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ABSTRACT

Objective: Identification plays an important role in forensic medicine practices. Age estimation is also widely used in identification. The aim of 
this study is to investigate the applicability of age determination method in Türkiye by examining the radiographs of the knee joint and using 
the epiphyseal scoring based on the degree of epiphyseal closure.

Methods: Knee graphs of 676 cases (337 women, 339 men) aged between 10 and 26 years were retrospectively analyzed. Distal femur (DF), 
proximal tibia (PT), and proximal fibula (PF) epiphyseal lines were evaluated separately in each case. The closure of the epiphyses was studied 
at 3 stages. DF, PT and PF epiphyses were graded 0, 1, 2 for stage 1, 2 and 3 respectively. These three scores obtained in each case were collected 
and the score of the epiphyses at the knee joint (SKJ) was obtained.

Results: The median age in each of the SKJs increased in both men and women. The difference between the genders was statistically significant 
according to the median age of 0-5 points (p<0.001). As a result of the receptor operating characteristic curve analysis, the highest accuracy 
value was found to be 6 points in both genders. In males, the sensitivity was 0.989, the specificity was 0.880, and the overall accuracy was 0.943. 
In females, these values were found to be 1.000 for sensitivity, 0.648 for specificity, and 0.845 for overall accuracy.

Conclusion: The study suggests that knee joint epiphyseal scoring is a simple and practical method with high inter-rater agreement in 
determining whether a Turkish individual is older than 18 years of age.
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INTRODUCTION
The determination of characteristics identifying a living or dead 
person or differentiating one from others is known as “identity 
determination” (1). One of the important elements of identity 
determination is age determination (2).

Age determination can clarify points which lead to significant 
legal and social problems for both the individual and society 

(3). In Türkiye, age determination is requested by the civil 
and criminal courts. In criminal cases, age determination is 
generally requested for females who are victims of sexual abuse, 
and in civil cases it is used for the correction of incorrectly 
written dates of birth on identity documents (4,5). In European 
countries, age determination is usually performed because of 
increasing migration, as many refugees or migrants do not have 
a birth certificate or do not know their correct age (6-9). Under 
European laws and international agreements, unaccompanied 
child refugees or migrants are protected and require special 
treatment. To prevent abuse of the system, age determination 
is a priority (10).

The legal age of criminal responsibility varies from country to 
country. For example, in the UK and Ireland it is 10 years, in 
China, Japan, Denmark and Spain, it is 14 years, in Belgium, 
Panama and Peru, 18 years and in Sudan, Pakistan and Jordan, 
7 years (11,12). In Türkiye, a child under the age of 12 years at 
the time of the crime cannot be held criminally responsible. 
Between the ages of 12 and 15 years, evaluation is made to 
determine whether or not the child has developed the ability 
to understand the legal meaning of the action and perceive the 
consequences, or to manage their behaviour. For those aged 
between 15 and 18 years, there are reductions in sentencing.

In order to reach the most accurate and reliable result in age 
determination, it is stated in the studies that a large number 
of epiphyses should be examined together with physical and 
dental examinations. The knee joint is an ideal anatomical 

structure for the evaluation of epiphyseal closure (13). Various 
studies have been conducted on the skeletal development of 
the knee joint by examining dry bone, computed tomography, 
X-ray and magnetic resonance (MR) images (14-17). Cameriere 
et al. (18) calculated a knee joint epiphysis score using the 
degree of epiphyseal closure of the distal femur (DF), proximal 
tibia (PT) and proximal fibula (PF) epiphyses in the knee joint, 
and investigated the answer to the question of whether or 
not the person was 18 years old. Galić et al. (19) studied a 
larger sample with the same method, and unlike the study by 
Cameriere et al. (18), did not use the presence of epiphyseal 
wound scar as a criteria (19) in our study; it was aimed to 
evaluate the relationship between knee joint epiphysis score, 
which was created according to the degree of closure of the 
epiphyseal lines, by examining the direct bone radiography 
images of the knee joint, to discuss in the light of the literature 
and to investigate its applicability in our country.

