of interphalangeal angle and Vulcan sign.

Parameter AUC (95% CI) Cut-off Sensitivity (%) Specificity (%)
3/4 1PA 0.60 (0.53--0.66) 5.8° 37 82
V-sign (3¢ web) 0.62 (0.56--0.68) Presence 45 77
V-sign (2" web) 0.51 (0.47--0.55) Presence 24.6 89.9

IPA: interphalangeal angle; V-sign: Vulcan sign; AUC: Area under the curve.

cantly between the groups (p>0.005). For MN in the 2" web
space, the median 2/3 IPA was 4.3° (range, 0.7-17.2) com-
pared with 4.2° (0.4-19.8) in non-MN feet. The correspond-
ing IMA measured 3.2° (0.8-7.9) versus 3.0° (0.6-10.0). For
MN in the third web space, the median 3/4 IPA was 5.1°
(0.3-13.7) compared with 3.6° (0.3-14.2) in non-MN feet.
The 3/4 IMA was 5.2° (0.9-11.7) in MN cases versus 4.4°
(0.8-11.9) in non-MN cases (Table 2). For bursitis in the 24
web space, the median 2/3 IPA was 3.4° (0.8-8.6) versus 4.3°
(0.4-19.8) in non-bursitis cases, whereas the IMA was 2.3°
(0.6-5.4) versus 3.1° (0.7-10.0). For bursitis in the 3'¢ web
space, the median 3/4 IPA was 4.0° (0.4-9.3) compared with
4.4° (0.3-14.2) in non-bursitis feet, and the intermetatarsal
angle was 5.5° (0.8-9.5) compared with 4.5° (0.9-11.9) (Ta-
ble 3).

For MN located in the 2™ web space, neither the 2/3 IMA
nor the IPA significantly differed between MN-positive and
MN-negative feet (p=0.96 and p=0.94, respectively). In con-
trast, for MN located in the 3™ web space, the 3/4 IPA was
significantly greater in MN-positive feet than in MN-negative
feet (p<0.001), whereas the IMA did not differ significantly

(p=0.056) (Figure 3). In addition, ROC analysis demon-
strated that the 3/4 IPA achieved an AUC of 0.60 (95% CI,
0.53-0.66) with a cutoff of 5.8, yielding 37% sensitivity and
82% specificity (Figure 4). The corresponding effect size for
the 3/4 IPA was r = 0.28, indicating a small-to-moderate asso-
ciation between increased angle and MN.

Comparisons between bursitis and nonbursitis cases revealed

20 e

no significant differences in either web space. For the
space bursitis, no significant difference was observed in both
the 2/3 IPA (p=0.22) and the IMA (p=0.056) compared with
the non-bursitis group, although the latter displayed a border-
line trend toward higher values in bursitis cases. For the 3rd
web space bursitis, neither the 3/4 IPA (p=0.22) nor the IMA
(p=0.27) significantly differed between bursitis and nonbur-

sitis feet (Figure 5).

The Vulcan sign was significantly associated with the presence
of MN in the 274 (24.6% vs. 10.1%, p=0.006) and 3" (56.0%
vs. 22.3%, p<0.001) web spaces. However, no significant as-
sociation was observed between the Vulcan sign and bursitis
in either the 2°¢ (10.0% vs. 13.6%, p=1.0) or 3¢ (33.3% vs.
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40.7%, p=0.657) web spaces (Table 4; Figure 4). In addition,
the Vulcan sign achieved the highest AUC of 0.62 (95% CI
0.56-0.68), sensitivity of 45%, and specificity of 77% com-
pared to the 2" web space AUC of 0.51 (95% CI 0.47-0.55)
(Table S). The effect size analysis showed a small association
in the 2" web space (Cramer’s V=0.17) and a moderate asso-
ciation in the 3* web space (Cramer’s V=0.34), supporting
the stronger relationship between the Vulcan sign and MN at
the 3' interspace.

A second musculoskeletal radiologist independently repeated
all angular measurements in a subset of patients to assess mea-
surement reproducibility. The interobserver agreement was
excellent, with the ICC values ranging from 0.87 to 0.94
(p<0.001). Interobserver agreement for the Vulcan sign was
substantial, with x = 0.77 (p<0.001).

