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Abstract 

Background. Many patients presenting with headache complaints are often concerned about the possibility of 
serious underlying conditions and request brain imaging to rule out ominous pathology. However, brain imaging is 
costly and carries potential risks for both patients and the healthcare system. Objective. This study aims to 
evaluate the diagnostic value of brain imaging for patients with headaches and intact neurological examination 
and to identify additional risk factors associated with abnormal imaging results. Methods. A retrospective cohort 
analysis was conducted on 185 patients with primary complaints of headache and normal neurological 
examinations, assessed at a general neurology clinic over a 4-year period. Results. Pathological findings on 
imaging studies were observed in 9.7% of cases, while 16.2% showed findings of uncertain significance. Patients 
with pathological or uncertain significance (US) findings are significantly older compared to those with normal 
results (p = .002 and p < .001, respectively). Male sex is associated with a higher likelihood of US findings  
(p = .03). Nonthrobbing headaches and the presence of red flags in patient history are linked to pathological 
findings (p = .001 and p = .002, respectively). The presumption of a secondary headache syndrome before 
ordering imaging is strongly associated with abnormal imaging results (p < .001 for pathological findings and  
p < .024 for US findings). Conclusion. The decision to perform brain imaging in patients with normal neurological 
examinations should be individualized based on patient demographics and the presence of nonthrobbing 
headaches or red flags in the clinical history. A lower threshold for imaging is recommended when secondary 
headache is suspected. 
 
Keywords: brain imaging; pathological findings; uncertain significance; red flags; incidental findings 

Citation: Mahmood, O. A., & Al-Shakerji, A. S. Y. (2026). Diagnostic yield of brain imaging in headache patients with intact neurological 
examination. NeuroRegulation, 13(2), 144–153. https://doi.org/10.15540/nr.13.2.144 

*Address correspondence to: Ali S. Yahya Al-Shakerji, College of 
Medicine, University of Mosul, Al Majmoaa Street, Mosul 41002, Iraq. 
Email: ali.sameer@uomosul.edu.iq  
 
Copyright: © 2026. Mahmood and Al-Shakerji. This is an Open 
Access article distributed under the terms of the Creative 
Commons Attribution License (CC-BY). 

Edited by:    
Rex L. Cannon, PhD, Currents, Knoxville, Tennessee, USA 
 
Reviewed by:  
Rex L. Cannon, PhD, Currents, Knoxville, Tennessee, USA 
Tanju Surmeli, MD, Living Health Center for Research and 
Education, Sisli, Istanbul, Turkey 

  

  
Introduction 

 
Headache is a prevalent neurological disorder 
affecting people of all ages, with a higher incidence 
in women (Ahmed, 2012). It is one of the most 
common medical complaints that makes people 
seek medical advice. It has a lifetime prevalence of 
99% and is one of the most common human 
afflictions (Silberstein & Lipton, 1996). Primary 
headaches, including migraine, tension-type, and 
cluster headaches, account for approximately 98% 
of cases. In contrast, secondary headaches require 
urgent attention due to potential life-threatening 
causes like tumors, infections, vessel abnormalities, 
or changes in brain pressure (Ahmed, 2012; Kelly et 
al., 2018).  

The third edition of International Headache Criteria 
(IHCD-3) guides the classification of headache types 
(Langdon & DiSabella, 2017). Many headache 
syndromes are diagnosed according to clinical 
criteria rather than brain imaging findings or other 
investigations. Brain imaging is sometimes needed 
to exclude ominous diagnoses or support other 
differential diagnoses. Current guidelines discourage 
routine diagnostic tests in the absence of red flags, 
and the patient has no focal neurological deficit 
(Kelly et al., 2018). Brain tumors, though 
uncommon, can cause headaches and warrant 
investigation if red flags are present (Kirby & Purdy, 
2014). Proper diagnosis and management of 
headaches are crucial for improving patients’ quality 
of life and reducing healthcare costs (Ahmed, 2012). 
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Brain magnetic resonance imaging (MRI) in 
headache patients has limited diagnostic value, with 
significant findings detected in only 4.9%–8.86% of 
cases (Jang et al., 2019; Yüksel et al., 2022). 
However, certain factors increase the likelihood of 
significant findings, including age over 65, acute 
onset of headache, and the presence of red flag in 
clinical history (Kaur et al., 2019; Yüksel et al., 
2022). Common incidental findings include white 
matter abnormalities, arachnoid cysts, and enlarged 
perivascular spaces (Gurkas et al., 2017; Toker et 
al., 2023). Neuroimaging in such conditions is 
frequently requested for medicolegal documentation 
or reassurance, rather than based on clinical 
necessity, as its yield in patients with normal 
neurological examinations is equivalent to that of the 
general asymptomatic population (Mullally & Hall, 
2018). Nevertheless, MRI remains a valuable tool for 
ruling out secondary causes of headaches (Jang et 
al., 2019). Given its limited diagnostic utility in the 
absence of concerning features, neuroimaging 
should be reserved for headache patients who 
present with red flags (Jang et al., 2019; Kaur et al., 
2019). The MRI is the modality of choice for the 
brain tissue as it gives more detailed information, 
and there is no risk of radiation exposure 
(Kamtchum-Tatuene et al., 2020). 
 