MATERIALS AND METHODS
Approval for the current study was granted by the Clinical 
Research Ethics Committee of Kahramanmaraş Sütçü İmam 
University Faculty of Medicine (decision no: 11, session no: 
2017/04, dated 15.03.2017). A restrospective review was made of 
890 anteroposterior radiographs taken for various reasons from 
patients of both genders aged 10-26 years in the Department of 
Radiology, Kahramanmaraş Sütçü İmam University, University 
Medical Faculty Health Practice and Research Hospital. The 
radiographs were retrieved from the hospital Picture Archiving 
and Communications System. From the clinical information in 
the hospital information management system, any patients 
determined with pathologies which could affect bone age 
were excluded from the study. Accordingly, a total of 676 cases, 
comprising 337 females and 339 males were included for 
evaluation.

ÖZ

Amaç: Adli tıp uygulamalarında kimlik tespiti önemli bir yer almaktadır. Yaş tayini de kimlik tespitinde yaygın olarak kullanılmaktadır. Bu 
çalışmanın amacı, diz eklemi radyografilerini inceleyerek epifiz kapanma derecesine göre oluşturulan epifiz skorlaması kullanılarak yaş tespiti 
yönteminin Türkiye’de uygulanabilirliğini araştırmaktır.

Yöntem: Yaşları 10 ile 26 arasında değişen 676 (337 kadın ve 339 erkek) olguya ait diz grafileri retrospektif olarak incelendi. Her olgunun distal 
femur (DF), proksimal tibia (PT), proksimal fibula (PF) epifiz hatları değerlendirildi. Epifiz hatlarının kapanması 3 evrede incelendi. DF, PT ve 
PF epifizlerine evre 1, 2 ve 3 için sırasıyla 0, 1 ve 2 puanları verildi. Her bir olguda elde edilen bu üç puan toplanarak diz eklemi epifiz puanı 
(DEEP) hesaplandı.

Bulgular: DEEP’lerin her birinde ortanca yaş hem erkeklerde hem de kadınlarda artış gösterdi. Sıfır-5 puan ortanca yaş değerlerine göre 
cinsiyetler arasındaki fark istatistiksel olarak anlamlı bulundu (p<0,001). Tanısal alıcı çalışma karakteristiği eğrisi analizi sonucunda her iki 
cinsiyette de en yüksek doğruluk değeri 6 puan olarak bulundu. Erkeklerde duyarlılık 0,989, özgüllük 0,880 ve genel doğruluk 0,943 bulundu. 
Kadınlarda bu değerler duyarlılık 1,000, özgüllük 0,648 ve genel doğruluk 0,845 bulundu.

Sonuç: Çalışma diz eklemi epifiz puanlamasının, Türk uyruklu bir bireyin 18 yaşından büyük olup olmadığının belirlenmesinde değerlendiriciler 
arası uyumu yüksek, basit ve pratik bir yöntem olduğunu göstermiştir. 

Anahtar Kelimeler: Adli tıp, yaş tayini, kronolojik yaş, görüntüleme yöntemi, diz eklemi
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Patients were excluded if there were errors in the taking of the 
radiograph, bone fractures in the knee joint region, surgical 
fixation material, anomalies, deformity, bone or soft tissue 
tumour, endocrine disorders affecting bone development 
(hyperthyroidism, hypothyroidism, vitamin D deficiency etc.), 
eating disorders, systemic diseases (chronic renal failure, 
osteopenia, thyroid malignancies etc.), or constitutional 
retarded development (cerebral palsy, growth development 
retardation). Foreign nationals were not included. No evaluation 
was made of socio-economic status or level of sports activity of 
the cases.

Previous studies have shown that although there is a difference 
between the right and left sides in the development of the 
upper extremities, the difference in the lower extremities, 
especially in the knee region, is insignificant (18). Therefore, 
although evaluation could be made of both knees in some 
cases, only radiographs of the left knee were included in the 
study analyses.

All the direct radiographs were taken on the same digital 
radiography device (GE Healthcare, Definium 6000, Milwaukee, 
WI, USA) at the same technical settings (25x30 cm cassette 
area, 250 mA, 111 msn exposure time, 65 kvP, 0.60 focal spot, 
fixed/focused grid). The chronological age of each subject was 
calculated by the device by subtracting the date on which 
the radiograph was taken from the date of birth. The images 
were evaluated on a workstation (Ale Inc., Cuertino, California, 
US, OsiriX V.4.9 imaging software Pixmeo, Switzerland) by a 
radiologist (B.K.) with 15 years of experience and a forensic 
medicine resident (T.A.) with 4 years of experience.

