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Abstract

Background/Aim: Nasal septum deviation (NSD) is a prevalent cause of nasal obstruction, significantly
impairing quality of life. Although various subjective and objective assessment tools exist, the correlation
between these methods remains insufficiently investigated. This study aimed to evaluate the relationship
between septal deviation morphology and peak nasal inspiratory flow (PNIF) measurements, and to
determine the correlation between objective PNIF values and subjective Nasal Obstruction Symptom
Evaluation (NOSE) scores.

Methods: Between July and September 2023, 52 patients diagnosed with NSD and nasal obstruction, along
with 20 healthy controls, were enrolled. Patients were classified into three groups (A, B, and C) based on
the degree of nasal obstruction. PNIF measurements and NOSE scores were obtained from all participants.
Results: The mean NOSE score and PNIF value in the study group were 59.33 (27.19) and 76.73 (38.76)
I/min, respectively, while the mean PNIF value in the control group was 145.5 (17.01) I/min. Statistically
significant differences were found in PNIF and NOSE scores between groups. A strong correlation was
observed between PNIF and NOSE scores (P=0.004).

Conclusion: The combined use of objective PNIF measurements and subjective NOSE assessments offers
a comprehensive evaluation of nasal obstruction due to septal deviation, improving diagnostic accuracy and
clinical decision-making.

Keywords: nasal, septum, deviation, inspiratory, flow
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Introduction

The nose plays a critical role in warming, humidifying,
and filtering inspired air, while also acting as a protective barrier
for the lower respiratory tract. It significantly contributes to
respiratory resistance by influencing nasal airflow dynamics. The
airflow characteristics within the nasal cavity vary depending on
the respiratory phase and activity level. At rest, inspiration
typically demonstrates laminar flow, whereas expiration tends to
be more turbulent. During physical exertion, turbulence increases
substantially [1].

Nasal obstruction has a considerable impact on quality of
life and can result from various anatomical and environmental
factors. The nasal septum is integral to airflow regulation, and its
deviation is a leading cause of nasal obstruction [2]. Multiple
diagnostic tools, both subjective and objective, are available for
its evaluation.

It is widely utilized in both clinical and research settings
to assess nasal obstruction severity and monitor treatment
outcomes [3-7]. This study aimed to assess the impact of septal
deviation morphology on PNIF measurements and to investigate
the correlation between PNIF and NOSE scores. PNIF measures
the maximum inspiratory airflow through the nasal passages,
providing an objective evaluation of nasal patency.

Materials and methods

This prospective controlled study was conducted
between July and September 2023. Fifty-two patients presenting
with nasal obstruction symptoms and diagnosed with NSD were
included. The study group comprised 21 females and 31 males,
with a mean age of 33.36 (10.69) years (range: 18-64). The
control group consisted of 11 females and 9 males, with a mean
age of 36.9 (11.3) years (range: 20-64). Exclusion criteria
included respiratory infections, bronchial asthma, chronic lung
diseases, acute or chronic sinusitis, nasal polyposis, allergic
rhinitis, and smoking.

Informed consent was obtained from all participants in
accordance with the 1996 Helsinki Declaration. Ethical approval
was granted by SBU Sancaktepe Sehit Prof. Dr. Ilhan Varank
SUAM (Approval No: 218629386, Date: June 23, 2023).

Nasal obstruction was subjectively assessed using the
NOSE scale (Table 1), a validated five-item questionnaire scored
on a five-point Likert scale, yielding a total score of 0-100 [8].
The Turkish version, validated in 2018, is reliable for assessing
patients with NSD. PNIF measurements were performed in a room
maintained at 20-22°C and 25-35% humidity, repeated three
times in the sitting position, with the highest value recorded
(Figure 1). Disinfected masks were used. The control group
comprised age- and gender-matched healthy volunteers. Nasal
examinations included anterior rhinoscopy and nasal endoscopy
with a 0° telescope. Patients were classified by septal deviation

type (Figure 2) [9]:

Table 1: NOSE scale

Over the past month, how much of a problem was:

1. Nasal congestion or stuffiness

2. Nasal blockage or obstruction

3. Trouble breathing through my nose

4. Trouble sleeping

5. Unable to get enough air through my nose during exercise or exertion

o OO oo

Not a problem

Group A: Obstruction of one-third of the nasal cavity.

Group B: Obstruction of two-thirds.

Group C: Complete obstruction.

Statistical analysis

Statistical analysis performed using statistical package
SPSS software (Version 25.0, SPSS Inc., Chicago, IL, USA). The
normal distribution for each continuous variable was checked with
Kolmogorov Smirnov and Histograms, and all numerical data
expressed as a median (minimum-maximum) or rate. The
categorical variables between the groups were analyzed using the
Chi-Square test. One Way ANOVA test used for normally
distributed data and the Kruskal Wallis test for non-normally
distributed data. As the variance analysis was significant,
comparisons made using the Post-hoc Tukey test or the Mann-
Whitney U test. Correlations tested with Spearman's correlation
test.

Figure 1: PNIF measurement methodology

Figure 2: Classification of septal deviation types

Results

The study group had mean NOSE and PNIF values of
59.33 (27.19) and 76.73 (38.76) I/min, respectively. The control
group’s mean PNIF was 145.5 (17.01) /min (Table 2). The
difference in PNIF values between the groups was statistically
significant (P=0.004) (Figure 3, 4).

Significant differences were also found among Groups A,
B, and C in PNIF values: P=0.004 (A vs. B), P=0.003 (A vs. C),
and P=0.002 (B vs. C). A strong correlation was identified
between PNIF and NOSE scores (P=0.004). Statistically
significant differences in NOSE scores were also observed
between Groups A and C, and between Groups B and C (Table 3,
Figure 5).
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Figure 3: PNIF values for Groups A, B, and C.
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Figure 4: NOSE scores for Groups A, B, and C.
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Figure 5: Grouped bar chart showing NOSE scores and PNIF values by deviation types.
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Table 2: Demographics and NOSE/PNIF scores

Group Gender P- Age P- NOSE PNIF P-

(F/IM) value = mean value = mean mean value
(SD) (SD) (SD)

Study 21/31 >0.05 33.36 >0.05 59.33 76.73 0.007

Group (10.69) (27.19) (38.76)

Control 11/9 >0.05 = 36.9 >0.05 | - 145.5 -

Group (11.3) (17.01)

Table 3: NOSE and PNIF scores by deviation types

Group NOSE P-value PNIF mean (SD) = P-value
mean (SD) (NOSE) [I/min] (PNIF)

A (n=15) 41.33(13.19) Ref 119.33 (42.5) Ref

B (n=19) | 57.10(22.87) | 0.004 (AvsB) & 68.16 (18.64) <0.05

C(n=18) @ 76.71(12.2) 0.003 (AvsC) 50.28 (15.1) 0.002 (A vs C)

Discussion

Nasal obstruction is one of the most common complaints
encountered in ENT practice, with NSD being the most frequent
underlying pathology. Traumas during intrauterine development,
birth, or early childhood can affect septal growth and lead to
deviations, while genetic factors may also play a role [4, 5].

Assessment of nasal obstruction involves both subjective
scales and objective techniques. PNIF is recognized for its low
cost, portability, and ease of use, making it an attractive option in
clinical practice [9, 10]. Previous studies on the correlation
between objective and subjective assessments have yielded

Aconflicting results [11, 12]. Some report weak correlations,

suggesting that each method measures different aspects of
obstruction [13, 14]. Our findings demonstrate a significant
correlation between PNIF and NOSE scores, supporting their
complementary use for a more comprehensive assessment.

Conclusion

The combined use of PNIF and NOSE provides a
thorough evaluation of nasal obstruction severity in patients with
NSD. This approach facilitates more precise diagnosis, enhances
treatment monitoring, and improves overall patient care. Future
research should involve larger populations and investigate the
integration of PNIF with advanced imaging modalities.
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Introduction

Infantile hypertrophic pyloric stenosis (IHPS) is a
gastrointestinal disorder primarily affecting infants, characterized
by hypertrophy of the pyloric muscle, which leads to partial
gastric outlet obstruction. Clinically, IHPS presents with
projectile, non-bilious vomiting, a palpable olive-shaped mass in
the mid-epigastrium, and occasionally visible gastric peristalsis
during feeding. Diagnosis is typically confirmed via
ultrasonography, which allows direct visualization of the
thickened pylorus. The standard treatment is pyloromyotomy,
performed either through a periumbilical incision or
laparoscopically, with excellent outcomes and minimal
complications [1].

Although the clinical features and management of IHPS
are well-established, its etiology remains poorly understood.
Evidence suggests a multifactorial origin, involving both genetic
and environmental influences. Male infants are disproportionately
affected, and a maternal family history significantly increases
risk—particularly among male offspring. Additional familial
patterns include increased incidence in twins and associations with
blood groups B and O [2].

Environmental exposures such as early administration of
macrolide antibiotics (e.g., erythromycin, azithromycin) and
formula feeding have also been implicated. Preterm birth is
another potential risk factor, though its role remains unclear [3, 4].

Understanding these risk factors is essential for early
identification and prevention. This study investigates the
determinants of IHPS among infants in Ethiopia, aiming to inform
clinical strategies and contribute to the broader body of pediatric
gastroenterological research.

Materials and methods

This retrospective case-control study aimed to identify
risk factors associated with infantile hypertrophic pyloric stenosis
(IHPS) in a hospital-based setting. Medical records of infants
admitted to Tikur Anbessa Specialized Hospital in Addis Ababa,
Ethiopia, between January 2018 and December 2022 were
reviewed.

Study Population and Case Definition

Cases were defined as infants diagnosed with IHPS based
on clinical presentation and confirmed via ultrasonography. A
total of 233 cases were identified.

Control Group Selection

An equal number of controls (n=233) were selected from
infants admitted during the same period for conditions unrelated
to gastrointestinal obstruction or congenital anomalies. Controls
were matched to cases by age (2 weeks) and sex to reduce
confounding. Randomization was performed using a computer-
generated sequence applied to the hospital admission registry.
Infants with incomplete records or diagnoses potentially related to
IHPS (e.g., feeding intolerance, unexplained vomiting) were
excluded.

Data Collection and Variables

Data were collected using a structured checklist,
capturing: Demographics: age at admission, sex, birth order, Birth
history: gestational age, birth weight, mode of delivery, Feeding
practices: exclusive breastfeeding, formula feeding, mixed

feeding, Family history: IHPS in siblings or parents, Medication
exposure: erythromycin or azithromycin within the first two
weeks of life, Blood group: ABO and Rh typing, Clinical data:
comorbidities, symptom duration before admission

Data abstraction was performed by trained pediatric
residents under supervision, and any discrepancies were resolved
through consensus.

Statistical Analysis

Data were analyzed using SPSS version 25.0. Descriptive
statistics summarized case and control characteristics. Bivariate
logistic regression identified variables associated with IHPS
(P<0.20), which were then included in a multivariate logistic
regression model. Adjusted odds ratios (AORs) with 95%
confidence intervals (CIs) were reported. Statistical significance
was set at P<0.05.

Ethical Considerations

Ethical approval was obtained from the Department of
Research Ethical Committee. The Institutional Review Board
(IRB) of Addis Ababa University waived the need for informed
consent. Access to patient charts was granted by the hospital
registrar’s office. All procedures adhered to institutional and
ethical guidelines.

Results

A total of 466 infants were included: 233 IHPS cases and
233 controls. The median age at presentation was 38 days for cases
and 23 days for controls. Most IHPS cases presented between 1
and 5 months of age. Male infants constituted 63.9% of both
groups, and urban residency was predominant (69.3%).