On the other hand, neuroimaging in headache 
patients may detect nonsignificant findings. Those 
findings may be incidental and unrelated to 
headache complaints or normal variants that can 
present in many normal people, leading to more 
consultations and more investigations to prove their 
nonrelevance or nonsignificance (Graf et al., 2010; 
Moodley & I Bhigjee, 2022). The detection of these 
incidental findings can increase stress and 
obsession about having a threatening disease and 
raise another dilemma about proving their 
significance or nonsignificance. For this reason, 
sometimes doing imaging studies in such conditions 
can do more harm than benefit, increasing 
healthcare costs and extending the waiting queues. 
The current guidelines recommend against routine 
neuroimaging in patients with normal neurological 
examinations; individual assessment is crucial 
(Kamtchum-Tatuene et al., 2020; Young et al., 
2018). 
 
This study aims to detect the frequency of abnormal 
neuroimaging in headache patients with normal 
neurological examination and to identify risk factors 
for abnormal findings using subgroup analysis. 

Materials and Methods 
 
Methods 
This study is a retrospective cohort analysis 
conducted at a general neurology clinic in Mosul, 
Nineveh, Iraq. It included patients who presented 
with headache as their primary complaint and had a 
normal neurological examination. The data were 
extracted from electronic medical records spanning 
from October 2019 to January 2025. 
 
Inclusion Criteria 
Patients aged 4 years and older were eligible for 
inclusion if they presented with a chief complaint of 
headache, had no focal neurological deficits on 
examination, and underwent neuroimaging (MRI or 
computed tomography [CT]) following clinical 
evaluation. 
 
Exclusion Criteria 
Patients were excluded if they met any of the 
following conditions: 

a) Headache was a secondary or 
accompanying symptom rather than the 
primary complaint. 

b) Presence of a focal neurological sign or 
meningeal irritation on examination. 

c) Neuroimaging was not performed. 
d) Medical record was incomplete or lacked 

essential diagnostic or demographic data. 
 
See Figure 1 for a detailed flowchart of patient 
selection. 
 
The primary objective of the study was to evaluate 
the diagnostic yield of neuroimaging in patients 
presenting with headache and a normal neurological 
examination. The secondary objective was to 
identify clinical and demographic risk factors 
associated with abnormal imaging findings through 
subgroup analysis. 
 
Ethical Approval 
All participants involved in this study provided 
informed consent prior to their participation. The 
study was approved by the Mosul medical college 
ethics committee (Ref. No. UOM/COM/MREC/23-
24/JUL9) and participants were fully informed about 
the purpose, procedures, and potential risks 
associated with their involvement. 
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Figure 1. Flow Chart of Patients Gathering. 

 
 
 
Data Collection 
Patient records were retrieved using Microsoft 
Access 2010, the digital medical record system 
utilized in the neurology clinic. Data were filtered 
using predefined criteria on the main interface to 
identify eligible cases. A total of 185 patients met the 
inclusion criteria and were enrolled in the study. 
 
The collected data included patient demographics 
(age, sex), duration of headache (categorized into 
three groups: acute [days], subacute [months], and 
chronic [years]; Gonzalez-Martinez et al., 2024), 
history of present illness, presence of red flag 
symptoms, and relevant past medical, surgical, drug, 
social, and family histories. All patients underwent 
general and neurological examinations, the findings 
of which were documented. 
 
Details of investigations, including neuroimaging 
studies (MRI or CT of the brain), and final clinical 
diagnoses were entered into Microsoft Excel 2010 
for analysis. 
 
Neuroimaging findings were classified into three 
categories: 

a) Normal. No significant abnormalities 
reported by the radiologist or observed by 
the neurologist upon review. 

b) Pathological. Findings deemed relevant to 
the patient’s headache and requiring specific 
medical or surgical intervention. 

c) Findings of US. Imaging abnormalities that 

may or may not be related to the headache 
and do not necessitate immediate or specific 
treatment (white spots of brain [Longstreth 
et al., 1996], arachnoid cyst [Al-Holou et al., 
2013] and brain atrophy [Sargent & Lawson, 
1980]).  

 
Data Analysis 
Data were analyzed using IBM SPSS Statistics for 
Windows, Version 23.0 (IBM Corp., Armonk, NY, 
USA). Categorical variables were assessed using 
Chi-square tests applied to 2×2 and 3×3 
contingency tables. A p-value of <.05 was 
considered statistically significant for 2×2 
comparisons, while a Bonferroni-corrected p-value 
threshold of <.0056 was applied for 3×3 
comparisons to account for multiple testing. 
 
For continuous variables, one-way analysis of 
variance (ANOVA) was used to compare means 
among groups, following verification of normal 
distribution using the Kolmogorov–Smirnov and 
Shapiro–Wilk tests. Post hoc analysis was 
conducted using the Tukey Honest Significant 
Difference (HSD) test when appropriate. 

Most of the information available 

185 Patients

Imaging study (brain MRI, head CT, both)

241 Patients

Intact neurological examination 

1001 Patients 

Headache patients (7/10/2019–16/1/2025)  

1146 Patients
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The manuscript was prepared in accordance with 
the CONSORT (Consolidated Standards of 
Reporting Trials) guidelines (Moher et al., 2010). 
 

