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Perioperative Management of Hyperglycemia and Hypoglycemia

 Mehmet Sahap,1  Beyza Nur Coban,2  Ikbal Efnan Asik,2  Handan Gulec,1  Ezgi Erkilic3

1Department of Anesthesia and Resuscitation, Yildirim Beyazit University, Faculty of Medicine, Ankara Bilkent City Hospital, Ankara, Türkiye
2Department of Anesthesia and Resuscitation, Ankara Bilkent City Hospital, Ankara, Türkiye 
3Department of Anesthesia and Resuscitation, Ankara City Hospital, University of Health Sciences, Ankara, Türkiye

Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from inadequate 
insulin secretion or impaired insulin action, leading to disturb-ances in carbohydrate, fat, and protein metabolism. In recent 
years, the prevalence of diabe-tes in Türkiye has significantly increased, posing a major public health concern and under-
scoring the need for early diagnosis and effective perioperative management. In the pre-operative period, diabetic patients 
require thorough evaluation to identify comorbidities, optimize glycemic control, and reduce the risk of perioperative 
complications. Key anesthet-ic considerations include assessing cardiovascular and renal status, evaluating for autonom-ic 
neuropathy, and determining the presence of delayed gastric emptying, which may influ-ence airway management. Pre-
operative optimization involves maintaining blood glucose within the recommended target range, adjusting or withholding 
oral hypoglycemic agents, and transitioning to intravenous insulin infusion if necessary. This review focuses on the principles 
of anesthesia management in diabetic patients, emphasizing pre-operative as-sessment, intraoperative glycemic control, 
and post-operative monitoring to improve surgi-cal outcomes.
Keywords: Diabetes mellitus, Hyperglycemia, Hypoglycemia, Surgery
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ABSTRACT

European Archives of Medical Research
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Eur Arch Med Res 2025;41(3):125–130

REVIEW

INTRODUCTION
Diabetes mellitus (DM) is defined by the Turkish Society of 
Endocrinology and Metabolism as a metabolic disorder char-
acterized by chronic hyperglycemia due to inadequate insu-
lin secretion or impaired insulin action. This condition causes 
various abnormalities in carbohydrate, fat, and protein me-
tabolism.[1]

In recent years, the prevalence of diabetes in Türkiye has 
shown a significant increase. This has become a serious public 

health concern and emphasizes the need for early diagnosis 
and effective management strategies.

According to the results of the Turkish Diabetes, Hypertension, 
and Obesity Prevalence Study (TURDEP)-I conducted in 1997–
1998, the prevalence of diabetes among individuals aged 20 
years and older was found to be 7.2%.[2]

Twelve years later, the TURDEP-II, conducted in the same cen-
ters and among similar age groups, reported a prevalence rate 
of 13.7%.[3]

Cite this article as: Sahap M, Coban BN, Asik IE, Gulec H, Erkilic E. Perioperative Management of Hyperglycemia and Hypoglycemia. Eur Arch 
Med Res 2025;41(3):125–130.
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The difference between these two studies indicates that the 
prevalence of diabetes in Türkiye has nearly doubled, impos-
ing a significant burden on public health. This increase is as-
sociated with factors such as lifestyle changes, urbanization, 
rising rates of obesity, and physical inactivity.

A similar situation is observed in the United States, where the 
prevalence of DM has significantly increased in recent years. 
According to national health surveys conducted in 1999–
2000, the prevalence of diabetes among adults in the U.S. was 
reported to be 9.7%. However, recent evaluations conducted 
between August 2021, and August 2023, indicate that this fig-
ure has risen to 14.3%.[4]

Diabetes is often diagnosed during pre-operative assess-
ments. The American Diabetes Association recommends 
screening all overweight individuals with an additional risk 
factor for diabetes.

It has been reported that approximately 30–40% of patients 
undergoing cardiac surgery have a history of diabetes. Fur-
thermore, in individuals without a prior diagnosis, stress hy-
perglycemia – defined as a blood glucose (BG) level exceeding 
140 mg/dL – may devel-op in up to 60% of cases.[5]

Various studies have demonstrated that perioperative hyper-
glycemia, whether in critically ill patients or those undergoing 
cardiac surgery, increases morbidity and mortality rates. Re-
gardless of a prior diabetes diagnosis, patients with periopera-
tive hyperglycemia are associ-ated with higher rates of wound 
infections; development of acute kidney injury, prolonged 
hospital stays, and increased risk of perioperative mortality.[6]

Stress hyperglycemia that develops in individuals without a 
diagnosis of diabetes, particularly those undergoing coronary 
artery bypass graft surgery or being monitored in the intensive 
care unit, is associated with worse clinical outcomes than in in-
dividuals with known diabetes. In these patients, the complica-
tion rate has been found to be four times higher, and the mor-
tality rate twice as high, compared to normoglycemic patients.[7]

The development of stress hyperglycemia involves several 
mechanisms, including stress hormones (cortisol, adrenaline), 
proinflammatory cytokines, and disruption of insulin secretion 
and action mediated by the central nervous system. This leads 
to increased glucose production in the liver and reduced glu-
cose uptake in peripheral tissues.[8]

The adverse outcomes of hyperglycemia are explained by 
mechanisms such as inflammation, oxidative stress, prothrom-
botic activity, and vascular dysfunction.[9]

Long-term follow-up of patients who develop stress hyper-
glycemia is of great importance. It has been reported that 
approximately 60% of these individuals are diagnosed with 

diabe-tes within 1 year.[10]

The effects of different types of anesthesia on intraoperative 
glucose control were evaluated in a systematic review and me-
ta-analysis conducted by Li et al.[11] in 2017. According to this 
study published in Medicine, combined general-epidural an-
esthesia was found to be more effective in controlling intraop-
erative glucose levels compared to general anesthesia alone. 
However, no significant difference was observed between iso-
lated epidural anesthe-sia and general anesthesia.

Pre-Operative Assessment

The pre-operative assessment of diabetic patients is critically 
important for the successful management of the surgical pro-
cess (Fig. 1). The following steps constitute the core com-po-
nents of this evaluation:

•	 A detailed medical history and physical examination 
should be conducted. The type and duration of diabetes, 
current medications, and the presence of diabetes-related 
organ damage must be assessed[12]

•	 Glycemic control status should be determined through 
tests such as hemoglobin A1c (HbA1c) and BG measure-
ments. These tests play a significant role in shaping periop-
erative glycemic management strategies[13]

•	 Liver and renal functions should be evaluated, as diabetic 
patients often experience impairments in kidney and liver 
function[14]

Figure 1. Pre-operative diabetes screening and management 
algorithm.
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•	 Electrolyte balance and ECG evaluations should be per-
formed, especially consider-ing the effects of hyperglyce-
mia on cardiac rhythm.[15]

ORAL ANTIDIABETICS
Oral antidiabetic therapy plays an important role in the man-
agement of diabetes and consists of various pharmacologi-
cal classes (Table 1). These drugs aim to control BG by either 
en-hancing insulin effects or inhibiting glucose production.

•	 Sulfonylureas increase insulin secretion by blocking po-
tassium channels in pan-creatic beta cells. These drugs 
generally reduce HbA1c by approximately 1–2%.[16] This 
group of drugs is commonly used in diabetes treatment 
and is particularly ef-fective in patients with moderate hy-
perglycemia

•	 Metformin increases insulin sensitivity in tissues and re-
duces hepatic gluconeogenesis. Metformin effectively 
lowers hyperglycemia by about 25% in 90% of patients.[17] 
In addition, the cardiovascular benefits of metformin rep-
resent a significant advantage, making it the first-line ther-
apy for most diabetic patients

•	 Thiazolidinediones regulate glucose metabolism by in-
creasing insulin sensitivity. These drugs are generally rec-
ommended for obese patients and those with devel-oped 
insulin resistance[18]

•	 Meglitinides accelerate insulin release from pancreatic beta 
cells and are typically administered before meals. These 
drugs help prevent rapid post-prandial glucose spikes[19]

•	 Alpha-glucosidase inhibitors delay the absorption of car-
bohydrates in the intestines, thereby controlling post-pran-

dial hyperglycemia. These agents are particularly used in 
patients with rapid BG increases after meals[20]

•	 Glucagon-like peptide-1 agonists increase insulin se-
cretion, inhibit glucagon release, and delay gastric empty-
ing. Moreover, they reduce hunger sensation, sup-porting 
weight loss and weight management[21]

•	 Sodium-glucose cotransporter 2 (SGLT2) inhibitors in-
hibit glucose reabsorption in the kidneys, promoting ex-
cretion of excess glucose through urine. These drugs not 
only control hyperglycemia but also offer cardiovascular 
benefits.[22]

In a randomized controlled trial, the hypothesis that continu-
ation of oral antidiabetic drugs (OADs) before surgery would 
reduce perioperative BG levels was tested. The study com-
pared two groups: one in which pre-operative OAD use was 
continued, and another in which OADs were discontinued. 
The group in which OADs were discontinued had an average 
BG level of 156 mg/dL (95% confidence interval: 146–167 mg/
dL; p<0.001), while BG levels in the group continuing OADs 
were significantly lower (mean: 138 mg/dL; 95% confidence 
interval: 130–146 mg/dL).[23]

This result demonstrates that continuation of OADs pre-opera-
tively has a beneficial effect on perioperative BG management.

Furthermore, it is emphasized that in patients using insulin, 
home insulin regimens and fasting glucose measurements 
must be carefully reviewed. Optimization of insulin therapy 
plays an important role in achieving BG control during the 
perioperative period.

Preoperatively, long-acting insulins are less likely to result in 
hypoglycemia and should therefore not be withheld. Half the 
normal dose of intermediate insulin should be taken on the 
day of surgery. Rapid-acting insulin should be withheld in pa-
tients with a BG below 200 mg/dL and carefully titrated in pa-
tients with a BG exceeding 200 mg/dL. General guidelines for 
insulin are summarized in Table 2.[24]

Management of Diabetic Patients in The Perioperative 
Period: Clinical Protocol Recommendations

To ensure the safe and effective management of surgical 
procedures in diabetic patients, each healthcare institution 
should establish its own clinical protocol. These protocols 
should cover the pre-operative and intraoperative periods to 
optimize patients’ metabolic status.

In the pre-operative period, HbA1c and BG levels should be 
evaluated at least 3–4 days before the scheduled surgery. In 
elective surgeries, if BG exceeds 250 mg/dL, the procedure 
should be postponed.[1,25] Surgeries should preferably be 
scheduled in the early morning hours, considering the patient 

Table 1. Perioperative effects of oral antidiabetic agents

OAD class	 Examples	 Warnings/Precautions

Secretagogues	 Gliburide	 Risk of hypoglycemia, 
(Sulfonylureas, etc.,)	 Glimepiride	 prolonged drug effect, 
			   and challenges in dose 
			   titration.
Biguanides	 Metformin	 Risk of lactic acidosis; use 
			   with caution in renal and 
			   hepatic impairment
Thiazolidinediones	 Rosiglitazone	 Intravascular volume 
			   expansion, delayed onset 
			   of action, and challenges 
			   in dose titration

OAD: Oral Anti Diabetic.
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will not be able to eat breakfast. To prevent catabolic response 
and dehydration due to fasting, the use of carbohydrate-con-
taining clear fluids or glucose gels is recommended.[26]

During intraoperative evaluation, rapid sequence intubation 
should be performed in diabetic patients with a high risk of 
difficult airway, particularly those suspected of gastroparesis, 
to reduce the risk of aspiration. Electrolyte disturbances, which 
are frequently encountered, should be carefully monitored. 
The target intraoperative BG range is 120–180 mg/dL, and 
continuous glucose monitoring (CGM) is essential to prevent 
both hypo- and hyperglycemic episodes.[1,26,27]

Use ff CGM in The Perioperative Period
CGMs, which are minimally invasive and measure interstitial 
glucose levels every 1–5 minutes, are widely used in daily dia-
betes management. However, these devices have not yet been 
officially approved for use in the perioperative setting.[28]

Physiological and technical factors during surgery, such as hy-
potension, hypothermia, hypoxia, and electrical interference, 
may compromise the accuracy of CGM readings. Therefore, 
CGM data should not be fully relied upon intraoperatively, 
and plasma glucose levels should be confirmed with standard 
methods when necessary.[25,29]

According to the updated 2023 guideline titled “Guideline for 
Perioperative Care for People with Diabetes Mellitus Undergoing 
Elective and Emergency Surgery,” several key rec-ommenda-
tions have been provided for perioperative diabetes manage-
ment. The guideline emphasizes avoiding prolonged pre-op-
erative fasting and scheduling diabetic patients for surgery in 
the early morning. The recommended target BG range is 6–10 

mmol/L (108–180 mg/dL), with values up to 12 mmol/L (216 
mg/dL) considered acceptable. If BG falls be-low 70 mg/dL, in-
travenous glucose administration is advised.[30]

The new guideline offers detailed guidance on topics such as 
the management of patients using continuous subcutaneous 
insulin infusion (CSII), the risk of diabetic ketoacidosis with 
SGLT-2 inhibitors, and intervention protocols for impending 
hypoglycemia (4–6 mmol/L) and clinically significant hypo-
glycemia (<4 mmol/L). It also provides comprehensive rec-
ommendations for adjusting insulin and other antidiabetic 
medications in the pre- and post-operative periods. The 2023 
edition is more detailed than its 2021 predecessor and aims to 
reduce surgical complications.[30]

Perioperative Hyperglycemia and Insulin Management
Perioperative BG levels exceeding 180 mg/dL are associat-
ed with increased morbidity, par-ticularly infection risk, and 
higher mortality. Therefore, insulin therapy should be initiat-
ed, aiming to maintain BG within the range of 140–180 mg/
dL. Tight glycemic control target-ing normoglycemia increas-
es the risk of severe hypoglycemia and has not demonstrated 
additional benefit. In patients with Type 1 or Type 2 diabetes, 
or those with stress-induced hyperglycemia, transition to con-
tinuous intravenous insulin infusion (IVCSII) is recom-mended 
when a personal insulin pump is discontinued. This strategy is 
particularly preferred for prolonged surgeries and in critically 
ill patients.[31]

For nausea and vomiting prophylaxis, the use of 4 mg dexa-
methasone in combination with another antiemetic is recom-
mended, and doses of 8 mg should be avoided. Regional anes-
thesia should be preferred whenever possible, as it facilitates 
post-operative pain control and reduces insulin resistance. 
Patients with poor glycemic control often require increased 
analgesic support. Preventing hypothermia, encouraging ear-
ly mobilization, using minimally invasive surgical techniques, 
and minimizing blood loss are also beneficial in reducing insu-
lin resistance-related perioperative complications.[31]

Perioperative Hypoglycemia
Symptoms of perioperative hypoglycemia may be masked 
under general anesthesia; thus, glucose levels must be closely 
monitored. Hypoglycemia is classified as follows:

•	 Level 1: <70 mg/dL

•	 Level 2: <54 mg/dL

•	 Level 3: <40 mg/dL

Hypoglycemia is particularly common in patients with Type 1 
diabetes using insulin and in elderly patients on sulfonylureas. 
For treatment, administration of 25–50 mL of 50% dextrose 
solution or 500 mL of 5% dextrose is recommended.[31]

Table 2. Insulin treatment on the day of surgery

Insulin types	 Regiment on the day of surgery

Lantus/toujeo, tresiba, levemir	 Half dose of normal in the morning 
(long-acting insulins)	 of surgery
Nph insulin (intermediate	 Half dose of normal in the morning 
insulin)	 of surgery
Insulin aspart protamine,	 Depending to the blood glucose: 
insulin aspart, insulin lispro	 if >200 mg/dL: Take half dose of 
protamine, insulin lispro,	 normal in the morning. If <200 
insulin neutral protamine	 mg/dL: no insulin 
hagedorn, and insulin regular 
(all mixed insulin)
All models of insulin pumps:	 Basel rate until operation, continue 
Endocrinology consult	 with IV insulin during surgery 
recommended expect 
patient’s ambulatory
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Approach to Hypoglycemia Risk in Perioperative Glycemic 
Management and Clinical Implications
The article titled “Near Miss Hypoglycemia Reflections on 
Perioperative Glucose Management Guidelines in Diabetics” 
highlights the weak points in clinical practice by examin-ing 
cases in which hypoglycemia was narrowly avoided. Attempt-
ing to maintain glucose levels within a narrow range (e.g., 
4–6 mmol/L) increases the risk of hypoglycemia. Pro-longed 
pre-operative fasting and improper adjustment of antidiabet-
ic agents – particularly insulin and sulfonylureas – can lead to 
perioperative hypoglycemia.

According to recent recommendations, it is advised that certain 
oral antidiabetic drugs (such as sulfonylureas) be withheld on 
the morning of surgery, and that doses of long-acting insulin 
be reduced by approximately 70–80%. It has been emphasized 
that variable rate intra-venous insulin infusions may cause 
abrupt glucose drops if glucose and caloric intake are not care-
fully managed. Furthermore, most hypoglycemic events have 
been linked to incom-plete handovers of insulin administration 
times or BG information during staff transi-tions.[32]

According to the most recent Standards of Care in Diabetes – 
2025 published by the American Diabetes Association, periop-
erative BG levels should be maintained between 80 and 180 
mg/dL. Metformin and other oral glucose-lowering agents 
should be discontinued on the day of surgery. SGLT2 inhibitors 
should be stopped 3–4 days before surgery. Dos-es of NPH 
and long-acting insulins (e.g., glargine) should be reduced by 
20–25% the day before surgery, and by approximately 50% on 
the morning of the procedure.[33]

Patients Using CSII
•	 In planned and short-duration surgeries, the insulin pump 

may be continued; basal infusion should be maintained, 
and glucose levels monitored hourly

•	 In emergency surgeries or procedures lasting longer than 3 
h, the pump should be discontinued and transitioned to in-
travenous insulin infusion. BG should be main-tained within 
a target range of 140–180 mg/dL (7.7–10 mmol/L).[34]

CONCLUSION
In light of all this information, we at Bilkent City Hospital im-
plement these protocols in our perioperative glucose man-
agement strategies and believe they will also serve as valuable 
guidance for other anesthesiologists.
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Objective: Colorectal cancer is the third most common type of cancer worldwide and one of the leading causes of cancer-
related deaths. Chronic inflammation is known to be associated with colorectal cancer. This study aimed to evaluate the 
relationship between the Dietary Inflammatory Index (DII) and colorectal cancer.
Materials and Methods: 149 patients over the age of 18 who underwent surgery with the diagnosis of colorectal cancer 
and 120 control patients in the same age group who were hospitalized for a non-cancer reason were included in the study. 
DII scores were calculated from the patients’ 3-day 24-h food consumption records. The level of relationship between DII and 
colorectal cancer was analyzed with regression analysis.
Results: A total of 269 patients were included in the study, 149 in the study group and 120 in the control group. The mean age 
of the study group was 64.45±11.36, and that of the control group was 65.90±10.36, and the difference was not significant 
(p=0.280). A significant association was found between high DII score and colorectal cancer (odds ratio [OR]: 2.62, p<0.001). 
When adjusted for age and gender, high DII score was also found to be a risk factor for colorectal cancer (OR: 2.72, p<0.001).
Conclusion: There is a significant association between an inflammatory diet and high DII scores, which are a measure of it, 
and the development of colorectal cancer. High DII scores are a significant risk factor for colorectal cancer regardless of age 
and gender. This risk does not vary according to the location of the cancer and is similar for colon and rectum cancers.
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INTRODUCTION
Colorectal cancer is the third most common type of cancer 
globally and a leading cause of cancer-related mortality.[1] Inci-
dence and mortality rates of colorectal cancer are higher in de-
veloped countries, whereas they are lower in less developed 
regions such as Asia, Africa, and most of Latin America.[2]

Inflammation typically occurs as a natural response of the 
body to tissue injury or damage.[3] An acute inflammatory 
response plays a crucial role in the healing and regenera-
tion process, usually leading to recovery within a few days.[4] 
Chronic inflammation, however, represents a persistent condi-
tion where tissue destruction and repair occur simultaneously 
due to the sustained presence of pro-inflammatory cytokines, 
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often resulting from increased blood flow to the injured area 
mediated by mast cell-derived histamine.[5] Elevated levels of 
these cytokines are also believed to be associated with col-
orectal cancer.[6] Chronic inflammation is widely recognized 
to be associated with epithelial cancers, particularly colorectal 
cancer, which remains the most studied.[7,8]

Several studies have indicated a direct link between specific 
dietary components and inflammation.[9,10] There is growing 
evidence that these dietary elements influence both inflam-
mation and colorectal cancer risk.[9,11]

The 2012 Continuous Update Project by the American Insti-
tute for Cancer Research/World Cancer Research Fund report-
ed that consumption of pro-inflammatory foods such as red 
and processed meats is associated with an increased risk of 
colorectal cancer. Conversely, consumption of anti-inflamma-
tory dietary fiber has an inverse relationship with colorectal 
cancer risk.[12] Additional dietary components known for their 
anti-inflammatory properties, such as tea and coffee, have also 
demonstrated various health benefits, including lower can-
cer incidence and mortality.[13,14] Comprehensive studies on 
dietary patterns have shown that unhealthy diets are linked 
to higher risks of colorectal cancer and adenomas, whereas 
healthy diets are associated with reduced risks.[15]

Research on the role of diet in inflammation and colorectal 
cancer suggests that dietary patterns represent a complex 
array of exposures involving cumulative and frequent inter-
actions that affect inflammatory responses and outcomes. 
Although several dietary indices exist to evaluate diet quality, 
most lack the capacity to assess the inflammatory potential of 
a diet. In 2009, researchers at the University of South Caroli-
na developed the first Dietary Inflammatory Index (DII), based 
on literature published until 2007, as a tool to summarize the 
inflammatory impact of dietary intake.[16] This index was later 
revised and updated in 2014.[17] The DII categorizes individu-
als’ diets on a continuum from maximally pro-inflammatory to 
maximally anti-inflammatory. Higher DII scores indicate more 
pro-inflammatory diets, while lower scores reflect more an-
ti-inflammatory dietary patterns.[17]

The aim of this study was to evaluate the relationship between 
DII scores and colorectal cancer.

MATERIALS AND METHODS
This study was conducted prospectively as a single-center 
study at the University of Health Sciences, Dışkapı Yıldırım 
Beyazıt Health Practice and Research Center, following the 
approval of the local ethics committee. Informed consent was 
obtained from all participating volunteers. This study was con-
ducted in accordance with the Declaration of Helsinki.

The study included 149 patients (study group) diagnosed his-
topathologically with colorectal cancer and who underwent 

surgery at the General Surgery Department of the Dışkapı 
Yıldırım Beyazıt Training and Research Hospital between July 
2020 and November 2021, as well as 120 patients (control 
group) who were followed and treated for non-cancer diag-
noses during the same period. Patients included were over 
18 years of age, volunteered to participate, and had complete 
data available. All patients in the study group had a histo-
pathological diagnosis of colorectal cancer.

Exclusion criteria included: those unwilling to participate, indi-
viduals with inflammatory bowel disease, those with a first-de-
gree family history of colorectal cancer, patients with genetic 
syndromes associated with colorectal cancer, those diagnosed 
with other cancers or metastases, individuals with alcohol or 
substance abuse, patients receiving hormone therapy or med-
ical nutrition therapy for other conditions, individuals with in-
complete data, and those with communication impairments 
rendering them unable to complete the questionnaire.

Data Collection Tools
Demographic data, such as age, gender, family history of can-
cer, smoking status, weight loss, physical activity levels, and 
history of rectal bleeding were collected. Biochemical param-
eters, including carcinoembryonic antigen (CEA), cancer anti-
gen (CA) 19-9, and hemoglobin levels, as well as the frequency 
of consumption of alcohol, coffee, tea, garlic, turmeric, and 
saffron, were recorded. For colorectal cancer patients, tumor 
location and pathological diagnosis were also documented.