The DF, PT, and PF epiphyses of each case were evaluated 
separately, using the grading system defined by Galić et al. (19). 
Grade 1: open epiphysis, grade 2: closed epiphysis, epiphyseal 
scar can be clearly seen, areas adjacent to the epiphysis may 
not be completely closed, and grade 3: completely ossified 
epiphysis and the epiphyseal scar can be seen (Figures 1-3). 

Figure 1. Distal femur epiphysis, a. Grade 1, b. Grade 2, c. Grade 3 

Figure 2. Proksimal tibia epiphysis, a. Grade 1, b. Grade 2, c. Grade 3 

Figure 3. Proksimal fibula epiphysis, a. Grade 1, b. Grade 2, c. Grade 3 
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Scoring of the epiphyses at the knee joint (SKJ) were calculated 
for each case. The DF, PT and PF epiphyses were scored 
separately as 0, 1, or 2 points according to grades 1, 2, and 3, 
then the 3 scores were totalled to give the SKJ. When the side 
sections were not ossified despite ossification of the epiphysis, 
this was evaluated as 1 point. If there was uncertainty during 
the observation, the lower points were used in accordance with 
the principle of greater benefit to the person.

Statistical Analysis and Data Management
Data obtained in the study were recorded in the Microsoft 
Excel 2010 Program, and in the statistical analyses, IBM SPSS 
vn 22 and R 3.3.2 software packages were used. Conformity 
of the data to normal distribution was assessed with the  
Kolmogorov-Smirnov test. In the comparisons of two groups 
of data not showing normal distribution, the Mann-Whitney U 
test was used. Descriptive statistics of variables were expressed 
as median and interquartile range values. Correlations 
between the variables were examined using the Spearman 
Correlation test. Inter-rater reliability and intra-rater reliability 
were evaluated using the Intraclass Correlation Coefficient. 
The Cronbach alpha value was used in the evaluation of the 
internal consistency of the test. 

The cut-off point for whether or not the SKJ and the scores 
of each epiphysis were for an individual aged >18 years was 
evaluated with a receiver operating characteristic curve (ROC). 
The specificity, sensitivity, positive predictive value (PPV) and 
negative predictive value were calculated for the SKJ positive 
limit value. 

The number of true positive (TP), false positive (FP), true 
negative (TN) and false negative (FN) cases were determined for 
the positive limit values. The positive and negative probability 
ratios were determined. The positive likelihood ratio (LR+) was 
calculated using the formula of sensitivity/ (1-selectivity) (20). 
The negativity probability ratio (LR-) was calculated using the 
formula of (1-sensitivity)/selectivity (21). 

To determine the actual probability to be able to determine 
individuals aged 18 years and over, the accuracy (Acc) value was 
calculated using the formula (TP+TN)/ (TP+FP+TN+TP) (21).

The diagnostic test probability ratio was calculated using Bayes 
theorem (Bayes post-test probability) (19).

The values used in the formula represent the probability of 
p1 sensitivity, p2 specificity, p0 males or females aged 10-26 
years being 18 years of age or over. The p0 value was calculated 
according to information obtained from the Turkish Statistics 
Institute. Values were determined of 0.537 for females and 
0.534 for males. 

A value of p<0.05 was accepted as statistically significant.

RESULTS
Evaluation was made of a total of 676 AP knee radiographs of 
337 females and 339 males aged 10-26 years (Table 1).

For a significance level α:0.05, test power 0.80 and d:0.05 
effect size for the calculation of inter-rater and intra-rater 
reliability, at least 79 subjects were found to be suitable for 2nd 
evaluation. After the first evaluation by the forensic medicine 
resident (TA), 103 cases were selected at random for separate 
evaluation again by the forensic medicine resident (TA) and the 
radiologist (BK). Very high agreement of inter-rater and intra-
rater reliability was found in the grading evaluations. Both the 
inter-rater and intra-rater agreement was found to be highest 
for the PF epiphysis (Tables 2, 3). 