Results 
 
A total of 185 consecutive patients presenting with 
headache as their primary complaint and exhibiting 
normal neurological examinations were evaluated 
and included in the study (Figure 1). Among the 
cohort, 34.1% were male. 
 
The duration of headache symptoms was 
categorized chronologically (Table 1): 

• Acute (days): 38.9% 

• Subacute (months): 20.0% 

• Chronic (years): 41.1% 
 
Red flag features in the clinical history (Table 2) 
were identified in 37.7% of patients. Additionally, 
27% of patients exhibited instability in vital signs 
during examination (e.g., abnormal blood pressure, 
fever, or abnormal pulse), while 5% had abnormal 
general physical examination findings (e.g., anemia, 
jaundice, etc.). 
 
Neuroimaging was ordered based on the presence 
of red flags or per patient request to alleviate 

anxiety. MRI was the preferred imaging modality, 
performed in 71.4% of cases, compared to 30.8% 
who underwent head CT. Some patients underwent 
both. 
 
Patients with pathological imaging findings and 
those with findings of uncertain significance were 
significantly older than patients with normal imaging 
results (p = .002 and p < .001, respectively; Table 
4). 
 
A nonthrobbing headache quality and the presence 
of red flags in the history were both strongly 
associated with pathological imaging findings  
(p = .001 and p = .002, respectively). 
 
Presumptive diagnosis of a secondary headache 
syndrome was significantly associated with both 
pathological findings and findings of US (p < .001 
and p = .024, respectively). Additionally, male sex 
was significantly associated with the presence of 
findings of US (p = .03). 
  
No statistically significant associations were found 
between imaging findings and either vital sign 
instability or abnormal general examination findings 
(p > .05 in all cases; Table 5). 

 
 

Table 1 

Frequency of Categorical Data 

Variable       Frequency Percentage 

Sex (Male) 63 34.1% 

Duration   

Days 72 38.9% 

Months 37 20.0% 

Years 76 41.1% 

Red flags (Yes) 69 37.3% 

Stability (No) 49 26.5% 

General examination (abnormal) 10 5.4% 

Type of imaging   

MRI 128 69.2% 

CT 53 28.6% 

Both 4 2.2% 

Diagnosis (presumed secondary) 27 14.6% 

Imaging finding   

Normal 137 74.1% 

Findings of uncertain 
significance 

30 16.2% 

Pathological 18 9.7% 
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Table 2 

Red Flags in History 

1. Childhood-onset 15. Dysphasia 

2. Old age >65 years 16. Numb chin 

3. Acute in onset 17. Fever 

4. Postcoital 18. Weight loss 

5. Thunderclap in character 19. Flu-like illness 

6. Cluster in character 20. Post-COVID-19 

7. Loss of consciousness 21. No response to treatment 

8. Forgetfulness 22. Changing character 

9. Facial numbness 23. History of familial dyslipidemia 

10. Facial weakness 24. History of benign intracranial hypertension 

11. Facial pain 25. History of breast cancer 

12. Deafness or tinnitus 26. History of chronic kidney disease 

13. Sided numbness 27. History of recent trauma to head 

14. Sided weakness 28. History of hypertensive crisis 

 

Table 3 

Pathological Findings and Findings of Uncertain Significance (US) in Headache Cohort 

Pathological findings No. Findings of US No. 

1. Ischemic infarctions 8 1. White spots of the brain 25 

2. Intracerebral hemorrhage 2 2. Brain atrophy 3 

3. Cerebellopontine angle ependymoma 1 3. Arachnoid cyst 2 

4. Maxillary sinusitis, pan sinusitis 2   

5. Parasagittal lesion (AVM or tumor) 2   

6. Internal carotid artery aneurysm 1   

7. CSF leakage from anterior cranial 
fossa to Right nasal sinus 

1   

8. Linear skull fracture 1   

 
 

Table 4 

Association Between Age and Imaging Findings Using One-Way ANOVA Test  

 (I) Findings Mean Age (Year) SD (J) Findings      Sig.(I–J) 

Tukey* HSD 

Normal 37.5 15.8 
Findings of US < .001 

Pathological .002 

Findings of US 58.7 16.3 
Normal < .000 

Pathological .239 

Pathological 51.1 14.2 
Normal .002 

Findings of US .239 

* = Tukey HSD test is used for post hoc multiple comparisons after assuring normal distribution of data (Kolmogorov–Smirnov 
and Shapiro–Wilk).
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Table 5 

Relation Between Clinicodemographic Features and Imaging Findings Using Chi-Square Tests 2x2 Table 