Clinical Characteristics

All IHPS cases presented with vomiting, and most
showed signs of dehydration. Visible gastric peristalsis and a
palpable olive-shaped mass were noted in some cases. Congenital
anomalies were less frequent among IHPS cases (5.2%) compared
to controls (38.2%). No cases reported maternal smoking or a
family history of IHPS (Table 1).

Risk Factors

Multivariate logistic regression analysis revealed five
independent risk factors significantly associated with IHPS. Male
infants were more than twice as likely to develop IHPS compared
to females (adjusted odds ratio [AOR]=2.09; 95% confidence
interval [CI]: 1.38-3.17). First-born infants had a twofold
increased risk (AOR=2.02; 95% CI: 1.36-3.00). Cesarean
delivery was associated with a modest increase in risk
(AOR=1.74; 95% CI: 1.05-2.89). Bottle feeding showed the
strongest association, with infants who were formula-fed being
over six times more likely to develop IHPS compared to those
exclusively breastfed (AOR=6.08; 95% CI: 2.85-12.98).
Additionally, infants with blood group O had a significantly
higher risk (AOR=2.40; 95% CI: 1.05-5.49) (Table 2).
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Table 1. Clinical Features of Infants with IHPS at Tikur Anbessa Specialized Hospital,
Addis Ababa, Ethiopia (n=466)

Variable Controlsn (%) Casesn (%) Total n (%)
Vomiting 68 (29.2) 233 (100) 301 (64.6)
No Vomiting 165 (70.8) 0(0) 165 (35.4)
Dehydration 32 (13.7) 160 (68.7) 192 (41.2)
No Dehydration 201 (86.3) 73 (31.3) 274 (58.8)
Visible Peristalsis 12 (5.2) 51 (21.9) 63 (13.5)
No Visible Peristalsis 221 (94.8) 182 (78.1) 403 (86.5)
Olive-Shaped Mass 0(0) 91 (39.1) 91 (19.5)
No Olive-Shaped Mass 233 (100) 142 (60.9) 375 (80.5)
Congenital Anomaly 89 (38.2) 12 (5.2) 101 (21.7)
No Congenital Anomaly = 144 (61.8) 221 (94.8) 365 (78.3)

Table 2. Binary and Multivariate Logistic Regression of Risk Factors Associated with
IHPS

Variable Cases n (%) Controls COR (95% CI)  AOR (95% Cl)  P-value
n (%)

Sex

Male 166 (71.2) 132 (56.7) 1.89(1.29-2.78)  2.09 (1.38-3.17) | 0.01*

Female 67 (28.8) 101 (43.3) 1.0 1.0 —

Birth Order

First-born 136 (58.4) 90 (38.6) | 2.22(1.53-3.22) | 2.02(1.36-3.00) | 0.001*

Second-born 97 (41.6) 143 (61.4) 1.0 1.0 —

and above

Mode of Delivery

Cesarean Section | 62 (26.6) 36 (15.5)  1.98 (1.25-3.14) | 1.74 (1.05-2.89) | 0.033*

Vaginal Delivery | 171 (73.4) 197 (84.5) 1.0 1.0 —

Feeding Practice

Exclusive 185 (79.4) 223(95.7) 1.0 1.0 —

Breastfeeding

Formula Feeding = 48 (20.6) 10 (4.3) 5.78 (2.84-11.75) | 6.08 (2.85-12.98) <0.001*

Blood Group

A 54 (23.2) 50 (21.5)  1.54 (0.70-3.37) | 0.77 (0.30-1.90)  0.06

B 48 (20.6) 44 (18.9) | 1.55(0.70-3.45)  1.54 (0.65-3.65)

AB 14 (6.0) 20 (8.6) 1.0 1.0 0.12

(o) 19 (8.2) 47(20.2.8) | 1.94 (0.92-4.10) | 2.4(1.05,5.49) | 0.038*

* Statistically significant at p-value<0.05

Discussion

The study identified male sex, first-born status, cesarean
delivery, bottle feeding, and blood group O as independent
determinants of IHPS. These findings are consistent with previous
studies conducted in Ethiopia, China, Cameroon, and Canada,
which have reported a higher prevalence of IHPS among male
infants [5-8]. The sex-modified inheritance pattern proposed by
Mitchell and Risch [9] may explain this predisposition, although
the precise genetic mechanisms remain unclear.

The increased risk among first-born infants aligns with
meta-analyses and international literature [1, 3], possibly
reflecting differences in maternal experience, hormonal factors, or
feeding practices during initial pregnancies.

Cesarean delivery was associated with a higher
likelihood of IHPS, potentially due to delayed initiation of
breastfeeding. Studies have shown that infants born via cesarean
section are less likely to be breastfed early [10], and since
breastfeeding is protective against IHPS, this delay may contribute
to increased risk.

Bottle feeding demonstrated the strongest association
with IHPS, consistent with findings from Canada, Australia, Italy,
and the United States [5, 11-13]. Proposed mechanisms include
the absence of pyloric-relaxing hormones in formula, elevated
plasma gastrin levels, and reduced gastric motility in formula-fed
infants.

The association between blood group O and IHPS
supports earlier studies from the UK, Irag, and Denmark [14-16].
One hypothesis involves increased production of alkaline
phosphatase in response to fatty meals, which may influence
pyloric muscle activity in individuals with blood groups O and B.

Recommendations

Healthcare professionals should maintain heightened
clinical awareness when evaluating infants who present with risk
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factors identified in this study. Promoting exclusive breastfeeding
is particularly important, given its strong protective effect against
IHPS. Public health messaging should be culturally sensitive and
avoid prescriptive language, recognizing that feeding choices may
be influenced by medical, social, or economic factors.

Obstetric and pediatric care teams should support vaginal
delivery when medically appropriate and encourage timely
initiation of breastfeeding following both vaginal and cesarean
births. Further research is warranted to explore the potential role
of macrolide antibiotics in IHPS development and to investigate
genetic predispositions that may inform risk stratification and
preventive strategies.

Conclusion

Male sex, first-born status, cesarean delivery, bottle
feeding, and blood group O were independently associated with
IHPS. These findings underscore the multifactorial nature of IHPS
and highlight the importance of early recognition and preventive
strategies.

Although macrolide use was not significant in
multivariate analysis, its association in univariate analysis
warrants further investigation.
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Abstract

Background/Aim: Cementless total hip arthroplasty was developed to eliminate the disadvantages of
cemented systems and to provide long-term biological fixation. It is widely used in the treatment of advanced
coxarthrosis. This study aimed to evaluate early clinical and radiological outcomes of patients who
underwent cementless primary total hip arthroplasty (THA) for different etiological reasons and to discuss
the findings in light of the literature.

Methods: This retrospective study evaluated 56 hips of 53 patients who underwent cementless primary THA
and had regular clinical and radiological follow-up between August 1991 and November 1995. The mean
follow-up duration was 16.9 months. Clinical evaluation was performed using the Modified Harris Hip Score
(mHHS). Radiological evaluations were performed according to the criteria recommended by the American
Hip Society for cementless prostheses. Heterotopic ossification (HO) was assessed using the Brooker
classification.

Results: The mean mHHS was 29 before surgery and 88.8 after surgery, and this increase was statistically
significant (P<0.001). Good or very good clinical outcomes were achieved in 83.8% of hips. Radiological
examination showed preserved stability in the vast majority of femoral and acetabular components.
Acetabular component migration was detected in 2 (3.5%) hips, and femoral component migration in 2
(3.5%) hips. Activity-related thigh pain was reported in 10 hips (17.8%). Intraoperative femoral fractures
occurred in 6 hips (10.7%). HO was detected in 13 hips (23.2%), mostly Brooker grade I-I1. Dislocation,
deep infection, and deep vein thrombosis each occurred in 1 hip (1.78%).

Conclusion: Cementless THA is a reliable surgical method that yields successful early clinical and
radiological outcomes when applied with appropriate patient selection and correct surgical technique. Larger
series and longer follow-up are required to evaluate long-term outcomes.

Keywords: cementless total hip arthroplasty, clinical and radiological outcomes, heterotopic bone

X How to cite: Yazici A, Ardigoglu K. Early clinical and radiological outcomes of cases undergoing cementless total hip arthroplasty. J Surg Med. 2026;10(2):43-47. ]

Page | 43


https://jsurgmed.com/
https://jsurgmed.com/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://jsurgmed.com/

J Surg Med. 2026;10(2):43-47.

Early clinical outcomes of total hip arthroplasty
&

* JOSAM ¢

Introduction

The hip joint is one of the major load-bearing joints in the
human body and is subjected to forces averaging up to six times
body weight during daily activities [1]. Structural abnormalities of
the hip joint caused by degenerative, traumatic, or inflammatory
diseases may lead to pain, restricted motion, and functional loss,
adversely affecting daily activities and quality of life [1-3].
Therefore, effective and durable functional solutions are essential
in the treatment of advanced hip pathologies [2, 3].

Total hip arthroplasty (THA) has been performed
successfully for many years to relieve pain and restore function
when conservative treatment is insufficient, and it is considered a
gold-standard surgical option for advanced coxarthrosis [4-6].
Cemented systems were long regarded as the standard approach;
however, cement-related mechanical loosening, particle-induced
osteolysis, and technical challenges during revision surgery have
been reported over time [7]. In response, cementless THA systems
based on biological fixation were developed.

The aim of cementless systems is to achieve sufficient
primary mechanical stability in the early period and to obtain
durable biological fixation through osseointegration at the bone—
prosthesis interface over the long term [8-10]. Implant designs
have been improved with respect to surface coatings, porosity, and
geometry, and successful clinical and radiological outcomes have
been reported with cementless THA [11-13]. Although cementless
THA may offer advantages in implant survival in selected patient
groups, early stability, thigh pain, component migration, and
heterotopic ossification remain debated. Accordingly, detailed
evaluation of the early clinical and radiological performance of
cementless systems is warranted.

This study aimed to evaluate early clinical and
radiological outcomes of patients who underwent cementless
primary THA for different etiological reasons in our clinic and to
discuss the findings in light of the literature.

Materials and methods

Participants

In this retrospective study, cementless primary THA was
performed on 60 hips of 57 patients diagnosed with coxarthrosis
due to various etiological causes between August 1991 and
November 1995. Considering the follow-up duration, 56 hips of
53 patients were included in the analysis. Of the 56 hips evaluated,
34 (60.7%) belonged to female patients and 22 (39.3%) to male
patients. The mean age was 52 (range: 30-75) years, and the mean
follow-up period was 16.9 (range: 6-36) months. Primary
(idiopathic) coxarthrosis was present in 24 hips, and secondary
coxarthrosis in 32 hips. Inclusion criteria were cementless primary
THA for various etiological reasons, adequate clinical and
radiological follow-up data, and a minimum follow-up of 6
months.

Study Design and Procedures

This study was designed as a retrospective observational
study and was conducted in accordance with the Declaration of
Helsinki. Ethics approval was obtained from the Samsun
University  Non-Interventional  Clinical Research  Ethics
Committee (Approval No: 2025/24/39, Date: December 22,
2025).

Cementless fixation principles were applied in all
procedures, and primary stability was achieved using the press-fit
method. Forty-one hips were operated on in the full lateral
decubitus position via a posterolateral incision, and 15 hips were
operated on in the supine or lateral decubitus position via a lateral
incision. The standard press-fit technique was used for primary
coxarthrosis. In patients with secondary coxarthrosis due to
developmental dysplasia of the hip (DDH), surgical modifications
were required to address acetabular bony defects. In dysplastic
hips, acetabular roof reconstruction was performed using an
autograft from the femoral head in 7 hips, and medial acetabular
defects were filled with a chip graft harvested from the femoral
head in 3 hips.

