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SUMMARY 

Objective: The aim of the present study is to evaluate the iliac bone for skeletal age assessment and to determine whether 

Schmeling methods are applicable to the evaluation of iliac crest maturation by multidetector computed tomography 

(MDCT).   

Method: 551 individuals ranginig in age 10-30 years who previously underwent abdominal CT examinations at various 

occasions in our clinic. At 5-stage method;  criteria for stage 4 are that the apophyseal scar is seen as a unsharp image, or 

appears as an indistinct, shallow, thin notch and criteria for stage 5 are apophyseal cartilage fully ossified, apophyseal 

scar no longer visible.  

Results: Based on the 5-stage method, the earliest ages for stage 2 are at 11.5 years in boys and 11.6 years in girls; for 

stage 3, 14.3 in boys and13.4 years in girls; for stage 4, 17.4 years in boys and 16.5 years in girls; for stage 5, 18 years 

for both sexes.  

Conclusion: Although the earliest age of last stage was 17 according to the 4-stage method in previous studies, the earliest 

age of the 5-stage method was determined to be 18 according to the the present study. These results show that the 5-

staging system may be more advantageous than the 4-staging system in order to determine the 18-year age limit in forensic 

age assessment using the iliac crest. 
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ÖZET 

Amaç: Bu çalışmanın amacı adli kemik yaşı tayininde iliyak krestin çok kesitli bilgisayarlı tomografi (ÇKBT) ile 

değerlendirilmesi ve kemik yaşı tayininde beşli derecelendirme sistemi olarak kullanılan Schmeling Metodu’nun, ÇKBT 

eşliğinde iliyak kreste uygulanabilirliğinin araştırılmasıdır.  

Yöntem: Kliniğimizde daha önce çeşitli sebeplerle elde edilen 10-30 yaşları arasındaki 551 bireye ait alt abdomen 

bilgisayarlı tomografi tetkiki değerlendirildi.  Beşli evreleme sistemine göre evre 4’de apofizyal skar fluluk şeklinde ve 

belli belirsiz, sığ, ince bir çentik şeklinde izlenmekte iken evre 5’te ossifikasyon tamamlanmış olup, skar hiçbir kesitte 

izlenmemekteydi. 

Bulgular: En erken görülme yaşları evre 2’de, erkeklerde 11.5, kızlarda 11.6, evre 3’te erkeklerde 14.3 kızlarda 13.4, 

evre 4’te erkeklerde 17.4, kızlarda 16.5 ve evre 5’te her iki cinsiyet için 18 olarak bulunmuştur.  

Sonuç: Önceki çalışmalarda illiyak krest için kullanılan dörtlü evreleme sistemine göre son evrenin en erken görülme 

yaşı 17 olmasına karşın, mevcut çalışmada beşli evreleme sistemine göre 5. evrenin her iki cinsiyette en erken görülme 

yaşı 18 olarak belirlenmiştir ve elde edilen bulgular, iliyak kemik ile adli yaş tayininde 18 yaş sınırını belirlemek amacıyla 

beşli evreleme sisteminin, dörtlü evreleme sistemine göre daha avantajlı olabileceğini göstermektedir.  

Anahtar sözcükler: İliak apofiz, çok kesitli bilgisayarlı tomografi, evreleme, yaş tahmini, adli tıp. 
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INTRODUCTION 

Age estimation in living individuals has gained 

increasing importance in radiology and forensic 

medicine. Estimation of the true age of an 

individual is critical for precise management of 

affairs related to refugees, asylum-seekers, 

immigrants, victims of human smuggling and 

adopted children1,2. Moreover, in forensic practice 

when a person is accused of a crime, knowledge on 

his/her age would determine whether he/she has 

criminal responsibility and whether he/she will be 

judged according to the adult criminal justice 

system or the juvenile justice system3.  

The Atlas of Gök, which was formed by adapting 

G-P atlas by Şemsi Gök and his colleagues in our 

country, is frequently used by forensic age 

estimation4. However, with an anthropometric 

study of individuals, there is no widely accepted 

age dating technique on Turkish people5-8. 