Each patient completed a 3-day 24-h dietary recall form (including 
2 weekdays and 1 weekend day) for the week before surgery. For 
10 additional food items not included in the BeBIS® 8.2 (Nutrition 
Information System) software but necessary for DII calculation, a 
food frequency questionnaire was completed according to the 
Turkish Dietary Guidelines (TÜBER). Physical activity levels were 
classified according to the World Health Organization guidelines.

DII Calculation
The DII was calculated using data from 24-h dietary recall 
forms analyzed with BeBIS® 8.2, based on 36 nutritional com-
ponents (including alcohol, Vitamins B12, B6, cholesterol, en-
ergy, total fat, fiber, folic acid, carbohydrates, iron, magnesium, 
polyunsaturated and monounsaturated fatty acids, beta-car-
otene, caffeine, niacin, omega-3 and 6, protein, riboflavin, 
saturated fats, selenium, thiamine, trans fats, Vitamins A, C, D, 
and E, zinc, and total flavonoids), as well as the consumption 
frequencies of 10 additional items (ginger, saffron, turmeric, 
pepper, thyme, rosemary, coffee, tea, onion, and garlic).

Statistical Analysis
Data were analyzed using the Statistical Package for the Social 
Sciences (SPSS) version 22.0 (SPSS, Chicago, IL, USA). Continu-
ous variables are expressed as mean±standard deviation and 
median (minimum–maximum), and categorical variables as 
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number and percentage. The Shapiro–Wilk test was used to 
evaluate the normality of data distribution. For comparisons, 
the independent t-test was applied to normally distributed 
variables, and the Mann–Whitney U test for non-normally dis-
tributed variables. Categorical variables were compared using 
the Chi-square test. The relationship between DII scores and 
colorectal cancer was assessed using regression analysis. Ad-
justments were made for age and sex. A p<0.05 was consid-
ered statistically significant.

RESULTS
A total of 269 patients were included in the study: 149 in the 
study group and 120 in the control group. The mean age was 
64.45±11.36 years in the study group and 65.90±10.36 years 
in the control group, with no statistically significant difference 
between the two (p=0.280). Of the patients in the study group, 
103 (69.1%) were male and 46 (30.9%) were female. In the con-
trol group, 90 (75.0%) were male and 30 (25.0%) were female. 

Gender distribution was similar between groups (p=0.288).

A family history of cancer was reported in 46 patients (30.9%) in 
the study group and in 34 patients (28.3%) in the control group 
(p=0.651). The proportion of smokers was 47.7% in the study 
group and 46.7% in the control group, with no significant dif-
ference (p=0.872). Physical activity levels were also compara-
ble between groups (p=0.259). Weight loss was observed in 63 
patients (42.3%) in the study group and 19 patients (15.8%) in 
the control group, a statistically significant difference (p<0.001). 
Rectal bleeding was reported in 34 patients (22.8%) in the study 
group and 10 patients (8.3%) in the control group (p=0.001).

Fecal occult blood test positivity was observed in 13.4% of the study 
group and 0.8% of the control group. Among patients diagnosed 
with colorectal cancer, the median CEA level was 3 µg/L (range: 2–7 
µg/L), and the median CA 19-9 level was 16 U/mL (range: 10–31 
U/mL). Hemoglobin levels were similar in both groups (p=0.097). 
Table 1 summarizes the demographic characteristics.

Table 1. Demographic characteristics

Variable	 Study group (n=149) (%)	 Control group (n=120) (%)	 p

Age (years)	 64.45±11.36	 65.90±10.36	 0.280*
Gender			   0.288**
	 Male	 103 (69.1)	 90 (75.0)	
	 Female	 46 (30.9)	 30 (25.0)	
Family history of cancer			   0.651**
	 Yes	 46 (30.9)	 34 (28.3)	
	 No	 103 (69.1)	 86 (71.7)	
Smoking			   0.872**
	 Yes	 71 (47.7)	 56 (46.7)	
	 No	 78 (52.3)	 64 (53.3)	
Physical activity			   0.259**
	 Inactive (<150 min/week)	 39 (26.2)	 38 (31.7)	
	 Active (150–299 min/week)	 72 (48.3)	 46 (38.3)	
	 Very active (>300 min/week)	 38 (25.5)	 36 (30.0)	
Weight loss			   <0.001**
	 Yes	 63 (42.3)	 19 (15.8)	
	 No	 86 (57.7)	 101 (84.2)	
Rectal bleeding			   0.001**
	 Yes	 34 (22.8)	 10 (8.3)	
	 No	 115 (77.2)	 110 (92.7)	
FOBT positive	 20 (13.4)	 1 (0.8)	 <0.001**
CEA (µg/L)	 3 (2–7)	 –	 –
CA 19-9 (U/mL)	 16 (10–31)	 –	 –
Hemoglobin (g/dL)	 13.6 (11.0–14.8)	 14.2 (8.7–19.0)	 0.097***

*Independent samples t-test, **Chi-square test, ***Mann–Whitney U test. CEA: Carcinoembryonic antigen, CA: Cancer antigen, Hb: Hemoglobin, FOBT: Fecal 

occult blood test. Values are presented as mean±standard deviation, n (%), and median (min–max).
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Tumor Location and Pathology

Among patients with colorectal cancer, tumors were located 
in the sigmoid colon in 42 patients (28.4%), right colon in 38 
(25.7%), left colon in 27 (18.2%), rectum in 16 (5.9%), rectosig-
moid junction in 14 (9.5%), and transverse colon in 11 (7.4%). 
The pathological diagnosis was adenocarcinoma in 132 patients 
(88.6%) and mucinous adenocarcinoma in 17 patients (11.4%). 
Table 2 summarizes the tumor location and pathology.

Regression Analysis

Table 3 summarizes regression analysis revealed a significant 
association between higher DII scores and colorectal cancer 
(odds ratio [OR]: 2.62, p<0.001). This association remained 
significant after adjusting for age and sex (adjusted OR: 2.72, 
p<0.001). When stratified by tumor location:

•	 High DII scores were significantly associated with colon 
cancer (OR: 2.37, p<0.001; adjusted OR: 2.51, p<0.001).

•	 When the colon was subdivided into proximal and distal 
regions:

•	 Proximal colon cancer showed a strong association (OR: 
3.07, p<0.001; adjusted OR: 3.15, p<0.001).

•	 Distal colon cancer also showed a significant relation-
ship (OR: 2.14, p=0.003; adjusted OR: 2.39, p<0.001).

High DII scores were similarly associated with rectal cancer 
(OR: 2.52, p=0.003; adjusted OR: 2.59, p=0.003).

DII Scores
The mean DII score in the study group was –3.86±1.04. In the 
control group, the mean DII score was –4.37±0.35. The distri-
bution of DII scores in each group is shown in Figures 1 and 2, 
respectively. The average DII score was significantly higher in 
the study group than in the control group (p=0.008) (Fig. 3).

DISCUSSION
The results of our study demonstrate that higher DII scores are 
associated with an increased risk of colorectal cancer. Even af-
ter adjusting for age and sex, our findings show a positive cor-
relation between DII scores and colorectal cancer, including 
both colon (proximal and distal) and rectal cancers. Consid-
ering that high DII scores indicate a pro-inflammatory dietary 
pattern, our results support the hypothesis that such diets are 
associated with increased colorectal cancer risk.

The association between dietary habits and colorectal cancer 
has been well documented in numerous studies.[18-20] A recent 
meta-analysis found that healthy dietary patterns are associat-
ed with reduced colorectal cancer risk, whereas Western-style 
diets and alcohol consumption increase risk.[21] The World 
Cancer Research Fund and the American Institute for Cancer 
Research conducted a systematic review of the evidence on 
food, beverages, and colorectal cancer, reporting that pro-
cessed meats and alcoholic beverages elevate the risk. Con-
versely, dairy products, whole grains, and foods rich in dietary 
fiber were shown to reduce the risk of colorectal cancer, col-
orectal adenomas, and chronic colonic inflammation.[7]

Previous studies have examined the impact of specific foods 
such as red meat and nutrients, such as folate and zinc on col-
orectal cancer risk.[18,22,23] However, these foods and nutrients 
are typically consumed in combination with others, potential-
ly confounding their individual effects. High intercorrelation 

Table 2. Tumor location and pathology

Tumor location	 n (%)

Sigmoid colon	 42 (28.4)
Right colon	 38 (25.7)
Left colon	 27 (18.2)
Rectum	 16 (5.9)
Rectosigmoid	 14 (9.5)
Transverse colon	 11 (7.4)

Tumor pathology	 n (%)

Adenocarcinoma	 132 (88.6)
Mucinous adenocarcinoma	 17 (11.4)

Table 3. Association between DII scores and colorectal cancers

Cancer type	 Control/Case	 OR (95% CI)	 Adjusted OR* (95% CI)	 p

Colorectal cancer	 120/149	 2.62 (1.69–4.05)	 2.72 (1.74–4.27)	 <0.001
Colon cancer	 120/118	 2.37 (1.56–3.60)	 2.51 (1.63–3.86)	 <0.001
Proximal colon cancer	 120/49	 3.07 (1.82–5.15)	 3.15 (1.83–5.41)	 <0.001
Distal colon cancer	 120/69	 2.14 (1.34–3.42)	 2.39 (1.46–3.91)	 0.003/<0.001
Rectal cancer	 120/30	 2.52 (1.37–4.66)	 2.59 (1.38–4.89)	 3

*Adjusted for age and sex. OR: Odds ratio; CI: Confidence interval; DII: Dietary inflammatory index.
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among food items and the resulting loss of statistical power 
make it difficult to isolate the risk associated with any single 
nutrient. Unlike such approaches, the DII was developed by 
focusing on the functional impacts of dietary components on 
inflammation. The DII score is based on a systematic review 
and scoring of the literature regarding inflammation and diet. 
It also standardizes the intake of pro- and anti-inflammatory 
dietary components across populations using reference val-
ues, allowing for cross-cultural comparisons.[24,25]

Therefore, in our study, we investigated the association be-
tween colorectal cancer development and DII scores calculat-
ed from patients’ overall dietary patterns, rather than the intake 
of specific foods. Shivappa et al.[18] calculated DII scores based 
on a questionnaire involving 121 food items among 34,703 
women aged 55–69 and reported that increased DII scores 
were associated with higher colorectal cancer incidence. Park 
et al.[26] found a similar association in a study involving 923 
colorectal cancer cases and 1,846 controls using a 106-item 
semi-quantitative food frequency questionnaire. Harmon et 
al.[19] conducted a multiethnic cohort study of 190,963 individ-
uals aged 45–75 from various ethnic backgrounds, followed 
for over 20 years, and found that increased DII scores were 
linked to greater colorectal cancer risk. Our study supports 
these findings and confirms the significant association be-
tween DII scores and colorectal cancer risk in our population.

The greatest and non-modifiable risk factor for sporadic col-
orectal cancer is age. The incidence of both colorectal polyps 
and cancer increases significantly after age 50.[27] Many envi-
ronmental factors have also been implicated in colorectal can-
cer development, with dietary patterns being among the most 
significant. Diet plays a critical role not only in cancer onset 
but also in the formation and recurrence of polyps.

There are multiple pathways by which pro-inflammatory di-
ets may increase colorectal cancer risk. Such diets can ele-
vate systemic inflammation, potentially inducing insulin re-
sistance, which in turn raises levels of insulin, triacylglycerol, 
and non-esterified fatty acids. These metabolic disturbances 

Figure 1. Distribution of dietary inflammatory index scores 
in the study group.

Figure 2. Distribution of dietary inflammatory index scores 
in the control group.

Figure 3. Comparison of dietary inflammatory index (DII) 
scores between study and control groups. (Mann–Whitney U 
test, p=0.008 – indicating significantly higher DII scores in the 
study group).
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can promote excessive proliferation of colonic epithelial cells 
and increase their exposure to reactive oxygen species.[28] Di-
ets rich in red and processed meats are high in N-nitroso com-
pounds, which can damage DNA. In contrast, fruits and vege-
tables contain micronutrients with antioxidant and anti-tumor 
properties, as well as fibers that reduce intestinal transit time.

The DII score reflects the collective impact of various foods, 
nutrients, and flavonoids known to influence inflammation.
[29,30] The most potent anti-inflammatory dietary components 
include polyphenols and antioxidants, which produce lo-
calized anti-inflammatory effects, especially through mod-
ulation of the gut microbiota. These compounds can also 
reduce levels of reactive oxygen species and prevent cancer 
initiation and progression. Phytochemicals found in the diet 
can inhibit colorectal cancer cell proliferation and interrupt 
the cell cycle.[31]

The DII is a robust indicator of a person’s overall dietary inflam-
matory potential. High scores reflect a diet with strong pro-in-
flammatory capacity. It is well established that inflammation 
increases susceptibility to colorectal cancer.[32-34] Inflammato-
ry cytokines, such as tumor necrosis factor-alpha have been 
shown to induce insulin resistance by inhibiting insulin recep-
tors. Insulin resistance may contribute to cancer development 
through elevated insulin, glucose, or triglyceride levels. Fur-
thermore, activation of the cyclooxygenase-2 pathway may 
promote local proliferation, angiogenesis, and mutagenesis 
– all of which can be stimulated by cytokines such as inter-
leukin-6. These mechanisms clarify how an inflammatory diet, 
as defined by high DII scores, contributes to colorectal cancer 
development. Our findings support these mechanisms by 
demonstrating their clinical implications.

Dietary habits are shaped by culture and socioeconomic fac-
tors and often change over a person’s lifetime. People rarely 
maintain the same diet throughout life, and it is still unclear 
which nutrients, in what amounts and frequency, and during 
which life stages exert the greatest influence on cancer de-
velopment. In our study, DII scores were calculated based on 
recent dietary intake. However, because cancer develops over 
extended periods and the timing of its onset is often unclear, 
more accurate results would require long-term data. There-
fore, prospective cohort studies with long-term follow-up are 
needed for more definitive conclusions.

CONCLUSION
There is a significant association between inflammatory diets, 
as measured by higher DII scores, and the development of col-
orectal cancer. Elevated DII scores represent a dietary pattern  
with high pro-inflammatory potential and were found to be 
a meaningful risk factor for colorectal cancer, independent of 
age and sex.

This risk does not vary based on tumor location; the associa-
tion between high DII scores and cancer is consistent for both 
colon and rectal cancers. These findings suggest that reducing 
the inflammatory potential of the diet may be an important 
preventive strategy against colorectal cancer. Further pro-
spective studies involving long-term dietary monitoring and 
larger populations are recommended to establish more robust 
evidence and inform public health interventions.
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Neutrophil-Lymphocyte Ratio and C-Reactive Protein-Albumin Ratio as 
Predictors of Union Complications in Proximal Humerus Fractures
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Objective: Classification systems play a crucial role not only in determining diagnostic and therapeutic strategies but also 
in predicting patient prognosis. As the severity of trauma increases, the complexity of fractures and the classification level 
also tend to rise accordingly. In this study, we aimed to investigate how inflammatory markers that reflect trauma severity – 
such as the neutrophil-to-lymphocyte ratio (NLR) and the C-reactive protein-to-albumin ratio (CAR) – vary according to the 
NEER classification of proximal humerus fractures, and whether these markers can predict complications related to fracture 
healing.
Materials and Methods: This retrospective study reviewed patients with proximal humerus fractures treated with plate-
screw osteosynthesis between January 2016 and January 2022 at a single medical center. 171 patients were grouped by 
bone union status and NEER classification. Non-union (5.4%) was defined as the absence of radiographic healing signs up 
to 6 months post-operatively. Blood samples for routine full blood count and biochemical analysis were collected within 
the first 24 h of emergency department admission for surgical evaluation. The correlation between the number of Neer 
fragments and inflammatory biomarkers was assessed. In addition, the association between inflammatory biomarkers and 
fracture healing was analyzed.
Results: The non-union rates of 3-part and 4-part fractures were higher than those of 2-part fractures. (p=0.047, p=0.048). 
However, there was no significant difference in blood parameters between the two groups. No statistically significant 
differences in C-reactive protein, Albumin, CAR, or NLR levels were found among Neer fracture types. 
Conclusion: Inflammatory status may not have been affected by union or Neer classification, but integrating these 
classifications into multivariate union models for proximal humerus fractures might yield more scientifically rigorous and 
precise outcomes.
Keywords: C-reactive protein-to-albumin ratio, Neutrophil-lymphocyte ratio, Proximal humerus non-union
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INTRODUCTION
Fracture healing is a complex biological process influenced by 
a variety of clinical factors. Age, sex, osteoporosis, and chronic 
comorbidities have traditionally been utilized to predict frac-
ture prognosis.[1] Despite this, the role of systemic inflammato-
ry status – particularly outside the context of overt infection 
– remains underexplored in present fracture healing models. 
Following a traumatic fracture, neutrophils are rapidly mobi-
lized into circulation and, by the end of the 1st week, differ-
entiate into tissue macrophages. These macrophages secrete 
cytokines that activate lymphocytes, thereby initiating and 
supporting tissue regeneration. However, excessive cytokine 
induction may disrupt this balance and impair bone union.
[2] Among inflammatory markers, the neutrophil-to-lympho-
cyte ratio (NLR) has shown a strong correlation with various 
post-fracture outcomes, including delirium, thromboembolic 
events, and mortality.[3,4]

In addition, C-reactive protein-to-albumin ratio (CAR), a mark-
er reflecting both nutritional and inflammatory status, has 
been associated with the prognosis of various malignancies 
and with post-operative minor and major complications.[5,6] 
Given this background, both NLR and CAR have emerged as 
promising markers for evaluating the severity of trauma and 
the extent of systemic inflammatory response. Their potential 
utility in predicting fracture healing outcomes remains a com-
pelling subject for further investigation.

Fracture radiological classification systems are developed to 
establish diagnostic and treatment strategies and to predict 
prognosis.[7] Consequently, some fracture classifications have 
demonstrated a relationship between fracture severity and 
these biomarkers indicating an inflammatory response.[8-10] It 
remains unclear whether the Neer classification system, the 
most commonly used system for proximal humerus fractures, 
is influenced by the severity of inflammation.

Non-union following surgery for proximal humerus fractures 
represents significant morbidity and necessitates secondary 
surgical interventions.[11,12] There is a paucity of studies inves-
tigating the relationship between these complications and 
pre-operative blood tests. This study aims to elucidate the 
relationship between CAR and NLR ratios and the Neer frac-
ture classification. In addition, it seeks to examine the asso-
ciation between these biomarkers and post-operative union 
complications. We hypothesize that higher pre-operative 
CAR and NLR are significantly associated with higher Neer 
fracture classification grades, and that elevated CAR and NLR 
are independent risk factors for post-operative union com-
plication.

MATERIALS AND METHODS
After receiving approval from the study ethics committee (Ap-
proval Number: 2025/115), the medical records of patients 
with proximal humerus fractures treated with plate-screw os-
teosynthesis between January 2016 and January 2022 were 
retrospectively reviewed at a single center. The study was 
conducted in accordance with the Declaration of Helsinki. 
Patients aged 18 and older who presented to the emergen-
cy orthopedic clinic with shoulder trauma, were diagnosed 
with proximal humerus fractures, and underwent plate-
screw osteosynthesis as treatment and had a minimum of 6 
months of radiological follow-up after surgery were included 
in the study. Exclusion criteria included inaccessible medical 
records, pathological fractures, ongoing oncological treat-
ment, multiple traumas, additional infection findings during 
hospitalization, albumin replacement within the first 24 h of 
hospitalization due to rheumatologic disease, and the use of 
non-steroidal anti-inflammatory drugs (NSAIDs) or bisphos-
phonates before the fracture. Specifically, three patients with 
pathological fractures, fourteen with multiple fractures, two 
with bilateral proximal humerus fractures, seven with upper 
respiratory tract infections, one with rheumatoid arthritis, one 
with ankylosing spondylitis, three using NSAIDs, and two with 
inaccessible medical records were excluded from the study. 
Ultimately, 171 patients were included in the study out of the 
initial 204 patients (Fig. 1).

Figure 1. The patient flow chart in our study.
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Neer fracture classification images, including standard AP ax-
illary radiographs and computed tomography, were obtained 
from the hospital image archiving unit. Evaluations were in-
dependently conducted by two experienced orthopedic sur-
geons, and any discrepancies were resolved through joint 
re-evaluation. Patients were classified according to the Neer 
system based on the number of fragments.

Non-union was defined as the absence of radiographic ev-
idence of fracture healing within 6 months post-operatively, 
characterized by distinct sclerotic borders between fracture 
fragments and the absence of trabecular bone formation.[13] 
At 6 months, compared to early post-operative imaging, the 
occurrence of significant displacement between fracture frag-
ments accompanied by broken screws was classified as a non-
union complication (Figs 2 and 3). Union complications were 
subsequently confirmed through tomographic evaluation.
[5,13] Furthermore, post-operative screw cut-out or screw cut-
through was categorized as union complications.[13]

Routine hemogram and biochemistry blood samples for an-
esthesia preparation were collected from each patient within 
the first 24 h of emergency room admission. Laboratory tests 
previously evaluated as prognostic factors were analyzed from 
these blood samples, including hemoglobin (Hb) (g/dL), white 
blood cell count (K/μL), neutrophil count (mg/dL), lympho-
cyte count (mg/dL), platelet count (mg/dL), albumin (g/dL), 
C-reactive protein (CRP) (mg/dL), NLR, platelet/lymphocyte 

ratio, and CAR.[3-5,14] The patients were divided into two groups: 
Those with complete fracture healing and those with non-
union complications. The relationship between the number of 
Neer fragments and blood parameters was analyzed in these 
patients.

All patients were treated using a deltopectoral approach in the 
semi-chaise longue position under general anesthesia. Blood 
samples were collected within 24 h of the trauma. Surgeries 
were performed by two experienced trauma surgeons (each 
with over 10 years of experience). Proximal humerus locking 
plates and screws produced by Response Medical were used 
in all operations. Antibiotic prophylaxis was administered for 
48 h post-surgery. Post-operative follow-up included a control 
visit 2 weeks later, with outpatient clinic records maintained.

Statistical Analysis

SPSS 21.0 for Windows was used for statistical analysis. De-
scriptive statistics were provided as numbers and percent-
ages for categorical variables and as means, standard devi-
ations, minimums, maximums, and medians for numerical 
variables. Due to the non-normal distribution of numerical 
variables, independent two-group comparisons were made 
using the Mann–Whitney U test, and independent multi-
ple-group comparisons were made using the Kruskal–Wal-
lis test. Group proportions were compared using the Chi-
Square Test. Cohen’s D test was performed for effect analysis. 
Relationships between numerical and ordinal variables were 
examined using Spearman Correlation Analysis. A binary lo-
gistic regression analysis was used to examine the risk fac-
tors associated with non-union complications. A multivariate 
analysis was performed using age, Hb level, albumin level, 
NLR, CAR, charlson comorbidity ındex (CCI) score, Neer frac-
ture type, time to surgery, and sex. The statistical alpha sig-
nificance level was set at p<0.05.

Figure 2. Displacement with screw cut through at 6 months 
was defined as non-union.

Figure 3. At the 9-month follow-up, reduction loss and a 
sclerotic border on the medial side.
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RESULTS
The age and gender demographics of the patients are shown 
in Table 1. Non-union was observed in 5.8% of the patients 
(n=10). There was no gender difference between patients who 
had complications and those with complete union (p=0.516). 
A statistically significant difference was found in the Neer frac-
ture types of patients with union complications (p=0.046). 
Among these patients, the incidence of Neer 3-part and 4-part 
fractures was high, while no Neer 2-part fractures were ob-
served (Table 1). Post hoc comparisons revealed statistically 
significant differences in healing between 2- and 3-part frac-
tures (p=0.047) as well as between 2- and 4-part fractures 
(p=0.048). Multivariate regression analysis revealed a statisti-
cally significant association between Neer fracture type and 
the risk of non-union (Table 2).