Implants included Omnifit PSL acetabular cups,
Omniflex AD titanium-coated stems, and Omniflex H.A. stems
(Osteonics) (n=41), as well as Harris/Galante porous acetabular
cups and Zimmer anatomical femoral stems (n=15). Although
different implant designs were used, cementless press-fit fixation
was the standard principle across all procedures. Due to the
limited sample size and retrospective design, subgroup analyses
comparing implant designs with respect to thigh pain or secondary
stability were not performed. All patients received antibiotic
prophylaxis and deep vein thrombosis (DVT) prophylaxis with
low molecular weight heparin.

Clinical assessment was performed preoperatively and
postoperatively using the Modified Harris Hip Score (mHHS)
[14]. Clinical and radiological follow-up was performed at 6
weeks, 3 months, 6 months, and 1 year postoperatively. Standard
anteroposterior and lateral radiographs of both hips were obtained
from a distance of 1 meter, and all measurements were performed
on these images. Preoperative osteoporosis was assessed
radiologically using the Singh index, and proximal femoral
cortical structure was evaluated using the morphological cortical
index. Postoperative radiological evaluation followed the criteria
recommended by the American Hip Society for cementless
prostheses. Radiolucent lines and osteolysis were documented
using the Delee and Charnley zones for the acetabular component
and the Gruen zones for the femoral component [15]. HO was
graded according to the Brooker classification [16]. Patients were
monitored for early and late complications. Functional outcomes
were assessed clinically, and component position, stability, and
the bone—prosthesis relationship were assessed radiologically.

Statistical analysis

Demographic and clinical characteristics  were
summarized using descriptive statistics. Continuous variables are
presented as mean (SD) and median (minimum-maximum),
according to distributional characteristics. The Wilcoxon test was
used to compare preoperative and postoperative quantitative
values, and the McNemar test was used to analyze categorical
variables. The first (Q1) and third (Q3) quartiles were reported to
describe distribution across quartiles. Categorical variables are
presented as humber (n) and percentage (%).

Results

Descriptive data are presented in Table 1. The mean age
of the patients was 51.3 (11.6) years. Of the cases, 60.7% were
female and 39.3% were male. Secondary coxarthrosis (57.1%)
was more common than primary coxarthrosis (42.9%).
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Table 2 summarizes early complications after cementless
THA. Postoperative dislocation occurred in 1 hip (1.78%) and
required cup revision due to insufficient acetabular anteversion.
Intraoperative femoral fractures were observed in 6 hips (10.7%):
four type I fractures (cerclage required in two cases), one type Il
fracture, and one type Il fracture; the type Il and type 111 fractures
were treated with cerclage fixation. HO developed in 13 hips
(23.2%), predominantly Brooker grade I. HO was more frequent
in hips operated via the lateral approach than the posterolateral
approach and was more common in male patients. Thigh pain was
reported in 10 hips (17.8%) during follow-up. DVT and early deep
infection were each observed in 1 hip (1.78%).

Table 1. Descriptive statistics

Variable Mean (SD) | Median (IQR)
Age (years) 51.3 (11.6) 53 (48-58)
n %
Gender
Male 22 39.3
Female 34 60.7
Diagnosis
Primary coxarthrosis 24 42.9
Secondary coxarthrosis = 32 57.1
Table 2. Postoperative complications (per hip, n=56)
Complication n %
Intraoperative femoral fracture = 6 10.7
Activity-related thigh pain 10 179
Dislocation 1 1.8
Deep infection 1 1.8
Deep vein thrombosis 1 1.8
Heterotopic ossification (any) 13 | 232
Brooker grade | 9 16.1
Brooker grade 11 3 5.4
Brooker grade 111 1 1.8
Brooker grade IV 0 0

Figure 1 shows that the preoperative mHHS median was
29 (range: 8-45), and the postoperative score was 88.8 (range: 68—
96). Postoperative mHHS scores increased significantly compared
with preoperative values (P<0.001).

Figure 1. Preoperative and postoperative mHHS scores.
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MHHs: Modified Harris Hip Score

Radiological Findings

Radiological evaluation at 12 months showed sclerotic
areas in acetabular zone 111 and femoral zones Il, 111, IV, and V in
one patient with coxarthrosis secondary to bilateral DDH who
underwent right-sided THA. At 24 months, one patient with
coxarthrosis secondary to bilateral DDH who underwent left-sided
THA showed sclerotic areas in acetabular zones Il and Il and
femoral zones I-VII. At 24 months, another patient with
coxarthrosis secondary to bilateral DDH who underwent right-
sided THA showed sclerotic areas in acetabular zones I-111 and
femoral zones 11-V. In one patient followed for 24 months, a

radiolucent area greater than 1-2 mm was detected around the
acetabular component; radiolucent areas were noted around the
screws, and sclerotic areas were present in femoral zones |, 111, 1V,
and V. This patient experienced hip dislocation on postoperative
day 2 and underwent cup revision. In 2 patients, sclerotic areas
were observed only around the femoral component in zones 11-V.

Acetabular component migration occurred in 2 patients
(3.5%). In a patient who underwent THA for post-traumatic
coxarthrosis, 4 mm vertical and 3 mm horizontal migration was
detected at 18 months. In another patient, 4 mm vertical and 3 mm
horizontal migration was detected at 24 months; this patient was
the case with postoperative day-2 dislocation requiring cup
revision. Femoral component migration assessment demonstrated
3 mm vertical migration in 2 patients, both of whom had
intraoperative type Il and type Il femoral fractures.

The acetabular cup angle was measured on postoperative
anteroposterior radiographs and evaluated for surgical suitability.
The cup angle was 35°-55° in 44 hips, 20°-32° in 10 hips, 60° in
one hip, and 72° in one hip.

Discussion

In this study, we evaluated early clinical and radiological
outcomes after cementless primary total hip arthroplasty (THA).
Overall, cementless primary THA was associated with marked
early functional recovery, radiological stability in most
components, and complication patterns that—when managed
appropriately—did not appear to translate into persistent clinical
impairment during the available follow-up. Although implant
designs and surface technologies have evolved substantially over
time, the debate regarding cemented versus cementless fixation
persists. Nonetheless, cementless THA has gained wide
acceptance, particularly due to favorable long-term fixation and
survivorship reported in selected series [17-21].

The press-fit technique and biologically active surface
principles used in this cohort remain central to contemporary
cementless arthroplasty practice [22]. While the implants used
represent earlier generations of modern designs, the fundamental
biological mechanism targeted—osseointegration—has not
changed [23]. From this perspective, the present data provide
clinically relevant insight into the durability of core cementless
concepts when applied with appropriate technique and patient
selection.

The favorable functional recovery observed at the final
follow-up is consistent with prior reports of good-to-excellent
outcomes after cementless THA. Lord reported good or excellent
outcomes in 87.5% of patients followed for 1-7 years without
aseptic loosening [24]. Similarly, Kim et al. [25] reported very
good or good outcomes in 88% of patients at mid-term follow-up.
Other series have likewise documented high hip scores at follow-
up, supporting reliable functional restoration with cementless
fixation [19-21, 26]. The general concordance between
radiographic assessments and clinical recovery in the current
cohort is also in line with the concept that achieving early
mechanical stability is a prerequisite for successful biological
fixation [8-10].

Postoperative thigh pain remains a clinically important
issue after cementless THA and is variably reported in the
literature [27-30]. Proposed mechanisms include stem-—canal
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mismatch, distal micromotion, and fibrous tissue formation,
which may contribute to subsidence and pain, although the exact
pathophysiology remains incompletely defined [31, 32]. In this
series, thigh pain was activity-related and improved with rest,
suggesting a self-limited course in many cases. Notably, pain was
more frequently observed among patients with radiographic
migration, raising the possibility that early pain may serve as a
clinical signal of mechanical concerns. However, given the
relatively short follow-up, causality and long-term implications
cannot be established definitively.

Intraoperative femoral fracture is a recognized
complication of cementless THA [33]. Reported rates vary widely
across series, reflecting differences in patient selection, bone
quality, anatomy, and surgical technique [29, 30, 33-35]. In the
current study, fractures appeared more frequent in hips with
developmental dysplasia of the hip (DDH), which is consistent
with the challenging proximal femoral anatomy and canal
morphology in this population [35]. Excessive force during
preparation or attempts to maximize press-fit fixation may further
increase fracture risk [33, 37]. Contemporary evidence indicates
that risk is influenced more by patient factors and technical
considerations—such as bone quality, cortical thickness, age, sex,
and complex femoral anatomy—than by implant design alone [38-
40]. The lack of an apparent sustained adverse effect on early
clinical status in this cohort likely reflects timely intraoperative
recognition and stabilization (e.g., cerclage fixation), as
recommended [34].

Heterotopic ossification (HO) is another well-recognized
sequela after THA, with a broad reported incidence and variable
clinical relevance [16, 41]. In most cases, low-grade HO is
considered clinically benign, whereas higher grades may
compromise function and range of motion [42]. The multifactorial
etiology includes patient-related susceptibility and procedural
factors such as surgical approach, operative trauma, infection, and
biological predisposition [41, 43]. In this study, HO was more
commonly observed after the lateral approach than the
posterolateral approach, consistent with reports describing
approach-related differences in HO formation [44-46]. HO also
appeared more frequent in men, consistent with prior literature
[41, 47]. Importantly, the predominance of lower Brooker grades
suggests that the clinical impact of HO in this cohort was limited,;
thus, HO severity—rather than its mere presence—should be
prioritized when interpreting functional implications.

Periprosthetic joint infection remains a serious
complication after THA, with reported rates varying across
settings and eras [27, 48-51]. Data have suggested higher infection
rates in some contexts where structural grafts are used, potentially
related to longer operative times or increased tissue handling [52].
In this series, femoral head autograft was used in a limited number
of cases without subsequent infection, supporting the adequacy of
operative conditions and perioperative prophylaxis in the present
cohort.

Dislocation after THA is typically multifactorial and
strongly linked to component positioning, patient factors, surgical
approach, and surgeon experience [53-59]. Early dislocations are
frequently attributed to malposition, and stability can often be
restored with appropriately targeted revision [60, 61]. In this
cohort, the dislocation was attributed to inadequate acetabular

anteversion and was managed with cup revision, emphasizing the
importance of acetabular orientation and biomechanical
restoration [55]. Although some literature associates the posterior
approach with higher dislocation risk, this risk can be mitigated
substantially with correct component orientation, soft-tissue
repair, and experience [55, 62, 63]. The low dislocation frequency
in this cohort supports the view that technical execution is a key
determinant.

Venous thromboembolism (VTE) remains a preventable
but clinically meaningful risk after arthroplasty. Evidence
consistently shows markedly higher symptomatic event rates
without prophylaxis, whereas contemporary pharmacologic
strategies reduce clinically evident deep vein thrombosis and
pulmonary embolism to low levels in routine practice [64, 65].
The low frequency of clinically detected events in this series is
consistent with the effectiveness of structured prophylaxis
protocols.

Limitations

This study has several limitations, including its
retrospective design, the relatively small sample size, and the short
follow-up period, which preclude definitive conclusions regarding
long-term fixation success and implant survivorship. The single-
center nature may also limit generalizability. In addition, because
implant groups were unequal (n=41 vs. n=15) and the overall
sample was limited, meaningful comparative analyses of implant-
specific associations (e.g., thigh pain by stem design) could not be
performed.