Generally it is known that population records in 

some regions in Turkey are not timely and 

accurate. As a consequence, sometimes newborn 

children can be recorded in the population a few 

years later, and sometimes the pre-deceased child's 

identity information is used for a newborn child. In 

such cases, the records of these people differ from 

their actual ages and influential records. Problems 

arise when immigration, inheritance incidents, 

judicial incidents, concealment of age or use of 

false identity are required during the process of age 

limitations (sports clubs, pensions etc.) 9.Our legal 

legislation also distinguishes between criminal and 

legal aspects for the ages, and classifies them 

according to man and woman. It is especially 

important to determine whether the 7, 12, 15 and 

18 nci ages have been completed10.  

For forensic age assessment, the Study Group on 

Forensic Age Diagnostics (AGFAD) recommends 

radiological evaluation of the left hand and teeth, 

or the clavicle if hand ossification is complete11. In 

addition to clavicle and hand radiograms, iliac crest 

apophysis facilitates skeletal age estimation due to 

the relatively slow maturation of the iliac crest12,13. 

In prior studies, direct radiograms14-16, 

ultrasonography17,18, magnetic resonance imaging 

(MRI) [19] and computed tomography (CT) 20-22 

have been used for evaluation of the iliac bone. 

However, these studies have used different skeletal 

age assessment methods, and no standard method 

has been established. 

Although CT is associated with greater radiation 

exposure, it is superior to direct radiogram due to 

its multi-slice and multi-planar imaging capacity 

and the lack of superimpositions. Nevertheless, 

because of the high radiation exposure, CT should 

only be used in cases where direct radiograms are 

insufficient21-24. Although there are many studies 

on evaluation of the clavicular joint by CT 25-27, and 

this is a widely accepted method for skeletal age 

assessment, few studies have addressed evaluation 

of the iliac bone using CTfor forensic age 

estimation 20-22.  

Several staging systems have been developed for 

assessment of ossification in medial clavicular 

epiphysis, including the 4-stage medial clavicular 

method developed by Kreitner et al. 28, 29, the 5-

stage method by Schmeling et al. 30.  Although the 

4-stage method was used with some modifications, 

the 5-stage method was not used for the analysis of 

iliac crest in prior studies. The aim of the present 

study is to evaluate the iliac bone for skeletal age 

assessment using multidetector computed 

tomography (MDCT) and to compare the results 

with prior reports in the literature. We will also 

determine whether Schmeling methods are 

applicable to the evaluation of iliac crest 

maturation by MDCT. 

METHODS 

The retrospective study protocol was reviewed and 

approved by the local ethics committee according 

to the World Medical Association Declaration of 

Helsinki and written informed consent was waived 

due to the retrospective nature of the study. The 

study included 708 individuals ranging in age from 

10-30 years who underwent abdominal CT 

examinations in our clinic between 2013 and 2016 

for a variety of indications including trauma, 

unexplained abdominal pain, and intra-abdominal 

abscess. Those patients who were diagnosed with a 

metabolic disease that could cause impaired 

skeletal development, a pathology localized to iliac 

crest that could intervene with evaluation of iliac 

crest apophysis such as operative material, fracture 

or mass lesion, or whose CT sections could not be 

properly evaluated due to motion artifacts were 

excluded from the study.  

All CT examinations were performed at 2- or 8-

slice MDCT scanners (Somatom Sprit; Siemens, 

Erlangen, Germany and LightSpeed Ultra; GE, 

Milwaukee, USA) with patient lying in supine 

position. Axial consecutive sections of 2,5 mm 

slice thickness were obtained by abdominal MDCT 

with 5 mm collimation, at 120-130 kVp and 

automatic tube modulation, at 60–220 mA.  
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Analysis of the images was carried out using a 

computer monitor with the Picture Archiving and 

Communication System Workstation (PACS) (GE 

Healthcare, Barrington, IL). One radiologist with at 

least 12 years of experience evaluated all images in 

separate abdomen window (window width, 340–

350 HU, window level, 20–40 HU). The radiologist 

was blinded to the patient's age. In order to assess 

intra-observer agreement, the same radiologist re-

evaluated the same images one month later without 

notice of the previous evaluation findings. 