The mean time to surgery was 6.1 days. There was no sig-
nificant relationship between union complications and 
the time to surgery (p=0.737). In addition, no significant 
difference was found in the age-adjusted CCI, nor in the 
present blood parameters between the two groups (Ta-
ble 3). There was no statistically significant difference be-
tween the number of Neer fragments and CRP, Albumin, 
CAR, and NLR levels (Table 4). There was no correlation 
between the number of Neer fragments and CRP, Albumin, 
CAR, and NLR (Table 5).

DISCUSSION
The pre-operative inflammatory markers of the patients in-
cluded in our study were not affected by the type of fracture 
and the number of fragments. The number of fragments may 
be a risk factor for non-union complication (p=0.046). Howev-
er, there seems to be no relationship between union problems 
and pre-operative inflammatory status (p=0.747, p=0.87).

CRP is a key biomarker of acute inflammation and increas-
es in response to various conditions, such as trauma and 
infection. However, the inflammatory response triggered 
by trauma or surgical intervention is generally more limited 
and resolves more rapidly compared to infection.[15] There-
fore, dynamic monitoring of CRP levels and the CAR in the 
post-operative period may provide more clinically meaning-
ful insights for the early prediction of potential complica-
tions. In a study by Swarnkar et al.[16] involving patients who 
underwent abdominal surgery, post-operative CRP and CAR 
levels were found to be effective predictors of complications. 
In the orthopedic surgery literature, particularly after pros-
thetic procedures, persistent elevation or further increase in 
CAR has been identified as a significant risk factor for peri-
prosthetic joint infection. After total knee arthroplasty, fail-
ure of CRP and CAR levels to decline, or a secondary rise in 
these markers, raises clinical suspicion of infection.[17,18] In our 
own patient cohort, pre-operative CAR values assessed after 
trauma were above the reference ranges reported in the lit-

Table 1. Comparison of Neer fracture type, side, and gender 
between two groups

		  	 Non-union		  Total n (%)	 p*

		  No n (%)		  Yes n (%)

		  161 (94.2)		  10 (5.8)	 171 (100)
Sex				 
	 Male	 89 (55.3)		  7 (70.0)	 96 (56.1)	 0.516
	 Female	 72 (44.7)		  3 (30.0)	 75 (43.9)	
Side				  
	 Right	 69 (42.9)		  6 (60.0)	 75 (43.9)	 0.416
	 Left 	 92 (57.1)		  4 (40.0)	 96 (56.1)	
Neer				  
	 2	 49 (30.4)		  0 (0.0)	 49 (28.7)	 0.046
	 3	 97 (60.2)		  8 (80.0)	 105 (61.4)	
	 4	 15 (9.3)		  2 (20.0)	 17 (9.9)	

*Chi-square test.

Table 2. Multivariate analysis parameters associated with fracture 
healing

			   Multivariate

		  Hazard ratio		  p 
		  (95% confidence 
		  interval)

Age (year)	 0.089		  0.405
CCI*	 −0.203		  0.079
Neer classification	 0.176		  0.028
Side	 −0.049		  0.528
Sex		 0.072		  0.382
Time to surgery	 0.096		  0.223
Albumin (g/dL)	 −0.049		  0.537
Hemoglobin (g/dL)	 −0.041		  0.632
NLR*	 0.053		  0.505
CAR*	 0.043		  0.627

*CCI: Carlson index; NLR: Neutrophil/lymphocyte ratio; CAR: C-Reactive 

protein/albumin ratio.
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erature; however, these values did not appear to be reliable 
predictors of post-operative bone healing complications. 
This finding is also statistically supported by a small effect 
size (Cohen’s d=0.06). In contrast, CRP and CAR levels mea-
sured and monitored over time in the post-operative period 
appear to provide more reliable results in the early detection 
of complications.[19]

Most studies in the literature have focused on mortality rath-
er than post-operative fracture complications. There is limited 
literature investigating the relationship between pre-opera-

tive CAR and post-fracture complications.[8,9] Although studies 
investigating the association between aseptic non-union and 
inflammatory status exist in the literature, to the best of our 
knowledge, there are no publications specifically examining 
the relationship between pre-operative inflammatory status 
and aseptic non-union in patients with proximal humerus 
fractures.

Another parameter indicating systemic inflammatory status 
is NLR. The NLR ratio, similar to the CAR ratio, has been used 
to predict the severity of cardiovascular disease after hip frac-

Table 3. Comparison of age, Carlson index, and blood test result between two groups

			   Non-union		  95% confidence interval of the	 Cohen’s D	 p*
		  No 	 Yes	 Total	 difference Lower- upper 
		  Mean±SD	 Mean±SD	 Mean±SD
		  (Min-Maks)	 Min-Maks	 (Min-Maks)
		  (Median)	 (Median)

Age 	 54.5±14.6	 55.5±11.2	 54.5±14.4	 (−10.33)–(8.26)	 0.07	 0.800
		  18–90 (56)	 35–68 (57)	 (18–90)
Carlson index	 1.5±2.1	 0.8±1.0	 1.4±2.1	 (−0.67)-(2)	 0.47	 0.476
		  0–12 (1)	 0–3 (0.5)	 (0–12)
Hemoglobin	 11.2±1.9	 11.0±1.6	 11.2±1.9	 (−1.04)–(1.44)	 5.75	 0.887
		  1.4–16.5 (11.1)	 7.4–12.9 (11.15)	  (1.4–16.5)
White blood cell	 11.2±3.8	 10.5±3.0	 11.2±3.7	 (−1.68)–(3.09)	 0.25	 0.662
		  2.68–21.86 (10.8)	 5.3–15.81 (10.6)	 (2.68–21.86)
Monocyte	 0.88±1.50	 0.69±0.34	 0.87±1.46	 (−0.74)–(1.13)	 0.72	 0.948
		  0.11–13.6 (0.66)	 0.25–1.2 (0.675)	 (0.11–13.6)
Neutrophil	 9.50±7.10	 8.44±2.68	 9.44±6.92	 (−3.40)–(5.51)	 3.8	 0.720
		  0.83–86.8 (8.39)	 4.2–12.7 (8.36)	 (0.83–86.8)
Lymphocyte	 1.62±1.45	 1.35±0.80	 1.60±1.42	 (−0.64)–(1.18)	 0.26	 0.576
		  0.39–13.7 (1.35)	 0.36–3.12 (1.06)	 (0.36–13.7)
Albumin	 3.87±2.22	 3.66±0.33	 3.86±2.16	 (−1.18)–(1.6)	 0.13	 0.777
		  2.2–31 (3.7)	 3.1–4 (3.805)	 (2.2–31)
CRPµ	 56.0±70.4	 52.8±55.4	 55.8±69.4	 (−41.66)–(47.97)	 0.74	 0.801
		  0.43–364 (27)	 5–141 (32.5)	 (0.43–364)
NLRµ	 8.81±13.50	 8.80±7.06	 8.81±13.20	 (−1.93)–(0.83) 	 1.56	 0.818
		  0.4–163.8 (6.5)	 2.5–25.9 (6.7)	 (0.4–163.8)
PLRµ	 218.0±150.3	 255.1±144.2	 220.1±149.8	 (−144.61)–(59.41)	 1.58	 0.252
		  21.8–1096.7 (178.1)	 51.3–550 (225.4)	 (21.8–1096.7)
LMRµ	 2.50±2.19	 2.11±0.97	 2.48±2.14	 (−0.98)–(1.76)	 1.1	 0.808
		  0–20.8 (2.1)	 0.9–3.8 (1.9)	 (0.0–20.8)
CARµ	 0.234±0.184	 0.225±0.057	 0.233±0.179	 (−0.10)–(0.12)	 0.06	 0.282
		  0.025–1.578 (0.195)	 0.152–0.336 (0.201)	 (0.025–1.578)

*Mann–Whitney U test. μ CRP: C-reactive protein; NLR: Neutrophil/lymphocyte ratio; PLR: Platelet/lymphocyte ratio; LMR: Lymphocyte/monocyte ratio; CAR: 

C-reactive protein/albumin ratio.
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ture in some types of cancer.[3,20,21] Johan et al.[22] reported that 
pre-operative NLR is associated with tissue healing in patients 
with type 3 open fractures. Increased NLR may affect tissue 
healing and fracture healing. However, there are limited stud-
ies in the literature showing the relationship between asep-
tic non-union patients and NLR. In this study, conducted with 
proximal humerus fractures, the fact that no significant rela-
tionship was found between CAR and NLR may be due to the 
limited number of patients.

Fracture classification systems are performed to group frac-
tures with similar fracture patterns to predict complications 
and guide the surgeon.[8,23] Therefore, there is a relationship 
between some accepted fracture classifications and systemic 
inflammatory status.[8,9] Wang et al.[8] stated that the Schatzker 
classification reflected the severity of trauma and was related 
to inflammation markers. The generally accepted and most 

commonly used classification system for proximal humerus 
fractures is the Neer classification. In our study, there was no 
relationship between pre-operative NLR and CAR after prox-
imal humerus fractures and the Neer classification system. 
Therefore, the Neer classification may not reflect the systemic 
inflammatory status.

The primary limitation of our study is its retrospective de-
sign. Patient selection bias is inevitable among the proximal 
humerus fracture patients included in the study. Another 
limitation is the fact that avascular necrosis and non-union, 
despite being distinct entities, were not evaluated sepa-
rately. Humeral head collapse and screw penetration may 
occur secondary to avascular necrosis.[24] Changes in frac-
ture reduction and plate-screw osteosynthesis during the 
post-operative period were considered as a non-union com-
plication. Another notable limitation of the study is the po-
tential variation of NLR and CRP levels in postmenopausal 
osteoporotic patients.[25] Due to the retrospective nature of 
the study, sufficient data regarding osteoporosis status and 
bone mineral density were unavailable. However, patients 
with a history of bisphosphonate use were excluded based 
on their medical records. Our sample size may have limited 
our ability to detect significant differences; however, the ef-
fect size suggests a potential association with the NLR ratio 
(Cohen’s d=1.56). In contrast, for the CAR ratio, neither the 
p-value nor the effect size indicated a meaningful differ-
ence between the groups (Cohen’s d=0.06). These findings 
suggest that CAR may not have a substantial effect in this 
context; however, definitive conclusions are constrained by 
the limited sample size.

Table 4. Association between Neer type and inflammation markers

			   NEER 		  p

		  2	 3	 4	
		  Ort.±SD	 Ort.±SD	 Ort.±SD
		  Min-Maks (Median)	 Min-Maks (Median)	 Min-Maks (Median)

CRP*	 45.5±55.5	 59.6±71.7	 61.3±89.5	 0.642
		  0.43–235 (22)	 0.59–333 (29)	 2.9–364 (23)
Albumin 	 3.83±0.57	 3.66±0.55	 5.18±6.66	 0.193
		  2.7–4.8 (3.9)	 2.2–4.8 (3.7)	 3.1–31 (3.6)
CAR*	 0.24±0.22	 0.22±0.14	 0.26±0.24	 0.870
		  0.11–1.58 (0.2)	 0.09–1.19 (0.19)	 0.03–1.14 (0.21)
NLR*	 11.39±22.97	 7.59±5.13	 8.94±8.14	 0.747
		  1.41–163.77 (6.62)	 0.40–25.92 (6.47)	 2.52–31.36 (5.99)

*CRP: C-reactive protein, NLR: Neutrophil/lymphocyte ratio, CAR: C-reactive protein/albumin ratio.

Table 5. Correlation between neer type and inflammation markers

			   NEER

		  r		  p

CRP*	 0.061		  0.431
Albumin	 −0.138		  0.072
CAR* 	 0.029		  0.706
NLO* 	 −0.034		  0.657

*CRP: C-reactive protein; NLR: Neutrophil/lymphocyte ratio; CAR: C-reactive 

protein/albumin ratio.
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CONCLUSION
Proximal humerus fractures are among the most common 
intra-articular fractures and are frequently associated with 
significant shoulder mobility impairments. The complexity of 
the fracture, including the number of fragments, serves as a 
critical predictor for potential complications in fracture union. 
Systematic monitoring of the body’s inflammatory response, 
alongside an analysis of its progression patterns, provides 
valuable insights for establishing evidence-based and effec-
tive clinical judgments.
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Objective: This study aimed to evaluate the response evaluation criteria in solid tumors (RECIST) using tumor measurements 
from computed tomography (CT) reports of hepatocellular carcinoma (HCC) patients before and after transcatheter arterial 
chemoembolization with various large language models (LLMs). 
Materials and Methods: Ninety-three patients were included after the exclusion criteria were applied. RECIST assessments 
were performed using Bard, Bing, and ChatGPT-4 in 2023, and their updated versions–ChatGPT-4, Gemini, and Copilot–in 
2025. Evaluations were based on RECIST categories determined by baseline and follow-up measurements of the longest 
tumor diameters from contrast-enhanced CT scans. A zero-shot prompting was used for the LLM inputs. LLM-generated 
RECIST classifications were compared with radiologist reports. Model performance was assessed in both years, and changes 
over time were analyzed.
Results: ChatGPT-4 (both 2023 and 2025) and Copilot (2025) achieved perfect scores across accuracy, precision, recall, and F1 
(all 1.000). Gemini improved significantly, with accuracy rising from 0.581 in 2023 (as Bard) to 0.989 in 2025. Bing’s accuracy 
also increased from 0.839 to 1.000 after being updated to Copilot. Cohen’s Kappa showed moderate agreement between 
ChatGPT-4 and Bing in 2023 (κ=0.612, p<0.001) and perfect agreement between ChatGPT-4 and Copilot in 2025 (κ=1.000). 
McNemar’s test showed no significant change for ChatGPT-4 between 2023 and 2025 (p=1.000), while Gemini and Copilot 
improved significantly (p<0.0001 and p=0.0003).
Conclusion: LLMs demonstrate strong potential in RECIST evaluation from CT reports in HCC patients, and ongoing 
improvements suggest they may increasingly aid radiological assessments in the future.
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INTRODUCTION
Artificial intelligence (AI) has advanced significantly in recent 
years and has acquired a significant role in many areas of diag-
nostic and interventional radiology.[1] Numerous studies on AI 
applications have been published, covering a broad spectrum 
of topics from image reconstruction to diagnostic support, re-
port writing, and dose optimization.[2] Large language models 
(LLMs), a type of generative AI, have gained widespread at-
tention in the past year, sparking discussions about their role 
in radiology.[3] These discussions have primarily centered on 
report generation, text mining in radiology reports, and report 
optimization.[4,5] Beyond diagnostic radiology, their use in inter-
ventional radiology is also under investigation.[6] Over the last 
few years, several notable LLMs have been released, including 
ChatGPT-3.5 and 4 by OpenAI, Bard by Google, and Bing by Mi-
crosoft. Studies have examined the knowledge levels of these 
models in radiology and their potential applications across 
various areas. For instance, a study by Bhayana et al.[7] evaluat-
ed ChatGPT’s performance on the radiology board exam and 
found that it answered 69% of the questions correctly.

In another study, the high text analysis capabilities of these 
models were leveraged to investigate the success of detect-
ing incidental findings in radiology reports using a single-shot 
learning prompt technique, yielding highly satisfactory re-
sults.[8] In addition, Schmidt et al.[9] focused on the ability of 
LLMs to detect speech errors in radiology reports. In this 
study, ChatGPT-4 demonstrated high accuracy in detecting 
both clinically significant errors (precision, 76.9%; recall, 100%; 
F1 score, 86.9%) and clinically insignificant errors (precision, 
93.9%; recall, 94.7%; F1 score, 94.3%). Based on such studies, 
the capacity of LLMs to analyze data in radiology reports ap-
pears quite noteworthy.

We designed this study to determine the level of knowledge 
of LLMs about response evaluation criteria in solid tumors 
(RECIST), which is a critical component of diagnostic and in-
terventional radiology in the follow-up of malignancy after 
treatment, and to reveal the potential use and reliability of 
LLMs in this regard in the future. In this study, we evaluated 
and compared the performance of Bard, Bing, and ChatGPT-4 
in the RECIST assessment. In addition, we conducted the same 
evaluation using the latest versions of these LLMs to demon-
strate their progress in this domain over time.

MATERIALS AND METHODS
Study Cohort
A publicly available dataset comprising hepatocellular carci-
noma (HCC) patients was utilized in the present study.[10,11] The 
dataset contained 105 HCC patients who were monitored with 
contrast-enhanced computed tomography (CT) both before 
and after the transcatheter arterial chemoembolization (TACE) 

procedure. The specific CT technique employed in the dataset 
was described in a previous study.[11] The mean baseline ex-
amination time in the dataset was 3 weeks before TACE, and 
the mean follow-up time was 9 weeks after the procedure. The 
dataset also contained reports from three radiologists, includ-
ing measurements of the longest diameter of lesions and the 
RECIST assessment. For this study, we utilized the measure-
ments and RECIST assessments from Radiologist 1, which in-
cluded evaluations for 93 out of 105 patients. In other words, 
baseline and follow-up measurements for 93 HCC patients 
were included in our study. All measurements were taken at 
the longest diameter of the tumor, and the radiologist con-
ducted a RECIST assessment based on the tumor’s growth and 
shrinkage rates. According to the radiologist’s assessment, this 
data set included 19 patients with complete response (CR), 40 
patients with partial response (PR), 28 patients with stable dis-
ease (SD), and 6 patients with progressive disease (PD). These 
assessments were validated by an experienced interventional 
radiologist (T.J.V.) with over 25 years of experience. This study 
was conducted following the Helsinki Declaration. Ethics 
committee approval and patient informed consent were not 
required since a publicly available dataset was used for this 
retrospective study.

LLMs

This study aimed to evaluate and compare the classification 
performance of LLMs in assessing treatment response based 
on the RECIST criteria. Six LLMs were included: ChatGPT4 
(2023), Bard (2023), Bing (2023), and their respective updat-
ed versions in 2025: ChatGPT4 (2025) (https://chatgpt.com/), 
Gemini (2025) (https://gemini.google.com/app?hl=tr), and 
Copilot (2025) (https://copilot.microsoft.com/). Baseline and 
follow-up tumor measurements were provided to LLM’s chat-
bots by entering the following initial prompt.

Prompt

“In an interventional radiology unit where TACE for HCC is 
frequently performed, we need a RECIST classification to 
evaluate the response of lesions to treatment. Can you use 
the pre-treatment (baseline) and post-treatment (follow-up) 
values of the longest diameter of the patient’s tumors to de-
termine the percentage of tumor growth and shrinkage and 
perform RECIST assessment of each tumor?” This prompt pro-
vided default hyperparameters to three different models and 
their updated versions in November 2023 and March 2025, 
respectively.

Moreover, no explanation or information was provided to the 
models during the RECIST assessment. In other words, the ze-
ro-shot learning technique was used for prompting. RECIST 
assessment responses of all models were then compared with 
the radiologist’s report as the gold standard label.
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Statistical Analysis

To assess the classification performance of LLMs across dif-
ferent versions and RECIST categories (CR, PR, SD, PD), stan-
dard evaluation metrics, including accuracy, macro precision, 
macro recall, and macro F1 score, were calculated. Confusion 
matrices were generated to visualize the distribution of cor-
rect and incorrect predictions across classes. To evaluate the 
agreement between models, Cohen’s Kappa coefficient was 
computed. Cohen’s Kappa analysis is interpreted as shown 
in Table 1.[12] Performance differences between model ver-
sions from 2023 to 2025 were analyzed using McNemar’s 
test. This test was applied both globally and within each RE-
CIST category (PR, SD, PD) to determine whether the chang-
es in classification performance were statistically significant 
across time. In addition, McNemar’s test was used for pair-
wise comparisons between different models within the same 
RECIST class to evaluate relative classification differences. 
The Wilcoxon signed-rank test was also used to compare 
model rankings based on accuracy and F1 score. P<0.05 was 
considered indicative of statistical significance. All statistical 
analyses and visualizations were performed using IBM Sta-
tistical Package for the Social Sciences Statistics version 23 
(IBM Corp., Armonk, NY, USA) and the Python programming 
language (scikit-learn, matplotlib, and seaborn libraries).

RESULTS
Of the 93 patients in the study, 59 were male and 34 
were female. The mean age of patients was 68.8±10.53. 
The mean baseline diameter of the lesions was 79.97 mm 
(15.6–243.9), and the mean follow-up diameter was 45.6 
mm (0–173.9 mm).

All LLMs defined it as CR if the lesion had completely disap-
peared, PR if there was more than 30% shrinkage, SD if there 
was between 20% growth and 30% shrinkage, and PD if there 
was more than 20% growth. As a result, all models automat-
ically considered the RECIST version 1.1 criteria without any 
RECIST definition. In addition, all chatbots calculated the per-
centage of change according to the following formula without 
any information from us.

Overall Performance

Among all models, ChatGPT 4 (2023 and 2025) and Copilot 
(2025) yielded optimal classification performance, achiev-
ing maximum values across all evaluated metrics (Accu-
racy, Precision, Recall, and F1 Score=1.00). Gemini (2025) 
demonstrated high overall performance (Accuracy=0.989, 
F1 Score=0.973), indicating a substantial improvement 
compared to its 2023 version (Bard), which exhibited the 
lowest performance across all metrics (Accuracy=0.581, 
F1 Score=0.437). Bing (2023) showed intermediate perfor-
mance (Accuracy=0.839, F1 Score=0.776). A detailed anal-
ysis is presented in Table 2, and confusion matrices for all 
models are shown in Figure 1.

Model Agreement and Evolution

Cohen’s Kappa analysis revealed moderate to substantial 
agreement among models in 2023, with the highest agree-
ment between ChatGPT4 and Bing (κ=0.612, p<0.001) (Table 
3). In contrast, 2025 models showed almost perfect agree-
ment, particularly between ChatGPT4 and Copilot (κ=1.000) 
(Table 4).

McNemar’s tests were performed to evaluate performance 
differences between model versions over time. No signifi-
cant difference was found between ChatGPT4 (2023 vs. 2025) 
(p=1.000), suggesting temporal consistency. In contrast, both 
Gemini and Copilot exhibited statistically significant improve-
ments between 2023 and 2025 (p<0.0001 and p=0.0003, re-
spectively) (Table 5). Gemini misclassified only one patient by 
labeling the case as SD, although it was actually PD. Similarly, 
Bard and Bing also misclassified this same patient in 2023, in-
correctly identifying it as a PR.

Class-level Analysis

The accuracies of the models in all groups are shown in Fig-
ure 2. Class-based comparisons showed that Gemini (2025) 
demonstrated statistically significant improvements in both 
PR and SD categories (p<0.001), while the difference in PD did 
not reach statistical significance (p=0.0736). Similarly, Copilot 

Table 1. Interpretation of Cohen’s Kappa statistic

Kappa value (κ)	 Level of agreement

κ<0	 Poor agreement (less than chance)
0.00–0.20	 Slight agreement
0.21–0.40	 Fair agreement
0.41–0.60	 Moderate agreement
0.61–0.80	 Substantial agreement
0.81–1.00	 Almost perfect agreement

Table 2. Performance metrics of the large language models in 
2023 and 2025

Model	 Accuracy	 Precision	 Recall	 F1 score

ChatGPT4 (2023)	 1.0	 1.0	 1.0	 1.0
Bard (2023)	 0.581	 0.429	 0.544	 0.437
Bing (2023)	 0.839	 0.921	 0.738	 0.776
ChatGPT4 (2025)	 1.0	 1.0	 1.0	 1.0
Gemini (2025)	 0.989	 0.991	 0.958	 0.973
Copilot (2025)	 1.0	 1.0	 1.0	 1.0
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(2025) significantly improved in the SD category (p=0.004) but 
not in the PR or PD classes (Table 6). All models demonstrated 
100% accuracy in identifying cases within the CR group.