The median age showed an increase in each SKJ in both females 
and males. A statistically significant difference was determined 

Table 1. Frequency distribution by sex and age cohorts

Age Female Male

10 21 14

11 18 14

12 19 23

13 16 16

14 18 18

15 17 26

16 19 12

17 20 19

18 23 32

19 19 27

20 29 24

21 17 21

22 24 22

23 28 33

24 14 20

25 11 10

26 24 8

n 337 339

Table 2. Interrater agreement

ICC 95% CI p

DF 0.961 0.943-0.974 0.000**

PT 0.972 0.959-0.981 0.000**

PF 0.976 0.964-0.984 0.000**

DF: Distal femur, PT: Proximal tibia, PF: Proximal fibula, ICC: Intraclass correlation 
coefficient, CI: Confidence interval

Table 3. Intrarater agreement

ICC 95% CI p

DF 0.953 0.931-0.968 0.000**

PT 0.969 0.954-0.979 0.000**

PF 0.970 0.956-0.980 0.000**

DF: Distal femur, PT: Proximal tibia, PF: Proximal fibula, ICC: Intraclass correlation 
coefficient, CI: Confidence interval
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between both genders in respect of the median age for SKJ 0-5 
(p<0.001) (Table 4).

The capacity to differentiate and the predictive power of the test 
to determine individuals aged 18 years and over was evaluated 
with the ROC curve. The area under the curve (AUC) ± standard 
error value for the SKJ value was found to be 0.939±0.16 for 
males and 0.824±0.25 for females (Table 5). 

As a result of the ROC analys, the cutoff value for SKJ was found 
to be 6 for both genders (Table 6).

The SKJ positive limit value for differentiation of age 18 years 
and over was found to be very good in males and good in 
females. The general Acc was found to be 0.943 in males and 
0.767 in females (Table 7). 

Spearman correlation analysis showed a positive relationship 
between DF, PT and PF epiphysis points and SKJ (p<0.001). The 
highest correlation coefficient was obtained for SKJ (r: 0.854 in 
males, r: 0.788 in females) (Table 8).

DISCUSSION 
The age of an individual can be obtained definitively from 
birth records. As the physical and dental examinations used in 
age determination show several variations, evaluation is made 
together with examination of epiphyseal closure. The knee joint 
is an ideal anatomic structure for the evaluation of epiphyseal 
closure, as there are 3 epiphyses that can be evaluated on a 
knee joint radiograph, namely the proximal femur, distal 

Table 4. Median age values according to epiphysis scores by both sexes

Male (n=339) Female (n=337)

Median age (Q1-Q3) Median age (Q1-Q3) p

DF score 

0 12.04 (11.02-12.70) 10.73 (10.31-10.87) 0.001**

1 14.90 (13.50-15.55) 12.80 (11.86-13.69) 0.001**

2 20.98 (18.72-23.53) 20.53 (17.77-23.43) 0.155

PT score

0 12.21 (11.74-13.23) 11.17 (10.52-11.86) 0.001**

1 15.49 (14.83-15.95) 13.64 (12.71-14.16) 0.001**

2 21.18 (18.76-23.55) 20.53 (17.85-23.43) 0.107

PF score

0 12.63 (11.93-14.23) 11.34 (10.77-12.68) 0.001**

1 16.19 (15.64-17.08) 14.18 (13.69-14.56) 0.001**

2 21.31 (19.12-23.60) 20.83 (18.42-23.59) 0.222

DF: Distal femur, PT: Proximal tibia, PF: Proximal fibula

Table 5. The area under the curve of the ROC curves and the 95% confidence limit values

Sex AUC 95% CI Std. D. p

Male 

DF score 0.887 0.845-0.929 0.022 0.001**

PT score 0.905 0.866-0.944 0.020 0.001**

PF score 0.938 0.906-0.970 0.016 0.001**

SKJ 0.939 0.907-0.971 0.016 0.001**

Female 

DF score 0.764 0.708-0.819 0.028 0.001**

PT score 0.770 0.716-0.825 0.028 0.001**

PF score 0.824 0.775-0.874 0.025 0.001**

SKJ 0.824 0.775-0.874 0.025 0.001**

DF: Distal femur, PT: Proximal tibia, PF: Proximal fibula, CI: Confidence interval, Std. D.: Standard deviation, AUC: Area under the curve, ROC: Receptor operating 
characteristic, SKJ: Scoring of the epiphyses at the knee joint