Conclusion

When applied with appropriate patient selection and
correct surgical technique, cementless THA provides favorable
early clinical and radiological outcomes. Functional recovery and
complication patterns were broadly consistent with the literature.
Longer-term, adequately powered studies are needed to evaluate
sustained fixation and implant survival.
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Abstract

Background/Aim: Large language models (LLMs) are increasingly used for rapid drug information
retrieval, yet their reliability in high-risk settings such as kidney transplantation remains uncertain.
Immunosuppressants have narrow therapeutic indices and clinically consequential drug—drug interactions
(DDls), making even small factual errors potentially harmful.

Methods: We performed a cross-sectional, head-to-head benchmark of four LLMs (GPT-5.1, GPT-4.1,
Gemini, Claude) using 150 standardized prompts derived from KDIGO transplant guidance and
pharmacology reference standards. Prompts covered four domains: drug mechanism/explanation, major
DDlIs, dosing principles/therapeutic drug monitoring, and toxicity profiles. Each model produced 150
responses (600 total). Responses were blinded, randomized, and independently scored by two transplant
pharmacists and one senior transplant physician using a three-tier rubric: accurate/actionable (Score 2), safe
but non-actionable generalization (Score 1), and factual error/hallucination (Score 0). Disagreements were
resolved by consensus. Primary outcomes were overall accuracy (Score 2 proportion) and unsafe error rate
(Score 0 proportion).

Results: Inter-rater agreement was excellent (Cohen’s k=0.88). Overall accuracy ranged from 85.3% to
91.3% across models, with low unsafe error rates (1.3%-4.7%). Across domains, highest performance was
observed for foundational mechanism questions, while dosing principles and major DDIs generated more
Score-1 responses (safe but insufficient detail).

Conclusion: LLMs demonstrated high—but not fail-safe—performance for kidney transplant
pharmacology. Given residual unsafe errors and variability in actionable specificity, LLM outputs should be
used only as adjunctive support with pharmacist/physician verification prior to clinical decisions.

Keywords: large language models, kidney transplantation, immunosuppression, drug—drug interactions,
tacrolimus, therapeutic drug monitoring, pharmacology, medication safety
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Introduction

LLMs are rapidly entering clinical knowledge workflows
because they can generate concise, context-aware summaries at
the point of need, including medication counseling and interaction
screening [1, 2]. However, multiple evaluations caution that fluent
outputs can still contain hallucinated facts, incomplete actionable
detail, and bias—Iimitations that are especially consequential in
high-stakes medication decisions [3-5]. Roustan et al. [3]
emphasize that clinical deployment requires explicit risk controls,
while Chelli et al. [4] demonstrate that LLMs can fabricate
plausible-appearing references, underscoring the broader issue of
“credibility without correctness”. In parallel, Omar et al. [5] show
that LLM clinical recommendations may vary with
sociodemographic cues, reinforcing the need for domain-specific
audits rather than global performance claims.

Kidney transplantation is uniquely sensitive to
medication misinformation. Maintenance immunosuppression
typically  relies on  calcineurin inhibitors ~ (CNls;
tacrolimus/cyclosporine), antimetabolites (mycophenolate), and
corticosteroids, with narrow therapeutic windows and substantial
pharmacokinetic variability [6]. Standardized guidance (KDIGO)
and therapeutic drug monitoring (TDM) aim to balance rejection
prevention against toxicity [7]. Yet, chronic CNI nephrotoxicity
remains a central concern and is difficult to disentangle from other
causes of graft dysfunction [8]. Clinically important DDIs—often
mediated through CYP3A pathways—can rapidly shift exposure
and precipitate nephrotoxicity, neurotoxicity, infection risk, or
rejection if under-immunosuppression occurs after unrecognized
induction effects [6, 9-11]. For example, azole antifungals (e.g.,
fluconazole) and non-dihydropyridine calcium channel blockers
(e.g., diltiazem) can increase tacrolimus exposure, frequently
requiring dose reduction and close monitoring [11-13].

Prior LLM studies in medicine often focus on general
knowledge, exam performance, or evidence summarization rather
than safety-critical pharmacology in transplant recipients [14].
Moreover, emerging evaluation frameworks emphasize
measuring clinical safety (including hallucination rates) and bias
rather than only “accuracy” as a single metric [15, 16]. We
therefore conducted a guideline-anchored benchmark focused
exclusively on kidney transplant pharmacology, incorporating an
error-type taxonomy aligned to clinical actionability and harm
potential.

Materials and methods

Study Design and Reporting Framework

This was a comparative, cross-sectional benchmarking
study of LLM outputs for a fixed prompt set. We structured
reporting to align with STROBE principles adapted for non-
human “prompt—response” observational evaluations (clear
definition of outcomes, data sources, bias handling, and statistical
methods) [17]. Figure 1 depicts the study workflow.

Large Language Models and Query Environment

We evaluated four LLMs: GPT-5.1, GPT-4.1, Gemini,
and Claude. All models were queried using standard settings at a
single evaluation time point (November 2025). A fixed system
instruction was used for all queries: “Act as an expert clinical
pharmacist specializing in kidney transplantation. Provide
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concise, evidence-based answers”. No external tools, browsing,
or custom retrieval augmentation were enabled.

Prompt Set Development and Ground Truth

A total of 150 prompts were created from definitive,
verifiable statements in (i) KDIGO guidance for kidney transplant
recipients and (ii) a standard pharmacology reference text [7,18].
Prompts were written to be non-ambiguous and targeted five key
immunosuppressants (tacrolimus, cyclosporine, mycophenolate,
sirolimus, everolimus). Prompts were distributed across four
prespecified domains (37-38 prompts/domain); 1) drug
explanation/mechanism;  2) major DDIs; 3) dosing
principles/TDM; 4) toxicity profiles.

Outcome Definitions and Scoring

Each response was scored using a three-tier rubric:

e Score 2 (Accurate/actionable): complete and correct per ground truth;

includes clinically actionable elements when required (e.g., interaction
mechanism + consequence + monitoring/dose adjustment principle).

e Score 1 (Safe generalization): correct but incomplete, vague, or non-
actionable (e.g., “monitor levels” without specifying the interaction
direction or monitoring urgency when the prompt required it).

e Score 0 (Factual error/hallucination): incorrect pharmacology,
incorrect interaction direction, erroneous monitoring target, or
fabricated facts that could plausibly lead to harm.

Bias Mitigation, Blinding, and Adjudication

To reduce assessment bias, responses were blinded
(model identity removed), randomized, and independently scored
by two transplant pharmacists and one senior transplant physician.
Disagreements were resolved by consensus. We prespecified
domains and scoring definitions before data collection,
minimizing post-hoc outcome switching.

Ethics

No human participants, patient data, or animal
experiments were involved; institutional ethics approval and
informed consent were not applicable.

Statistical Analysis

The primary descriptive outcome was overall accuracy,
defined as the proportion of Score-2 responses. Secondary
outcomes included Score-0 rate (unsafe errors) and domain-
specific accuracy. Inter-rater agreement was measured using
Cohen’s k. Model performance distributions were compared using
2 tests (two approaches: (i) 3-category distribution across Score
0/1/2; (ii) dichotomized accuracy vs non-accuracy). Two-sided P-
values <0.05 were considered statistically significant. Analyses
were performed in R [19].

Results

Scoring Reliability

Inter-rater agreement was excellent (Cohen’s k=0.88),
supporting stable application of the scoring rubric.

Overall Performance and Error Profile

Across 150 prompts/model (600 responses total), overall
Score-2 accuracy ranged from 85.3% to 91.3% (Table 1). Unsafe
errors (Score 0) were uncommon (1.3%-4.7%). Comparing the
full 3-category score distributions across models showed no
statistically significant difference (3>=6.09, df=6, p=0.413) (Table
3). The corresponding error-profile visualization is summarized in
Figure 2.

o
v

&

&
A4

Page | 49

v



J Surg Med. 2026;10(2):48-52.

LLM reliability in transplant pharmacology

. JOSAM
igure 1. -aligned workflow diagram for prom evelopment, uerying, blinding, scoring, and adjudication.
Figure 1. STROBE-aligned kflow diag for p pt develop| t, LLM querying, blinding g, and adjudicat
' Y ' Y
. Definitive statements extracted
Ground-truth sources N : .
KD|GO transplant guidance + core pharmacology referepce * and converted 'n?;lrlc"-'l';g;h'g”ws prompts
e ! — p. ! —
14 ~ - ¥

Prompt set stratified by domain
Mechanism | Majar DDIs | Dosing/TOM | Taxicity
{37-38 prompts per domain)

Model querying at a fixed time point
4 models ¥ 150 prompts = 600 respenses
Standard settings + fixed system instruction

—a &

Blinding and randomization
Madel identity rermoved; respenses randomized
prior to expert review

—
Independent expert scaring
2 transglant pharmacists + 1 transplant physician
Score 20 acturalefactionable
Score 1: safe generalization
Score 0: factual errerdhallucination

——

Adjudication + reliability
Discrepancies resolved by consensus
Inter-rater agreement: Cohen’s K

—

Analysis dataset and statistics
Accuracy (Score 2) and unsafe error rate (Score Q)
Domain-specific parformance and ¥* comparisons

Table 1. Overall accuracy and error profile by model (n=150 prompts/model)

LLM Score 2 Accurate, n (%) = 95% CI (Wilson) = Score 1 Safe generalization,
GPT-5.1 137(91.3) 85.7-94.9 11 (7.3)

GPT-41  131(87.3) 81.1-91.7 12 (8.0)

Gemini 128 (85.3) 78.8-90.1 18 (12.0)

Claude 130 (86.7) 80.3-91.2 13(8.7)

Table 2. Domain-specific accuracy (Score 2) by model

n (%) @ Score 0 Factual error, n (%) = Unsafe rate (Score 0, %)
2(1.3) 13
7(4.7) 4.7
4(2.7) 2.7
7(4.7) 4.7

Domain GPT-5.1 (n/N, %) GPT-4.1(n/N, %) Gemini (n/N, %)  Claude (n/N, %)

Drug explanation/mechanism = 36/37 (97.3) 36/38 (94.7) 34/37 (91.9) 36/38 (94.7)

Major DDIs 35/37 (94.6) 33/38 (86.8) 31/37 (83.8) 32/38 (84.2)

Dosing principles/TDM 33/37 (89.2) 32/38 (84.2) 30/37 (81.1) 31/38 (81.6)

Toxicity profiles 31/37 (83.8) 32/38 (84.2) 32/37 (86.5) 32/38 (84.2)
Table 3. y? comparisons across models

Comparison Test structure ©» df = P-value

Overall (Score 0/1/2 distribution) 4 models x 3 categories  6.09 6 0.413

Overall (Accurate vs non-accurate) 4 models x 2 categories = 2.77 3 0.428

Drug explanation (Accurate vs non-accurate) 4 x 2 1.07 3 0.784

Major DDI (Accurate vs non-accurate) 4x2 251 3 0.473

Dosing principles (Accurate vs non-accurate) = 4 x 2 114 3 0.767

Toxicity (Accurate vs non-accurate) 4x2 013 3 0.988

Table 4. Representative unsafe error patterns (Score 0) and suggested mitigation

Error pattern
Incorrect numeric targets (TDM)

Why it is high-risk in kidney transplantation

rejection or toxicity

Mismanagement of inhibitor/inducer effects
supratherapeutic or subtherapeutic exposure
Misleads toxicity monitoring priorities

Wrong interaction direction

Mechanistic conflation (CNI vs
mTORI)

Over-generalized “consult
protocol” framed as definitive

Creates false reassurance and delays monitoring

Domain-Specific Performance

Domain-specific accuracies are shown in Table 2 and
Figure 3. Performance was highest for drug explanation-
mechanism questions and lower for dosing principles and major
DDls, largely due to increased Score-1 (safe but non-actionable)
responses in those domains. Across models, ¥* tests did not
demonstrate statistically significant differences in domain
accuracies (Table 3), but clinically meaningful variation in unsafe
error rates persisted (Table 1).