The data was evaluated using the five-stage 

classification system described by Schmeling et 

al.30. These stages are as follows: 

Stage 1: Ossification center not ossified (Figure 1). 

Stage 2: Ossification center ossified, apophyseal 

cartilage not ossified (Figure 2). 

Stage 3: Apophyseal cartilage partly ossified 

(Figure 3). 

Stage 4: Apophyseal cartilage fully ossified, 

apophyseal scar is visible (Figure 4). 

Stage 5: Apophyseal cartilage fully ossified, 

apophyseal scar no longer visible (Figure 5). 

 

 

Figure 1: In axial CT sections of a 10 year-old girl, the right iliac ossification center is not yet developed (Stage 1). 

 

Figure 2: In axial CT sections of a 13 year-old girl at stage 2, the right iliac apophyseal ossification center can be 

observed but ossification has not started yet (Stage 2). 
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Figure 3:  In axial CT sections at stage 3, the fusion between the iliac apophysis and the iliac bone on the right side is 

partly observed (b) (black arrow) 

 

 

Figure 4: At stage 4, in CT sections obtained from three different patients, the epiphyseal scar (a,b) is seen as a unsharp 

image (black arrows), or (c) appears as an indistinct, shallow, thin notch (white arrow). 

 

 

Figure 5: In axial CT sections of a 28 year-old male at stage 5, the ossification between the iliac apophysis and the iliac 

bone is complete, and no unsharp images or indistinct, shallow, thin notches are observed in any of the sections. 
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Ossification stages were determined for both the 

right and the left pelvic sides. All axial sections that 

included the iliac crest in the examination plane 

were thoroughly reviewed and applied coronal and 

sagittal reformats when there was an uncertainty. 

As a result, we assessed whether there was contact 

between the ilium and apophysis, and if present, the 

degree of the contact. Patients who exhibited the 

absence of fusion between the iliac bone apophysis 

and the iliac bone were designated stage 2, whereas 

patients who showed fusion in any of the sections 

were designated stage 3. The apophyseal scar is 

seen as a unsharp image, or appears as an indistinct, 

shallow, thin notch on stage 4, whereas the 

ossification between the iliac apophysis and the 

iliac bone is complete, and no unsharp images or 

indistinct, shallow,  thin notches are observed in 

any of the sections on stage 5. 

Descriptive analyses were performed to provide 

information on general characteristics of the study 

population. The results are presented as the  

minimum and maximum values, the means and 

standard deviation, lower and upper quartiles, and 

median values. The kappa statistic was determined 

for intra-observer agreement, the agreement 

beyond that which would be expected due to 

chance. The kappa statistics was used also to 

determine the differences between left and right 

sides of the pelvis. The criteria of Landis and Koch 

was used for the interpretation of the kappa values.  

A p-value <0.05 was considered significant. 

Analyses were performed using SPSS 19 (IBM 

SPSS Statistics 19, SPSS inc. an IBM Co., Somers, 

NY).  

RESULTS 

After applying all exclusion criteria, a total of 551 

individuals (281 female, 270 male) was included in 

the study. Table 1 shows the distribution of 

individuals according to age and sex. 

 

Table1. General distribution of age and gender 

Age 

(years) 