DISCUSSION
This study investigated the accuracy of Bard, Bing, and 
ChatGPT-4 in 2023 and their updated versions in 2025 in the as-
sessment of response to locoregional therapy in patients with 
HCC. We provided the models with the baseline and follow-up 

longest tumor diameters as input. Afterward, the models were 
prompted to calculate tumor growth/shrinkage percentages 
and then perform a RECIST evaluation. No information other 
than baseline and follow-up values was provided during the 
LLM evaluation. The results were obtained without manipulat-
ing the models in any direction (zero-shot learning). As a result, 

Table 3. In 2023, the agreement analysis between the large 
language models

Models (2023)	 Cohen’s kappa	 p*

ChatGPT4 versus bard	 0.418	 <0.001
ChatGPT4 versus bing	 0.612	 <0.001
Bard versus bing	 0.349	 <0.001

*Wilcoxon signed-rank test.

Table 4. In 2025, the agreement analysis between the LLMs. 
The Wilcoxon signed-rank test could not be computed for 
the comparison between ChatGPT4 and Copilot, as all paired 
predictions were identical, resulting in zero differences across the 
answers

Models (2025)	 Cohen’s kappa	 p*

ChatGPT4 versus Gemini	 0.978	 0.317
ChatGPT4 versus Copilot	 1.000	 -
Gemini versus Copilot	 0.978	 0.317

*Wilcoxon signed-rank test. LLMs: Large language models.

Figure 1. Confusion matrices for all models.
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while minor variations existed between the models, all LLMs 
demonstrated high accuracy in calculating the percentage of 
tumor diameter change. In the RECIST assessment based on 
these calculations, both ChatGPT-4 versions achieved 100% ac-
curacy. Bard and Bing, on the other hand, significantly improved 
their accuracy from their 2023 version to the 2025 version.

LLMs have rapidly influenced millions worldwide. In medicine, 
researchers are actively exploring their potential to transform 
the field, particularly through their capacity to process vast 
medical texts using natural language processing. This ability 
holds promise for analyzing reports, identifying patient data 
patterns, and supporting clinical decisions. Their applications 
in medicine fall into three domains: Research, education, and 

Table 5. Accuracy analysis of answers across years. The number 
of patients for which the models answered correctly in 2023 and 
incorrectly in 2025, and the number of patients for which the 
models answered incorrectly in 2023 and correctly in 2025 are 
indicated, and statistical analysis is presented

Model evolution	 2023 correct/	 2023 incorrect/	 McNemar 
		  2025 incorrect	 2025 correct	 p-value

ChatGPT4	 0	 0	 0.000 
(2023 → 2025)
Bard → Gemini	 0	 38	 <0.0001
Bing → Copilot	 0	 15	 0.0003

Table 6. Accuracy analysis of class-based answers across years. The number of patients for which the models answered correctly in 2023 
and incorrectly in 2025, and the number of patients for which the models answered incorrectly in 2023 and correctly in 2025 are indicated, 
and statistical analysis is presented

Class	 Models	 2023 correct / 2025 incorrect	 2023 incorrect / 2025 correct 	 McNemar p-value

PR	 Bing (2023) → Copilot (2025)	 0	 1	 1.000
SD	 Bing (2023) → Copilot (2025)	 0	 10	 0.004
PD	 Bing (2023) → Copilot (2025)	 0	 4	 0.134
PR	 Bard (2023) → Gemini (2025)	 0	 33	 <0.001
SD	 Bard (2023) → Gemini (2025)	 0	 32	 <0.001
PD	 Bard (2023) → Gemini (2025)	 0	 5	 0.0736

PR: Partial response; SD: Stable disease; PD: Progressive disease.

Figure 2. The accuracies of the large language models in all response evaluation criteria in solid tumors groups.
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patient care.[13] In research, they assist with data analysis, lit-
erature review, and coding. In education, both medical and 
patient education are being explored, with studies assessing 
LLMs’ success in medical examinations and their role in pro-
ducing patient education materials.[14,15] For instance, Gilson et 
al.[14] evaluated ChatGPT’s performance on the United States 
Medical Licensing Examination, finding it achieved over 60% 
accuracy, comparable to a 3rd-year medical student’s basic 
competency. In patient care, LLMs may summarize histories, 
analyze images, and interpret clinical data, underscoring their 
versatility and broad applicability in clinical settings.[16]

Potential applications of LLM in radiology also cover a wide 
range of topics.[17] Given the advanced text analysis capabil-
ities of LLMs, the simplification of radiology reports and the 
extraction of some analytics from them are one of the main 
topics of research. In this regard, Fink et al.[18] compared GPT-
4 and ChatGPT to extract lesion parameters from CT reports 
and identify metastatic status and label oncological progres-
sion. The authors report that GPT-4 achieved 98.6% accuracy 
in extracting lesion parameters, 98.1% accuracy in identifica-
tion of metastatic status, and an F1 score of 0.96 in labeling 
oncological progression. In all tasks, GPT-4 showed superior 
performance in their study.

In our study, we tested and compared the accuracy of four 
different LLMs in calculating the growth and shrinkage rate 
of lesions and subsequent RECIST assessment, which are very 
important in diagnostic and interventional radiology. The 
findings of our study reveal that LLMs, especially updated ver-
sions, correctly classify patients, providing the most important 
hope for the future. Several studies in the literature have eval-
uated the performance of LLMs at different time points, high-
lighting their potential for continued improvement over time. 
A study evaluated the performance of LLMs (GPT-4, GPT-3.5, 
Claude, and Google Bard) on radiology exam questions over 3 
months, focusing on accuracy, subspecialty performance, and 
internal consistency.[19] Among the models, GPT-4 achieved 
the highest overall accuracy, although a slight downward 
trend was observed over time, while Claude demonstrated 
gradual improvement. The observed reduction in intra-mod-
el discordance across all models suggests increasing internal 
consistency, yet persistent variability across subspecialties 
and difficulty with fact-based questions highlight the current 
limitations of LLMs in domain-specific medical reasoning. Our 
study also found that while ChatGPT-4 was the most accurate 
model among the 2023 versions, both Bard and Bing showed 
a marked improvement in their 2025 versions.

Considering that LLMs can potentially be integrated into 
hospital image archiving and communication systems in the 
future, treatment response assessment applications can be 
created quickly and effectively by accessing patients’ reports 

and using baseline and follow-up measurement results.[20] 
Evaluating our findings with other studies in the literature, we 
conclude that in the future, LLMs, particularly advanced mod-
els like ChatGPT-4, will not only support physicians in their de-
manding daily routines but will also enable them to perform 
certain analyses of patients’ radiology reports. These models 
can also support the patient-physician interview by offering 
high accuracy in assessing treatment responses based on ra-
diology reports. This capability is crucial in oncology, where 
accurate assessment of treatment responses, such as in HCC, 
directly influences clinical decision-making. In addition, LLMs 
could enhance patient understanding by converting com-
plex medical information into clear, accessible language, aid-
ing patients and their families in comprehending diagnoses, 
treatment options, and expected outcomes. This improved 
communication can lead to better patient engagement and 
adherence to treatment plans. Ultimately, integrating LLMs 
into clinical workflows can promote a more efficient and pa-
tient-centered approach in healthcare, leading to improved 
outcomes for both physicians and patients.

The rapid development and strong performance of LLMs offer 
significant promise for healthcare innovation. However, their 
deployment brings several limitations and ethical concerns. 
A major issue is the inheritance of biases from training data, 
whose sources and quality are often uncertain, making bias 
correction challenging.[20,21] In addition, LLMs cannot verify the 
accuracy of their outputs, leading to potential misinformation 
or “hallucinations,” which may cause serious harm in medical 
contexts. Complex architectures also limit interpretability and 
hinder transparency and accountability.[22] While techniques 
such as the Chain of thought may help address some issues, 
robust solutions remain necessary. Patient privacy is another 
critical consideration; although anonymized data can be used, 
complete anonymization cannot always be guaranteed and 
increases ethical risks. Therefore, LLMs must be strictly secured 
against unauthorized access in healthcare settings.[20,22,23]

The current study has some limitations. First, the number of 
patients was limited. Studies investigating the RECIST assess-
ment of LLMs using much larger datasets are needed. Second, 
the present study only reported the baseline and follow-up 
longest diameters instead of providing the complete radiol-
ogy reports. In addition, the RECIST assessment is not only 
based on the longest diameter but also includes many other 
criteria. Hence, more studies with complete reports and larger 
sample sizes that include all the criteria used in the RECIST as-
sessment are recommended. However, in our study, we have 
demonstrated the capabilities of LLM in the field of radiology 
for exploratory purposes. As more comprehensive reports be-
come available, a comprehensive assessment of RECIST with 
LLMs can be conducted in the future.



152

Kaba et al. Temporal Evolution of LLMs for RECIST Eur Arch Med Res 2025;41(3):146–153

CONCLUSION
This study has demonstrated the evolution of LLMs over the 
years in terms of some medical knowledge and as an effective 
tool in RECIST assessment and revealed their potential advan-
tages in various medical and radiological contexts. LLMs can 
efficiently assess treatment responses in radiology reports and 
offer valuable support in managing the increasing workload of 
radiologists. Integrating LLMs into clinical workflows can sup-
port radiologists in current challenges and improve the overall 
quality of care, ultimately contributing to better outcomes for 
both physicians and patients.
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Objective: Chronic myeloproliferative neoplasms (MPNs) form a group of diseases characterized by clonal proliferation in all 
three cell lines of the bone marrow. “Philadelphia chromosome”-negative (Ph−) MPNs are primarily categorized into essential 
thrombocythemia (ET), polycythemia vera (PV), and primary myelofibrosis (PMF). The JAK-2 V617F mutation was found in 
95–98% of PV patients and 50% of ET and PMF patients. Later, JAK2 exon-12 mutations in PV, MPL W515L/K and calreticulin 
mutations in PMF and ET were identified. Another mutation observed in MPN patients is the additional sex combs like 
1 (ASXL1) gene mutation. This study investigated the frequency of ASXL1 gene mutations in 103 Ph− MPN patients and 
examined their impact on the disease’s clinical course and prognosis.
Materials and Methods: A total of 103 Ph− MPN patients were included in the study. DNA sequence analysis was used to 
screen for ASXL1 gene mutations using blood count samples.
Results: ASXL1 gene mutations were detected in 6 patients (5.8%) in our cohort. Screening of the 12th exon of the ASXL1 
gene revealed the most common mutation as c.1934dupG (p.g646TrpfsX12) and the second most frequent as c.1954G.a 
(p.G652S). The group with ASXL1 gene mutations showed higher rates of thrombosis. In our MPN group with an average 
follow-up duration of 4.1 years, non-hematologic cancer rates (solid tumors) were found to be considerably high (14.5%). 
80% of these patients had the JAK-2 V617F mutation. Two patients with the JAK-2 V617F mutation also had the ASXL1 
c.1954G.a (p.G652S) gene mutation.
Conclusion: In our cohort, the diagnosis of non-hematologic cancer following the use of hydroxyurea in five patients initially 
diagnosed with MPN suggests that hydroxyurea use might contribute to the development of non-hematologic cancer. 
On the other hand, the development of secondary cancer in two patients without hydroxyurea use post-MPN diagnosis 
indicates that factors other than hydroxyurea may also influence the development of non-hematologic cancers.
Keywords: Additional sex combs like 1, Chronic myeloproliferative neoplasms, Essential thrombocythemia, Myeloproliferative 
neoplasms, Polycythemia vera, Primary myelofibrosis
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INTRODUCTION
Myeloproliferative neoplasms (MPNs) are a group of diseases 
resulting from mutations in pluripotent hematopoietic stem or 
progenitor cells, leading to persistent and progressive increas-
es in all three cell lines of the bone marrow. Chronic myeloid 
leukemia (CML) in this group is characterized by the presence 
of the “Philadelphia chromosome” and its oncogene BCR-ABL. 
Ph-negative (Ph−) MPNs are categorized into essential throm-
bocythemia (ET), polycythemia vera (PV), and primary myelofi-
brosis (PMF). The discovery of the JAK-2 V617F mutation in 2005 
revealed its presence in 95–98% of PV patients and 50% of ET 
and PMF patients.[1] It is crucial to exclude reactive erythrocy-
tosis and thrombocytosis in the diagnosis of these diseases.[2,3]

The additional sex combs like 1 (ASXL1) gene is the human 
homolog of the “Additional sex combs (Asx)” gene found in 
Drosophila located at 20q11, ASXL1 encodes a 1084 amino 
acid nuclear protein. The exact function of the ASXL1 protein 
is not fully understood, but it is believed to control epigene-
tic changes through histone modification. ASXL1 gene muta-
tions are predominantly frameshift mutations located in the 
12th exon, typically resulting in the loss of the carboxy-ter-
minal plant homeofinger domain. ASXL1 gene mutations are 
observed in PV at a rate of 2–7%, in ET at 0–10%, and in PMF 
at 13–32%. Studies suggest that ASXL1 influences gene tran-
scription by binding to chromatin, activating certain regions 
while repressing others, thus potentially contributing to the 
development of myeloid neoplasms.[4-6] ASXL1 gene muta-
tions have also been demonstrated in different hematologic 
malignancies, including MDS, AML, and CMML.[7]

In this study, conducted at the Hematology Clinic of Istanbul 
Bilim University Faculty of Medicine, the frequency of ASXL1 
gene mutations was investigated in 103 Ph− MPN patients, 
along with their impact on the clinical course and prognosis of 
the disease. ASXL1 gene mutations were screened using DNA 
sequence analysis of blood count samples taken during rou-
tine clinic visits, and their effects on clinical progression and 
prognosis were examined.

MATERIALS AND METHODS
This study included 103 patients (48 ET, 46 PV, 9 PMF) diagnosed 
with Ph− MPN meeting the criteria of the World Health Orga-
nization.[8] The study received approval from the Ethics Com-
mittee of Istanbul Bilim University (Date: 17.02.2015, Number: 
44140529/2015-30) and was conducted with informed consent 
from the patients. The study was supported by the Istanbul 
Bilim University Research Fund. All procedures were followed in 
accordance with the ethical standards of the Responsible Hu-
man Experimentation Committee (institutional and national) 
and with the 1964 Helsinki Declaration and its later versions.

Demographic and clinical data of the included patients, in-

cluding the onset of the disease, initial hemoglobin, leukocyte, 
platelet levels, presence of initial splenomegaly, thrombosis 
and bleeding complications, malignancy, and cytogenetic ex-
aminations (JAK-2 V617F, JAK-2 EXON 12, MPL W515L/K, calre-
ticulin [CALR]), and administered drugs were reviewed.

Venous blood samples from the included patients were col-
lected and processed at the Molecular Hematology and On-
cology Laboratory of Istanbul Bilim University, where DNA 
isolation was performed, followed by sequencing analysis to 
screen for ASXL1 gene mutations.

Genomic DNA isolation was performed from 103 patients (48 
ET, 46 PV, 9 PMF) diagnosed with Ph− MPN using a DNA iso-
lation kit (HibriGen Biotechnology, Istanbul, Türkiye). The liq-
uid containing genomic DNA was stored at +4°C until analysis 
time. For mutation analysis, the 12th exon of the ASXL1 gene 
was amplified using polymerase chain reaction (PCR) with a 
designed primer pair (Table 1).

ASXL1 gene mutations were analyzed using a device oper-
ating on the principle of Sanger’s dideoxy method (Applied 
Biosystems ABI 310xl Genetic Analyzer). The target region for 
examination was amplified using the PCR program outlined 
in Table 1. The success of amplification in PCR was verified by 
loading 5 µL of the product on a 2.5% (w/v) agarose gel. DNA 
sequencing was then performed in four stages. PCR products 
were purified using a column-based kit (PCR purification kit, 
HibriGen Biotechnology, Istanbul, Türkiye) and checked on a 
2% (w/v) agarose gel. Samples not visible on the gel under-
went PCR again. The purified samples were subjected to cycle 
sequencing on the same day. The cycle sequencing protocol 
was carried out according to the protocol below using the 
“ready reaction mix” from the kit (BigDye Terminator v3.1 Cycle 
Sequencing Kit, Applied Biosystems) containing fluorescently 
labeled four different dideoxy nucleotides.

Table 1. PCR mixture used for amplification of exons

PCR components	 µL/Tube	 Final concentration

Sterile ultra-pure water	 16.7	 -
10× PCR buffer	 2.0	 1X
MgCl2 (25 mM)	 1.0	 0.25 mM
dNTP mix (25 mM)	 1.5	 1.5 mM
Primer 1 (10 pmol/µL)	 0.8	 0.8 pmol
Primer 2 (10 pmol/µL)	 0.8	 0.8 pmol
Taq DNA polymerase (5U/µL)	 0.2	 1U
DNA	 2	 -
Total volume	 25	 -

PCR: Polymerase chain reaction.
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Ready reaction mix: 8 μL Primer (3.2 pmol): 4 μL

DNA sample 2–5 μL dH2O: 3–6 μL

Total volume: 20 μL

Cycle sequencing was performed using the forward and reverse 
primers used in the PCR stage, and the sequencing mixture was 
prepared and applied according to the program below.

96°C for 10 s

50°C for 5 s 25 cycles

60°C for 4 min

4°C indefinitely

After cycle sequencing, a further purification step was conducted 
to clean the products from residuals. 2 μL of NaAc with pH 4.6 was 
added to the PCR product, followed by 50 μL of 95% (v/v) etha-
nol. The mixture was transferred to 1.5 mL tubes, gently mixed by 
tapping, and incubated on ice for 15 min. It was then centrifuged 
at 13,000 rpm for 20 min. The supernatant was removed, and 
250 μL of 70% (v/v) ethanol was added, gently mixed, and centri-
fuged at 13,000 rpm for 5 min. After discarding the supernatant, 
the samples were left to dry at room temperature. The lyophilized 
DNA samples were either immediately loaded onto the analyzer 
(ABI Prism 310 Genetic Analyzer, Applied Biosystems) or stored at 
−20°C for up to 1 week for later analysis.

Statistical Analysis

Statistical analyses in this study were performed using Number 
Cruncher Statistical System 2007 Statistical Software (Utah, USA). 
Descriptive statistical methods (standard deviation, mean) were 
used for data evaluation, along with independent t-tests for com-
paring two groups, Chi-square, Fisher’s exact test, odds ratio (OR) 
values, and Tukey’s multiple comparison test for qualitative data 
comparisons. Results were considered significant at p<0.05.

RESULTS
In this study, a total of 103 patients with Ph− MPN, including 
48 with ET, 46 with PV, and 9 with PMF, were examined. The 
gender distribution consisted of 58 female and 45 male pa-
tients. The average follow-up duration for our patient group 
was 4.21 years (standard deviation 3.83 years).

A statistically significant difference in gender distribution was 
observed among the ET, PV, and PMF groups (p=0.0001) (Ta-
ble 2). There was no statistically significant difference in the 
average ages and diagnosis ages among the ET, PV, and PMF 
groups; however, PMF patients being of older age was note-
worthy (respectively, p=0.632, p=0.563) (Table 2).

The presence of JAK-2 V617F was significantly higher in the PV 
group as expected (p=0.041). There was no statistically signifi-
cant difference in the presence of CALR mutations between ET 
and PMF groups (p=0.067) (Table 3).

Table 2. Demographic characteristics of patients diagnosed with ET, PV, and PMF

		  ET n=48	 PV n=46	 PMF n=9	 p

Age	 52.75±19.87	 55.33±15.72	 58.11±16.81	 0.632
Age of diagnosis	 48.52±19.06	 50.5±16.15	 55.33±19.22	 0.563
Gender, (%)				    0.0001
	 Female	 32 (66.67)	 26 (56.52)	 0 (0.00)
	 Male	 16 (33.33)	 20 (43.48)	 9 (100.00)

ET: Essential thrombocythemia; PV: Polycythemia vera; PV: Primary myelofibrosis.

Table 3. Presence of genetic mutations in patients diagnosed with ET, PV, and PMF

Mutation	 ET n=48 (%)	 PV n=46 (%)	 PMF n=9 (%)	 p

JAK-2 V617F	 29 (60.42)	 39 (84.78)	 4 (44.4)	 0.041
MPL W515L/K	 0 (0.00)	 0 (0.00)	 1 (11.11)	 0.004
CALR	 6 (12.50)	 0 (0.00)	 1 (11.11)	 0.067
ASXL1	 3 (6.25)	 2 (4.35)	 1 (11.11)	 0.720
c.1934dupG (p.g646TrpfsX12)	 3 (6.25)	 1 (2,17)	 0 (0.00	 0.509
c.1954g.a (p.G652S)	 0 (0.00)	 1 (2.17)	 1 (11.11)	 0.061

ET: Essential thrombocythemia; PV: Polycythemia vera; PV: Primary myelofibrosis.
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Among the 6 patients with ASXL1 gene mutations, 3 had ET 
(50%), 2 had PV (33.33%), and 1 had PMF (16.67%). Patients 
with ASXL1 gene mutations tended to be older in terms of age 
and diagnosis age compared to those without the mutations, 
but this difference was not statistically significant (Table 4).

When patients diagnosed with ET, PV, and PMF were grouped 
based on the presence of ASXL1 gene mutations, patients with 
these mutations tended to have higher initial platelet and he-
moglobin averages. Their initial leukocyte and neutrophil aver-
ages were lower. However, due to the small number of patients, 
no statistically significant difference was found between the av-
erage values of initial hemoglobin, leukocyte, platelet, and neu-
trophil levels. There was no statistically significant difference 

observed in the distribution of initial symptoms such as itching, 
plethora, fever, weight loss, and sweating between the two 
groups (respectively, p=0.304, 0.516, 0.313, 0.295, 0.547). Con-
stitutional symptoms were notably less in patients with ASXL1 
gene mutations. Similarly, no statistically significant difference 
was observed in the presence of splenomegaly between the 
two groups (p=0.286), with a higher likelihood of splenomegaly 
in the group without ASXL1 gene mutations (Table 5).

An interesting observation in our study group was that non-he-
matologic (solid) cancers were more prevalent than expected. In 
our cohort of 103 patients, 15 (14.5%) had a total of 17 non-he-
matologic cancers. In 7 patients, cancer was known before the 
MPN diagnosis (1 sarcoma, 1 bladder cancer and renal cell can-
cer, 1 basal cell cancer, 1 colon cancer, 3 breast cancers), while 7 
patients were diagnosed with non-hematologic cancer follow-
ing an MPN diagnosis (1 basal cell cancer and parotid squamous 
cell cancer, 1 breast cancer, 1 pancreatic cancer, 1 cervical can-
cer, 1 lung cancer, 2 prostate cancers). In one patient, MPN and 
non-hematologic cancer were diagnosed simultaneously.

Molecular characteristics of patients with non-hematologic 
cancers revealed that 12 had the JAK-2 V617F mutation (12/15, 
80%), and 1 had CALR mutations. Two patients had both JAK-2 
V617F and ASXL1 c.1954g.a (p.G652S) mutations. Two patients 
were negative for all mutations, and the Ph− MPN diagnosis 
was made through bone marrow biopsy.

Patients were treated with hydroxyurea and interferon (IFN) 
for MPN. Ten patients had been diagnosed with non-hemato-
logic cancer without having received any prior treatment. Five 
patients had a history of long-term hydroxyurea use. The av-
erage age of patients with non-hematologic cancer in Ph (−) 
MPN was 64.06, and the average age of diagnosis was 58.5.