Clinical & demographic features Imaging findings 

  Normal Pathological Findings of US 

Sex 

Male 40 8 15 

Female 97 10 15 

OR Ref. 1.9 2.4 

95%CI  0.71–5.3 1.08–5.4 

p-value  .19 .03 

Headache 
characteristics 

Throbbing 85 4 15 

Nonthrobbing 52 14 15 

OR Ref. 5.8 1.6 

95%CI  1.8–18.7 0.7–3.6 

p-value  .001 .22 

Red flags 

No 90 5 21 

Yes 47 13 9 

OR Ref. 4.9 0.82 

95% CI  1.7–14.8 0.39–1.9 

p-value  .002 .65 

General 
examination 

Normal 131 17 26 

Abnormal 5 1 4 

OR Ref. 1.5 4 

95% CI  0.17–13.9 1–16 

p-value  .53* .06* 

Vital signs 

Stable 92 12 19 

Unstable 33 6 10 

OR Ref. 1.3 1.47 

95%CI  0.48–4.01 0.62–3.5 

p-value  .57* .38 

Preliminary 
diagnosis 

Presumed 1o 122 9 22 

Presumed 2o 15 9 18 

OR  8.1 2.9 

95%CI  2.8–23.67 1.12–7.81 

p-value  <.001* .037* 

OR = odd ratio, CI = confidence interval, Ref. = Reference, 1o = primary headache, 2o = secondary headache, * = Fisher-
exact test is used. 

 
 
When evaluating the relationship between imaging 
findings and either the duration of illness (acute, 
subacute, chronic) or type of imaging modality (MRI, 

CT, or both) using 3×3 contingency tables, no 
statistically significant associations were detected 
after Bonferroni correction (Table 6). 
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Table 6 

Relation Between Durations of Illnesses and Imaging Modalities From One Perspective and Imaging Findings 
From Another Perspective Using 3x3 Contingency Table Chi-Square Test 

  Imaging findings 

  Normal (p-value)* Pathological (p-value) Finding of US (p-value) 

Durations Days 45 (.08) 12 (.18) 15 (.74) 

 Months 31 (.69) 3 (.1) 3 (.69) 

 Years 61 (.63) 3 (.3) 12 (1) 

Imaging 
modality 

Brain** MRI 89 (.35) 11 (.96) 28 (.04) 

 Head CT 45 (.35) 6 (.99) 2 (.08) 

 Both 3 (1) 1 (.91) 0 (.94) 

* All p-values are not significant (significant p value after Bonferroni correction ≤ .0056). ** MRI = magnetic resonance 
imaging, CT = computed tomography. 

 
 

Discussion 
 
In Iraq, the diagnostic yield of neuroimaging in 
patients presenting with headache and a normal 
neurological examination has not been clearly 
established. In the present study, pathological 
findings were identified in 9.7% of patients, while 
findings of US were observed in 16.2%. These 
results are consistent with previous studies by 
Kamtchun-Tatuene et al. (2020) and Moodley & I 
Bhigjee (2022), which reported similar frequencies of 
abnormal imaging findings in comparable patient 
populations.  
 
Clinically significant findings—defined as 
abnormalities that could potentially alter treatment 
decisions—were identified in approximately 10% of 
patients in our cohort. This proportion aligns with 
findings reported by Jang et al. (8.86%; 2019) and 
Kamtchun-Tatuene et al. (17.5%; 2020). However, 
these results contrast with those of Sempere et al. 
(2005), who reported a markedly lower prevalence 
of significant intracranial abnormalities (0.9%) in a 
cohort of patients with nonacute headaches. The 
observed discrepancies may be attributed to 
differences in study design, inclusion criteria, and 
the potential for missed cases in cohorts with less 
stringent data collection methods. 
 
The white spots of the brain are more prevalent in 
migraineurs, tension-type headache, and middle-age 
patients, but their relation to headache is not clearly 
understood (Honningsvåg et al., 2018; Schramm et 
al., 2024). On the other hand, arachnoid cysts are 
often asymptomatic but larger cysts may cause 
headache, seizure or focal neurological deficit 
(Cherian et al., 2014). Brain atrophy has been also 
linked to headache, especially in migraineurs, by 

unknown mechanism (Devianne et al., 2022). We 
have assumed “finding of uncertain significance 
(US)” for these constellations that have been 
previously reported as “incidental findings” or 
“findings that do not change treatment plans” 
(Moodley & I Bhigjee, 2022).  
 
Patients with pathological findings (51.1 years ± 
14.2) and findings of US (58.7 years ± 16.3) are 
considerably older than those with normal findings 
(37.5 years ± 15.8). Kim et al. (2020) recognized that 
age ≥50 years at headache onset was related to 
incidental findings, while age ≥40 years was linked 
to pathological results. Similarly, Lemmens et al. 
(2021) emphasized that headache onset after age 
50 should be considered a clinical warning sign.  
 
A noteworthy finding in this cohort is the significant 
association between male sex and the presence of 
findings of uncertain significance. Khalid and Salih 
(2024) also demonstrated a higher rate of abnormal 
MRI findings among male patients compared to 
females. These studies emphasize the importance 
of sociodemographic factors in selecting headache 
patients for imaging techniques. 
 
The relationship between headache duration and 
imaging abnormalities is complex. While some 
studies indicate that abnormal imaging findings 
increase with age and are more common in males, 
they appear largely independent of symptom 
duration (Sun & Cao, 2011). In pediatric populations, 
however, headache duration of less than 6 months 
has been linked to abnormal imaging (Medina et al., 
1997), while other studies found that chronic 
headaches are more likely to yield abnormal findings 
(Rai, 2016). In our study, no significant association 
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was found between symptom duration and imaging 
abnormalities. 
 