Female Male Total 

n Column % Row % n Column % Row % n Column % Row % 

10 14 5 63.6 8 3 36.4 22 4 100 

11 14 5 66.7 7 2.6 33.3 21 3.8 100 

12 21 7.5 60 14 5.2 40 35 6.4 100 

13 23 8.2 65.7 12 4.4 34.3 35 6.4 100 

14 29 10.3 56.9 22 8.1 43.1 51 9.3 100 

15 28 10 48.3 30 11.1 51.7 58 10.5 100 

16 24 8.5 38.7 38 14.1 61.3 62 11.3 100 

17 27 9.6 45.8 32 11.9 54.2 59 10.7 100 

18 23 8.2 37.1 39 14.4 62.9 62 11.3 100 

19 14 5 38.9 22 8.1 61.1 36 6.5 100 

20 19 6.8 52.8 17 6.3 47.2 36 6.5 100 

21 7 2.5 70 3 1.1 30 10 1.8 100 

22 5 1.8 62.5 3 1.1 37.5 8 1.5 100 

23 2 0.7 50 2 0.7 50 4 0.7 100 

24 3 1.1 75 1 0.4 25 4 0.7 100 

25 5 1.8 55.6 4 1.5 44.4 9 1.6 100 

26 6 2.1 54.5 5 1.9 45.5 11 2 100 

27 3 1.1 100 0 0 0 3 0.5 100 

28 4 1.4 44.4 5 1.9 55.6 9 1.6 100 

29 7 2.5 77.8 2 0.7 22.2 9 1.6 100 

30 3 1.1 42.9 4 1.5 57.1 7 1.3 100 

Total 281 100 51 270 100 49 551 100 100 

 

 

Table 2 presents the minimum, maximum, mean ± 

standard deviation, 95 % confidence interval, 

median for each sex. No significant sex-related 

differences are observed for the all stages. The 

earliest appearance for stage 2 is at 11.50 years in 

boys and 11,67 in girls;  for stage 3, 13.42 years in 

girls and 14.33 in boys; for stage 4, 16.58 years in 

girls and 17.42 in boys and for stage 5, 18 years for 

both sexes and both pelvic sides. 
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Table 2. Statistical parameters (expressed in years) 

Stage Gender n Min-Max Mean±SD 95 %CI mean age Median 

 

Right 

pelvis 

      

 1 Female 48 10-15.42 11.44±1.35 11.06-11.82 11.25 

Male 44 10-15.42 12.44±1.68 11.94-12.93 12.33 

 2 Female 61 11.67-18 13.72±1.22 13.42-14.03 13.50 

Male 58 11.5-18 14.71±1.5 14.32-15.09 14.83 

 3 Female 85 13.42-20 16.35±1.49 16.03-16.67 16.00 

Male 84 14.33-21 16.88±1.34 16.59-17.16 17.00 

 4 Female 38 16.58-29 20.35±3.61 19.2-21.5 19.00 

Male 49 17.42-29 19.69±2.67 18.95-20.44 19.00 

 5 Female 49 18-30 23.71±3.66 22.68-24.73 24.00 

Male 35 18-30 23.19±4.32 21.76-24.62 22.00 

 

Total Female 281 10-30 16.77±4.74 16.21-17.32 16.00 

Male 270 10-30 17.02±3.99 16.54-17.49 17.00 

 

Left pelvis 

      

 1 Female 49 10-15.42 11.44±1.33 11.07-11.81 11.25 

Male 46 10-15.42 12.4±1.65 11.92-12.88 12.33 

 2 Female 60 11.67-18 13.76±1.2 13.45-14.06 13.58 

Male 56 11.75-18 14.82±1.39 14.46-15.19 14.92 

 3 Female 84 13.42-20 16.34±1.5 16.02-16.66 16.00 

Male 85 14.33-21 16.89±1.34 16.6-17.17 17.00 

 4 Female 39 16.58-29 20.26±3.61 19.13-21.39 19.00 

Male 48 17.42-29 19.73±2.69 18.97-20.49 19.00 

 5 Female 49 18-30 23.71±3.66 22.68-24.73 24.00 

Male 35 18-30 23.19±4.32 21.76-24.62 22.00 

 

Total Female 281 10-30 16.77±4.74 16.21-17.32 16.00 

Male 270 10-30 17.02±3.99 16.54-17.49 17.00 

 

Non-significant developmental differences 

between the left and the right pelvic sides were 

observed in 7 cases. 

 Intra-observer reliabilities showed very good 

agreement. Table 3 presents Cohen’s kappa values 

for intra-observer agreement.  