Table 4. Comparison of demographic characteristics of patients 
diagnosed with ET, PV, and PMF based on the presence of ASXL1 
gene mutations

Parameters	 ASXL1 (+)	 ASXL1 (−)	 p

Age	 54.51±17.82	 52.17±18.49	 0.756
Age of diagnosis	 50.13±17.74	 47.5±20.98	 0.728
Gender, (%)			 
	 Female	 3 (50.00)	 55 (56.70)	 0.748
	 Male	 3 (50.00)	 42 (43.30)	
Diagnosis, (%)			 
	 ET	 3 (50.00)	 45 (46.39)	 0.720
	 PV	 2 (33.33)	 44 (45.36)	
PMF	 1 (16.67)	 8 (8.25)	

ASXL1: Additional sex combs like 1; ET: Essential thrombocythemia; PV: 

Polycythemia vera; PV: Primary myelofibrosis.

Table 5. Comparison of clinical characteristics of patients diagnosed with ET, PV, and PMF based 
on the presence of ASXL1 gene mutations

Clinical feature	 ASXL1 (+) n=6	 ASXL1 (−) n=97	 p

Initial hemoglobin (g/dL)	 14.12±2.53	 13.96±2.64	 0.890
Initial platelets (mm3)	 733.83±559.84	 629.56±392.63	 0.540
Initial leukocytes (mm3)	 9486.67±3756.1	 11249.37±5484.53	 0.441
Initial neutrophils (mm3)	 4948±4105.79	 7596.51±4302.93	 0.186
Itching (%)	 1 (0.9708)	 39 (37.864)	 0.304
Plethora (%)	 1 (0.9708)	 30 (29.126)	 0.516
Fever (%)	 0 (0.00)	 15 (14.563)	 0.313
Weight loss (%)	 0 (0.00)	 16 (15.533)	 0.295
Sweating (%)	 1 (0.9708)	 29 (28.155)	 0.547
Splenomegaly (%)	 2 (1.941)	 54 (52.427)	 0.286

ASXL1: Additional sex combs like.
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DISCUSSION
The gender distribution of the 103 included Ph(−) MPN pa-
tients showed 58 females and 45 males. In the largest study 
reported from Türkiye, involving 184 Ph(−) MPN patients, the 
female-to-male ratio was reported as 54.3% female and 45.7% 
male (58/49) in ET cases and 55.84% female, 44.16% male 
(43/34) in PMF cases.[9] Due to the small number of PMF pa-
tients in our study, it is not possible to make a definitive com-
ment on the difference in gender distribution.

The average diagnosis age of our ET patients was 
48.52±19.06; for PV patients, it was 50.5±16.15, and for PMF 
patients, it was 55.33±19.22. Although no statistically sig-
nificant difference was found when comparing the average 
onset ages, our findings indicate that ET tends to occur in 
relatively younger individuals, whereas PMF is seen in an 
older patient group. The literature reports average ages of 
50–57 for ET, 60 for PV, and 65 for PMF.[10] The average diag-
nosis ages for Ph(−) MPN subgroups in our cohort were no-
tably lower. This may be explained by the ability to screen 
all patients in our laboratory for the 3 mutations (JAK-2 
V617F, CALR, MPL W515L/K) considered significant markers 
in the diagnosis of Ph(−) MPN. Routine use of molecular di-
agnostic methods can be considered as facilitating factor 
for earlier diagnosis in patients.

When initial hematologic parameters were considered, as ex-
pected, high platelet counts in ET, high erythrocyte counts in 
PV, and high leukocyte and neutrophil counts in PMF were 
observed. There was a statistically significant difference in the 
distribution of splenomegaly presence among ET, PV, and PMF 
groups; a lower incidence of splenomegaly was observed in 
the ET group, while a higher tendency for splenomegaly was 
noted in the PMF group.

In this study of Ph− MPN patients, when evaluated for com-
monly occurring clonal mutations, the JAK-2 V617F mutation 
was detected in 71.3% of patients (72/103). Examining the dis-
tribution across subgroups, this mutation was found in 84.78% 
of PV patients (39/46), 60.42% of ET patients (29/48), and 50% 
of PMF patients (4/8). One PV patient was found to have the 
JAK-2 exon 12 mutation, bringing our detection rate of mutant 
JAK-2 molecules in PV patients to 87%. Compared to the liter-
ature, the rate of JAK-2 mutations in our PV patient group was 
low.[11] Several interpretations can be made for this. In some 
cases, the JAK-2 V617F mutation could not be demonstrated 
in peripheral blood cells but was positive in genetic examina-
tion from bone marrow. Unfortunately, not all patients with 
negative JAK-2 mutations underwent genetic examination 
from bone marrow, as some were diagnosed based on bone 
marrow biopsies performed at external centers and did not 
consent to a second marrow procedure.

CALR mutations were found in a total of 7 patients, with 6 in 
the ET group and one in the PMF group. The MPL W515L/K mu-
tation was demonstrated in only one PMF patient.

In our study group, ASXL1 gene mutations were detected in 6 
patients (5.8%). These mutations were present in 6.25% of ET 
patients (3/48), 4.35% of PV patients (2/46), and 11.11% of PMF 
patients (1/9). Looking at the distribution of these mutations 
by diagnosis in the literature, the frequencies are reported as 
2–7% in PV, 0–10% in ET, and 13–32% in PMF.[9,12–16] Although 
there are different results in studies concerning ASXL1 gene 
mutations, the frequency is generally given as approximate-
ly 10% in Ph(−) MPN patients.[13] In a study published in 2011 
by Stein et al.,[15] 166 MPN patients were evaluated for ASXL1 
gene mutations. ASXL1 gene mutations were found in 2% of 
PV patients, 32% of PMF patients, and none in ET patients. 
In another study conducted in 2012 by Brecqueville et al.,[12] 
ASXL1 gene mutations were investigated in 149 MPN patients: 
found in 7% of 30 PV patients, 4% of 53 ET patients, 20% of 
30 PMF patients, 50% of 4 post-PV PMF patients, and 10% of 
10 post-ET PMF patients. In a study by Gelsi-Boyer et al.[16] in 
2009, the frequencies were determined as 2–5% in PV, 5–10% 
in ET, and 13–26% in PMF. In a study conducted in Türkiye by 
Yonal-Hindilerden et al.,[9] the frequency of ASXL1 gene muta-
tions in 184 MPN patients was investigated and found to be 
8.4% in ET (9/107) and 24.7% in PMF (19/77).

In our Ph− MPNs cohort, the most common mutations 
found upon screening the 12th exon of the ASXL1 gene were 
c.1934dupG (p.g646TrpfsX12) in four patients, followed by 
c.1954G.a (p.G652S) in two patients. No other mutations were 
detected. Similar to another study conducted in Türkiye, only 
exon 12 of the ASXL1 gene was screened, identifying the same 
frequent mutations: c.1934dupG (p.g646TrpfsX12), c.1954G.a 
(p.G652S), and 1900_1922 del.[9]

Internationally, the most commonly observed mutation is 
also c.1934dupG (p.g646TrpfsX12). In a study by Gelsi-Boyer 
et al.[7] in 2012, this mutation was found in over 50% of pa-
tients with ASXL1 gene mutations. In a cohort study by Stein 
et al.,[15] c.1934dupG (p.g646TrpfsX12) was the most frequent 
mutation found, followed by c.1900_1922del and c.1954G.a 
(p.G652S). Tefferi et al.’s[17] study similarly highlighted the prev-
alence of the c.1934dupG (p.g646TrpfsX12) variant.

Due to the limited number of ASXL1 gene mutations 
(c.1934dupG p.g646TrpfsX12, c.1954G.a p.G652S) in our pa-
tient group, it was not possible to separately analyze these two 
ASXL1 variants. Statistical analysis was conducted by grouping 
patients based on the presence or absence of ASXL1 gene mu-
tations. The relationship between ASXL1 gene mutations and 
epidemiological and clinical findings is not yet fully clarified 
in the literature, and there are conflicting interpretations. In 
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our patient group, the gender distribution among the six pa-
tients with ASXL1 gene mutations was equal (3 males and 3 
females). The average age was 54.51±17.82, and the average 
age at diagnosis was 50.13±17.74. Although no statistically 
significant difference was found between patients with and 
without ASXL1 gene mutations in terms of average age and 
diagnosis age, it is notable that those with ASXL1 gene muta-
tions tended to be older.

In a cohort study by Stein et al.[15] involving 83 patients, those 
carrying ASXL1 gene mutations were found to have a lower 
average onset age and average age, though the difference 
was not statistically significant (p=0.14 and 0.67, respective-
ly). Vannuchi et al.’s[18] study covering 879 Ph(−) MPN patients 
found ASXL1 gene mutations more frequently in older pa-
tients. In a 2012 study by Brecqueville et al.[12] involving 127 
Ph(−) MPN patients, the average age of patients with ASXL1 
gene mutations was 74, significantly older than the 63 years in 
those without mutations (p=0.008). In a Turkish study involv-
ing 184 Ph(−) MPN patients, the diagnosis age and average 
age were higher in those with ASXL1 gene mutations com-
pared to those without.[9]

The distribution of ASXL1 gene mutations and their demo-
graphic characteristics in PV, ET, and PMF are contradictory in 
the literature. In our study, ASXL1 gene mutations were more 
common in women than in men in ET (66.7%), equally distrib-
uted in PV, and only found in male patients in PMF. Due to the 
small number of patients and the presence of only male pa-
tients in the PMF group in our study, it is not feasible to make 
a definitive comment on these observations.

In our study, we investigated the impact of ASXL1 gene mu-
tations on the initial platelet and hemoglobin averages in 
patients with Ph− MPNs. It was observed that patients with 
ASXL1 gene mutations had higher initial hemoglobin and 
platelet averages, but lower initial leukocyte and neutrophil 
averages compared to those without mutations. Due to the 
small number of patients, these findings were not statistical-
ly significant. Although not statistically significant, the higher 
platelet counts in ASXL1-positive patients may be attributed 
to the higher proportion of ET patients (50%) in this group. 
This contrasts with another study conducted in Türkiye by Yo-
nal-Hindilerden et al.,[9] where patients with Ph(−) MPN and 
ASXL1 gene mutations had higher initial leukocyte values 
compared to the group without mutations, while the initial 
platelet and hemoglobin values were similar in both groups. In 
a cohort study by Stein et al.,[15] initial leukocyte, hemoglobin, 
and platelet values were found to be similar in PMF patients 
with and without ASXL1 gene mutations. Brecqueville et al.[12] 
found no difference in initial leukocyte and platelet counts 
between groups with and without ASXL1 gene mutations, 
although hemoglobin levels were lower in those with muta-

tions. Overall, results in the literature vary significantly.

In our study, the rate of splenomegaly in patients with ASXL1 
gene mutations was lower (33.33% vs. 55.67%). The relation-
ship between ASXL1 gene mutations and splenomegaly has 
been highlighted in a few studies. In a cohort study by Stein 
et al.,[15] spleen sizes were compared in PMF patients with and 
without ASXL1 gene mutations, but no significant difference 
was found. Yonal-Hindilerden et al.’s[9] study also found no 
significant difference in the presence of splenomegaly and 
spleen sizes between ET and PMF patients with and without 
ASXL1 gene mutations. Unfortunately, in our study, not all pa-
tients had ultrasound data for spleen sizes, so no conclusions 
could be drawn in this regard.

Our study found that the development of thrombosis was 
1.66 times higher in patients with ASXL1 gene mutations 
compared to those without. The rate of arterial thrombosis 
was 66.7% and venous thrombosis was 33.3% in patients with 
ASXL1 gene mutations. In the mutation-negative group, the 
rates were 14.4% for arterial thrombosis and 20.6% for venous 
thrombosis. Few studies in the literature investigate the rela-
tionship between ASXL1 gene mutations and thrombosis. In 
a 2012 study by Brecqueville et al.,[12] no significant difference 
was found in the development of thrombosis between patient 
groups with and without ASXL1 mutations. Similarly, in Yo-
nal-Hindilerden et al.’s[9] recent study, the rates of thrombosis 
development were similar between groups with and without 
ASXL1 mutations. In contrast, our study demonstrated high-
er rates of arterial thrombosis in the group with ASXL1 gene 
mutations.

The relationship between ASXL1 gene mutations and surviv-
al has been the subject of numerous studies. In a 2012 study 
by Brecqueville et al.,[12] it was observed that in a group of 44 
patients with PMF, those with ASXL1 gene mutations had a 
shorter 5-year survival rate compared to those without muta-
tions (56% vs. 87%). A cohort study by Mayo Clinic involving 
279 PMF patients found similar 5-year survival rates in groups 
with and without ASXL1 gene mutations.[18] A 2012 study by 
Gelsi-Boyer et al.[7] showed that patients with ASXL1 gene 
mutations had a worse prognosis. In an international study 
published in 2014 by Tefferi et al.,[19] involving 570 PMF pa-
tients, the presence of ASXL1 gene mutations was identified 
as a poor prognostic factor. It was shown that patients with 
these mutations were older, had higher DIPSS-Plus scores, and 
significantly reduced survival. The same study also indicated 
that CALR type 1 mutations had a favorable prognostic im-
pact. Based on these findings, Tefferi et al.[19] suggested that 
ASXL1 and CALR gene mutations should be examined in all 
PMF patients and included in the DIPSS-Plus scoring. In a 2016 
study by Alvarez Argote et al.,[20] survival was also shorter in 
the presence of ASXL1 mutations in PMF. In our study, the av-
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erage follow-up period for PMF patients is <5 years. All 9 PMF 
patients in our group are still under follow-up, with no cases of 
death or leukemic transformation. Therefore, it is not possible 
to comment on survival at this stage.

The association of ASXL1 gene mutations with hematologic 
malignancies other than MPN has been known since its first 
description in the literature. ASXL1 mutations in AML are pre-
dominantly associated with patients with secondary AML.[20] A 
study of 40 patients with MDS/AML by Gelsi-Boyer et al.,[16] con-
ducted during genetic research, identified ASXL1 gene muta-
tions. In this 2009 study, ASXL1 gene mutations were found in 
4 out of 35 patients with MDS (11%) and 17 out of 39 patients 
with chronic myelomonocytic leukemia (43%). Another study 
by Carbuccia reported ASXL1 gene mutations in 5 out of 64 
patients with MPN (8%) and 11 out of 63 patients with AML 
(17%).[13,21] In a 2010 study by Boultwood et al.,[22] ASXL1 gene 
mutations were detected in 5 out of 79 MDS patients (6%), 17 
out of 55 patients with refractory anemia with excess blasts 1 
(31%), and 17 out of 67 AML patients (25%).

It is known that in Ph(−) MPNs, conversion to acute leukemia 
may occur during follow-up in 1–5% of patients. However, 
the association between MPNs and non-hematologic cancers 
(solid tumors) is not well documented in the literature. None 
of the patients in our cohort transformed to acute leukemia, 
which could be attributed to the relatively short average fol-
low-up time (4.66 years). On the other hand, in our cohort, 17 
non-hematologic cancers (solid tumors) were identified in 15 
patients (14.5%, 15/103), which is considerably higher than 
what might be expected in a normal population of the same 
age. The increased frequency of non-hematologic cancers can 
be explained by several hypotheses.

Firstly, it could be speculated that mutations associated with 
MPN might facilitate the development of other malignancies. 
When we examined the molecular characteristics of our pa-
tients who developed non-hematologic cancers, MPN mu-
tations were found in all except two patients (12 with JAK-2 
V617F mutations, one with a CALR mutation). Also in two 
patients, both JAK-2 V617F and ASXL1 c.1954G.a (p.G652S) 
mutations were detected. One of the patients with a diagno-
sis of non-hematologic cancer before the diagnosis of MPN 
had an ASXL1 c.1954G.a (p.G652S) mutation. These mutations 
are known to activate cell proliferation pathways, but current 
knowledge supports that they are somatic mutations occur-
ring only in hematopoietic stem cells. Therefore, it seems un-
likely that these mutations would induce malignant transfor-
mation in other cell lineages. There is no literature evidence 
that JAK-2 V617F and CALR mutations occur in non-hemato-
logic cell lines. A study by Lee et al.[23] that screened for JAK-2 
V617F mutations in gastric cancers with activated JAK-STAT 
pathways found no positive cases.

The second possibility is the risk of developing secondary can-
cers due to drugs used in MPN treatment, particularly hydroxy-
urea. There is a significant amount of literature on the risk of 
secondary cancer development associated with hydroxyurea. 
One of the most significant studies in this regard is by Kisso-
va et al.,[10] who investigated secondary cancer development 
in 172 Ph(−) MPN patients. In their study, 19.7% of the 66 pa-
tients treated with hydroxyurea developed secondary cancers, 
predominantly skin cancers (especially squamous cell carcino-
ma), which is a higher rate compared to those who used other 
cytoreductive treatments or did not use hydroxyurea. Another 
study by Hansen et al.,[24] reported an increased risk of second-
ary malignancies in MPN patients treated with hydroxyurea 
compared with patients treated with IFN-alfa 2. In a study con-
ducted by Mathur et al.[25] in 2022, 10.2% of 324 MPN patients 
treated with hydroxyurea and 2% of 47 patients who did not 
receive hydroxyurea developed skin tumors during follow-up. 
In a 2020 study, Saliba et al.,[26] was found that myelofibrosis 
is independently associated with an increased risk of non-he-
matologic malignancies. In our patient group, 7 patients had 
a history of malignancy before MPN diagnosis. Five patients 
developed non-hematologic cancers following MPN diagnosis 
and hydroxyurea treatment. Two patients developed second-
ary cancers after an MPN diagnosis without using hydroxyurea 
or another cytoreductive drug/IFN. These findings suggest 
that factors other than hydroxyurea may also contribute to 
the development of non-hematologic cancers in our patients. 
Further research involving larger patient groups is planned to 
continue exploring this issue.

Our finding of 14.5% non-hematologic cancer frequency is no-
tably higher than the 6.6% secondary solid cancer rate report-
ed by Hindilerden et al.[27] in a recent multicenter Turkish study 
of 1013 Ph− MPN patients, though their study found similar as-
sociations with arterial thrombosis and potential protective ef-
fects of interferon-based therapy. Our finding that c.1934dupG 
(p.G646WfsX12) was the most common ASXL1 mutation (4/6 
patients, 66.7%) is consistent with recent literature, as Yang 
et al.[28] similarly identified G646WfsX12 as the most frequent 
amino acid change (47.06%) in their cohort of 34 ASXL1-mu-
tated AML/MDS patients, and notably demonstrated that mu-
tations in G646W were independently associated with worse 
prognosis (HR=4.302, 95% confidence interval: 1.150-16.097).

This study has several limitations that should be acknowl-
edged. First, the small sample size, particularly in the PMF 
group (n=9) and overall ASXL1-positive cohort (n=6), limits 
statistical power and generalizability. Second, we screened 
only exon 12 of ASXL1, potentially missing mutations in other 
regions. Third, we did not assess ASXL1 mutation allele burden 
or perform tissue-specific analysis beyond peripheral blood. 
Fourth, potential confounding factors for non-hematologic 
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cancer development, including smoking history, environ-
mental exposures, family history, and specific hydroxyurea 
dosing, were not collected. Finally, our follow-up period av-
eraging 4.21 years may be insufficient to detect all long-term 
outcomes including leukemic transformation. Despite these 
limitations, our study provides valuable preliminary data on 
ASXL1 mutations in a Turkish MPN cohort and generates hy-
potheses for future research.

CONCLUSION
In this study focusing on Ph− MPNs, ASXL1 gene mutations 
were screened, revealing several significant findings. ASXL1 
gene mutations were detected in 6.25% of ET patients (3/48), 
4.35% of PV patients (2/46), and 11.11% of PMF patients (1/9). 
The gender distribution among patients with these mutations 
was found to be equal, and patients with ASXL1 gene muta-
tions tended to be older on average compared to those with-
out. Furthermore, patients with ASXL1 gene mutations exhib-
ited higher initial hemoglobin and platelet values but lower 
leukocyte and neutrophil values. Although not statistically sig-
nificant splenomegaly rates were lower in patients with ASXL1 
gene mutations, and the most common mutations identified 
were c.1934dupG (p.g646TrpfsX12) and c.1954G.a (p.G652S). 
Notably, thrombosis rates, particularly arterial thrombosis, 
were higher in the group with ASXL1 gene mutations.

In addition, a significant observation in our MPN cohort was 
the high rate of non-hematologic cancers (solid tumors), 
found in 14.5% of patients, with 80% of these patients car-
rying the JAK-2 V617F mutation. Intriguingly, two patients 
with JAK-2 V617F mutation also had ASXL1 gene mutations, 
both specifically the c.1954G.a (p.G652S) mutation. Similar to 
our study, a case report published by Liu et al.[29] showed that 
JAK2 V617F mutation was associated with myeloproliferative, 
lymphoproliferative and solid neoplasms. The occurrence of 
non-hematologic cancers following hydroxyurea treatment in 
five patients initially diagnosed with MPN suggests a potential 
link between hydroxyurea use and the development of such 
cancers. However, the emergence of non-hematologic cancers 
in two patients who had not used hydroxyurea or other cy-
toreductive drugs post-MPN diagnosis indicates that factors 
other than hydroxyurea may also influence the development 
of non-hematologic cancers.
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Comparison of Titanium, Magnesium, and Polymer-based Cortical 
Screw Fixation for Fulkerson Tibial Tubercle Osteotomy: A Finite 
Element Analysis
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Objective: To compare the biomechanical performance of titanium alloy (Titanium-Aluminum-Vanadium Alloy, Ti-6Al-4V), 
magnesium alloy (Magnesium-Yttrium-Rare Earth-Zirconium, MgYREZr), and polylactide (PLA) cortical screws in the fixation 
of Fulkerson tibial tubercle osteotomy (TTO) using finite element analysis (FEA).
Materials and Methods: A three-dimensional tibial model was created from computed tomography data of a 20-year-
old male patient and simulated with a standardized Fulkerson osteotomy fixed using two bicortical screws. The screws 
were modeled using three different biomaterials. FEA simulations were performed under two loading conditions: 390 N 
(physiological gait) and 1654 N (worst-case scenario). Stress distribution (von Mises) and displacement were recorded for 
the osteotomy construct and screws.
Results: Under 390 N loading, Ti-6Al-4V screws demonstrated the highest mechanical resistance (max. stress: 123,830 MPa; 
displacement: 0.084 mm), followed by MgYREZr (95,172 MPa; 0.098 mm) and PLA (81,939 MPa; 0.219 mm). Under 1654 N 
loading, Ti-6Al-4V screws again showed superior performance (669,880 MPa; 0.333 mm), whereas MgYREZr (745,470 MPa; 
0.407 mm) and PLA (339,720 MPa; 0.882 mm) showed increased stress and deformation, with PLA screws exhibiting the least 
mechanical stability.
Conclusion: Titanium screws demonstrated the highest mechanical reliability across both loading conditions, supporting 
their continued use in TTO, particularly in high-demand clinical scenarios. Although biodegradable materials, such 
as MgYREZr and PLA, offer theoretical advantages by eliminating the need for implant removal, their biomechanical 
performance remains inferior to titanium screws.
Keywords: Finite element analysis, Fulkerson osteotomy, Magnesium screw, Patellar instability, Polymer screw, Tibial tubercle 
osteotomy, Titanium screw
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INTRODUCTION
Anteromedialization of the tibial tubercle (TT), commonly 
referred to as the Fulkerson osteotomy (FO), is a well-estab-
lished surgical technique for the management of recurrent pa-
tellofemoral instability (PFI), particularly in patients exhibiting 
increased lateralization of the TT.[1,2] It is evident that reducing 
the quadriceps (Q) angle and improving patellar tracking with-
in the trochlear groove (TG) effectively enhances joint biome-
chanics and patellofemoral congruity.[3] A key indication for FO 
is an elevated TT–TG distance, typically assessed through axial 
imaging modalities, such as computed tomography (CT).[4,5]

One of the major advantages of this technique is its ability 
to achieve simultaneous anteriorization and medialization of 
the TT, thereby allowing precise correction of patellar align-
ment and, when necessary, adjustment of patellar height. 
Despite these benefits, the procedure is associated with sev-
eral potential complications, including tibial fracture, non-
union, infection, limited post-operative range of motion, and 
implant-related irritation.[6,7] Fixation is traditionally accom-
plished using metallic cortical screws, generally two or three, 
which provide compression and stability during the healing 
process.[4] However, the limited soft tissue coverage over the 
TT often leads to hardware prominence and discomfort, par-
ticularly during kneeling. Such symptoms are a common rea-
son for secondary implant removal, reported in a significant 
proportion of patients undergoing this procedure.[5,8] Some 
authors have even advocated for routine screw removal 
regardless of the presence of symptoms, although this ap-
proach increases healthcare costs and exposes patients to 
additional surgical risks.[8]

Bioabsorbable fixation systems have been investigated as al-
ternatives to permanent metallic implants to address these 
issues. These materials gradually degrade and are replaced by 
native tissue, potentially eliminating the need for implant re-
moval and avoiding complications, such as metal ion release 
and stress shielding.[9–11] Magnesium alloys (Magnesium-Yttri-
um-Rare Earth-Zirconium, MgYREZr) and polymer-based ma-
terials have attracted particular attention due to their favor-
able biocompatibility and resorption characteristics among 
bioabsorbable options. Nonetheless, concerns remain regard-
ing their mechanical integrity, especially in high-load environ-
ments, such as the extensor mechanism of the knee. Since the 
fixation construct must withstand substantial forces during 
the early post-operative period to allow safe mobilization and 
progressive weight-bearing, ensuring sufficient mechanical 
strength is critical for successful osteotomy healing.