H DISCUSSION

To our knowledge, this is the first study conducted in a co-
hort of patients referred with a clinical suspicion of MN. We
demonstrated that only 63% of feet have an MN on MRIL
Bursitis is the most common of the alternative diagnoses en-
countered, followed by hallux valgus, adventitial bursitis, hal-
lux rigidus, and stress reaction. With respect to morphome-
tric analyses, the 3/4 IPA was significantly greater in patients
with MN than in those without, while no significant differ-
ences were observed in the 2/3 IPA or IMA measurements. In
contrast, comparisons between bursitis, which is the main dif-
ferential diagnosis, and non-bursitis did not yield significant
differences in terms of angles. Finally, the Vulcan sign was
strongly associated with MN compared with the non-MN pa-
tient group in both the 274 and 3™ web spaces, whereas no as-
sociation was observed with bursitis compared with the non-
bursitis group.

Consistent with our findings, Zaleski et al evaluated 45 pa-
tients with MN and demonstrated that the 3/4 IPA was signif-
icantly increased compared with controls, with good diagnos-
tic performance. They also reported a modest increase in the
3/4 IMA, albeit with lower specificity [10]. In contrast, we
analyzed a much larger cohort of 265 feet from 244 patients
in our study, and beyond confirming the diagnostic value of
the 3/4 IPA, our results extend these observations by demon-
strating its utility in differentiating MN from normal feet and
other differential diagnoses, particularly bursitis. In contrast,
two ecarlier studies failed to identify significant differences in
IMA or IPA between MN and controls. Both studies were
limited by smaller sample sizes (84 and 100 patients, respec-
tively) and primarily focused on comparisons with controls
[11, 12]. The larger sample size and unique referral-based co-
hort in our study likely increased the sensitivity for detecting
subtle morphometric differences, particularly in the 3/4 IPA.

Galley et al evaluated 100 MN patients and 100 controls and
reported that the sign had high specificity but limited sensi-
tivity for distinguishing MN [13]. In our study, which in-
cluded a larger cohort of 244 patients, a significant associa-
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tion was found between the Vulcan sign and MN in both the
27 and 3™ web spaces. Importantly, we extended these ob-
servations by specifically testing its performance against bursi-
tis, the main differential diagnosis, and demonstrated that the
Vulcan sign does not discriminate between bursitis and non-
bursitis cases. This consistency reinforces its role as a specific,
although not sensitive, marker for MN and highlights its lack
of value in separating MN from bursitis.

Finally, Togei et al approached angular measurements from
a different perspective, comparing patients with and without
metatarsalgia irrespective of the underlying diagnosis. They
found significant differences in HVA and IMA, which were
interpreted as indicators of dynamic instability rather than di-
agnostic indicators [14]. In contrast, our study specifically
targeted a referral-based MN cohort and demonstrated the
diagnostic implications of angular measurements and radio-
graphic signs within this clinical context. From a clinical per-
spective, these findings suggest that simple radiographic as-
sessment for the Vulcan sign may aid in raising suspicion for
MN in patients presenting with metatarsalgia, particularly in
settings where magnetic resonance imaging is not readily avail-
able. In addition, measuring the 3/4 IPA on standard imaging
could provide supportive diagnostic information when inter-
preted alongside MRI findings, potentially improving diag-
nostic confidence in distinguishing MN from its mimics.

Limitations

This study has several limitations. First, the retrospective de-
sign of the study causes a potential risk of selection bias. Sec-
ond, although our patient cohort is larger than those of pre-
vious studies, a larger cohort with prospective evaluation is
still required. Third, clinical correlations such as pain sever-
ity, symptom duration, and functional scores were not in-
cluded due to the radiological aspect of the study. Finally, al-
though bilateral examinations were performed in 21 patients,
each foot was analyzed as an independent observation because
most displayed different pathologies or angular measurements
between sides. Given the known asymmetry in foot morphol-
ogy and deformities, such as hallux valgus, this approach was
considered appropriate; however, the potential for partial in-
terfoot dependency remains a minor limitation. In addition,
although some parameters showed statistically significant as-
sociations with MN, their diagnostic performance metrics
were modest, indicating limited clinical applicability when in-
terpreted in isolation.