Table 6. The SKJ is 6 to 18 and above the age individuals to determine the performance values

SKJ

TP FP FN TN Sens. Spec. PPV NPV

Male 194 17 2 125 0.989 0.880 0.919 0.984

Female 189 52 0 96 1.000 0.648 0.784 1.000

SKJ: Scoring of the epiphyses at the knee joint, TP: True positive, FP: False positive, TN: True negative, Sens.: Sensitivity, Spec.: Specificity, PPV: Positive predictive value, NPV: 
Negative predictive value
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tibia and distal fibula. Data accessibility is high as knee joint 
radiographs are taken after most traumas (22,23). The results 
of this study showed that evaluation of knee joint radiographs 
is a method that can be used in the determination of whether 
or not an individual is aged 18 years and over.

In a study by Cameriere et al. (18), the relationship between 
an age of 18 years and over and the radiological analysis of 
knee joint epiphyses was examined. A total of 215 AP knee 
radiographs of 99 males and 116 females, aged 14-24 years, 
were examined. The AUC of the ROC curve was found to be 
0.961±0.018 in males and 0.915±0.023 in females. With a 
score of 3 in males, a high Acc value was obtained with high 
sensitivity (93.33%) and specificity (89.29%) and PPV of 94.42%. 
The highest Acc values in females were obtained with 3 and 4 
points. When 4 points was accepted as the cutoff value, it was 
found to be closer to 0.1, showing the ideal point on the ROC 
curve (18).

In the current study, the highest AUC, sensitivity and specificity 
values were obtained at 6 points in males and females. The AUC 
was found to be higher in males than females. The reasons for 
the higher positive limit value in this study can be considered to 
be the difference in the grading system and the higher number 
of cases. When the ROC curve and AUC values of each epiphysis 

and SKJ were compared, the power of age differentiation was 
found to be lower when the 3 epiphyses were used separately 
compared to the SKJ in males. This showed that the effect of 
separate evaluation of the epiphysis points in males was low. 
In females, the PF and SKJ AUC, sensitivity and specificity values 
were found to be equal. This demonstrated that in females, SKJ 
and PF points could be used in the differentiation of subjects 
aged 18 years and over.

In a study by Cameriere et al. (18), age distribution increased 
gradually at each point for both genders. A difference was seen 
between the genders in the mean age (± standard error), but 
the difference was not statistically significant (p>0.11). Galić 
et al. (19) also found no statistically significant difference 
between the genders in respect of the 3 epiphyses closure 
grades (p>0.05). In the current study, a difference was seen in 
median age at 0 and 1 point for all 3 epiphyses and at SKJ 0-5, 
and the difference was determined to be statistically significant 
(p<0.001).

In the Galić et al. (19) study, the highest age difference was 
found at SKJ 4 (males: 18.32±1.02 years, females:17.67±1.42 
years). In the current study, the greatest age difference was 
determined at SKJ 5 [males:17.12 (range, 16.95-17.80), females: 
14.56 (range, 14.25-15.48)].

Table 7. Probability ratios of three epiphysis and SKJ positive limit values by sex

Sex LR+ LR- Acc Bayes PTP

Male 

DF score 4.43 0 0.905 0.835

PT score 5.24 0 0.920 0.857

PF score 8.24 0.012 0.943 0.904

SKJ score 8.24 0.012 0.943 0.904

Female 

DF score 2.11 0 0.792 0.710

PT score 2.17 0 0.798 0.716

PF score 2.84 0 0.845 0.767

SKJ score 2.84 0 0.845 0.767

DF: Distal femur, PT: Proximal tibia, PF: Proximal fibula, LR: Likelihood ratio, PTP: Post-test probability, Acc: Accuracy, SKJ: Scoring of the epiphyses at the knee joint

Tablo 8. Correlation coefficient between all three epiphysis scores and SKJ

Age

n r p

Male

DF score 339 0.816 0.001**

PT score 339 0.829 0.001**

PF score 339 0.848 0.001**

SKJ 339 0.854 0.001**

Female

DF score 337 0.724 0.001**

PT score 337 0.731 0.001**

PF score 337 0.785 0.001**

SKJ 337 0.788 0.001**

DF: Distal femur, PT: Proximal tibia, PF: Proximal fibula, SKJ: Scoring of the epiphyses at the knee joint
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Galić et al. (19) reported the highest inter-rater reliability value 
for DF epiphysis, and the highest intra-rater reliability for PF 
epiphysis. In the current study, the highest inter-rater and intra-
rater reliability values were determined for the PF epiphysis.