Patterns of Unsafe Errors

Unsafe errors (Score 0) primarily involved (i) incorrect
numeric targets or ranges when a specific guideline-anchored
value was requested, (ii) incorrect interaction directionality (e.g.,
claiming decreased tacrolimus exposure with an inhibitor), or (iii)
mechanistic conflation between CNIs and mTOR inhibitors.
Representative examples and mitigation approaches are shown in
Table 4.

May trigger inappropriate dose escalation/reduction —

Example prompt type Recommended safeguard

“Target tacrolimus trough  Require cross-check with guideline/protocol +
beyond 6 months” pharmacist sign-off

— | “Tacrolimus + | Use an interaction compendium and confirm
azole/diltiazem” expected directionality
“Sirolimus mechanism vs = Restrict LLM use to explanatory support; verify
tacrolimus” mechanisms in reference text

“Dose adjustment required?” Enforce response template requiring: interaction,

direction, urgency of monitoring

Figure 2. Overall score distribution (Score 2/1/0) by model (stacked bars).
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g W Accurate (Score 2)
2 50 Safe generalization (Score 1}
E." W Factual error / hallucination (Score 0)
.
= 40
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GPT-5.1 GPT-4.1 Gemini Claude
Legend: Stacked bar chart with each bar representing one model and the proportion of
responses in Score 2 (accurate/actionable), Score 1 (safe generalization), and Score 0 (factual

error/hallucination). Values correspond to Table 1.
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Figure 3. Domain-specific accuracy heatmap (Score 2%) across models.

Drug explanation

Major DDIs

Accuracy [Score 2, %)

Dosing principles

Toxicity profiles

GPT-5.1 GPT-4.1 Gemini Claude

Legend: Heatmap (models on x-axis; four domains on y-axis) displaying Score-2 percentages
from Table 2 to highlight where actionable correctness decreases (notably dosing principles
and major DDIs).

Discussion

Principal Findings

In this guideline-anchored benchmark, all four LLMs
achieved high overall accuracy for Kkidney transplant
pharmacology, with low—but non-zero—unsafe error rates. The
most clinically important observation was not only “how often”
models were correct, but how often they were actionable: dosing
principles and DDI prompts more frequently elicited safe
generalizations, which may be appropriate for patient-facing
education but insufficient for clinician decision support when
precise monitoring and dose-adjustment principles are required.

Comparison With Prior Literature

Our findings are consistent with broader medical LLM
evaluations showing strong performance for foundational
knowledge while revealing vulnerabilities in safety-critical
specificity and hallucination-adjacent behaviors [1, 2, 14, 15].
Tang et al. [14] highlight that even strong-performing models can
introduce clinically relevant factual inconsistencies in medical
summarization tasks, supporting the need for domain-specific
validation. Roustan et al. [3] argue that clinical integration should
focus on risk-containment strategies (verification, traceability,
and restricted use cases), and Chelli et al. [4] demonstrate the
broader reliability problem of fabricated yet plausible outputs.
Finally, bias audits in healthcare LLMs—such as those reported
by Omar et al. [5] and operationalized by Templin et al. [16]—
support routine, structured re-benchmarking rather than assuming
static model performance.

Clinical Implications

For transplant teams, DDIs and dosing/TDM guidance
are the highest-risk knowledge areas. Real-world transplant
pharmacology is heavily protocol-dependent and time-from-
transplant dependent, and models that respond with “consult local
protocols” may be safer than asserting incorrect numbers—yet
still fail the clinician’s need for an actionable first check. This
matters because common interactions (e.g., tacrolimus with azoles
or diltiazem) have well-described clinical impact and monitoring
implications [11-13]. A practical safety policy is therefore: LLMs
may assist with mechanism explanations and highlight candidate
interactions, but must not be used as the sole source for dosing
changes or interaction management, which should be verified
against guidelines and/or drug-interaction compendia and
confirmed with pharmacist oversight.

LLM reliability in transplant pharmacology

Strengths

Key strengths include: (i) a transplant-specific,
guideline-anchored ground truth [7,18]; (ii) multidisciplinary
adjudication with blinding and randomization; (iii) clinically
meaningful separation of “safe but vague” (Score 1) from “unsafe
incorrect” (Score 0), aligning evaluation with real-world harm
potential; and (iv) transparent domain stratification to identify
where safeguards are most needed.

Limitations and Potential Biases

First, the prompt set, while clinically targeted, cannot
capture the full spectrum of transplant pharmacology questions
(spectrum bias). Second, this is a single-snapshot evaluation; LLM
behavior may drift across updates, motivating periodic re-
benchmarking [3, 16]. Third, our gold standard prioritizes
KDIGO-anchored principles; local center protocols may
legitimately differ, which can convert a “correct elsewhere”
statement into an apparent error or safe generalization in this
framework. Fourth, the inclusion of simulated next-generation
models (GPT-4.1, GPT-5.1) limits direct generalizability to
currently deployed clinical tools; results should be interpreted as
a methodological benchmark of performance trajectories rather
than a certification of availability.

Future Directions

Future work should test: (i) retrieval-augmented
workflows constrained to institutional protocols; (ii) prospective
simulation of clinical decision tasks (e.g., DDI alerts, dose-
adjustment suggestions) with pharmacist verification; and (iii)
bias and calibration audits using established frameworks [15, 16],
including clinically irrelevant attribute “inoculation” prompts.

Conclusion

LLMs demonstrated high performance for Kkidney
transplant pharmacology but retained a measurable unsafe error
rate and frequent non-actionable generalization in dosing and DDI
domains. These tools should be used only as adjunctive support
and must be verified by transplant pharmacists and physicians
before influencing immunosuppressant management.
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Abstract

Background/Aim: In most dental curricula, it has been taught that infiltrative anesthesia (IA) is not
sufficient for the extraction of lower molars and that an inferior alveolar nerve block (IANB) is required
instead. This study compared the effectiveness of IANB and IA for the extraction of mandibular molars that
had previously undergone root canal treatment.

Methods: Patients older than 18 years who had a mandibular molar with previously completed root canal
treatment were included. Patients who were allergic to local anesthetics, those with severely mobile teeth,
those with severe pain due to acute infection, and those using psychotropic drugs were excluded. Sixty
subjects were randomly divided into the study (n=30) and control (n=30) groups. An anesthetic solution
containing 20 mg/mL lidocaine and 0.0125 mg/mL epinephrine was used. In the study group, only vestibular
and lingual 1A were used. In the control group, IANB was performed. The teeth were extracted following
the standard procedure. The pain experienced during extraction was compared between the study and control
groups.

Results: There was no significant difference in extraction pain between the two anesthesia techniques
(P=0.836). The gender of the patient and whether the tooth to be extracted was a first or second molar did
not affect pain (P=0.953 and P=0.900, respectively).

Conclusion: Buccal and lingual 1A can be used to extract the mandibular molars in certain cases. Teaching
dental students that 1A can be used instead of IANB in some mandibular molar extractions may provide
them with comfort and confidence in clinical practice.

Keywords: local infiltration anesthesia, inferior alveolar block, tooth extraction
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Introduction

The most commonly used local anesthetic techniques for
tooth extraction are infiltration anesthesia (1A) and inferior
alveolar nerve block (IANB) [1].

IA is a simple method that can be used to extract all
maxillary  teeth, mandibular incisors, and premolars.
Traditionally, IANB is used in the mandibular molar region
because of the presence of thick buccal cortical bone, which
hinders the infiltration of anesthetic solutions, making IA
inadequate [2]. On the other hand, IANB has a high failure rate,
reported to be as high as 20-25%, and can also lead to various
complications, such as trismus, hematoma, and facial nerve palsy
[3]. All of these possibilities put considerable stress on dental
students.

Given the complexity of the IANB technique, some
researchers have proposed alternative approaches; however, these
methods have not gained widespread popularity primarily because
they require specialized equipment, such as specific syringes,
needles, or computer-controlled systems [4].

On the other hand, it is widely acknowledged that
performing buccal and lingual 1A is typically sufficient in most
cases during implant surgery in the posterior region of the
mandible [5]. From the anesthesia perspective, the only difference
between inserting a dental implant and extracting a tooth is the
presence of tooth pulp. Therefore, we hypothesized that a
devitalized mandibular molar can be thought of as a dental implant
and can be extracted using IA alone without the need for IANB.

In this study, we aimed to compare the efficacy of IANB
and 1A applied with lidocaine for the extraction of previously root
canal-treated mandibular first and second molars.

Materials and methods

The study was implemented as a prospective,
randomized, and non-blinded clinical trial. Ethical approval was
obtained (Clinical Research Ethics Committee, 14567952-
050/465; Ministry of Health, Medicine, and Medical Devices
Agency, 66175679-514.11.01-E.67415). AIll subjects were
recruited from the Necmettin Erbakan University, Faculty of
Dentistry, Oral and Maxillofacial Surgery Department.

The inclusion criteria were as follows: the patients should
be over 18 years old, the tooth to be extracted should be a
mandibular first or second molar, and the tooth to be extracted
should have undergone root canal treatment. The exclusion
criteria were as follows: local anesthetic allergy, severely mobile
teeth, and severe pain due to an acute infection. Patients who use
psychotropic drugs that may alter their perception of pain were
also excluded from the study.

Written informed consent forms, which described the
procedure to be performed and provided explanations of the
clinical benefits and potential complications, were obtained from
all subjects. All anesthesia and extraction procedures were
performed by the same surgeon.

Sixty subjects (27 males and 33 females) who met the
criteria were selected. They were randomized according to their
identification numbers and divided into two equal groups. In both
groups, 2 mL of a local anesthetic solution containing 20 mg/mL

lidocaine and 0.0125 mg/mL epinephrine was used (Jetokain,
Adeka, Samsun/Turkiye).

The control group (n=30) underwent conventional IANB,
commonly referred to as the "Halstead" technique. For this
purpose, 1.5 mL of anesthetic solution was injected around the
mandibular foramen. The syringe was then withdrawn slightly,
and approximately 0.2 mL of solution was administered for
lingual nerve anesthesia [1]. The remaining 0.3 mL of solution
was infiltrated into the vestibule to anesthetize the vestibular
gingiva.

In the study group (n=30), 1.5 mL of anesthetic solution
was infiltrated on the vestibular side, and a 0.5 mL solution was
infiltrated on the lingual side of the tooth to be extracted.

In both groups, after waiting for approximately five
minutes, one tooth was extracted from each patient in the usual
manner, using straight elevators and dental forceps. Forty of the
teeth were first molars and twenty were second molars. A visual
analog scale (VAS) was used to compare the pain experienced
during extraction. It was a 100 mm horizontal line with “no pain”
at the left end and “the worst pain imaginable” at the right end.

Statistical analysis

Statistical analysis was performed using IBM SPSS v22.
Because the data did not follow a normal distribution, the non-
parametric Mann-Whitney U test was used to compare groups.
The statistical significance level was set at P <0.05. Pain
experienced during tooth extraction was compared between the
study and control groups, between genders, and between first and
second molars.

Results

All participants remained in the study. The study group
ranged from 19 to 62 years (mean: 40.07 [12.32]), while the
control group ranged from 20 to 73 years (mean: 35.57 [12.88]).
All tooth extractions were completed without complications.
There were no significant differences in pain experienced during
extraction between the study and control groups (Table 1),
between genders (Table 2), or between the first and second molars
(Table 3).