Although the use of bioabsorbable screws is becoming more 
prevalent in various orthopedic applications, evidence re-
garding their performance in TT osteotomy (TTO) remains 

limited. While previous studies have assessed the mechanical 
performance of various screw materials in orthopedic appli-
cations, none has directly compared titanium, magnesium, 
and polymer-based screws in the specific context of Fulker-
son TTO using finite element modeling. The present study 
aims to address this gap by utilizing finite element modeling 
(FEM) to evaluate and compare the mechanical performance 
of these three screw types under simulated physiological 
loading conditions. This study uniquely provides a standard-
ized finite element modeling approach to directly compare 
titanium, magnesium, and polymer-based screw fixation in 
TTO, allowing for objective assessment of their mechanical 
performance under both physiological and extreme load-
ing conditions. We hypothesize that although biodegrad-
able materials may offer clinical advantages by eliminating 
the need for hardware removal, their mechanical properties 
could be inferior to those of titanium screws, potentially lim-
iting their effectiveness in high-demand fixation scenarios, 
such as TT osteotomies.

MATERIALS AND METHODS
Study Design

This study employed the finite element method (FEM) to in-
vestigate the behavior of screws composed of three distinct 
biomaterials when utilized to secure a FO under linear static 
loading conditions. The study pre-supposed that the materials 
used were homogeneous and isotropic, and it postulated that 
they would exhibit linear elastic behavior. Furthermore, the 
interactions among the various components within the mod-
el were regarded as non-linear. Within a standard FO model, 
screws manufactured from three materials (titanium, mag-
nesium, and polymer) underwent testing under two distinct 
loading conditions. Ethical approval was not required because 
this finite element analysis (FEA) study was conducted virtual-
ly and involved no human or animal subjects.

Modeling of the FO

To create a realistic tibial model, we utilized a computerized to-
mography (CT) examination of a 20-year-old male with recur-
rent PFI. This individual had a height of 174 cm and weighed 
76 kg. Notably, the patient exhibited excessive lateralization of 
the TT, with a TT-TG distance of 23 mm, indicating a potential 
need for a FO. The CT examination was conducted using a CT 
scanner (Siemens go. up, Siemens, Munich, Germany) at our 
university hospital. The specific scan parameters consisted of 
232 axial slices captured at 120 kV, 30 mA, with a slice distance 
of 1.0 mm and a field of view spanning 218 mm, extending 
from the supracondylar femur to the proximal tibia. For mod-
eling and simulating the FEA scenarios, we employed various 
software tools, including Materialise Mimics–Medical three-di-
mensional (3D) image-based engineering software (Materi-
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alise NV, Belgium), SolidWorks parametric solid modeling soft-
ware (Dassault Systems SolidWorks Corp, Waltham, USA), and 
Analysis System Software (FEA software) (ANSYS) Workbench 
FEA code (ANSYS, Ltd., Canonsburg, PA, USA).

The FO model was created based on previous descriptions.[12] 
The osteotomy length was 72 mm, and the osteotomy plane 
was angled at 45° to the posterior condylar axis of the tib-
ia. Both the upper and lower planes of the osteotomy were 
sloped. The fragment was shifted 10 mm toward the medial 
side. There was no gap between the fragments at the osteot-
omy plane. The model was secured using two 4.5 mm screws 
that were inserted parallel to each other in the sagittal plane 
and perpendicular to the posterior cortex of the tibia, as sug-
gested in earlier studies. A bicortical fixation was performed 
(Fig. 1). Screws made of three different materials were used 
on the same model. The first screw model was made of titani-
um alloy (Titanium-Aluminum-Vanadium Alloy, Ti-6Al-4V), the 
second was a MgYREZr, and the third was polylactide (PLA) 
screws. The characteristics of the cortical screw (International 
Organization for Standardization/TC 150/SC 5, 1991) were as 
follows: A thread diameter of 4.5 mm, a thread pitch of 1.75 
mm, a shaft diameter of 3.0 mm, and a head diameter of 8.0 
mm. The upper screw was 48 mm in length, and the lower 
screw was 36 mm in length.

Boundary Conditions and Material Properties

The models were loaded with two different intensities of force. 
The first aimed to imitate ordinary walking, and the other 
aimed to imitate load to failure, which is the worst-case sce-
nario. In previous studies, the typical maximal quadriceps 
force applied to the TT during the extension phase of the knee 
during walking is between 350 and 390 N. Davis et al.[13] found 
that a TTO failure load fixed with two 4.5 mm cortical screws 
was 1654 N in a biomechanical study performed on fresh fro-
zen cadavers. Thus, 390 N and 1654 N traction forces were ap-
plied to the patellar tendon footprint at the TT to each model, 
respectively (Fig. 2).

The proximal tibia was supported at the medial and lateral 
condyles, while the distal tibia was attached to the ground in 
an anatomical position. The force was applied to the patellar 
tendon footprint on the TT with a vectorial angle correspond-
ing to the orientation of the patellar tendon fibers, which were 
analyzed and extracted from the CT data using the render-
ing technique. The 3D model specified the frictional contact 
(non-linear contact) between the screw-bone and bony frag-
ment surfaces. In addition, bonded contact definitions were 
created between the cortical and trabecular bone. The screws 
were pre-loaded with 50 N, and prior studies found that the 
friction coefficients between bone and screw were 0.46 and 
0.37, respectively (Table 1).[14–18] The material characteristics 

for cortical and trabecular bone and the screws were allocated 
independently under the assumptions of the isotropic homo-
geneous linear elastic material model (Table 2).[19–29]

Verification of Mesh Structure and Quality of the Models

The quality of a model’s mesh structure has a significant impact 
on the accuracy of FEA simulations. One of the most important 
quality indicators for a mesh structure is the skewness metric, 
which indicates how closely a face or cell resembles an ideal 
one in a finite element model. The skewness values showed 

Figure 1. Three-dimensional finite element modeling of the 
Fulkerson tibial tubercle osteotomy. (a) Axial view showing 
the 45° osteotomy angle relative to the posterior condylar 
axis of the proximal tibia. (b) Sagittal view demonstrating 
the osteotomy dimensions: 15 mm anteriorization and 20 
mm medialization. (c) Lateral view illustrating the osteotomy 
length (72 mm), cortical screw diameter (4.5 mm), and 
insertion angle (130° between screws). (d) Anteroposterior 
view showing the 10 mm medial translation of the 
osteotomized fragment. (e) Three-dimensional rendering of 
the final osteotomy model with two parallel bicortical screws 
inserted perpendicular to the posterior tibial cortex, used 
to simulate fixation with three different materials (titanium, 
magnesium alloy, and polymer).
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excellent mesh quality (average: 0.263) in all analyzed scenari-
os. The solid models’ final mesh structure was produced using 
a curvature-based meshing technique. An average of 1.4 mil-
lion components and 2.1 million nodes were found for all solid 
models. A visual illustration of the models’ meshing is shown 
in Figure 3. Each simulation scenario was independently run 
with the same boundary conditions, and the resulting visual 
and numerical outputs were then recorded.

Assessment of Simulation Results

Calculations were made to determine the total deformation of 
the osteotomized fragment. The equivalent (von Mises) stress 
and total deformation distributions on the components were 
obtained using the simulation results.

RESULTS
All models have shown a similar displacement behavior. Load-
ing of the models with patellar tendon traction force caused 
upward migration of the osteotomized TT fragment. Since the 
upper plane of the osteotomy was sloped, the TT fragment 
rested on the upper tibial surface. At this point, the top surface 
of the osteotomy fragment functioned as a fulcrum, and the 
distal portion of the TT fragment then started to separate from 
the tibia while the screws were resisting displacement. How-
ever, the screws underwent plastic deformation on the level of 
the lower plane of the osteotomy.

The finite element study compared the biomechanical perfor-
mance of Ti-6Al-4V, MgYREZr, and PLA screws in the fixation of 
TTO under two loading conditions, 390 N and 1654 N. Under a 

Figure 2. Boundary conditions and loading scenarios for 
finite element analysis. The tibial model was fixed distally 
and supported proximally to allow compression only. A 
15° vectorial force simulating patellar tendon traction 
was applied to the tibial tubercle, with 50 N pretensions 
on both screws. Six simulation scenarios were created by 
combining two loading conditions (390 N and 1654 N) 
with three screw materials: Titanium alloy, magnesium 
alloy, and polylactide.

Table 1. Coefficients of friction and screw fixation pre-load 
assigned in the FEA setup

Coefficient of friction between	 Bony parts and fixation screw	 0.37
		  Bony parts	 0.46
Screw fixation pre-load (N)	 50	

Table 2. Material properties assigned to the FEA model

Parameters	 Unit			   Model components

			   Cortical bone	 Trabecular bone	 Ti screws	 Mg screw	 Polymer screws 
					     (Ti-6Al-4V)	  (MgYREZr)	 (PLA)

Modulus of elasticity	 (MPa)	 19100 	 1000.61 	 115000 	 45000 	 3500 
Poisson’s ratio	 ( - )	 0.30 	 0.30 	 0.33 	 0.29 	 0.36 
Density	 (kg m-3)	 1980 	 830 	 4500 	 1840 	 1250 

Ti-6Al-4V: Titanium alloy (Titanium-Aluminum-Vanadium Alloy); MgYREZr: Magnesium alloy (Magnesium-Yttrium-Rare Earth-Zirconium); PLA: Polylactide, 

FEA: Finite element analysis.
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390 N loading, Ti-6Al-4V screws demonstrated the highest stress 
resistance, with a maximum equivalent stress of 123,830 Mega-
pascal (MPa) in the screws and a resultant displacement of 0.084 
mm in the entire model. MgYREZr screws exhibited a maximum 
stress of 95,172 MPa and a displacement of 0.098 mm, indicat-
ing less resistance compared to Ti-6Al-4V. PLA screws exhibited 
the lowest stress resistance, with a maximum stress of 81,939 
MPa and the highest displacement of 0.219 mm, indicating that 
they may be the least suitable for high-load applications. Un-
der 1654 N loading, Ti-6Al-4V screws still exhibited the highest 
stress resistance, with a maximum stress of 669,880 MPa and a 
displacement of 0.333 mm. MgYREZr screws had a max stress 
of 745,470 MPa and a displacement of 0.407 mm. PLA screws 
had a max stress of 339,720 MPa and the largest displacement 
of 0.882 mm. The data are presented in Table 3.

The visual outputs illustrate that all materials showed in-
creased stress and displacement under higher loading, but 
the magnitude of change varied significantly across materials. 
Ti-6Al-4V screws remained the most robust, while PLA screws 
exhibited the greatest deformation, which may limit their clin-
ical application in high-load-bearing situations (Figs 4 and 5).

DISCUSSION
This FEA revealed a distinct biomechanical stratification 
among titanium, magnesium, and polymer-based cortical 
screws utilized for fixation in Fulkerson TTO. Under moderate 
loading conditions (390 N), reflecting forces typically encoun-
tered during normal gait, titanium (Ti-6Al-4V) screws demon-
strated superior mechanical behavior, characterized by mini-
mal displacement and high stress resistance. This performance 
is likely attributable to the high yield strength and fatigue re-
sistance of Ti-6Al-4V, which ensure reliable fixation during dai-
ly activities. The differences between materials became more 
pronounced under higher loading conditions (1654 N), simu-
lating worst-case clinical scenarios, such as accidental falls or 
sudden high-impact events. While titanium screws maintained 
structural integrity across both loading conditions, MgYREZr 
screws exhibited intermediate mechanical performance, with 
greater deformation likely due to their lower elastic modulus. 
Polymer-based (PLA) screws, despite their favorable biocom-
patibility and biodegradability, showed the greatest displace-
ment and lowest stress resistance, raising concerns about their 
suitability in settings requiring high mechanical stability. Inter-
estingly, while titanium exhibited the highest stress resistance 
under physiological loading, magnesium showed higher peak 
stress under high-load conditions. This inversion likely reflects 
the distinct deformation behaviors and stress concentration 
points inherent to each material under increasing load, un-
derscoring the non-linear response of MgYREZr in high-stress 
environments. These findings highlight the delicate balance 
between mechanical strength and biodegradability in implant 
selection, underscoring the continued use of titanium screws 
as the standard of care in patients with high functional de-
mands following TTO.

These results are further supported by previous experimental 
and computational studies that have evaluated the mechan-
ical performance of various implant materials in osteotomy 
fixation. In an in vitro biomechanical study, Partio et al.[30] com-
pared bioabsorbable and titanium screws for first tarsometa-
tarsal joint arthrodesis and reported significantly higher yield 
and maximum failure loads for titanium screws, consistent 
with our findings that highlight the superior mechanical prop-
erties of titanium-based fixation systems. Despite demon-
strating lower mechanical strength, the bioabsorbable screws 
were considered clinically sufficient in selected cases with 
lower mechanical demands, reflecting a similar trade-off ob-
served in our analysis between strength and degradability. 
Complementary to these experimental results, Lee et al.[31] uti-
lized finite element modeling to compare titanium, MgYREZr, 
and polymer-based screws in sagittal split ramus osteotomy, 
concluding that titanium screws exhibited the highest stress 
resistance, while magnesium screws offered intermediate 

Figure 3. Mesh structure of the tibial tubercle osteotomy 
model. Curvature-based meshing generated a high-quality 
finite element mesh with excellent skewness metrics. The 
model includes approximately 1.4 million elements and 2.1 
million nodes.
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stability superior to polymer screws. Their simulation results, 
which show minimal deformation of magnesium screws under 
functional loads and highlight the mechanical inferiority of 
polymer screws, align closely with the stratified performance 
outcomes identified in our study. Moreover, the work of Man-
ninen et al.[32] on PLA screw fixation in a high-strain olecranon 
osteotomy model demonstrated an increased failure rate for 
absorbable implants under high mechanical loads, reinforcing 
the observation that polymer-based fixation may not be suit-
able for load-bearing applications requiring substantial bio-
mechanical stability. Together, these studies corroborate our 
FEA outcomes and strengthen the conclusion that titanium 
remains the most mechanically reliable material for TTO fixa-
tion. At the same time, biodegradable options, such as magne-
sium and polymer-based screws, require further optimization 
to meet the mechanical demands of high-stress clinical sce-
narios. Another important consideration is that bioabsorbable 
materials lose their mechanical strength gradually after im-

plantation. This progressive degradation poses a heightened 
risk of fixation failure, particularly in cases of delayed bone 
healing. In contrast, titanium screws maintain their initial bio-
mechanical integrity over time, offering consistent mechani-
cal support throughout the healing process.

To date, the available literature on the use of bioabsorbable 
screws in TTO remains limited, with only two clinical studies 
evaluating magnesium-based implants and a single cadaver-
ic biomechanical study addressing PLA screws. Specifically, 
Ünal et al.[8] and Delsmann et al.[33] reported favorable clini-
cal outcomes using magnesium screws for TT fixation, with 
successful union and no fixation failures observed during 
follow-up. However, in both studies, patients were managed 
with strict non-weight-bearing protocols for the first 6 weeks 
post-operatively, followed by gradual load progression. This 
suggests that reduced mechanical stress during the early 
healing phase may have contributed significantly to these 
positive outcomes. This approach contrasts with the me-

Table 3. The finite element analysis outputs for stress distribution and displacement under two loading conditions (390 N and 1654 N)

Material	 FEA outputs					     Applied force: 390 N

		  Whole		  Proximal tibial			  Tibial tubercle			   Screws 
		  model		  fragment 			   fragment

			   Cortical		  Trabecular	 Cortical		  Trabecular	 Upper		  Lower 
									         screw		  screw

Ti-6Al-4V	 Max. eq. stress (MPa)	 123,830	 24,663		  25,961	 37,097		  19,196	 123,830		  90,358
	 Resultant displacement (mm)	 0.084	 -		  -	 -		  -	 0.067		  0.054
MgYREZr	 Max. eq. stress (MPa)	 95,172	 25,044		  32,486	 100,00		  30,260	 95,172		  87,386
	 Resultant displacement (mm)	 0.098	 -		  -	 -		  -	 0.082		  0.064
PLA	 Max. eq. stress (MPa)	 81,939	 23,114		  74,473	 56,138		  60,778	 81,939		  59,977
	 Resultant displacement (mm)	 0.219	 -		  -	 -		  -	 0.179		  0.137
Material	 FEA outputs					     Applied force: 1654 N

		  Whole		  Proximal tibial			  Tibial tubercle			   Screws 
		  Model		  fragment 			   fragment

			   Cortical		  Trabecular	 Cortical		  Trabecular	 Upper		  Lower 
									         screw		  screw

Ti-6Al-4V	 Max. eq. stress (MPa)	 669,880	 102,860		  149,290	 124,550		  104,600	 669,880		  539,520
	 Resultant displacement (mm)	 0,333	 -		  -	 -		  -	 0.269		  0.215
MgYREZr	 Max. eq. stress (MPa)	 745,470	 101,350		  186,510	 158,180		  162,360	 745,470		  353,970
	 Resultant displacement (mm)	 0.407	 -		  -	 -		  -	 0.328		  0.258
PLA	 Max. eq. stress (MPa)	 339,720	 92,406		  339,720	 212,700		  325,140	 339,140		  304,870
	 Resultant displacement (mm)	 0.882	 -		  -	 -		  -	 0.728		  0.562

Ti-6Al-4V: Titanium alloy (Titanium-Aluminum-Vanadium Alloy), MgYREZr: Magnesium alloy (Magnesium-Yttrium-Rare Earth-Zirconium), PLA: Polylactide, 

FEA: Finite element analysis.
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Figure 4. Finite element analysis results under physiological load (390 N). Stress distribution and deformation outputs for 
titanium alloy, magnesium alloy, and polylactide screws. The upper row shows von Mises stress, total deformation, and 
screw deformation (true scale), while the lower row presents screw deformation exaggerated 30× to visualize bending and 
displacement differences across materials
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Figure 5. Finite element analysis results under high-load conditions (1654 N). Visual comparison of stress and deformation 
patterns for all three screw types under worst-case loading. As in Figure 4, top panels show actual stress and displacement fields, 
while bottom panels depict screw deformation at a 30× scale to highlight material behavior under elevated force.
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chanical performance of titanium screws, which allow for 
earlier mobilization and weight-bearing due to their supe-
rior fixation strength. In addition to these clinical studies on 
magnesium, Nurmi et al.[34] conducted the only biomechan-
ical study on PLA screws in TT transfer, utilizing a cadaveric 
model without biological healing, where fixation strength 
was significantly lower for PLA screws compared to metallic 
screws (566 N vs. 984 N, respectively). It is essential to note 
that Nurmi et al.’s [34] experimental design employed static 
loading in a single-screw configuration without proximal 
step-cut support, which limits the applicability of their find-
ings to clinical practice, where two-screw fixation and dy-
namic biological processes are crucial. In contrast, the finite 
element modeling employed in the present study simulated 
both physiological loading and worst-case high-load scenar-
ios, offering a more comprehensive assessment of implant 
behavior under varied mechanical demands. To the best of 
our knowledge, this study represents the first FEA evaluating 
bioabsorbable screw fixation in Fulkerson TTO, thereby filling 
a notable gap in the present literature. Given their reduced 
mechanical resistance, magnesium and polymer screws may 
be suitable for select patient populations, such as adoles-
cents or individuals with low physical demands, or in sce-
narios that permit prolonged non-weight-bearing or partial 
weight-bearing rehabilitation protocols.

A key strength of this study is its standardized FEA-based 
methodology, which allows for a direct comparison of dif-
ferent biomaterials under consistent loading conditions. 
However, certain limitations should be acknowledged. As a 
computational model, the study does not replicate biolog-
ical healing, bone remodeling, or soft tissue contributions, 
which are known to influence fixation stability in vivo. In 
addition, the assumption of isotropic, homogeneous, and 
linear elastic behavior for all materials, particularly for 
polymer-based materials, such as PLA, does not fully rep-
resent their real-world mechanical response. Moreover, the 
absence of cyclic or fatigue loading simulations limits the 
extrapolation of these results to long-term clinical behav-
ior, particularly in scenarios where repetitive micro-loading 
could compromise fixation. Furthermore, although the di-
rection of the patellar tendon force was derived from ana-
tomical CT reconstruction, it was assumed to remain con-
stant; however, in reality, this vector may vary with knee 
flexion angle, introducing additional clinical variability. Fi-
nally, although fixation with three screws is commonly used 
in clinical practice, only a two-screw model was analyzed in 
this study, limiting the exploration of potential reinforce-
ment effects from additional screw fixation. Despite these 
limitations, the findings offer valuable biomechanical in-
sight to support implant selection in TTO fixation.