In the study by Galić et al. (19), the correlation values between 
age and DF, PT and PF epiphyses were found to be 0.835, 0.872, 
0.878 in males and 0.789, 0.799, 0.826 in females and the 
correlation coefficient between SKJ and age was 0.899 in males 
and 0.881 in females (p<0.01). The highest correlation in both 
genders was found between SKJ and age (19). Similar values 
were determined in the current study. 

In the study by Galić et al. (19), the ROC curves of the SKJ from 
all 3 epiphyses were found to have greater differentiation 
power in both genders. The AUC values were found to be 0.991 
in males and 0.968 in females for SKJ. These values for the DF, 
PT and PF points were determined as 0.944, 0.962, 0.974 for 
males and 0.891, 0.910, 0.918 for females. All the points were 
determined to have excellent diagnostic value in both genders 
(19). In the current study, in males, diagnostic value was at an 
excellent level for SKJ, and at a good level for DF points. In 
females, the diagnostic value was found to be at a moderate 
level for DF and PT points and at a moderate level for PF and 
SKJ. This difference was considered to be due to be due to the 
earlier epiphyseal closure in females.

Galić et al. (19) found the positive limit value for age of 18 
years and over to be 4 in males and 5 in females. For SKJ 4 
in males, senstivity was 0.94, specificity was 0.96, and for SKJ 
5 in females, sensitivity was 0.89 and specificity was 0.92. In 
the current study, the positive limit value was determined as 
6 in both genders. Sensitivity was 0.98 in males and 1.00 in 
females and specificity was 0.88 in males and 0.64 in females. 
According to SKJ 6, the possibility of being 18 years and over 
was 77% in females and 90% in males. Although the SKJ limit 
value was determined to be more reliable in the determination 
of individuals aged 18 years and over in males, it was seen that 
it could be used as an assistive method.

Previous studies of knee epiphysis closure made with 
anthropological and radiological examinations have shown 
that the PT matures earlier than the DF (13). In the current 
study, it was determined that DF and PT closure occured at the 
same age in females, whereas in males, DF closure was earlier 
than PT.

In previous studies, the Greulich-Pyle method has been 
reported to be simple and repeatable, and can be evaluated 
with high reliability by physicians who are not radiologists 

(24). As the epiphyses in the hand complete ossification by the 
age of 16 years, they cannot be used for an age limit of 18 
years. Therefore, it became necessary to develop highly reliable 
methods for other anatomic regions for the age limit of 18 
years (25).

There are studies that have contributed to the literature using 
MR imaging of knee joint epiphyseal closures (14,16,26). Studies 
have shown that completed knee maturation radiographic 
image and MR image may correspond to different stages. This is 
because MR images provides better contrast and definition than 
plain X-rays. For example, in the fusion period, it is observed 
as complete in X-rays due to edema in the growth plate, but in 
MR images it is observed as incomplete (13). It was not found 
appropriate to compare the results of our study based on the 
age test performed with the MR image and the results of our 
study based on direct radiography cases.

Study Limitations
A primary limitation of this study was that ethnic identity was 
not known and therefore, the effect was not considered. The 
levels of physical activity of the cases were not evaluated. 
Any cases with chronic pain in the anamnesis taken from the 
hospital information management system were not included 
in the study. 

Another limitation of the current study were the lack of socio-
economic data, retrospective design and that normal age 
distribution was not shown.

CONCLUSION
The results of this study showed a higher correlation of age 
with the combined knee joint epiphyseal points than with the 
separate evaluations of the 3 epiphyses. This was found to be 
a method that can be used for the differentiation of age 18 
years and over in both genders, with higher Acc and reliability 
in males than females. There is a need for further studies of the 
knee joint in other regions of Türkiye and therefore this study 
can be considered of guidance as a preliminary step.
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