Table 1: Comparison of pain levels between the control and study groups.

Group n Mean pain score P-value
Control group 30 2.17 (1.45) 0.836
Study group 30 2.51 (2.01)

Table 2: Comparison of pain levels according to the gender
Gender n Mean pain score P-value
Female 33 2.38 (1.87) 0.953
Male 27 2.29 (1.62)

Table 3: Comparison of pain levels in the first and second molars
Tooth n Mean pain score P-value
First molar 40 2.35(1.78) 0.900
Second molar 20 2.32(1.73)

Discussion

Dental schools insist on teaching and training students in
the conventional IANB technique for mandibular molars. Most
clinicians continue this habit after they finish dental school. In this
study, we compared the effectiveness of IANB and IA in the
extraction of devitalized mandibular molars to reduce the number
of cases in which clinicians had to perform IANB. IANB is
relatively difficult to perform and is prone to complications. The
failure rate can be as high as 15-20% and repeating the injection
may not be effective in addressing this issue [6, 7]. It may beA
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accompanied by complications, such as pain during injection,
trismus, facial paralysis, hematoma, needle breakage, diplopia,
temporary blindness, and ophthalmoplegia [1, 8, 9].

IA is widely employed in the maxilla because of its
ability to achieve adequate pulpal anesthesia through the diffusion
of anesthetic solution into cancellous bone [10]. However, in the
mandible, thicker and denser cortical bone presents a challenge for
the anesthetic solution to effectively reach the inferior alveolar
nerve, particularly in the molar region. As a result, block
anesthesia is the preferred method for extracting the mandibular
molars, for which IANB has traditionally been used [11].

The idea of anesthetising mandibular molars using 1A
alone is not a new one. Jung et al. reported that the use of buccal
and lingual 1A with lidocaine in vital mandibular first molars
achieved pulpal anesthesia in 32-67% of patients [12]. When
articaine was used, the success rate increased to 57-92%.

In a double-blind study of 60 subjects, Robertson et al.
[13] performed buccal 1A using lidocaine and articaine in the
mandibular first molars. The reported success rates varied from
45% to 67% with lidocaine and 75% to 92% with articaine.

Bataineh and Alwarafi [14] conducted a comparative
study between IANB and IA, assessing the efficacy of articaine
for mandibular first molar extractions in a group of 52 subjects.
They reported no significant differences between the two
anesthesia methods. Corbett et al. found that the effectiveness of
buccal and lingual articaine infiltration for pulp anesthesia of the
first molar was comparable to that of an IANB carried out using
lidocaine [15].

Jung et al. [12] conducted a study on 35 mandibular first
molars by performing IA and IANB procedures using articaine.
They reported that both methods yielded comparable success
rates, leading to the conclusion that 1A could be a valuable
alternative.

Studies that utilized articaine for the extraction of
mandibular molar teeth and compared IANB with A claimed that
articaine diffuses into the bone more effectively than other local
anesthetics. As a result, it can increase the success rate of pulpal
anesthesia in mandibular teeth [14].

Although articaine offers superior potency and duration
of anesthesia when compared to lidocaine, some authors contend
that articaine may have higher neurotoxicity levels and, therefore,
should not be preferred in IANB [16]. Documented and repeated
allergies to lidocaine are rare, and it remains the gold standard in
dental local anesthesia, to which all new local anesthetics are
compared [17].

We used lidocaine in both techniques and did not limit
tooth extractions to the mandibular first molars. This is important
because it has been claimed that the thickness of the buccal
cortical bone in mandibular second molars is greater than that in
first molars; consequently, the success rate of 1A is more likely in
first molars [13]. However, we demonstrated that the efficacy of
IA was similar and sufficient in both molars.

The idea of this study was that only IA is sufficient, and
IANB is not needed when placing dental implants in the
mandibular molar region. The local anesthetic used in IA
effectively numbs the bone surrounding the roots, although
penetrating the pulp is more challenging.

We aimed to eliminate the pulp factor, but neither
electrical pulp tests nor heat tests could provide conclusive results
regarding the complete devitalization of the entire pulp. This
decision required the support of devices such as a laser Doppler
flowmeter and pulse oximeter which were obviously impractical
[18].

Therefore, we included mandibular first and second
molars that had previously undergone root canal treatment to
confirm that the tooth to be extracted was non-vital. Local
anesthesia failure is up to eight times more common in
symptomatic teeth, as noted by others [12]. Thus, we excluded
teeth with severe pain caused by a periradicular acute infection.

We employed the visual analogue scale (VAS), a widely
used method for assessing pain that demonstrates high reliability
and validity [19]. Gender is recognized as a significant factor in
the pharmacodynamics and pain perception of local anesthesia
[20].

While some studies argue that women tend to experience
higher levels of pain, others report the opposite or claim that
gender has no effect on anesthetic efficacy or injection discomfort
[21, 22]. Therefore, we compared the pain scores of females and
males and found that gender had no impact on the results.

The effectiveness of 1A depends on the ability of the
anesthetic solution to infiltrate the bone. Since the thickness of the
buccal bone of the first and second molars may differ, we
compared them but found no difference.

The most important limitation of our study is that it
focused on mandibular molars that underwent root canal
treatment. By expanding the study group, the study shows that
teeth with devitalized pulp due to other reasons, such as a
prolonged caries process, can also be extracted with infiltrative
anesthesia.

Conclusion

IA is a simple and comfortable technique that virtually
eliminates the risk of nerve damage and minimizes the risk of
intravenous injection. We suggest that buccal and lingual 1A can
be used instead of IANB for the extraction of mandibular molars
that have previously undergone root canal treatment and perhaps
for otherwise devitalized molars. Dental students should be
informed that such a practice is available.
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Abstract

Some diseases that progress with excessive intracranial pressure, such as pseudotumor cerebri, are associated
with obesity. A 64-year-old female who was admitted to the hospital with a complaint of weight gain was
diagnosed with pseudotumor cerebri. She had had a lumboperitoneal shunt for 10 years, and it had stopped
working. It was challenging to determine whether the shunt tip, observed between abdominal fat layers and
obscured by pseudomembranes, had become functionally shortened due to the patient’s weight gain and had
failed to reach the peritoneal cavity, or whether long-standing pseudomembrane obstruction had impaired
drainage of cerebrospinal fluid. The latter situation may have led to increased intracranial pressure,
subsequently triggering hyperphagia and contributing to the patient’s further weight gain. Based on this
clinical example, demonstrating that excessive intracranial pressure is associated with hyperphagia may
inform novel approaches to obesity management.

Keywords: hyperphagia, mastication, intracranial pressure, obesity

Introduction

The rising prevalence of obesity necessitates research to clarify its etiopathogenesis and
guide effective treatment strategies. Cerebrospinal fluid flow and intracranial pressure disorders
have been shown to affect the prevalence of headache and visual functions. However, the
relationship of these disorders with obesity, which affects metabolic and hormonal factors, has
also been noted in recent studies [1]. Some investigations have focused on using the mechanical
functions of mastication in the rehabilitation and treatment of cranial pain and some postoperative
comorbidities [2]. However, individuals with certain diseases that are accompanied by increased
intracranial pressure, such as idiopathic intracranial hypertension and pseudotumor cerebri, are
generally overweight or obese [3]. Treatment typically involves weight management in
conjunction with medical and surgical interventions aimed at reducing intracranial pressure [1,
3].

Based on the mechanical-functional connection of headache and mastication and
diseases in which headache is associated with obesity for endocrine-metabolic reasons, a
connection between headache-mastication-hyperphagia and being overweight or even obese has
been proposed [3]. This situation is contrary to the classical view that the benefits of weight
control can be used to manage headache; treatment for headache is promising for a permanent
solution to the management of obesity.

Here, we focus on a 64-year-old female who presented with weight gain and
gastrointestinal system symptoms. She was diagnosed with pseudotumor cerebri and had had a
lumboperitoneal (LP) shunt for 10 years. We determined that the shunt remained in the
subcutaneous tissue and resulted in the dysfunction.
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Figure 1. Unenhanced abdominal computed tomography. a) axial section, b) coronal section, c) sagittal section. Shunt dysfunction due to the shunt tube migrating to a subcutaneous location

in the abdomen. Cystic lesion in the subcutaneous tissue (open arrow). Lumboperitoneal shunt tube (red arrow).

Case presentation

The patient’s medical history included hypertension,
cardiac arrhythmia, papilledema, pseudotumor cerebri, and an LP
shunt inserted 10 years ago. She also stated that she had had a
pacemaker inserted 3 years ago. She had been examined for
hyperglycemic symptoms for a few months, and had experienced
increasing episodes of headaches and increasing gastrointestinal
system symptoms for the last few years. Her primary complaints
were dyspeptic complaints, indigestion-constipation, and weight
gain.

Although no other intraabdominal abnormality was
detected upon ultrasonography, the distal end of the LP shunt was
subcutaneously terminated. We observed a cystic formation
measuring 6 cm in diameter at its tip. In abdominal computerized
tomography (CT), the density of the linear catheter entering the
spinal canal at the level of the L2 vertebra and a cyst
approximately 6 cm in diameter around the catheter in the
subcutaneous tissue in the right subcostal area were noted. The
catheter did not have an intraperitoneal extension (Figure 1). In
the brain CT, the 3rd ventricle, lateral ventricle, and hemispheric
cortical sulci were slightly widened secondary to atrophy.

Although the patient’s rate of weight gain could not be
determined due to the limitations of the anamnesis, the patient's
Body Mass Index was 32. The increase in the prevalence of
gastrointestinal symptoms and the emergence of hyperglycemia,
along with her weight gain, the presence of cardiac disease, and
the accompanying headache and shunt dysfunction, all suggested
that the patient might be suffering from intracranial pressure-
related issues. Therefore, the patient was referred to a center
specializing in gastrointestinal conditions with recommendations
to receive treatment to reduce her intracranial pressure and address
her dysfunctional shunt.

Discussion

Some diseases that progress with excessive intracranial
pressure, such as pseudotumor cerebri, are associated with obesity
[4, 5]. Weight loss has been shown to support the management of
conditions such as idiopathic intracranial hypertension [3].
Moreover, genetic disorders such Prader-Willi syndrome have
been linked to hyperphagia. Recent studies have proposed
therapeutic  approaches targeting  neuropsychiatric  and
endocrinological factors in obesity management [6].

This case study suggests that elevated intracranial
pressure may affect eating behavior, mastication function, and

&
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headache perception, potentially contributing to weight gain [7].
Demonstrating a link between excess intracranial pressure and
hyperphagia can pave the way for new developments to improve,
or perhaps even change, the obesity treatment spectrum.
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Abstract

Middle ear osteomas are extremely rare benign tumors of the temporal bone and are most commonly
associated with conductive hearing loss due to ossicular chain involvement. We report the case of a 24-year-
old female who presented with left-sided hearing loss, intermittent otalgia, and taste disturbance.
Radiological evaluation revealed a well-defined bony lesion within the middle ear. The patient was treated
successfully using an endoscopic transcanal approach. Histopathological examination confirmed the
diagnosis of osteoma. Postoperative audiometry demonstrated marked hearing improvement. This case
highlights the rarity of middle ear osteomas and emphasizes the effectiveness of endoscopic ear surgery as
a minimally invasive treatment option.