The throbbing quality of headache, often 
characteristic of migraine (Hernandez et al., 2024), 
was inversely associated with pathological imaging 
findings in this cohort. Specifically, nonthrobbing 
headaches were significantly more frequent among 
patients with pathological imaging but not among 
those with US findings. These findings underscore 
the need for further investigation into the 
pathophysiological relevance of headache quality in 
differentiating primary from secondary headache 
syndromes. 
 
The utility of red flag symptoms in selecting patients 
for imaging remains controversial. While some 
authors argue that three or more red flags are 
necessary to predict abnormal imaging (Manoyana 
et al., 2022; Sobri et al., 2003), others report low 
diagnostic yield even in their presence (Tsze et al., 
2019; Young et al., 2018). In our cohort, red flags 
were significantly associated with abnormal imaging 
findings, supporting their value in clinical  
decision-making. 
 
Notably, abnormalities in general physical 
examination (e.g., pallor, jaundice, cyanosis) and 
vital sign instability (e.g., hypertension, fever, 
irregular pulse) were not predictive of abnormal 
imaging outcomes. Although hypertensive 
encephalopathy has been linked to cytotoxic edema 
on imaging, this is likely due to loss of cerebral 
autoregulation rather than ischemia (Schwartz et al., 
1992). To our knowledge, this aspect remains 
underreported in the literature and merits further 
investigation. 
 
Comparative studies on imaging modalities in 
headache patients show mixed results. CT is 
superior for detecting bony lesions, skull base 
pathology, and acute hemorrhages, whereas MRI 
provides better resolution for parenchymal 
abnormalities (Agarwal & Kanekar, 2022; Lemmens 
et al., 2021; McCullagh et al., 2022). In our study, no 
statistically significant advantage was observed for 
either MRI or CT—or their combination—in detecting 
clinically relevant abnormalities in an outpatient 
setting. Therefore, imaging choice should be guided 
by specific clinical features, suspected pathology, 
and urgency of assessment. 
 
The strength of this study lies in the use of a digital 
medical database to minimize interpretive bias and 
the application of robust inclusion and exclusion 
criteria. Subgroup analysis provided valuable 

insights into underexplored aspects of headache 
imaging. However, several limitations must be 
acknowledged. The single-center design may limit 
generalizability, and referral bias may have led to an 
overestimation of abnormal findings, as many 
excluded patients with presumed benign headaches 
did not undergo imaging. Additionally, the 
retrospective nature of the study limits control over 
confounding variables and introduces record bias. 
 
To the best of our knowledge, this is the first Iraqi 
cohort study to evaluate the frequency and nature of 
abnormal imaging findings in headache patients with 
normal neurological examinations, and to identify 
associated demographic and clinical predictors. 
 

Conclusion 
 
The decision to perform neuroimaging in headache 
patients with a normal neurological examination 
should be individualized, taking into account 
demographic characteristics, headache features, 
and clinical history. As an alternative or complement, 
neuroregulation and neuromodulation techniques, 
including neurofeedback and noninvasive 
stimulation, may offer more targeted and  
cost-effective strategies for managing this 
population. The presence of red flag symptoms, 
older age, and nonthrobbing headache quality were 
all associated with a higher likelihood of abnormal 
imaging. Male sex was linked to findings of uncertain 
significance. Importantly, physical exam 
abnormalities and vital sign instability were not 
predictive of imaging abnormalities. 
 
Careful application of clinical guidelines and 
judicious use of imaging may reduce unnecessary 
investigations, lower healthcare costs, and shorten 
waiting times. Further prospective, multicenter 
studies with longer follow-up periods are warranted 
to better understand the clinical significance of 
incidental imaging findings and to refine the 
predictive value of specific headache features. 
 
Author Acknowledgments 
We would like to express our sincere gratitude to all 
participants for their time, and valuable contributions 
to this study. Without their participation, this 
research would not have been possible. 
 
Author Disclosures 
The authors declare that no funding was received for 
the conduct of this research or the preparation of 
this manuscript. The authors declare that they have 
no financial or personal relationships with individuals 
or organizations that could inappropriately influence 

http://www.neuroregulation.org/


Mahmood and Al-Shakerji  NeuroRegulation  

 

 

152 | www.neuroregulation.org Vol. 13(2):144–153  2026 doi:10.15540/nr.13.2.144 
 

(bias) the content of this manuscript. There are no 
conflicts of interest related to the research, 
authorship, or publication of this study. Limited use 
of artificial intelligence (AI) tools was made solely for 
language editing and improvement of clarity. No AI 
tools were used for data analysis, interpretation, or 
generation of scientific content. The authors take full 
responsibility for the accuracy and integrity of the 
manuscript. 
 