CONCLUSION
This FEA demonstrated that titanium screws provide superior 
mechanical stability compared to magnesium alloy and poly-
mer-based screws for TTO fixation. Although bioabsorbable 
screws offer the advantage of eliminating the need for sec-
ondary implant removal, their mechanical resistance remains 
inferior to that of titanium, particularly under high-load con-
ditions where implant stability is crucial to prevent fixation 
failure. Although headless screw designs may help reduce 
implant-related symptoms and avoid hardware removal, this 
recommendation remains speculative, as such configurations 
were not included in the present FEA model. These findings 
support the continued use of titanium screws as the most re-
liable fixation option in scenarios where early weight-bearing 
and mechanical robustness are required, and highlight the 
need for future research to improve the performance of bio-
absorbable implants for broader clinical applicability in TTO.
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Objective: Schwannomas are benign tumors that originate from Schwann cells of the nerve sheath. Fine-needle 
aspiration cytology (FNAC) is a valuable tool for the pre-operative diagnosis of schwannomas, especially in locations where 
surgical resection is associated with significant morbidity. In this study, we aimed to identify the clinical, cytological, and 
immunohistochemical features of 17 schwannoma cases diagnosed by FNAC and to compare our findings with previously 
published case series in the literature.
Materials and Methods: We retrospectively reviewed 17 cytological specimens from patients with a cytological diagnosis 
of schwannoma between 2019 and 2024. The clinical data of the patients were retrieved from the hospital information 
management system. The cases were re-evaluated based on their cytological features.
Results: Of these patients, 10 were female and 7 were male. The patients’ ages ranged from 36 to 78 years (mean 54 years). 
Four cases were hypercellular, seven showed moderate cellularity, and six were hypocellular. In all the cases, the cells formed 
cohesive fragments. All nuclei exhibited tapering ends and appeared wavy, hook-like, or comma-shaped. All cases displayed 
filamentous cytoplasmic extensions and syncytium-like clusters. Immunocytochemical evaluation was performed in all but 
two cases. S100 staining was strong in 14 cases and moderate in one. Sox10 was positive in five cases.
Conclusion: The diagnostic assessment of schwannomas integrates clinical evaluation, imaging, and cyto-histological 
analysis. FNAC facilitates preoperative planning by characterizing the lesion. Characteristic cytological findings include 
spindle cell clusters, nuclear palisading, Verocay bodies, and a fibrillary background.
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ORIGINAL ARTICLE

INTRODUCTION
Schwannomas, also known as neurilemmomas, are benign, 
typically slow-growing tumors that originate from Schwann 
cells of the nerve sheath.[1,2] These tumors are typically benign, 

solitary, slow-growing, and well-encapsulated.[2-5] Schwanno-
mas can occur throughout the body but are commonly found 
in the head-and-neck region.[1] They may arise from cranial 
nerves, spinal nerve roots, or peripheral nerves.[2,3,6,7] The pre-
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cise etiology of schwannomas remains unclear, although some 
cases are associated with genetic syndromes such as neurofi-
bromatosis type 2 (NF2).[6] In the early phase, schwannomas 
generally lack pathognomonic symptoms, with the majority 
of cases presenting as painless, palpable, solitary masses. In 
advanced stages, clinical manifestations may include neuro-
logical deficits and symptoms related to compression or ob-
struction.[5]

Fine-needle aspiration cytology (FNAC) is a valuable tool for 
the preoperative assessment of schwannomas,[5,8] especially 
in locations where surgical resection is associated with signifi-
cant morbidity.[9,10] FNAC can help differentiate schwannomas 
from other lesions, guiding clinical management and surgical 
planning.[8,9] However, it is essential to recognize the limitations 
of FNAC, as the cytomorphological features of schwannomas 
can overlap with those of other spindle cell tumors, potentially 
leading to diagnostic challenges.[11] In some instances, FNAC 
may be inconclusive, necessitating further investigation, such 
as trucut biopsy or imaging studies.[12]

Histologically, schwannomas exhibit two distinct patterns. An-
toni A areas consist of compact, elongated cells with cytoplas-
mic extensions arranged in interlacing fascicles and contain 
Verocay bodies, typically found in regions of high cellularity 
with a minimal stromal matrix. The Antoni B areas, on the oth-
er hand, are hypocellular, featuring loosely distributed nuclei. 
Cystic degeneration and localized necrosis may also be en-
countered.[13]

The cytological features of schwannomas typically reflect their 
histological architecture, which is characterized by alternating 
areas of high and low cellularity known as Antoni A and Antoni 
B areas, respectively.[14] In cytological smears, these areas man-
ifest as fragments of tightly cohesive fascicles with variable 
cellularity, corresponding to Antoni A areas, and scattered 
spindle cells against a myxoid background, representing An-
toni B areas.[14,15] The presence of fibrillary stroma, consisting 
of delicate, wispy strands of collagen, is also a common find-
ing,[11,16] contributing to the overall cytomorphological picture. 
Tumor cells usually have fusiform nuclei, fine chromatin, and 
an indistinct cytoplasm.[17] Nuclear palisading, a character-
istic arrangement of nuclei in parallel rows, can be observed 
in some cases.[16,17] Verocay bodies, which are acellular areas 
surrounded by palisaded nuclei, are considered a hallmark of 
schwannomas but are not always present in cytological spec-
imens. The absence of Verocay bodies does not exclude the 
diagnosis of schwannoma, especially in certain variants, such 
as ancient schwannomas.[16]

However, the cytological diagnosis of schwannoma is not al-
ways straightforward.[11] Several factors can contribute to di-
agnostic challenges, including cystic degeneration, hyaline 

changes, and degenerative atypia.[4,18] Cystic degeneration 
can result in poor cellularity of the aspirate, making it difficult 
to identify the characteristic cytomorphological features,[4] 
whereas degenerative atypia, seen in ancient schwannomas, 
can mimic malignancy.[18]

To improve the accuracy of cytological diagnosis, ancillary 
techniques such as immunohistochemistry can be employed. 
Schwannomas typically show strong and diffuse positivity for 
the S100 protein, a marker of neural crest origin.[6,19] This im-
munohistochemical feature can help differentiate schwanno-
mas from other spindle cell lesions that are negative for the 
S100 protein.[20]

In this study, we aimed to identify the clinical, cytological, and 
immunohistochemical features of 17 schwannoma cases diag-
nosed by FNAC and to compare our findings with previously 
published case series in the literature.

MATERIALS AND METHODS
A retrospective search of the pathology report information 
system using the keywords “spindle cell” between 2019 and 
2025 identified 59 cases diagnosed with “spindle cell prolif-
eration,” “proliferating spindle cells,” “spindle cell tumorous 
lesion,” and “spindle cell mesenchymal tumor” based on 
FNAC results. Cases those with other spindle cell tumors, and 
where slides were unavailable in the archive, were excluded, 
resulting in a series of 17 cases (28%). Sixteen of these cases 
were reported as spindle cell mesenchymal neoplasms, with 
a note that the lesion could be a schwannoma. One case was 
reported as “spindle cells on a fibrinous background” due to 
cell scarcity, with schwannoma being the primary differential 
diagnosis.

All samples were obtained by FNAC performed by a radiol-
ogist using 23–25-gauge needles. The clinical and demo-
graphic data of the cases were obtained from pathology 
reports. Each patient had conventional smear preparations, 
liquid-based cytology slides, and cell blocks in available ma-
terials. Air-dried smears were stained with May-Grünwald-Gi-
emsa, whereas alcohol-fixed smears were stained using 
Papanicolaou staining. Immunohistochemical analysis was 
performed for diagnostic purposes and was not repeated in 
the present study. All slides of cases retrieved from archives 
and re-evaluated for cytomorphological characteristics. Each 
case was assessed for cellularity, presence of large cohesive 
tissue fragments, nuclear shape, nuclear palisading, and 
presence of filamentous cytoplasm.

The cases were re-evaluated based on their cytological fea-
tures (cellularity, architecture, nuclear shape, pleomorphism, 
and cytoplasmic features). The histopathological follow-up 
was noted in available cases.
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Statistical Analysis

Data analysis performed using the Statistical Package for the 
Social Sciences 25.0 program. Descriptive statistics for the 
evaluation of results were shown in the form of mean, and the 
nominal variables were shown as the number of cases and (%).

Ethical Approval

This study was approved by the İstanbul Training and Research 
Hospital Clinical Research Ethics Committee (Number: 107, 
Date: May 02, 2025) and was conducted under the principles 
of the Helsinki Declaration.

RESULTS
Of these patients, 10 were female and 7 were male. The pa-
tients’ ages ranged from 36 to 78 years (mean 54 years). The 
clinical features of the patients are summarized in (Table 1). In 
the cytological evaluation, each case was assessed for cellular-
ity, presence of large cohesive tissue fragments, nuclear shape, 
nuclear palisading, and presence of filamentous cytoplasm.

The cytologic features of the patients are summarized in (Table 
2). Four cases were hypercellular (23.5%), seven showed mod-
erate cellularity (41.2%), and six were hypocellular (35.3%). In 
all the cases, the cells formed cohesive fragments (100%) (Figs 
1–4). In 12 cases (70.5%), the tumor cells were also observed to 
be singly dispersed in the background. All nuclei exhibited ta-

pering ends and appeared wavy, hook-like, or comma-shaped 
(Figs 1–5).

In one case (5.8%), cells with relatively larger nuclei were pres-
ent; however, the nuclei still showed tapered ends and fine 
chromatin structures, similar to the other cases. Nuclear pali-
sading, cellular Antoni A, and hypocellular Antoni B areas were 
prominent in only two cases (11.7%). No prominent nucleoli 
were observed in any of the cases.

All cases displayed filamentous cytoplasmic extensions and 
syncytium-like clusters, with indistinct cytoplasmic borders 
(Figs 2–4). Mitosis was not observed in any of the cases. Im-
munocytochemical evaluation was performed in all but two 
cases. The cell blocks in the two cases did not contain suffi-
cient material for further analysis. In these cases, immunohis-
tochemical analysis was performed on the excised specimens.

S100 staining was strong in 14 cases (82%) and moderate in 
one (Fig. 6). Sox10 was positive in five cases (29%). No desmin, 
SMA, or CD34 staining was observed.

The excision materials of seven cases were also examined to 
confirm the diagnosis of schwannoma. One case was followed 
up clinically, as the patient did not consent to surgery. Clini-
cal follow-up information was not available for the remaining 
nine cases.

Table 1. Clinicopathological and ımmunohistochemical characteristics of 17 schwannoma cases

Case number	 Age	 Sex	 Localization	 Tumor size (cm)	 Immunhistochemistry

1	 77	 Female	 Neck	 1.8	 S100 + Desmin - CD34 - Ki67 <%1
2	 56	 Female	 Neck	 2.8	 None
3	 49	 Female	 Axilla	 3	 S100 + Desmin - SMA - CD34 - Ki67 %1
4	 36	 Male	 Neck	 3.9	 S100 + CD34 -
5	 44	 Female	 Neck	 4.5	 S100 + SMA - Desmin - Ki67 %2–3
6	 61	 Male	 Neck	 1.6	 S100 + SMA - CD34 - Desmin -
7	 36	 Female	 Preauricular	 4.5	 S100 + Desmin -
8	 70	 Female	 Trunk	 4.5	 S100 + Sox10 + Desmin - CD117 - SMA - CD34 - Ki67 %1
9	 59	 Female	 Trunk	 3	 S100 + Sox10 + SMA - Desmin - CD117 - DOG1 - CD34 - Ki67 %2–3
10	 46	 Female	 Neck	 2.5	 S100 + Sox10 + SMA - Desmin - CD34 -Ki67: %2–3
11	 47	 Male	 Leg	 2	 S100 + SMA - CD34 - Ki67 %1
12	 55	 Female	 Trunk	 4	 S100 + SMA - CD34 - Ki67 %1
13	 52	 Male	 Neck	 2.7	 S100 + SMA - Desmin - CD34 - Ki67 %1
14	 50	 Male	 Axilla	 1.4	 Sox10 + S100 + CD34 - SMA - Desmin - Ki67%1
15	 78	 Female	 Neck	 2.1	 S100 + CD68 - SMA -
16	 49	 Male	 Neck	 5.5	 S100 + Sox10 + SMA - CD34 - Ki67 %1–2
17	 56	 Male	 Neck	 2	 None

Cases indicated as “None” did not undergo immunohistochemical analysis.
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Table 2. Cytological features of fine-needle aspiration samples in 17 schwannoma cases

Case number	 Cellularity	 Cohesive fragments	 Wavy, hook-like nuclei	 Palisading cells	 Filamentous cytoplasm

1	 Hypercellular	 Yes	 Yes	 No	 Yes
2	 Moderate	 Yes	 Yes	 No	 Yes
3	 Moderate	 Yes	 Yes	 No	 Yes
4	 Hypercellular	 Yes	 Yes	 Yes	 Yes
5	 Hypocellular	 Yes	 Yes	 No	 Yes
6	 Moderate	 Yes	 Yes	 No	 Yes
7	 Hypocellular	 Yes	 Yes	 No	 Yes
8	 Hypocellular	 Yes	 Yes	 No	 Yes
9	 Hypocellular	 Yes	 Yes	 No	 Yes
10	 Hypercellular	 Yes	 Yes	 Yes	 Yes
11	 Hypercellular	 Yes	 Yes	 No	 Yes
12	 Moderate	 Yes	 Yes	 No	 Yes
13	 Hypocellular	 Yes	 Yes	 No	 Yes
14	 Moderate	 Yes	 Yes	 No	 Yes
15	 Hypocellular	 Yes	 Yes	 No	 Yes
16	 Moderate	 Yes	 Yes	 No	 Yes
17	 Moderate	 Yes	 Yes	 No	 Yes

Figure 1. Spindle-like tumoral cells forming a cohesive 
fragment (Papanicolaou ×200).

Figure 2. Fibrillar cytoplasmic extensions (Papanicolaou 
×1000).
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DISCUSSION
Schwannomas are benign, typically slow-growing tumors that 
originate from Schwann cells, which are specialized cells that 
form myelin sheaths around nerve fibers in the peripheral ner-
vous system.[21,22] Schwannomas are more frequently seen in 
adults, with the highest incidence occurring between the ages 
of 25 and 55.[1] There is no preference for sex.[1,3] In our study, 
the patients’ age ranged from 36 to 78 years, with a mean age 
of 54. Although the difference was not significant, the majority 
of the patients were female (10 out of 17).

These tumors are generally solitary masses that can occur 
anywhere in the body where nerve tissue is present, although 
they are more commonly found in the head, neck, and extrem-
ities.[3] Most of our cases (11/17) were located in the head-and-
neck region, similar to previous reports. Three cases involved 
the extremities (two in the axilla and one in the thigh), while 
the remaining three involved the trunk.

The encapsulation of these tumors often contributes to their 
slow growth and can make early detection challenging, as 
they may not cause noticeable symptoms until they become 
large enough to compress the surrounding tissues or nerves.

[3,23] In our cases, lesion sizes ranged from 1.4 cm to 5.5 cm, with 
a mean diameter of 3.04 cm.

The etiology of schwannomas is not fully understood, but they 
are generally considered to be sporadic occurrences, meaning 
that they arise without a clear hereditary pattern. However, 
they can be associated with certain genetic conditions such as 
NF2.[24] None of our patients had an NF2 mutation.

Schwannomas typically exhibit a cellular composition dom-
inated by spindle-shaped cells, which are elongated with 
tapered ends and oval nuclei. These cells are derived from 
Schwann cells, which are myelin-producing cells in the periph-
eral nervous system. Spindle cells are arranged in cohesive 
fascicles and clusters, forming a characteristic pattern that is 
helpful in distinguishing schwannomas from other spindle cell 
lesions.[16,23] In our case series, four cases were hypercellular, 
seven exhibited moderate cellularity, and six were hypocellu-
lar. In all cases, the cells formed cohesive fragments. In addi-
tion to the features described in the literature, singly dispersed 
tumor cells in the background were observed in 12 cases.

Nuclear palisading, a distinctive feature of schwannomas, 
is observed in some cases in addition to their diagnostic 

Figure 3. Cells with spindle-like nuclei in cohesive fragments 
(Papanicolaou ×400).

Figure 4. Wave and comma-shaped pointed nuclei (May-
Grünwald-Giemsa ×400).
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uniqueness. Nuclear palisading refers to the alignment of 
nuclei in parallel rows, which creates a pick fence-like ap-
pearance. This feature is particularly prominent in areas of 
high cellularity and is thought to be due to the tendency 
of Schwann cells to align along the nerve fibers. Although 
nuclear palisading is not entirely specific to schwannomas, 
its presence can be a helpful clue in the diagnosis, especially 
when combined with other cytological features.[23,25] Alter-
nating cellular (Antoni A) and hypocellular (Antoni B) areas 
are the characteristic histological features of schwannomas, 
reflecting the variable density of cells and stromal compo-
nents within the tumor. Antoni A areas are characterized by 
high cellularity with densely packed spindle cells arranged in 
fascicles and clusters. Nuclear palisading and Verocay bodies 
were often prominent in these areas. Antoni B areas, on the 
other hand, are characterized by low cellularity with loosely 
arranged spindle cells embedded in a myxoid or edematous 
stroma. These areas may contain scattered lymphocytes, his-
tiocytes, or mast cells. The presence of both Antoni A and An-
toni B areas is a hallmark of schwannomas and is helpful in 
distinguishing them from other spindle cell lesions that may 
exhibit more uniform cellularity.[5,17]

Unlike previous studies, nuclear palisading and Antoni A and 
B areas, which would suggest schwannoma, were observed in 
only two of our cases (2/17). This was thought to be related to 
the fact that the majority of cases had medium or hypocellu-
lar smears, and the sampling did not reflect these areas of the 
tumor.

Schwannoma cells are characterized by oval or elongated 
nuclei with pointed ends and indistinct cytoplasmic borders. 
The nuclei were typically uniform in size and shape, with fine-
ly granular chromatin and inconspicuous nucleoli. The nucle-
ar contours may be smooth or slightly irregular, but marked 
pleomorphism or atypia is usually absent, except in certain 
variants, such as ancient schwannomas. The indistinct cell 
borders reflect the syncytial nature of Schwann cells, which 
are closely apposed to each other without clear cytoplasmic 
boundaries.[15,16] In our cases, all the nuclei exhibited tapering 
tips and appeared wavy, hook-like, or comma-shaped. In one 
case, cells with relatively larger nuclei were present; however, 
the nuclei still showed tapered tips and fine chromatin struc-
tures, similar to other cases. Syncytium-like clusters with fila-
mentous cytoplasmic extensions and indistinct cytoplasmic 
borders were observed in all the cases.

Figure 5. Fragment of spindle-like cells in cell block section 
(HE ×200).

Figure 6. Tumoral cells stained with S100 (×200).
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Nuclear enlargement and pleomorphism can be observed, 
especially in ancient schwannomas, potentially leading to 
misdiagnosis. In ancient schwannomas, degenerative chang-
es resulted in nuclear enlargement, hyperchromasia (in-
creased staining intensity), and irregular nuclear contours, 
mimicking the features of malignant tumors. However, the 
presence of other degenerative features, such as cystic de-
generation, hyalinization, and hemorrhage, should raise sus-
picion of an ancient schwannoma rather than a malignant 
tumor.[17,18]

A myxoid background may be observed, particularly in areas of 
cystic degeneration, in addition to the complexity of schwan-
noma stromal characteristics.[16,26] A myxoid background was 
not observed in any of the cases.

Verocay bodies, representing areas of nuclear palisading with 
associated acellular zones, are a diagnostic clue for schwanno-
mas.[23,27] Verocay bodies are distinctive structures consisting 
of parallel rows of nuclei (nuclear palisading) alternating with 
zones of eosinophilic and acellular material. These are thought 
to represent areas of basement membrane deposition and col-
lagen accumulation. Verocay bodies are not always present in 
schwannoma aspirates, but when they are observed, they are 
highly suggestive of the diagnosis. Verocay bodies were not 
observed in any case.

Schwannomas typically exhibit strong and diffuse immuno-
reactivity for S100 protein, a marker of neural crest origin.
[17,19,28] This immunohistochemical feature can help differenti-
ate schwannomas from other spindle cell lesions that are S100 
negative.[17,20] Sox10 is a reliable marker of neural crest differ-
entiation that is consistently expressed in schwannian and 
melanocytic tumors.[29] Immunocytochemical evaluation was 
performed in all but two of our cases. S100 staining was strong 
in 14 cases and moderate in 1 case. Sox10 was positive in five 
cases. No staining was observed with Desmin, SMA, or CD34. 
The cell blocks of two cases did not contain sufficient mate-
rial for further analysis; in these cases, immunohistochemical 
studies were performed on excision specimens.

The cytological features of schwannomas can overlap with 
those of other spindle cell lesions, such as neurofibromas, leio-
myomas, gastrointestinal stromal tumors (GISTs), and fibroma-
tosis.[11,30,31] Neurofibromas such as schwannomas are periph-
eral nerve sheath tumors that can exhibit spindle-shaped cells 
and fibrillary stroma. However, neurofibromas typically lack 
encapsulation and Verocay bodies, which are often present in 
schwannomas.[31]

Leiomyomas and GISTs, which are smooth muscle tumors, can 
also exhibit spindle-shaped cells, potentially leading to diag-
nostic confusion. These tumors may exhibit overlapping cyto-
logical features with schwannomas, such as elongated nuclei 

and indistinct cytoplasm.[30,31] However, leiomyomas and GISTs 
typically lack the characteristic Antoni A and B areas seen in 
schwannomas.[30] Leiomyomas are actin, desmin, and H-caldes-
mon positive and negative for CD34, S100, sox10, CD117, and 
DOG1.[32] GISTs, particularly in extra-gastrointestinal locations, 
can resemble schwannomas, posing a diagnostic challenge 
when they occur outside of their typical location.[33] Immuno-
histochemical staining for CD117 and CD34 is crucial for differ-
entiating GISTs from schwannomas, providing key markers for 
distinguishing these tumors. CD117 (KIT) is a receptor tyrosine 
kinase that is expressed in most GISTs, whereas CD34 is a he-
matopoietic progenitor cell antigen that is also expressed in a 
significant proportion of GISTs. In contrast, schwannomas are 
typically negative for both CD117 and CD34.[33] The absence of 
S100 protein expression in GISTs further aids in distinguishing 
them from schwannomas, providing an additional marker for 
differentiating these lesions. While schwannomas are typically 
strongly positive for the S100 protein, GISTs are typically neg-
ative.[33,34]

Fibromatosis, a benign fibrous proliferation, can mimic 
schwannomas owing to its spindle cell morphology and fi-
brous stroma.[11,31] However, fibromatosis typically lacks en-
capsulation and Verocay bodies. In addition, fibromatosis may 
exhibit a more infiltrative growth pattern compared to the 
circumscribed appearance of schwannomas.[11] In the parotid 
gland, myoepitheliomas can mimic schwannomas owing to 
their spindle cell morphology, creating a diagnostic challenge 
in this specific location.[9,11] Myoepitheliomas typically exhibit 
a more disorganized cellular arrangement than schwannom-
as, with cells arranged in cords, nests, or sheets.[17,27] Immuno-
histochemistry can help distinguish between these tumors 
and provide additional information to aid accurate diagnosis. 
Myoepitheliomas are typically positive for epithelial markers, 
such as cytokeratin and epithelial membrane antigen, as well 
as myoepithelial markers, such as SMA, calponin, and p63. In 
contrast, schwannomas are typically positive for S100 protein 
and negative for epithelial markers.[25]

The differential diagnosis of schwannoma also includes ma-
lignant peripheral nerve sheath tumor (MPNST), a rare but 
aggressive sarcoma that arises from peripheral nerves.[20,35,36] 
MPNSTs can exhibit overlapping cytological features with 
schwannomas, particularly in well-differentiated cases.[20] 
However, MPNSTs typically exhibit more pronounced nuclear 
atypia, higher mitotic activity, and necrosis.[20] Immunohisto-
chemistry can also be helpful in distinguishing MPNSTs from 
schwannomas.[20,36] While both schwannomas and MPNSTs 
may express the S100 protein, MPNSTs often exhibit loss of 
S100 expression in poorly differentiated areas.[20] In addition, 
MPNSTs may express other markers such as p53, Ki-67, and 
nerve growth factor receptor.[36]
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However, it is important to note that S100 protein is not en-
tirely specific for schwannomas and can be expressed in other 
tumors, such as melanomas, myoepitheliomas, and some soft 
tissue sarcomas.[20,37] Therefore, S100 immunostaining should 
be interpreted in conjunction with cytomorphological find-
ings and other clinical and radiological data.[5,12]

In some cases, the cytological and immunohistochemical 
features of schwannomas may be ambiguous, making de-
finitive diagnosis difficult. In these cases, molecular analy-
sis can provide additional information to support diagnosis. 
Identification of an NF2 mutation can confirm the diagnosis 
of schwannoma, even in the absence of classic cytological or 
immunohistochemical features.[6]

The presence of cystic degeneration and hypocellularity can 
lead to insufficient or inaccurate specimens, further compli-
cating the cytological diagnosis of schwannoma. Cystic de-
generation, which is a common feature of schwannomas, can 
result in aspiration of fluid with few or no diagnostic cells. Hy-
pocellularity, or a low number of cells in the aspirate, can also 
make it difficult to evaluate the cytological features and arrive 
at a definitive diagnosis.[11,16,38]

CONCLUSION
The diagnostic workup for schwannomas typically involves 
a combination of clinical examination, imaging studies, and 
cytological or histological analysis. FNAC can guide surgical 
planning and prevent unnecessary, extensive procedures by 
providing valuable information regarding the nature of the 
lesion before surgery. The cytological features of schwan-
nomas include cohesive clusters of spindle-shaped cells, 
nuclear palisading, Verocay bodies, and a fibrillary stroma. 
However, the diagnosis can be challenging owing to cys-
tic degeneration, degenerative changes, and overlapping 
features with other spindle cell lesions. Palisading, Antoni A 
and B areas, and Verocay bodies, which are cytological fea-
tures expected to be seen in schwannomas, may or may not 
be seen rarely, as in our case series. This was not surprising 
for specimens with low cellularity. The presence of typical 
pointed nuclei and fibrillar cytoplasm with unclear bound-
aries are important diagnostic clues. However, these fea-
tures, which are not specific to schwannomas, need to be 
confirmed by immunohistochemical techniques, especially 
by S100 immunhistochemistry. A comprehensive approach 
that integrates the clinical, radiological, and cytological 
findings is essential for the correct diagnosis and manage-
ment of schwannomas.