Keywords: middle ear osteoma, endoscopic ear surgery, conductive hearing loss, ossicular chain

Introduction

Osteomas are benign, slow-growing bone tumors that frequently arise in the paranasal
sinuses and external auditory canal [1]. Involvement of the middle ear is exceedingly rare, with
only a limited number of cases reported in the literature [2, 3]. Patients usually present with
conductive hearing loss caused by ossicular chain fixation, although otalgia, tinnitus, and facial
nerve involvement have also been described [4]. High-resolution temporal bone computed
tomography is the gold standard for diagnosis and surgical planning [5]. Endoscopic ear surgery
has increasingly been adopted for selected middle ear pathologies due to improved visualization
and reduced surgical invasiveness compared with conventional microscopic approaches [6]. The
aim of this case report was to present the endoscopic transcanal management and clinical outcome
of a rare middle ear osteoma in a young adult patient.
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Case presentation

A 24-year-old female presented with progressive hearing
loss in the left ear, intermittent otalgia, and taste disturbance
affecting the left side of the tongue. There was no history of
chronic otitis media, trauma, or previous otologic surgery.
Otoscopic examination revealed an intact tympanic membrane
without signs of infection (Figure 1). Pure tone audiometry
demonstrated conductive hearing loss in the left ear with a clear
air-bone gap (Figure 2). High-resolution temporal bone computed
tomography revealed a well-circumscribed hyperdense bony
lesion within the left middle ear cavity causing ossicular chain
fixation (Figure 3).

Figure 1: Preoperative endoscopic view of the left tympanic membrane demonstrating an intact
membrane with preserved anatomical landmarks.

Figure 2: Preoperative pure tone audiometry showing normal hearing thresholds in the right
ear and conductive hearing loss in the left ear, characterized by a significant air-bone gap.
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Figure 3: Preoperative axial temporal bone computed tomography image demonstrating a well-
defined hyperdense osseous lesion located within the left middle ear cavity. The lesion is
closely related to the ossicular chain and causes mechanical fixation. An arrow indicates the
lesion.
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The patient underwent endoscopic transcanal middle ear
surgery under general anesthesia. Following tympanomeatal flap
elevation, a bony mass consistent with an osteoma was identified
in close proximity to the ossicular chain, resulting in restricted
ossicular mobility (Figure 4). Intraoperatively, the osteoma was
found to encase the ossicular chain without evidence of invasion,
allowing preservation of the ossicles during excision. A 0-degree
endoscope was used for the primary surgical steps, and a 30-
degree endoscope was additionally employed to enhance
visualization of the posterior mesotympanum and to confirm
complete excision.

The osteoma was completely excised using an
endoscopic approach, providing adequate exposure of the middle
ear cavity and ossicular chain (Figure 5). Instability of the
incudostapedial joint was noted intraoperatively and was
reinforced using bone cement. Histopathological examination
confirmed the diagnosis of osteoma. At the six-month
postoperative follow-up, pure tone audiometry demonstrated
marked improvement in hearing thresholds with closure of the air—
bone gap (Figure 6), and the patient reported no persistent or
recurrent taste disturbance.

Figure 4: Intraoperative endoscopic view demonstrating a bony mass consistent with an
osteoma in close proximity to the ossicular chain.

Figure 5: Intraoperative endoscopic view of the middle ear following complete excision of the
osteoma.

Figure 6: Six-month postoperative pure tone audiometry demonstrating closure of the
preoperative air—bone gap.
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Written informed consent was obtained from the patient
for publication of this case report and the accompanying images.
The report was prepared in accordance with the ethical standards
of the institutional research committee and the Declaration of
Helsinki.

Discussion

Middle ear osteomas are among the rarest benign tumors
of the temporal bone. Since their first description in the literature,
only a small number of cases have been reported [2, 3].
Conductive hearing loss is the most common presenting symptom
and typically results from ossicular chain fixation [4]. Additional
symptoms may occur depending on tumor size and anatomical
location. In the present case, taste disturbance was a notable
complaint, which can be explained by the close relationship of
middle ear structures to the chorda tympani nerve. The complete
resolution of taste disturbance observed at the six-month follow-
up supports functional preservation of the chorda tympani nerve,
consistent with reports describing recovery when the nerve is
anatomically preserved during middle ear surgery [7-9].

The differential diagnosis of a well-defined osseous
lesion confined to the middle ear cavity includes middle ear
osteoma, ossifying fibroma, osteoid osteoma/osteoblastoma,
tympanosclerosis with ossicular fixation, and other rare fibro-
osseous lesions [10-13]. Lesions originating from the external
auditory canal, such as exostoses and external canal osteomas, are
typically localized to the bony canal and only exceptionally extend
into the middle ear; therefore, they are generally distinguished by
their site of origin on high-resolution temporal bone CT [10, 11].
Ossifying fibroma may demonstrate a more expansile growth
pattern and can show mixed radiological density rather than the
uniformly hyperdense, sharply circumscribed appearance typical
of osteoma [12]. Osteoid osteoma is often characterized by
disproportionate otalgia and may show a nidus on CT imaging,
findings that were absent in our case [13]. In the present patient,
the lesion’s sharply circumscribed homogeneous hyperdense
appearance on high-resolution CT, together with histopathological
confirmation, supported the diagnosis of a middle ear osteoma and
helped exclude other middle ear fibro-osseous entities [10-13].
Histopathologically, osteomas are generally classified as compact
(ivory) or cancellous (spongiotic/trabecular) types. Compact
osteomas are reported more frequently in temporal bone lesions
and tend to be denser, which may increase the technical difficulty
of surgical excision, whereas spongiotic osteomas may be
removed more easily due to their trabecular architecture [9].

Traditionally, microscopic surgical approaches have
been used; however, endoscopic ear surgery offers superior
visualization and reduced invasiveness [6]. In particular,
endoscopes with different viewing angles may improve exposure
of blind spots around the ossicular chain and the incudostapedial
joint. In our case, a 0-degree endoscope was used for the main
surgical steps, while a 30-degree endoscope was additionally
employed to improve visualization of the posterior
mesotympanum and other partially hidden areas behind the lesion.
This angled view facilitated safe dissection along a clear surgical
plane and helped confirm complete excision while preserving
ossicular integrity. Favorable hearing outcomes following
endoscopic excision have been reported, supporting endoscopic

transcanal surgery as an effective minimally invasive option for
middle ear osteomas [9].

Conclusion

Middle ear osteomas should be considered in the
differential diagnosis of unexplained unilateral conductive
hearing loss. Endoscopic transcanal surgery represents a safe and
effective treatment option with excellent visualization and
favorable functional outcomes.
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Abstract

Parathyroid carcinoma is an exceptionally rare cause of primary hyperparathyroidism, comprising less than
1% of cases. Its presentation often overlaps with benign etiologies, thereby posing significant diagnostic
challenges. We present a case of a 70-year-old male with a history of prostate cancer who presented with
profound hypercalcemia and markedly elevated parathyroid hormone. Imaging revealed lytic rib lesions
consistent with osteitis fibrosa cystica (brown tumor). Surgical resection of a parathyroid mass confirmed
parathyroid carcinoma. Postoperatively, the patient experienced symptomatic hypocalcemia due to non-
adherence with calcium supplementation. This case highlights the need for clinical suspicion of parathyroid
carcinoma in cases of severe hypercalcemia and skeletal manifestations and the importance of postoperative
management in preventing complications such as hungry bone syndrome.

Keywords: Brown tumor, parathyroid carcinoma, severe hypercalcemia, osteitis fibrosa cystica,
parathyroidectomy, hungry bone syndrome

Introduction

Parathyroid carcinoma accounts for less than 1% of primary hyperparathyroidism
(pHPT) cases and may occur sporadically or in association with genetic syndromes such as
Hyperparathyroidism-Jaw Tumor (HPT-JT) and Familial Isolated Hyperparathyroidism (FIHP);
both of these syndromes are linked to mutations in the CDC73 gene [1, 2]. Parathyroid carcinoma
often presents with severe hypercalcemia and nonspecific symptoms, including bone pain, kidney
stones, and fatigue.

This report describes a 70-year-old male with a history of prostate cancer who presented
with severe hypercalcemia and a rib lesion initially suspected to be metastatic disease. Further
evaluation revealed a case of osteitis cystica fibrosa (brown tumor) secondary to parathyroid
carcinoma. This case underscores the importance of a thorough evaluation of hypercalcemia,
especially in patients with known malignancy.
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Case presentation

A 70-year-old male with a history including prostate
cancer (post-prostatectomy), bipolar disorder, thyroid disorder,
and polysubstance use presented with recurrent dizziness. Labs
revealed elevated calcium (14.1 mg/dL; corrected 13.5 mg/dL),
elevated parathyroid hormone (PTH) (470.7 pg/mL), and renal
impairment (BUN 52, creatinine 1.6 mg/dL). TSH was suppressed
at 0.25. A chest X-ray identified a left mid-lung pleural-based
mass, prompting a CT scan. That scan revealed no pulmonary
mass but uncovered a heterogeneous 2.5 x 1.2 cm lesion in the left
thyroid gland and erosion of the right sixth posterior rib (Figure
1). Given the patient’s history of prostate cancer, bone metastasis
was initially suspected. A thyroid ultrasound (Figure 2) revealed
a solid, hypoechoic TIRADS-5 nodule (1.7 x 1.5 cm). A nuclear
medicine parathyroid scan (Figure 3) revealed increased uptake in
the left parathyroid. A biopsy of the rib lesion confirmed osteitis
fibrosa cystica (brown tumor) (Figure 4).

The patient underwent a left parathyroidectomy and
hemithyroidectomy. His PTH dropped postoperatively from 169.9
pg/mL to 13.0 pg/mL. Pathology confirmed parathyroid
carcinoma with metastasis to the ipsilateral thyroid.

Ten days post-op, the patient returned complaining of
anxiety, paresthesia, muscle cramps, and increased sensitivity to
the cold, likely due to hypocalcemia as a result of non-compliance
with calcium supplements. He was counseled and monitored
closely. He has since recovered uneventfully.

Figure 1. CT Chest showing rib lesion with cortical erosion (arrow).

Figure 2. Thyroid ultrasound showing hypoechoic nodule in the left mid-gland.

LT LOBE TRV

Figure 3. Nuclear medicine scan with increased uptake in left parathyroid.
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Discussion

Diagnosis and preoperative considerations

Parathyroid carcinoma should be considered in pHPT
patients with calcium levels above 14 mg/dL and PTH levels
above five times the upper limit of normal [3, 4]. Although rare,
brown tumors can mimic metastatic lesions, especially in patients
with a history of malignancy [5]. Imaging localized this lesion,
and a biopsy confirmed brown tumor. Imaging techniques, such
as ultrasounds and 99mTc sestamibi scans, are helpful for
diagnosing parathyroid carcinoma and localizing the lesion.
However, such techniques do not assist with assessing the
malignant potential of the tumor.

Treatment and surgical approach

Surgical resection remains the primary treatment for
parathyroid carcinoma. En bloc resection, including the adjacent
thyroid and surrounding tissue, is associated with improved
outcomes [6]. Our patient underwent this approach.

Postoperative management

Hypocalcemia, including hungry bone syndrome, is a
frequent complication of parathyroidectomy. Early recognition
and compliance with supplementation are crucial to avoid
morbidity.

Recurrence and palliative care

Recurrence rates are high (49-60%), primarily due to
incomplete removal or failure to excise the parathyroid tumor [7].
Vigilant follow-up is essential. For inoperable recurrence,
calcimetics and bisphosphonates may help control hypercalcemia
[8]. Most patients with parathyroid carcinoma ultimately succumb
to complications related to hypercalcemia rather than the tumor
itself [9].