References 
 
Agarwal, A., & Kanekar, S. (2022). Headache attributed to 

disorder of the cranium and base of the skull. Neurologic 
Clinics, 40(3), 563–589. https://doi.org/10.1016 
/j.ncl.2022.03.001 

Ahmed, F. (2012). Headache disorders: Differentiating and 
managing the common subtypes. British Journal of Pain, 6(3), 
124–132. https://doi.org/10.1177/2049463712459691 

Al-Holou, W. N., Terman, S., Kilburg, C., Garton, H. J. L., 
Muraszko, K. M., & Maher, C. O. (2013). Prevalence and 
natural history of arachnoid cysts in adults. Journal of 
Neurosurgery, 118(2), 222–231. https://doi.org/10.3171 
/2012.10.JNS12548 

Cherian, J., Viswanathan, A., & Evans, R. W. (2014). Headache 
and arachnoid cysts. Headache: The Journal of Head and 
Face Pain, 54(7), 1224–1228. https://doi.org/10.1111 
/head.12415 

Devianne, J., Mawet, J., Hugon, J., Roos, C., & Paquet, C. 
(2022). Is there a link between headache and cognitive 
disorders? A systematic review. Revue Neurologique, 178(4), 
285–290. https://doi.org/10.1016/j.neurol.2021.07.023 

Gonzalez-Martinez, A., Ray, J. C., Haghdoost, F., Ashraf, U., 
Cerrahoglu Sirin, T., Dantes, M. C., Gosalia, H., Hwang, H., 
Kim, J. M., Lange, K. S., Jennysdotter Olofsgård, F., 
Caronna, E., & Pozo-Rosich, P. (2024). Time and headache: 
Insights into timing processes in primary headache disorders 
for diagnosis, underlying pathophysiology and treatment 
implications. Cephalalgia, 44(11). https://doi.org/10.1177 
/03331024241297652 

Graf, W. D., Kayyali, H. R., Abdelmoity, A. T., Womelduff, G. L., 
Williams, A. R., & Morriss, M. C. (2010). Incidental 
neuroimaging findings in nonacute headache. Journal of Child 
Neurology, 25(10), 1182–1187. https://doi.org/10.1177 
/0883073809353149 

Gurkas, E., Karalok, Z. S., Taskın, B. D., Aydogmus, U., Yılmaz, 
C., & Bayram, G. (2017). Brain magnetic resonance imaging 
findings in children with headache. Archivos Argentinos de 
Pediatria, 115(6), e349–e355. https://doi.org/10.5546 
/aap.2017.eng.e349 

Hernandez, J., Molina, E., Rodriguez, A., Woodford, S., Nguyen, 
A., Parker, G., & Lucke-Wold, B. (2024). Headache disorders: 
Differentiating primary and secondary etiologies. Journal of 
Integrative Neuroscience, 23(2), Article 43. https://doi.org 
/10.31083/j.jin2302043 

Honningsvåg, L.-M., Håberg, A. K., Hagen, K., Kvistad, K. A., 
Stovner, L. J., & Linde, M. (2018). White matter 
hyperintensities and headache: A population-based imaging 
study (HUNT MRI). Cephalalgia, 38(13), 1927–1939. 
https://doi.org/10.1177/0333102418764891 

Jang, Y. E., Cho, E. Y., Choi, H. Y., Kim, S. M., & Park, H. Y. 
(2019). Diagnostic neuroimaging in headache patients: A 
systematic review and meta-analysis. Psychiatry 
Investigation, 16(6), 407–417. https://doi.org/10.30773 
/pi.2019.04.11 

Kamtchum-Tatuene, J., Kenteu, B., Fogang, Y. F., Zafack, J. G., 
Nyaga, U. F., & Noubiap, J. J. (2020). Neuroimaging findings 

in headache with normal neurologic examination: Systematic 
review and meta-analysis. Journal of the Neurological 
Sciences, 416, Article 116997. https://doi.org/10.1016 
/j.jns.2020.116997 

Kaur, S., Ali, A., Ahmad, U., Pandey, A. K., & Singh, B. (2019). 
rs2651899 variant is associated with risk for migraine without 
aura from north Indian population. Molecular Biology Reports, 
46(1), 1247–1255. https://doi.org/10.1007/s11033-019-04593-
1 

Kelly, M., Strelzik, J., Langdon, R., & DiSabella, M. (2018). 
Pediatric headache: Overview. Current Opinion in Pediatrics, 
30(6), 748–754. https://doi.org/10.1097 
/MOP.0000000000000688 

Khalid, H., & Salih, D. A. (2024). Magnetic resonance imaging 
(MRI) findings in referred adult patients with headache. Zanco 
Journal of Medical Sciences, 28(3), 412–420. https://doi.org 
/10.15218/zjms.2024.40 

Kim, B.-S., Kim, S.-K., Kim, J.-M., Moon, H.-S., Park, K.-Y., Park, 
J. W., Sohn, J.-H., Song, T.-J., Chu, M. K., Cha, M.-J., Kim, 
B.-K., & Cho, S.-J. (2020). Factors associated with incidental 
neuroimaging abnormalities in new primary headache 
patients. Journal of Clinical Neurology, 16(2), 222–229. 
https://doi.org/10.3988/jcn.2020.16.2.222 

Kirby, S., & Purdy, R. A. (2014). Headaches and brain tumors. 
Neurologic Clinics, 32(2), 423–432. https://doi.org/10.1016 
/j.ncl.2013.11.006 

Langdon, R., & DiSabella, M. T. (2017). Pediatric headache: An 
overview. Current Problems in Pediatric and Adolescent 
Health Care, 47(3), 44–65. https://doi.org/10.1016 
/j.cppeds.2017.01.002 

Lemmens, C. M. C., van der Linden, M. C., & Jellema, K. (2021). 
The value of cranial CT imaging in patients with headache at 
the emergency department. Frontiers in Neurology, 12, Article 
663353. https://doi.org/10.3389/fneur.2021.663353 