B CONCLUSION

In conclusion, our study was conducted in the largest cohort
and the first study to include patients specifically referred with
a clinical suspicion of MN. It was demonstrated that nearly
one-third of our cohort had alternative diagnoses rather than
MN. Among the morphometric parameters, only the 3/4 IPA
showed a significant association with MN at the 3¢ web space,
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whereas bursitis or other diagnoses showed no significant re-
lationship. The Vulcan sign has emerged as a useful radio-
graphic marker for MN but not for bursitis. These findings
highlight the importance of detailed imaging evaluation in pa-
tients with metatarsalgia due to diagnostic overlap between
MN and its mimics and suggest that in routine radiological
evaluation for MN, IPA measurement and Vulcan sign may
be helpful for correct diagnosis.
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B MAIN POINTS B ABSTRACT

+ Skeletally mature adults with Os-
good-Schlatter disease (OSD) se-
quelae show no significant differ-
ences in medial or lateral posterior
tibial slope compared with matched
controls on magnetic resonance
imaging.

Contrary to adolescent studies, pos-
terior tibial slope alterations associ-
ated with OSD do not appear to per-
sist after skeletal maturity.

The trivial effect sizes despite ade-
quate statistical power suggest no
clinically meaningful biomechani-
cal alteration in adult OSD sequelae.

These findings highlight the im-
portance of distinguishing adoles-

Aim: Magnetic resonance imaging (MRI) assisted evaluation of the lateral and medial poste-
rior tibial slopes in patients with Osgood-Schlatter disease (0SD) sequelae who have reached
skeletal maturity.

Materials and Methods: The study population comprised 78 adults with OSD sequelae, while
the control group consisted of 78 age-, sex-, and side-matched individuals without osseous, lig-
amentous, or tendinous pathology. A retrospective analysis of knee MRI scans was performed.
The medial and lateral posterior tibial slope (PTS) angles were calculated from the sagittal T1-
weighted images.

Results: Demographic variables (age, sex, and side) were statistically similar among the two
groups. The medial PTS was 4.01° (95% Cl: 3.41--4.61) in the OSD group and 3.90° (95% Cl:
3.33--4.47) in the control group (p = 0.784; Cohen's d = 0.04). The lateral PTS was 4.98° (95%
Cl: 4.46--5.51) and 4.85° (95% Cl: 4.29--5.41) respectively (p = 0.732; Cohen's d = 0.05). Post-
hoc power analysis indicated that, with the current sample size (n = 78 per group), the study had
>80% power to detect a medium effect size (Cohen's d = 0.50) at o = 0.05; however, the observed
differences corresponded to trivial effect sizes.

Conclusion: Contrary to findings in adolescents, skeletally mature adults with 0SD sequelae did
not exhibit statistical variation in medial or lateral PTS compared to matched controls. These
re-sults imply that changes in slopes described during growth may be lost after maturity.

cent and adult OSD when consider-
ing knee biomechanics and anterior

cruciate ligament injury risk. Keywords:

imaging

Osgood-Schlatter disease, Adult, Posterior tibial slope, Magnetic resonance
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B INTRODUCTION

Repetitive loading of the tibial tuberosity from quadriceps
muscle activity results in Osgood-Schlatter disease (OSD), a
form of traction apophysitis. It is typified by activity-related
knee pain coupled with swelling and tenderness at the tibial
tubercle, and it is exclusively seen in physically active adoles-
cents, particularly boys. The condition typically manifests be-
tween ages 8—13 in girls and 10-15 in boys, with bilateral in-
volvement reported in roughly one-quarter of patients. When
skeletal growth is complete, OSD typically goes away on its
own [1-5]. Ununited ossicles are a common residual finding
in adults [6,7].