*This study was presented as a poster presentation at the 10th 
National Cytopathology Congress, 21-23 April 2024, Istanbul, 
Turkey.
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Objective: The aim was to explain the relationship between recovery in motor functions and ambulation skills after stroke 
and albumin, uric acid, C-reactive protein (CRP), and hemoglobin levels.
Materials and Methods: Patients who received inpatient rehabilitation in the physical medicine and rehabilitation (PM&R) 
clinic within the past 2 years were included in the study. Patients’ discharge report, albumin, CRP, uric acid, and hemoglobin 
levels were obtained from the blood tests taken during hospitalization through the hospital system. The relationship 
between Brunnstrom staging (BS) and functional ambulation category (FAC) assessments before treatment and on the 15th 
day of rehabilitation, and the initial albumin, CRP, uric acid, and hemoglobin levels was investigated.
Results: The files of 135 patients were accessed. Six patients were excluded because they did not meet the inclusion criteria, 
and 4 patients were excluded because their data were incomplete. The study was completed with 125 patients. Albumin 
levels were low in 22 (17.6%) patients, and hemoglobin levels were low in 75 (60%) patients. CRP levels were above normal 
in 53 (42.4%) patients. When uric acid levels were examined, 1 (0.8%) patient was below normal, and 15 (12%) patients were 
above normal. There was no significant relationship between BS and albumin, CRP, uric acid, and hemoglobin levels (p>0.05). 
There was a significant positive relationship between improvements in FAC and albumin and hemoglobin levels (p<0.05). 
Conclusion: Post-stroke FAC recovery is associated with albumin and hemoglobin levels.
Keywords: Albumin, C-reactive protein, Hemoglobin, Stroke, Uric acid
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INTRODUCTION
Stroke is a cerebrovascular disease (CVD) that causes loss of 
brain function due to interruption of blood flow to the brain 
or bleeding.[1] It is a significant health problem worldwide. 
It is a significant cause of morbidity and mortality acquired 

in adulthood.[2] Most patients develop hemiplegia, affecting 
upper extremity functions and ambulation skills.[3] Stroke re-
habilitation is the primary treatment option recommended 
for functional limitations and disabilities that occur after a 
stroke.[4]
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The success of stroke rehabilitation depends on many factors, 
including the severity of the stroke, emotional reasons, social 
aspects, early initiation of rehabilitation, and the experience 
of the stroke rehabilitation team.[5] Several blood biomarkers 
have been used to provide prognostic information after isch-
emic stroke. Thirty-four different blood biomarkers are associ-
ated with physical outcomes after ischemic stroke. Increased 
C-reactive protein (CRP) is one of the early poor prognostic fac-
tors.[6] Hypoalbuminemia is a strong, independent prognostic 
indicator of mortality and poorer functional outcomes in long-
term follow-up.[7] Serum uric acid levels are nonlinearly associ-
ated with the risk of poor functional outcome (U-shaped). This 
may be due to both the antioxidant and prooxidant nature of 
uric acid.[8] It is known that low baseline hemoglobin levels are 
negatively associated with functional recovery.[9]

This study aimed to demonstrate the relationship between 
albumin, CRP, uric acid, and hemoglobin levels and improve-
ment in motor functions and ambulation skills in early stroke 
rehabilitation. Since stroke results are usually compared with a 
single blood parameter in the literature, our study makes a dif-
ference by examining the relationship with more parameters.

MATERIALS AND METHODS
Study Design

This study was designed as a retrospective clinical study. It was 
conducted in the Physical Medicine and Rehabilitation (PM&R) 
clinic between April and May 2025. Approval was obtained 
from the Şişli Hamidiye Etfal Training and Research Hospital 
Clinical Research Ethics Committee (April 22, 2025/approval 
no:4838). The study was conducted according to the STROBE 
checklist recommendations. Informed consent was obtained 
from the patients. The study was conducted in accordance 
with the principles of the Declaration of Helsinki.

Participants

Stroke patients aged 18 years and older who were admitted 
to the inpatient physical therapy and rehabilitation program 
in our PM&R department within the last 2 years were included 
in the study. Patients with a history of traumatic stroke, those 
whose rehabilitation program could not be optimally per-
formed due to cognitive impairment, and those whose hos-
pitalization or rehabilitation period was shorter than 15 days 
were not included in the study. All patients received a similar 
stroke rehabilitation protocol.

Clinical and Laboratory Assessments

Patients’ demographic data, hospitalization, and 15th day of hos-
pitalization were evaluated through the discharge report. Motor 
evaluations were evaluated with Brunnstrom staging (BS), and 
ambulation levels were evaluated with functional ambulation 
category (FAC). Brunnstrom recovery staging evaluates motor 

recovery for 3 different regions: as upper extremity, the hand, 
and the lower extremity. Staging is done from 1 to 6 for each sub-
heading. Higher levels indicate a better motor level.[10] FAC scores 
ambulation from 0 to 5. While there is no functional ambulation 
in Stage 0, the person can ambulate independently in Stage 5.[11]

Albumin, uric acid, hemoglobin, and CRP levels included in 
routine laboratory checks taken during hospitalization were 
obtained through the hospital system. Normal values were ac-
cepted as 35–52 g/L for albumin, 0–5 mg/L for CRP, 3.5–7.2 mg/
dL for uric acid, and 130–175 g/L for hemoglobin. Patients were 
divided into 3 groups as those with no improvement, those 
with improvement, and those at the maximum stage from the 
beginning, in both Brunnstrom motor recovery staging and 
FAC. These groups were compared according to whether the 
albumin, CRP, uric acid, and hemoglobin levels were within the 
normal range. Thus, the effect of whether the laboratory values 
was normal or not on recovery was examined. In addition, the 
recovery and non-recovery groups were compared to show the 
effect of gender and aphasia on recovery in stroke.

Statistical Analysis

Descriptive statistics were given as numbers and percentages 
for categorical variables, and as mean, standard deviation or 
median, and interquartile range for numerical variables. In in-
dependent groups, non-parametric tests such as Mann–Whit-
ney U and Kruskal–Wallis tests were used for numerical vari-
ables that did not conform to normal distribution. Student’s 
T-test was applied for numerical data that conformed to nor-
mal distribution. Chi-square test was used for categorical data. 
In analyses where Kruskal–Wallis test was used, Dwass, Steel, 
Critchlow–Fligner analysis was used for post-hoc pairwise 
comparisons. Statistical analysis of the study was performed 
using ‘’The jamovi project (2024)’’ jamovi (Version 2.5) [Com-
puter Software] (Retrieved from https://www.jamovi.org).

RESULTS
The discharge report of 135 patients was examined. For vari-
ous reasons, 6 patients whose treatment lasted <15 days and 
4 patients with incomplete data were excluded from the study. 
A total of 125 patients were included in the study. The median 
age of the patients was 64 (interquartile range [IQR]=25) years. 
The median time since stroke was 3 (IQR=3) months. 65 (52%) 
of the patients were male. 93 (74.4%) of the patients had essen-
tial hypertension, 47 (37.6%) had diabetes mellitus, 21 (16.8%) 
had dyslipidemia, 28 (22.4%) had coronary artery disease, and 
49 (39.2%) had other systemic diseases. Albumin levels were 
low in 22 (17.6%) of the patients, and hemoglobin levels were 
low in 75 (60%). CRP values were above normal in 53 (42.4%) 
patients. When uric acid levels were examined, 1 (0.8%) pa-
tient was below normal, 15 (12%) patients were above normal, 
and 109 (87.2%) were within normal limits (Table 1).
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The etiology was ischemic in 93 (74.4%) patients, hemorrhagic 
in 30 (24%) patients, and CVD due to other causes in 2 (1.6%) 
patients. While it was the first stroke in 102 (81.6%) patients, 23 
(18.4%) patients had more than one stroke history. The hemi-
plegic side was the right in 61 (48.8%) patients, and the left in 
56 (44.8%) patients. Bilateral weakness was present in 3 (2.4%) 
patients, and balance loss due to cerebellar stroke was present 
in 5 (4%) patients. Aphasia was present in 25 (20%) patients. Of 
these, 22 (88%) were motor, 2 (8%) were sensory, and 1 (4%) 
was global aphasia. In addition, 43 (34.4%) patients without 
aphasia had dysarthria (Table 1). The distribution of BS and 
FAC of the patients before treatment is shown in Table 2.

Table 1. Demographic variables of the patients and pre-treatment 
laboratory values

		  Median (IQR)/n (%)

Age (year)	 64 (25)
Gender
	 Female	 60 (48)
	 Male	 65 (52)
Duration of cerebrovascular accident (month)	 3 (3)
Additional diseases
	 Essential hypertension	 93 (74.4)
	 Diabetes mellitus	 47 (37.6)
	 Dyslipidemia	 21 (16.2)
	 Coronary artery disease	 28 (22.4)
	 Other system diseases	 49 (39.2)
Albumin
	 Low	 22 (17.7)
	 Normal	 103 (82.3)
Hemoglobin
	 Low	 75 (60)
	 Normal	 50 (40)
CRP
	 High	 53 (42.4)
	 Normal	 72 (57.6)
Uric acid
	 Low	 1 (0.8)
	 Normal	 15 (12)
	 High	 109 (87.2)
Cerebrovascular accident etiology
	 Ischemic	 93 (74.4)
	 Hemorrhagic	 30 (24)
	 Other	 2 (16)
Number of cerebrovascular accident	
	 First	 102 (81.6)
	 ≥2	 23 (18.4)
Clinical presentation
	 Right hemiplegia	 61 (48.8)
	 Left hemiplegia	 56 (44.8)
	 Bilateral weakness	 3 (2.4)
	 Loss of balance	 5 (4)
Aphasia
	 Motor	 22 (17.6)
	 Sensory	 2 (1.6)
	 Global	 1 (0.8)
Dysarthria	 43 (34.4)

IQR: Interquartile range.

Table 2. Brunnstrom staging and FAC levels of patients before 
treatment

BS upper extremity
	 Stage 1
	 Stage 2
	 Stage 3
	 Stage 4
	 Stage 5
	 Stage 6
BS hand
	 Stage 1
	 Stage 2
	 Stage 3
	 Stage 4
	 Stage 5
	 Stage 6
BS Lower extremity
	 Stage 1
	 Stage 2
	 Stage 3
	 Stage 4
	 Stage 5
	 Stage 6
FAC
	 Stage 0
	 Stage 1
	 Stage 2
	 Stage 3
	 Stage 4
	 Stage 5

30 (24)
20 (16)

13 (10.4)
12 (9.6)
25 (20)
25 (20)

42 (33.6)
14 (11.2)
15 (12)
7 (5.6)

18 (14.4)
29 (23.2)

9 (7.2)
13 (10.4)
30 (24)

16 (12.8)
21 (16.8)
36 (28.8)

36 (28.8)
18 (14.4)
11 (8.8)

16 (12.8)
35 (28)
9 (7.2)

n (%)

BS: Brunnstrom staging, FAC: Functional ambulation category.
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The initial data and changes in functionality of the patients 
were also compared between males and females. While the 
mean age of female patients was significantly higher than 
male patients, hemoglobin and uric acid values were signifi-
cantly lower than male patients (p=0.001, p<0.001, p=0.008, 
respectively). No significant difference was found in the pres-
ence of essential hypertension, presence of diabetes mellitus, 
CVD etiology, hospital stay, CRP, albumin pre-treatment and 
post-treatment BS and FAC evaluations according to gender 
(p>0.05) (Table 3). In addition, since the presence of aphasia is 
also important in rehabilitation, the improvements of patients 
with and without aphasia were also compared. When the im-
provements in FAC were compared between the aphasic and 
non-aphasic groups, no significant difference was found be-
tween them (p=0.321). When the improvements in BS were 
compared in the aphasic and non-aphasic groups, a signifi-
cant difference was found between the groups (p=0.007). In 
pairwise comparisons between the groups, no difference was 

found in terms of aphasia between the group with improve-
ment and the group that was at maximum BS from the begin-
ning (p=0.774), while the rate of aphasia in the group without 
improvement was significantly higher than in the groups with 
improvement and those at maximum BS from the beginning 
(p=0.045, p=0.033, respectively) (Table 4).

When patients with no improvement in BS, with improvement 
in BS, and those who were at the highest BS from the beginning 
were compared, no significant difference was found between 
the groups in terms of albumin, CRP, uric acid, and hemoglobin 
values (p>0.05). When the groups consisting of patients with 
no improvement in FAC, with improvement in FAC, and those 
who were at FAC level 5 from the beginning were compared, 
no significant difference was found between the groups in 
terms of CRP and uric acid (p>0.05). There was a significant 
difference between the groups in terms of albumin values 
(p=0.027). In post hoc pairwise comparisons, albumin values 

Table 3. Pre- and post-treatment changes according to gender

		  Female (n=60)	 Male (n=65)	 p

Age (year)	 69 (IQR=16)	 58 (IQR=17)	 0.001m
Duration of CVE (ay)	 3 (IQR=6.25)	 4 (IQR=5)	 0.630m
Duration of hospital stay (day)	 20 (IQR=11)	 22 (IQR=12)	 0.462m
Presence of essential hypertension	 42	 51	 0.279x
Presence of diabetes mellitus	 23	 24	 0.871x
CVE etiology
	 Ischemic	 47	 46	 0.139x
	 Hemorrhagic	 11	 19
	 Others	 2	 0
Albumin (g/L)	 37.90 (IQR=5.67)	 40 (IQR=5.20)	 0.116m
CRP (mg/L)	 3.23 (IQR=5.67)	 4.5 (IQR=6.63)	 0.976m
Uric acid (mg/dL)	 4.70 (IQR=1.80)	 5.50 (IQR=1.60)	 0.008t
Hemoglobin (g/L)	 117 (IQR=16.75)	 133 (IQR=20.0)	 <0.001m
Pre-treatment BS
	 Upper extremity	 4.0 (IQR=3.25)	 3.0 (IQR=4.0)	 0.226m
	 Hand	 3.5 (IQR=4.25)	 3.0 (IQR=4.0)	 0.597m
	 Low extremity	 5.0 (IQR=3.0)	 4.0 (IQR=2.0)	 0.134m
Pre-treatment FAC	 3.0 (IQR=3.0)	 2.0 (IQR=4.0)	 0.995m
Post-treatment BS
	 Upper extremity	 5.0 (IQR=4)	 4.0 (IQR=4.0)	 0.335m
	 Hand	 5.0 (IQR=5)	 3.0 (IQR=4.0)	 0.677m
	 Low extremity	 6.0 (IQR=2.0)	 4.0 (IQR=3.0)	 0.202m
Post-treatment FAC	 3.0 (IQR=4.0)	 4.0 (IQR=4.0)	 0.462m

mMann-Whitney U test, xChi-square test; tStudent-T test; CVD: Cerebrovascular disease; CRP: C-reactive protein; BS: Brunnstrom staging; FAC: Functional 

ambulation category; IQR: Interquartile range.
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were significantly lower in the group with no improvement in 
FAC compared to the group with improvement (p=0.022). No 
significant difference was observed in other pairwise compar-
isons (p>0.05). Similarly, a significant difference was observed 
between the groups in terms of hemoglobin values (p=0.042). 
In post hoc pairwise comparisons, the hemoglobin level of the 
group with improvement in FAC was found to be significantly 
higher than the group with no improvement (p=0.047). There 
was no significant difference in other pairwise comparisons 
(p>0.05) (Table 5).

DISCUSSION
In this study, the relationship between motor recovery and 
ambulation in the early period after stroke and albumin, CRP, 
uric acid, and hemoglobin values was tried to be explained. No 
relationship was found between recovery in BS and the labo-

ratory values examined. In FAC recovery, it was seen that there 
was a relationship between albumin and hemoglobin levels. 
In addition, it was tried to show the relationship between gen-
der and aphasia and recovery. It was seen that gender did not 
cause a difference in BS and FAC recovery. While aphasia did 
not cause a difference in FAC recovery, the aphasia rate was 
higher in the group without recovery in BS compared to the 
other groups.

It is of great importance to determine the prognostic factors 
of stroke, which is a significant cause of morbidity and mortal-
ity. Stroke is seen in female patients at older ages and is more 
mortal.[12] In our study, the mean age of female patients was 
significantly higher than male patients, and uric acid and he-
moglobin levels were significantly lower. However, these dif-
ferences did not create a significant difference in clinical recov-
ery. Aphasia, as a different prognostic factor, is associated with 
longer hospital stays and complications. Aphasia, compared 
to hemiparesis, may lead to poor clinical outcomes.[13] In our 
study, the presence of aphasia was significantly higher in the 
group without recovery than in the group with recovery and in 
patients with maximum BS from the beginning. Perhaps these 
data will enable future studies to include applications for com-
munication skills.

Low serum albumin levels are common in stroke patients[14] 
and are associated with poor clinical outcomes and increased 
mortality.[15] It also provides information about the premorbid 
nutritional status of stroke patients due to its long half-life.
[16] Our study has also shown that albumin is associated with 
ambulation. Globulin is also an acute-phase protein measured 
in serum. It increases in inflammation and is associated with 
hemorrhagic transformation in patients undergoing intra-ar-
terial thrombolysis.[17] A decrease in the albumin and globulin 

Table 4. The effect of aphasia on clinical recovery

		  Aphasic (n=25)	 Non-aphasic (n=100)	 p

BS
	 Group 1	 15	 28	 0.007x
	 Group 2	 9	 53
	 Group 3	 1	 19
FAC
	 Group 1	 11	 33	 0.321x
	 Group 2	 14	 61
	 Group 3	 0	 6

xChi-square test; BS: Brunnstrom staging; FAC: Functional ambulation 
category; Group 1: No-recovery, Group 2: Recovery, Group 3: Best level 
since the beginning; IQR: Interquartile range.

Table 5. Relationship between laboratory values and clinical improvement

BS		  Group 1 (n=43)	 Group 2 (n=62)	 Group 3 (n=20)	 p

Albumin (g/L) 	 39.20 (IQR=4.9)	 38.15 (IQR=6.08)	 40.14 (IQR=5.0)	 0.496†
CRP (mg/L)	 2.82 (IQR=6.79)	 6.82 (IQR=11.98)	 2.90 (IQR=3.79)	 0.074†
Uric acid (mg/dL)	 4.70 (IQR=2.15)	 5.30 (IQR=2.38)	 5.50 (IQR=0.85)	 0.117†
Hemoglobin (g/L)	 118 (IQR=21.0)	 128.50 (IQR=20.50)	 127.0 (IQR=22.25)	 0.062†
FAC	 Group 1 (n=44)	 Group 2 (n=75)	 Group 3 (n=6)	 p
Albumin (g/L)	 37.10 (IQR=4.80)	 40.0 (IQR=5.10)	 38.0 (IQR=3.38)	 0.027†
CRP (mg/L)	 3.50 (IQR=13.80)	 4.12 (IQR=6.35)	 2.90 (IQR=1.35)	 0.849†
Uric aside (mg/dL)	 5.30 (IQR=1.73)	 5.10 (IQR=2.0)	 5.0 (IQR=1.13)	 0.913†
Hemoglobin (g/L)	 118.0 (IQR=25.50)	 130 (IQR=25.50)	 120.50 (IQR=8.0)	 0.042†

†Kruskal–Wallis test; BS: Brunnstrom staging, FAC: Functional ambulation category, Group 1: No-recovery, Group 2: Recovery, Group 3: Best level since the 

beginning, IQR: Interquartile range, CRP: C-reactive protein.
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ratio is associated with mortality.[18] In our study, this ratio was 
not reversed in any patient, so the relationship with clinical 
outcomes could not be compared.

CRP is an acute-phase reactant that increases due to acute in-
flammation and tissue damage.[19] CRP is associated with white 
matter lesions, stroke severity, and mortality.[20,21] High CRP lev-
els have been shown to lead to poor outcomes in the modified 
Rankin score at 3 months.[22] However, in a study evaluating cas-
es with intracerebral hemorrhage, it was determined that CRP 
was not associated with clinical and imaging results.[23] In our 
study, no association was observed between CRP and either 
Brunnstrom motor staging or FAC. The fact that CRP is affect-
ed by many clinical conditions, the fact that patients cannot be 
questioned for the presence of chronic infection due to the ret-
rospective study design, or that it is not known whether they 
received antibiotics for acute infection, may affect the results.

Uric acid is a product of purine metabolism. It can act as both 
a pro-oxidant and an antioxidant.[24] The protection of vascu-
lar endothelial cell function and its neuroprotective effects 
are antioxidant effects.[25] It has been observed that it causes 
a decrease in serum uric acid levels in the early phase of acute 
stroke, and this decrease is associated with severe stroke, large 
infarct volume, and poor outcomes.[26,27] Hyperuricemia has 
also been reported to be associated with poor outcomes in 
stroke patients.[28,29] Again, publications are showing that there 
is no significant relationship between uric acid and outcomes.
[24,30,31] In our study, there was no relationship between uric acid 
levels and clinical improvements. All these differences may be 
due to the bidirectional effect of uric acid, differences in study 
designs, or patients receiving drug therapy that affects uric 
acid levels. Future studies should take these differences into 
account and ensure that the results are more reliable.

Having abnormal hemoglobin levels increases the incidence 
of stroke.[32] Low hemoglobin levels lead to an increase in in-
farct volume and infarct growth rate.[33] In addition, anemia 
increases the risk of mortality after stroke.[34] Low hemoglobin 
levels are associated with the presence of premorbid sarcope-
nia, prolonged hospital stay, and failure to improve dyspha-
gia and daily living activities.[35] Although studies generally 
focus on anemia, high hemoglobin levels are also associated 
with mortality and poor clinical outcomes. In addition, high 
hemoglobin levels may increase the risk of stroke recurrence 
and composite cardiovascular disease.[36] In our study, the fact 
that the group with no improvement in FAC had significantly 
lower hemoglobin levels than the group with improvement 
supports the literature.

There are some limitations to our study. First, the study is ret-
rospective, and only the 15th day rehabilitation results were 
evaluated. Second, since the study was conducted in a single 

center, different results may be obtained in different locations 
and ethnic groups. Third, some clinical conditions, such as 
stroke localization, intensive care history, and recent antibiotic 
treatment history, were not evaluated. In addition, since the 
participants were only included in the inpatient rehabilitation 
program in the ward, the patient group consisted of those 
who had more severe strokes and therefore cannot be gener-
alized to all stroke cases.

CONCLUSION
Albumin and hemoglobin levels are associated with improve-
ments in FAC in early stroke rehabilitation. Multicenter studies 
with a larger number of patients and longer follow-up periods 
may more clearly show the relationship between laboratory 
parameters and clinical improvement in stroke.
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