Longstreth, W. T., Manolio, T. A., Arnold, A., Burke, G. L., Bryan, 
N., Jungreis, C. A., Enright, P. L., O’Leary, D., & Fried, L. 
(1996). Clinical correlates of white matter findings on cranial 
magnetic resonance imaging of 3301 elderly people. Stroke, 
27(8), 1274–1282. https://doi.org/10.1161/01.STR.27.8.1274 

Manoyana, A., Angkurawaranon, S., Katib, S., Wiwattanadittakul, 
N., Sirikul, W., & Angkurawaranon, C. (2022). Diagnostic 
values of red flags and a clinical prediction score for 
emergent intracranial lesions in non-traumatic pediatric 
headaches. Children, 9(6), Article 863. https://doi.org/10.3390 
/children9060863 

McCullagh, K., Castillo, M., & Zamora, C. (2022). Headache 
attributed to non-vascular intracranial disorder: Neoplasms, 
infections, and substance abuse. Neurologic Clinics, 40(3), 
531–546. https://doi.org/10.1016/j.ncl.2022.02.005 

Medina, L. S., Pinter, J. D., Zurakowski, D., Davis, R. G., Kuban, 
K., & Barnes, P. D. (1997). Children with headache: Clinical 
predictors of surgical space-occupying lesions and the role of 
neuroimaging. Radiology, 202(3), 819–824. https://doi.org 
/10.1148/radiology.202.3.9051039 

Moher, D., Hopewell, S., Schulz, K. F., Montori, V., Gotzsche, P. 
C., Devereaux, P. J., Elbourne, D., Egger, M., & Altman, D. 
G. (2010). CONSORT 2010 explanation and elaboration: 
Updated guidelines for reporting parallel group randomised 
trials. BMJ, 340, Article c869. https://doi.org/10.1136 
/bmj.c869 

Moodley, S., & I Bhigjee, A. (2022). The association between 
headache presentation, normal examination and 
neuroimaging findings: A retrospective analysis of patients 
presenting to a tertiary referral centre. African Health 
Sciences, 22(4), 261–272. https://doi.org/10.4314 
/ahs.v22i4.31 

http://www.neuroregulation.org/
https://doi.org/10.1016/j.ncl.2022.03.001
https://doi.org/10.1016/j.ncl.2022.03.001
https://doi.org/10.1177/2049463712459691
https://doi.org/10.3171/2012.10.JNS12548
https://doi.org/10.3171/2012.10.JNS12548
https://doi.org/10.1111/head.12415
https://doi.org/10.1111/head.12415
https://doi.org/10.1016/j.neurol.2021.07.023
https://doi.org/10.1177/03331024241297652
https://doi.org/10.1177/03331024241297652
https://doi.org/10.1177/0883073809353149
https://doi.org/10.1177/0883073809353149
https://doi.org/10.5546/aap.2017.eng.e349
https://doi.org/10.5546/aap.2017.eng.e349
https://doi.org/10.31083/j.jin2302043
https://doi.org/10.31083/j.jin2302043
https://doi.org/10.1177/0333102418764891
https://doi.org/10.30773/pi.2019.04.11
https://doi.org/10.30773/pi.2019.04.11
https://doi.org/10.1016/j.jns.2020.116997
https://doi.org/10.1016/j.jns.2020.116997
https://doi.org/10.1007/s11033-019-04593-1
https://doi.org/10.1007/s11033-019-04593-1
https://doi.org/10.1097/MOP.0000000000000688
https://doi.org/10.1097/MOP.0000000000000688
https://doi.org/10.15218/zjms.2024.40
https://doi.org/10.15218/zjms.2024.40
https://doi.org/10.3988/jcn.2020.16.2.222
https://doi.org/10.1016/j.ncl.2013.11.006
https://doi.org/10.1016/j.ncl.2013.11.006
https://doi.org/10.1016/j.cppeds.2017.01.002
https://doi.org/10.1016/j.cppeds.2017.01.002
https://doi.org/10.3389/fneur.2021.663353
https://doi.org/10.1161/01.STR.27.8.1274
https://doi.org/10.3390/children9060863
https://doi.org/10.3390/children9060863
https://doi.org/10.1016/j.ncl.2022.02.005
https://doi.org/10.1148/radiology.202.3.9051039
https://doi.org/10.1148/radiology.202.3.9051039
https://doi.org/10.1136/bmj.c869
https://doi.org/10.1136/bmj.c869
https://doi.org/10.4314/ahs.v22i4.31
https://doi.org/10.4314/ahs.v22i4.31


Mahmood and Al-Shakerji  NeuroRegulation  

 

 

153 | www.neuroregulation.org Vol. 13(2):144–153  2026 doi:10.15540/nr.13.2.144 
 

Mullally, W. J., & Hall, K. E. (2018). Value of patient-directed brain 
magnetic resonance imaging scan with a diagnosis of 
migraine. The American Journal of Medicine, 131(4), 438–
441. https://doi.org/10.1016/j.amjmed.2017.10.042 

Rai, G. S. (2016). Evaluation of CT and MRI findings among 
patients presented with chief complaint of headache in central 
India. Journal of Clinical and Diagnostic Research, 10(2), 
TC21–TC25. https://doi.org/10.7860/JCDR/2016/16852.7249 