The shape of the proximal tibial plateau has a significant im-
pact on knee biomechanics, with the posterior tibial slope
(PTS) being especially significant [8-10]. In imaging studies,
the PTS angle is the standard parameter used to quantify this
feature. According to earlier studies, adolescents with OSD
frequently have steeper PTS values than their peers in good
health [11,12]. There is currently a lack of data on skeletally
mature adults who still have OSD-related abnormalities. The
aim of this study was to evaluate medial and lateral PTS in
skeletally mature adults with OSD sequelae using magnetic
resonance imaging (MRI). We hypothesized that there would
be no significant difference in medial and lateral PTS values
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between adult patients with OSD sequelae and matched con-
trols.

B MATERIALS AND METHODS

This study was approved by the Non-Interventional Research
Ethics Committee of Bilkent City Hospital (approval num-
ber: 2-24-414). We retrospectively analyzed knee MRI ex-
aminations performed between January and December 2022.
Exclusion criteria included a history of prior knee surgery or
significant trauma (with radiologic evidence of ligament, ten-
don, or bone injury), the presence of space-occupying lesions
within the knee joint, age below 20 years, and poor-quality
or motion-degraded MR scans that precluded accurate eval-
uation. After the exclusion of the patients that met the exclu-
sion criteria, 78 patients with OSD sequelae were included for
analyses in our study. The control group comprised 78 age-
matched patients without bone, tendon or ligament disease,
as determined by an MRI scan performed for anterior knee
pain.

MRI acquisition

All imaging was conducted using a specialized extremity coil
ona 1.5 Tesla Optima scanner (GE Medical Systems, Milwau-
kee, WI, USA). The knee was kept fully extended while the
patients were in a supine position for the purpose of examina-
tion. The standard knee MRI protocol encompassed sagittal
T1-weighted fast spin echo sequences, axial fat-suppressed PD
FSE sequences, sagittal and coronal fat-suppressed PD FSE se-
quences, and sagittal 3D T2-weighted Cube FSE acquisitions.
Slice thickness was 4.4 mm for 2D sequences with an inter-
slice gap of 0.5 mm, while the sagittal 3D T2-weighted Cube
sequence had a slice thickness of 2.15 mm with no interslice

&2p-

Definition of OSD sequelae

The sequelae of OSD, defined as an enlarged bony promi-
nence in the tibial tuberosity or non-united bony fragmenta-
tion in the patellar tendon [6]. Diagnosis was based on MRI
findings, and clinical history was reviewed when available to
confirm consistency with prior OSD. No radiographic crite-
ria outside MRI were required for inclusion.

Measurement of PTS

The lateral and medial PTS angles were measured using a
method previously described [13]. Lateral and medial PTS
were measured on the central sagittal slice, identified at the
level of the posterior cruciate ligament and intercondylar em-
inence. The tibial axis was defined by fitting circles to the tib-
ial cortices, and PT'S was calculated relative to a perpendicular
line through this axis (Figure 1A-C). All measurements were
performed independently by two radiologists: one with a 20
years of experience in musculoskeletal imaging and the other
with six years of experience in radiology. Inter- and intra-

observer reliability were evaluated using the intraclass corre-
lation coefficient (ICC).
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Statistical analysis

SPSS software, version 20.0 (Armonk, NY: IBM Corp.) was
used to conduct statistical analyses. The homogeneity of vari-
ances was confirmed using Levene’s test, and the distribution
of variables was examined using the Kolmogorov—-Smirnov
test. Independent samples t-test for continuous data and Chi-
square tests for categorical data were used to compare groups.
Correlation between age and PTS values was assessed using
Pearson correlation analysis, as the data demon-strated nor-
mal distribution. A post-hoc power analysis was performed
to evaluate the achieved statistical power using the observed
effect sizes. Inter- and intra-observer reliability were assessed
using the intraclass correlation coefhicient (ICC). A p-value of
less than 0.05 was considered statistically significant.

B RESULTS

Table 1 displays the demographic characteristics of the par-
ticipants. The demographic variables were similar among the
OSD sequelae and control groups, with mean age (35.94 +
12.26 vs. 35.23  10.80 years, p = 0.599), sex distribution
(male/female: 69/9 in both groups, p = 1.000), and side of the
knee evaluated (right/left: 32/46 in both groups, p = 1.000)
being highly comparable across groups. Continuous variables
showed normal distribution as illustrated in Supplementary
Figure 1.