 

Table 3. Intraobserver agreement 

 Intra-observer agrement 

Number 551 

Agreement rate 98.7% 

Kappa value (k) 0.985 

p <0.001 

DISCUSSION 

Several previous studies have reported on the 

evaluation of iliac crest apophysis for skeletal age 

assessment using various radiological methods. 

These studies have also used several different 

staging methods, and no standard method has been 

established. Schmidt et al.18 used a 4-stage method 

to classify ultrasonography images 28, 29, and 

reported that stage 4 occurs at age 17 years or older 

in both sexes. Wittschieber et al. 19 conducted an 

MRI study in soccer players using 4-stage method 

and observed both stage 3 and 4 in individuals 

between 18-22 years of age. The researchers 

emphasized that further studies including both 

sexes and broader populations are necessary for 

more accurate assessment. 
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Several studies have evaluated the iliac crest using 

conventional radiograms. Wittschieber et al. 14 

used the Risser staging system modified for French 

and American populations 31-35, and reported that 

the earliest age for stage 4 was 14. They found that 

the earliest age for stage 5 in both sexes was 14 

according to the American modification, while 

according to the French system, the earliest age for 

stage 5 was 16 in girls and 17 in boys. The 5-stage 

method used in that study is different from the one 

that is used in the present study. According to the 

Risser staging system, stage 5 denotes fusion of the 

iliac crest apophysis from the commencement of 

the process posteromedially until completion of 

fusion complete fusion, whereas in the Schmeling 

method used in the present study, stage 5 indicates 

disappearance of the apophyseal scar. Different 

results are expected due to these methodological 

differences. 

In another study by Wittschieber et al. 15, the 

authors evaluated iliac apophysis with direct 

radiograms with 4-stage method developed by 

Kreitner et al. They indicated that the apophyseal 

scar, whose disappearance denotes stage 5 

according to Schmeling method, could not be 

visualized in the iliac crest with conventional 

radiograms, and therefore they used the 4-stage 

method by Kreitner 28, 29. The authors stated that 

conventional radiograms might not be reliable due 

to projection artifacts that obscured the posterior 

part of iliac crest, and sectional imaging methods 

like CT and MRI could help to avoid these artifacts. 

In our study, owing to the sectional imaging 

capacity of CT, we examined the whole iliac crest 

using thin slices and could visualize the apophyseal 

scar as a thin notch or blurring at some part of the 

apophysis. For the first time in the literature, we 

applied the 5-stage method by Schmeling et al. 30 

to iliac crest apophysis, and found that the earliest 

age at stage 5 could be observed as 18 in both 

sexes. According to the 4-stage method15, 28, 29, the 

upper age limit for iliac crest apophysis is 17, 

whereas in the 5-stage system [30] this limit might 

be increased to 18, and therefore the 5-stage 

method 30  is advantageous in evaluation of the iliac 

crest for skeletal age assessment. 

In a recent study researchers have evaluated iliac 

bone apophysis with 3D-MDCT for forensic age 

estimation 20. The results of this study provide an 

overdue, cautionary note on the implications of 

routinely utilized imaging modalities such as plain 

film radiography for the evaluation of ossification 

status. They provide and validate a modified six 

stage 3D-MDCT scoring tier of ossification, 

demonstrating complete fusion between 17.3–19.2 

and 17.1–20.1 years in males and females. Legal 

demarcation for age of majority (18 years) can be 

achieved for apophyseal fusion using the 

recalibrated standards. In this study stage I, II and 

III expressed apophyseal ossification, stage IV and 

V expressed active apophyseal union and stage VI 

expressed complete union. Stage VI used in this 

study has similar properties with stage 5 used in our 

study due to common trait of complet union. 

Because the earliest age for the last stages in both 

stages systems are greater than age 17, both stages 

systems are superior to the previous stages methods 

for determining whether a subject is under the age 

of 18 years in forensic age assessment using the 

iliac crest.  