Sargent, J. D., & Lawson, R. C. (1980). Computerized 
tomographic scans for headache. JAMA, 244(2), Article 133. 
https://doi.org/10.1001/jama.1980.03310020015007 

Schramm, S. H., Tenhagen, I., Jokisch, M., Gronewold, J., 
Moebus, S., Caspers, S., Katsarava, Z., Erbel, R., Stang, A., 
& Schmidt, B. (2024). Migraine or any headaches and white 
matter hyperintensities and their progression in women and 
men. The Journal of Headache and Pain, 25(1), Article 78. 
https://doi.org/10.1186/s10194-024-01782-7 

Schwartz, R. B., Jones, K. M., Kalina, P., Bajakian, R. L., 
Mantello, M. T., Garada, B., & Holman, B. L. (1992). 
Hypertensive encephalopathy: Findings on CT, MR imaging, 
and SPECT imaging in 14 cases. American Journal of 
Roentgenology, 159(2), 379–383. https://doi.org/10.2214 
/ajr.159.2.1632361 

Sempere, A., Porta-Etessam, J., Medrano, V., Garcia-Morales, I., 
Concepción, L., Ramos, A., Florencio, I., Bermejo, F., & 
Botella, C. (2005). Neuroimaging in the evaluation of patients 
with non-acute headache. Cephalalgia, 25(1), 30–35. 
https://doi.org/10.1111/j.1468-2982.2004.00798.x 

Silberstein, S. D., & Lipton, R. B. (1996). HEADACHE 
EPIDEMIOLOGY: Emphasis on migraine. Neurologic Clinics, 
14(2), 421–434. https://doi.org/10.1016/S0733-
8619(05)70265-6 

Sobri, M., Lamont, A. C., Alias, N. A., & Win, M. N. (2003). Red 
flags in patients presenting with headache: Clinical indications 
for neuroimaging. The British Journal of Radiology, 76(908), 
532–535. https://doi.org/10.1259/bjr/89012738 

Sun, Z., & Cao, Y. (2011). Computed tomography imaging of 
patients with headache: Findings and clinical indications. 
Journal of Medical Imaging and Health Informatics, 1(1), 21–
26. https://doi.org/10.1166/jmihi.2011.1003 

Toker, R. T., Mutlucan, I. O., Tanrıverdi, C., & Demir, A. B. 
(2023). MRI findings in children with migraine or tension-type 
headache. BMC Pediatrics, 23(1), Article 435. https://doi.org 
/10.1186/s12887-023-04264-y 

Tsze, D. S., Ochs, J. B., Gonzalez, A. E., & Dayan, P. S. (2019). 
Red flag findings in children with headaches: Prevalence and 
association with emergency department neuroimaging. 
Cephalalgia, 39(2), 185–196. https://doi.org/10.1177 
/0333102418781814 

Young, N. P., Elrashidi, M. Y., McKie, P. M., & Ebbert, J. O. 
(2018). Neuroimaging utilization and findings in headache 
outpatients: Significance of red and yellow flags. Cephalalgia, 
38(12), 1841–1848. https://doi.org/10.1177 
/0333102418758282 

Yüksel, H., Tutal Gürsoy, G., & Bektaş, H. (2022). Significant and 
nonsignificant findings on magnetic resonance imaging of 
patients with headache. Journal of Health Sciences and 
Medicine, 5(2), 670–675. https://doi.org/10.32322 
/jhsm.1070220  

 
 
Received: July 11, 2025 
Accepted: October 27, 2025 
Published: June 29, 2026 

 

http://www.neuroregulation.org/
https://doi.org/10.1016/j.amjmed.2017.10.042
https://doi.org/10.7860/JCDR/2016/16852.7249
https://doi.org/10.1001/jama.1980.03310020015007
https://doi.org/10.1186/s10194-024-01782-7
https://doi.org/10.2214/ajr.159.2.1632361
https://doi.org/10.2214/ajr.159.2.1632361
https://doi.org/10.1111/j.1468-2982.2004.00798.x
https://doi.org/10.1016/S0733-8619(05)70265-6
https://doi.org/10.1016/S0733-8619(05)70265-6
https://doi.org/10.1259/bjr/89012738
https://doi.org/10.1166/jmihi.2011.1003
https://doi.org/10.1186/s12887-023-04264-y
https://doi.org/10.1186/s12887-023-04264-y
https://doi.org/10.1177/0333102418781814
https://doi.org/10.1177/0333102418781814
https://doi.org/10.1177/0333102418758282
https://doi.org/10.1177/0333102418758282
https://doi.org/10.32322/jhsm.1070220
https://doi.org/10.32322/jhsm.1070220

	Diagnostic Yield of Brain Imaging in Headache Patients With Intact Neurological Examination
	University of Mosul/College of Medicine, Mosul, Nineveh, Iraq
	Introduction
	Materials and Methods
	Methods
	Inclusion Criteria
	Exclusion Criteria
	Ethical Approval
	Data Collection
	Data Analysis
	Results
	Discussion
	Conclusion
	Author Acknowledgments
	Author Disclosures
	References
	Received: July 11, 2025