Correlation analysis between age and medial/lateral PTS val-
ues did not show any significant associations (all p>0.05).
Post-hoc power analysis indicated that with the current sam-
ple size (n = 78 per group), the study had >80% power to
detect a medium effect size (Cohen’s d = 0.50) at o = 0.05,
whereas the observed group differences corresponded to triv-
ial effect sizes (Cohen’s d < 0.10). Medial and lateral PT'S val-
ues are summarized in Table 2. The mean medial PTS was
4.01°(95% CI: 3.41-4.61) in patients with OSD sequelae and
3.90° (95% CI: 3.33-4.47) in the control group (p = 0.732;
Cohen’s d = 0.055, 95% CI: —0.261 to 0.371). The mean

Table 1. Demographic and clinical characteristics of participants.

. 0SD sequelae group  Control group
Variable (n=78) (n=78) P value
Gender (male/female) 69/9 69/9 1.000
Age (years, mean * SD) 35.94+12.26 35.23+10.80  0.599
Side (right/left) 32/ 46 32/ 46 1.000

OSD: Osgood-Schlatter Disease; SD: Standard deviation.

Table 2. Medial and lateral posterior tibial slope (PTS) measurements in
adults with OSD sequelae versus the controls.

0SD sequelae group Control group
Variable (n=78) (n=78) P value
(mean; 95% Cl) (mean; 95% Cl)
Medial PTS (°) 4.01 (3.41-4.61) 3.90 (3.33--4.47) 0.784
Lateral PTS (°) 4.99 (4.46--5.51) 4.85(4.29-5.41) 0.732

OSD: Osgood-Schlatter Disease; PTS: Posterior tibial slope.
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Figure 1. Central sagittal MR images of the knee. (A) Determination of the longitudinal tibial axis using two reference circles placed at the proximal
tibial shaft (red arrowhead). (B) Measurement of the medial posterior tibial slope on the central sagittal plane of the medial tibial plateau (blue arrow).
(C) Measurement of the lateral posterior tibial slope on the central sagittal plane of the lateral tibi-al plateau (yellow star).
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Figure 2. Boxplots depicting the distribution of medial (A) and lateral
(B) posterior tibial slope values in OSD and control groups (n = 78 per
group).

lateral PTS values were 4.99° (95% CI: 4.46-5.51) and 4.85°
(95% CI: 4.29-5.41), respectively (p = 0.784; Cohen’s d =
0.044, 95% CI: —=0.272 to 0.360). Group distributions are il-
lustrated in Figure 2.

Interobserver agreement was good to excellent, with intraclass
correlation coefficients of 0.89 for medial PTS and 0.91 for
lateral PTS. Intra-observer agreement was similarly excellent,
with ICC values of 0.92 for medial PTS and 0.94 for lateral
PTS.

Differences in medial and lateral PTS measures were statis-
tically non-significant (p>0.05 for both). Effect size calcula-
tions confirmed the absence of clinically relevant difterences,
with Cohen’s d values < 0.20 for both medial and lateral
slopes. This suggests that, unlike in adolescents, adults with
OSD sequelae do not have altered posterior tibial slope values
compared to matched controls.

E DISCUSSION

In this study, we investigated PTS in adults with sequelae
of OSD and observed statistically non-significant differences
compared with controls. Specifically, the lateral and medial
PTS values were similar between the groups, suggesting that

alterations in tibial plateau geometry reported in adolescents
with OSD may not persist into adulthood.

OSD is among the most frequent causes of anterior knee
pain in the adolescent population. It is an apophysitis of
the tibial tuberosity, where the patellar tendon attaches. It is
more prevalent in adolescent boys and usually resolves with-
out treatment [1-5]. In the later stages, the detached frag-
ment may fuse with the tibial tuberosity, giving a normal
radiographic appearance, although persistent cases in adults
have been described. The typical pathology of adult OSD
includes an ununited ossicle and a prominent tibial tubercle
[6,7]. MRI plays an important role in these cases by assessing
the patellar tendon integrity, excluding other causes of ante-
rior knee pain, and evaluating the positioning of bony frag-
ments.