A prior study has evaluated iliac bone apophysis 

with CT for forensic age estimation with 4-stage 

method developed by Kreitner et al. 21. In that 

study, the earliest ages to observe stages 2, 3 and 4 

were 12, 14 and 17, respectively and the results are 

similar with our study for stages 2, 3 and 4. 

Because the aforementioned study did not aply 

stages 5, we could not compare the results of stage 

5 used in our study. 

Few anthropological studies have evaluated iliac 

crest apophyseal ossification 36, 37. Webb et al. 36 

used a 4-stage method in their study, and found that 

the earliest age at which complete fusion can be 

observed was 17 in boys and 18 in girls, similar to 

our results. Another study37 used a 3-stage method, 

and the earliest age at which complete union was 

reported was 20 in boys and 22 in girls. There are 

differences between anthropological studies and 

our results. The discrepancies between the results 

may be due to different staging systems between 

our study and anthropological studies or 

socioeconomic and ethnic differences among the 

study populations 38, 39. Further anthropological 

studies in different populations are needed to 

understand these differences. 

In comparison to conventional methods, iliac CT 

examination has several advantages including 

avoidance of superimposition caused by intestinal 

gas, foreign bodies, or operative materials; marked 

reduction of the superposition between the 

apophysis and iliac bone; and the ability to examine 

in multiplanar reconstruction.  However, one 

disadvantage of CT is higher radiation exposure 

compared to plain radiography, and this makes it 

almost impossible to conduct prospective studies 

on iliac bone morphology 40, 41. Nonetheless, use of 

gonadal protection shields during pelvic scans may 

somewhat reduce the exposed radiation dose 30. 

Hand and wrist radiograms, and medial clavicular 

joint examinations provide invaluable information 

for skeletal age estimation 11, 23, 24, and in our 
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opinion, the evaluation of iliac crest apophysis 

using CT for forensic age estimation may be used 

as confirmatory imaging methods aiding in the 

diagnosis when there is uncertainty in evaluation of 

the iliac bone apophysis. 

Previous studies have reported that ethnic origin 

has no significance in skeletal development 38. One 

study that categorized the previous studies 

according to the human development index (HDI) 

of countries has found that socioeconomic factors 

influence skeletal development, with poor 

socioeconomic conditions delaying skeletal 

maturation 38, 39. Similar to our study, the another 

CT study examining the iliac crest apophysis 30 was 

conducted on a Turkish population; the study group 

had similar features to our study in terms of 

socioeconomic and ethnic status and the results of 

this study are similar with our study for stages 2, 3 

and 4.  

There are some limitations of our study. Firstly, we 

have no data regarding intra-observer agreement as 

the examinations are carried out by a single 

researcher. However, the intra-observer agreement 

is excellent in our study. Secondly, the slice 

thickness used in our study is relatively high. 

Image quality is expected to increase as slice 

thickness decreases. On the other hand, there are 

few studies in the literature that evaluated iliac 

crest apophysis with CT; therefore, the optimum 

slice thickness for evaluation of iliac bone 

apophysis has not been clearly demonstrated yet.  

CONCLUSION 

Evaluation of iliac crest apophysis with CT is an 

easy and convenient method for skeletal age 

assessment, providing valuable complementary 

and confirmatory information to the clinician when 

used alongside other skeletal age assessment 

methods. Based on the 5-stage method by 

Schmeling 30, we found that the earliest age 

observed at stage 5 was 18 years in both sexes, 

whereas previous studies using the 4-stage method 
28, 29 reported that stage 4 could be observed at 17. 

These results indicate that the 5-stage method 30 

may be superior to the 4-stage method 28, 29 for 

determining whether a subject is under the age of 

18 years in forensic age assessment using the iliac 

crest. Our study is a pilot study for evaluation of 

iliac crest with CT and to the best of our 

knowledge, for the first time in literature, we 

applied the Schmeling 30 method to evaluate iliac 

crest apophysis with CT for the forensic age 

estimation. There is need for further studies 

evaluating iliac crest apophysis for skeletal age 

assessment using thinner slice thickness and 

including different socioeconomic groups. 
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