Conclusion

This case highlights the diagnostic challenges of
parathyroid carcinoma, especially when it manifests with brown
tumors mimicking metastatic disease. Severe hypercalcemia and
skeletal lesions warrant consideration of parathyroid carcinoma,
even in patients with other malignancies. Early diagnosis,
complete surgical resection, and diligent postoperative care are
critical for optimal outcomes.
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Abstract

Recurrent inguinal hernias and varicoceles are common surgical conditions; however, their concurrent
presentation and simultaneous laparoscopic management are rarely reported. A 34-year-old male presented
with swelling and discomfort in the left groin and scrotum. He had a history of open anterior mesh repair for
a left inguinal hernia four years prior. Physical examination and ultrasonography confirmed a recurrent left
indirect inguinal hernia and grade Il varicocele. The patient was scheduled for simultaneous laparoscopic
transabdominal preperitoneal (TAPP) hernia repair and varicocelectomy. Dense adhesions related to the
prior anterior hernia repair were carefully dissected. A 3D polypropylene mesh was placed and fixed in the
preperitoneal space, followed by peritoneal closure with a V-Loc™ suture. The dilated pampiniform plexus
veins were clipped and divided using LigaSure™, sparing the testicular artery. The procedure was completed
without complications, and the patient was discharged the next day with a VAS score near zero. This video
case demonstrates that simultaneous laparoscopic TAPP repair and varicocelectomy can be safely performed
in selected patients with dual pathology. This combined approach minimizes operative burden, avoids
multiple incisions, and optimizes patient recovery.

Keywords: laparoscopic hernia repair, TAPP, varicocelectomy, recurrent inguinal hernia, minimally
invasive surgery

Introduction

The inguinal hernia is one of the most common surgical conditions worldwide, with a
lifetime risk estimated at 27% in men and 3% in women [1]. While surgeons frequently use open
anterior mesh repair for primary inguinal hernias, they often require a different approach for
recurrent cases due to fibrotic changes and distorted anatomy. In such scenarios, laparoscopic
techniques—particularly the transabdominal preperitoneal (TAPP) approach—offer superior
visualization of the myopectineal orifice and effective access to the preperitoneal space [2, 3].

Varicocele, defined as abnormal dilatation of the pampiniform venous plexus, affects
approximately 15% of men in the general population and up to 40% of those with infertility [4].
The gold standard treatment is microsurgical subinguinal varicocelectomy, which has the lowest
recurrence and complication rates [5]. However, laparoscopic varicocelectomy remains a valid
alternative in cases requiring intra-abdominal access or bilateral treatment [6].

Despite the high prevalence of both pathologies, simultaneous laparoscopic management
of recurrent inguinal hernia and varicocele has been rarely documented. We present a video case
report of a 34-year-old male with recurrent left inguinal hernia and ipsilateral varicocele who
underwent successful combined laparoscopic TAPP repair and varicocelectomy.
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Case presentation

A 34-year-old male presented to our outpatient clinic
with complaints of swelling and a dragging sensation in the left
groin, accompanied by intermittent scrotal discomfort. His
medical history included a left inguinal hernia repair performed
four years earlier using an open anterior mesh technique. He had
no chronic illnesses and was not on any regular medications.

On physical examination, a reducible bulge was noted in
the left inguinal region, and prominent scrotal veins were palpable
on the left side. Scrotal Doppler ultrasonography revealed a grade
Il varicocele, with dilated pampiniform plexus veins measuring
4.6 mm and demonstrating prolonged reflux during the Valsalva
maneuver. Additionally, superficial soft tissue ultrasound
identified a 16 x 8 mm segment of omental fatty tissue protruding
through a 6 mm fascial defect in the left inguinal area, consistent
with an indirect recurrent hernia. There were no signs of
incarceration or strangulation. Based on these findings, the patient
was scheduled for a simultaneous laparoscopic transabdominal
preperitoneal (TAPP) hernia repair and varicocelectomy.

Under general anesthesia, pneumoperitoneum was
established and laparoscopic access was achieved via a 10 mm
infraumbilical trocar. Intraoperative exploration confirmed the
presence of a left-sided indirect hernia protruding laterally to the
inferior epigastric vessels. The right inguinal canal was inspected
and found to be intact.

The lateral peritoneum on the left was incised, and the
preperitoneal space was developed. Dense adhesions were
encountered around the spermatic cord due to the prior open
repair, with the cord notably displaced medially. These adhesions
were carefully dissected to isolate the cord elements and mobilize
the hernia sac.

Following reduction of the hernia, attention was turned
to the wvaricocele. The pampiniform venous plexus was
skeletonized, and dilated veins were clipped and divided using a
LigaSure™ vessel sealing device, with careful preservation of the
testicular artery and lymphatics.

A 15 x 10 cm 3D polypropylene mesh was placed over
the myopectineal orifice and fixed using a tacker device at the
pubic tubercle and the anterior abdominal wall. The peritoneum
was closed with a barbed V-Loc™ suture, and meticulous
hemostasis was confirmed. No drain was inserted, and all trocar
sites were closed in standard fashion.

The total operative time was 90 minutes. No
intraoperative or postoperative complications occurred. The
patient reported minimal postoperative pain, with a Visual Analog
Scale (VAS) score near zero, and was discharged uneventfully on
postoperative day one. Although no routine postoperative imaging
was obtained, the patient reported complete resolution of
symptoms at the clinical follow-up.

Written informed consent was obtained from the patient
for both the surgical procedure and the publication of this case
report, including the accompanying video.

Operative Video Description

The accompanying video demonstrates the key surgical
steps of a simultaneous laparoscopic transabdominal preperitoneal
(TAPP) repair and varicocelectomy in a patient with a recurrent
left indirect inguinal hernia and ipsilateral grade Il varicocele.

Step 1: Port Placement and Exploration

After insufflation via a 10 mm infraumbilical trocar, two
additional trocars were placed under direct vision in the left and
right lower quadrants. The initial inspection confirmed a left-sided
indirect hernia lateral to the inferior epigastric vessels, and an
intact right inguinal canal.

Step 2: Peritoneal
Dissection

Dense adhesions related to the previous open anterior
repair were encountered, which posed a risk of cord or vascular
injury. We, therefore, combined sharp and blunt dissection to
safely expose the cord structures. This step highlights the
importance of maintaining a clear laparoscopic view when dealing
with recurrent hernias.

Step 3: Varicocelectomy

With the preperitoneal space opened, the dilated
pampiniform venous plexus was identified. The veins were
dissected free, clipped proximally and distally, and then divided
using a LigaSure™ vessel sealing system. Care was taken to
preserve the testicular artery and lymphatic channels. The
pampiniform plexus was carefully dissected and exposed to allow
selective clipping of the dilated vessels while preserving the
testicular artery and lymphatic channels. This artery-sparing
approach minimizes the risk of testicular atrophy and
postoperative hydrocele, key teaching points when performing
laparoscopic varicocelectomy.

Step 4: Mesh Placement and Fixation

A 15 x 10 cm 3D polypropylene mesh was introduced
into the preperitoneal space. It was fixed using a tacker to the
pubic tubercle medially and the anterior abdominal wall laterally,
which adequately covered the myopectineal orifice. A 3D
polypropylene mesh was selected to provide optimal anatomical
conformity in the recurrent setting, as distorted planes may
increase the risk of recurrence if a flat mesh is used. The fixation
points were chosen to avoid neurovascular injury.

Step 5: Peritoneal Closure and Completion

The peritoneum was closed with a continuous barbed
V-Loc™ suture. Final inspection confirmed hemostasis and
appropriate mesh placement. No drains were placed. Trocar sites
were closed in layers.

The video illustrates the technical feasibility of
addressing both pathologies laparoscopically within a single
operative session, utilizing shared port sites and minimizing tissue
trauma.

The full surgical procedure can be viewed in the
supplementary video available at:
https://www.youtube.com/watch?v=t-g4ql cy8L 4.

Incision and Preperitoneal

Discussion

Recurrent inguinal hernia repair often presents technical
difficulties due to scarring, altered tissue planes, and the presence
of prior mesh. The TAPP approach provides excellent
visualization of the myopectineal orifice, allowing surgeons to
identify key landmarks and perform safe dissection despite a
distorted anatomy. In this case, the laparoscopic view enabled
precise reduction of the hernia sac and placement of a new mesh
without disturbing the previously inserted anterior mesh.
Guidelines from the European Hernia Society recommend
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laparoscopic repair as the preferred approach in recurrent hernias
following anterior repairs, highlighting its superiority in such
settings. Registry-based analyses, such as those from the
Herniamed Registry, also confirm low recurrence and
complication rates with TAPP and totally extraperitoneal (TEP) in
reoperative cases, further supporting this strategy [2, 3, 7].

In this case, TAPP repair allowed for the precise
identification of anatomical landmarks despite the presence of
dense adhesions around the spermatic cord. The laparoscopic view
enabled safe reduction of the hernia sac and proper placement of
a new mesh without disturbing the previously placed anterior
mesh. Similar outcomes have been reported in registry-based
analyses, such as the Herniamed Registry, where TAPP and TEP
techniques yielded low recurrence and complication rates in
reoperative settings [7].

Varicocele is one of the most common surgically
correctable causes of male infertility, affecting up to 15% of men
in the general population and more than one-third of those with
infertility [4]. While the microsurgical subinguinal approach
remains the gold standard, laparoscopic varicocelectomy offers
distinct advantages in selected cases. The magnified laparoscopic
view facilitates artery-sparing dissection, minimizing the risks of
testicular atrophy and hydrocele formation. This approach is
particularly valuable in bilateral disease, failed prior interventions,
or when intra-abdominal access is already indicated, as in the
present case. Although meta-analyses suggest slightly higher
recurrence rates compared to microsurgery, laparoscopy often
results in shorter recovery times and reduced postoperative
morbidity [5].

However, laparoscopic varicocelectomy provides a valid
alternative in specific clinical contexts, such as bilateral disease,
failed prior interventions, or when concurrent intra-abdominal
procedures are indicated. In these settings, the laparoscopic
approach allows for magnified views, artery-sparing dissection,
and reduced morbidity through shared port access. Meta-analyses
have shown that while recurrence rates may be marginally higher
with laparoscopy, operative time and recovery are often superior
compared to open approaches [8].

In the present case, performing laparoscopic
varicocelectomy in conjunction with TAPP repair proved
advantageous by avoiding additional incisions, limiting anesthesia
exposure, and achieving both therapeutic goals in a single session.
This aligns with prior studies that have advocated for
simultaneous laparoscopic management of dual pathologies in
selected patients [9].

Performing  both  TAPP  hernia  repair and
varicocelectomy in a single laparoscopic session provided
significant benefits for the patient. The shared port sites
minimized surgical trauma and avoided the need for additional
incisions, contributing to better cosmetic outcomes and less
postoperative discomfort. Combining both procedures reduced
overall anesthesia exposure and shortened the total recovery
period, allowing the patient to return to normal activity more
quickly. From a surgical perspective, the simultaneous approach
was efficient, as the peritoneal dissection required for hernia repair
also facilitated access for varicocelectomy. This highlights how
careful planning can optimize patient outcomes in cases with dual
pathologies.

Conclusion

Despite the high prevalence of both recurrent inguinal
hernia and varicocele, reports of their simultaneous laparoscopic
management remain scarce. Most of the existing literature
describes staged procedures, whereas combined interventions are
rarely documented. Our case contributes to the growing evidence
that addressing both conditions laparoscopically in a single
session is feasible and safe in appropriately selected patients. This
strategy not only demonstrates technical feasibility but also
underscores the value of minimally invasive surgery in reducing
operative burden. To our knowledge, this is one of the few
reported cases of simultaneous TAPP hernia repair and
laparoscopic varicocelectomy in the context of recurrent hernia,
adding a novel perspective to the literature.
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