In this study, the mean age of adults with sequelae of OSD was
35 years. A rate of 88% was recorded for male patients, which
was similar to the rate recorded in the Kamel et al. study [6].

In our study, the mean lateral and medial PTS values in adults
with OSD sequelae were slightly higher than in the control
group (4.01° vs. 3.90° and 4.99° vs. 4.85°, respectively); how-
ever, none of these differences reached statistical significance
(all p>0.05). This finding indicates that, although adoles-
cents with OSD exhibited significantly augmented PTS, these
changes could diminish or become normal after skeletal matu-
rity. Therefore, our results demonstrate that the tibial plateau
morphology of adults with OSD is not different to that of
adults without OSD.

The posterior tibial slope is generally defined as the angle
formed between the tibial long axis and the posterior tilt of the
tibial plateau [14]. Previous research has consistently shown
that adolescents with OSD present with steeper PTS values
than healthy counterparts. Sheppard et al. reported elevated
PTS angles in both OSD patients and those with tibial tu-
bercle fractures compared with the control group [12]. Like-

https://doi.org/10.5455/annalsmedres.2025.09.277


https://doi.org/10.5455/annalsmedres.2025.09.277

Akdal Dolek B. et al.

wise, Green et al. found significantly higher mean PTS values
in adolescents with OSD (12.23° + 3.58°) relative to controls
(8.82° £ 2.76°), suggesting that asymmetric loading by the ex-
tensor mechanism during growth may contribute to this al-
teration [11].

Biomechanical and clinical research has emphasized that a
steeper posterior tibial slope in the sagittal plane represents an
important risk factor for anterior cruciate ligament (ACL) in-
jury during childhood and adolescence [15]. In particular, an
increased slope of the lateral tibial plateau has been strongly
linked with a higher likelihood of ACL injury in younger pa-
tients [15].

A steeper posterior tibial slope increases anterior tibial trans-
lation and rotational stress, which may elevate the strain on
the ACL. Several studies have supported this association, re-
porting higher ACL injury risk in patients with increased me-
dial or lateral slope [15-18]. However, other work has shown
inconsistent relationships, particularly in adults, leaving the
clinical significance of PTS partially controversial [19-22]. In
our study, the absence of slope differences between OSD se-
quelae and controls suggests that this biomechanical risk fac-
tor is unlikely to be altered in skeletally mature individuals.

In our study of skeletally mature adults with OSD sequelae,
no significant differences in medial or lateral PTS were ob-
served compared with controls. This discrepancy with ado-
lescent studies may reflect the normalization of tibial plateau
geometry following skeletal maturity. Future prospective lon-
gitudinal studies with clinical and radiologic follow-up are
needed to clarify developmental changes in PTS in adults with
OSD sequelae.

Although the study was adequately powered to detect
medium effect sizes, the observed differences were trivial, sup-
porting the conclusion that no clinically meaningful differ-
ence exists.

Limitations

The present study is subject to several limitations. Firstly, the
retrospective design of the study, in addition to the relatively
modest sample size, may reduce the generalizability of the
findings. Second, only symptomatic patients were included,
which may introduce selection bias. Third, data on the phys-
ical activity levels of the patients and their sports history were
not available, preventing assessment of potential associations
between activity and PTS measurements. Fourth, the control
group consisted of patients undergoing MRI for anterior knee
pain, which may not represent fully asymptomatic individu-
als and introduces potential selection bias.

E CONCLUSION

This study found no significant difference in medial or lat-
eral posterior tibial slope between adults with OSD seque-
lae and age- and sex-matched controls. The increased slope
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seen during growth may normalize after skeletal maturity, ac-
cording to these results, which deviate from re-ports in ado-
lescents. Clinically, this emphasizes how crucial it is to dif-
ferentiate between adult and adolescent OSD when assessing
the biomechanical consequences and taking the possibility of
ACL damage into account.
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