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Abstract 

Background: This study was carried out to determine the morphometry of the dry tibia 

bones of the Turkish population using the photo analysis method. 

Materials and Methods: 33 dry tibia bones were included in the study. The bones obtained 

were photographed with a professional camera. The photos were transferred to image 

processing program Image J (Version 1.53e) in jpeg format. From the images transferred, 

the parameters of articular surface width of medial condyle  (MC-ASW), articular surface 

height of medial condyle (MC-ASH), articular surface width of lateral condyle (LC-ASW), 

articular surface height of lateral condyle (LC-ASH), distance between medial and lateral 

intercondylar tubercle (LMIT-D), medium width of body of tibia (BT-MW), length of total 

tibia (TT-L), height of medial malleolus (MM-H), angle of medial condyle- tibial 

tuberosity-lateral condyle (MCTTLG-A), angle of fibular notch - tibial tuberosity- medial 

malleolus (FNTTMM-A), height of inferior articular facet (IAS-H), width of inferior 

articular facet (IAS-W), distance between nutrient foramen- interosseous border (NFIB-D) 

were measured. Results: Morphometric analysis results were: MC-ASW 6.558±0.896 cm, 

MC-ASH 9.502±1.364 cm, LC-ASW 6.035±0.988 cm, LC-ASH 8.655±1.673 cm, LMIT-

D 3.169±0.632 cm, BT-MW 2.382±0.312 cm, TT-L 36.784±2.734 cm, MM-H 

1.296±0.209 cm, MCTTLG-A 97.14±11.63°, FNTTMM-A 7.313±0.514°, IAS-H 

6.219±0.776 cm, IAS-W 6.540±1.011 cm, NFIB-D 0.958±0.326 cm. A statistically 

significant correlation was found between MC-ASW and MC-ASH, LC-ASW, LC-ASH 

parameters, between MC-ASH and LC-ASH, TT-L parameters, and between BT-MW and 

TT-L parameters (p ≤0.05). Conclusion: As a result of our study, the morphometry of the 

parameters of the dry tibia bone in the Turkish population and the relationships between 

these parameters were revealed. 

Keywords: Dry tibia bone, Morphometry, Photo analysis 

ÖZ    
Amaç:  Bu çalışma, Türk popülasyonuna ait kuru tibia kemiklerinin foto analiz metodu 

kullanılarak morfometrilerinin belirlenmesi amacıyla yapıldı. 

Materyal ve metod : Çalışmaya 33 adet kuru tibia kemiği dahil edildi. Elde edilen 

kemikler profesyonel fotoğraf makinesi ile fotoğraflandı. Fotoğraflarda jpeg formatında 

görüntü işleme programı olan Image J (Version 1.53e)’ye aktarıldı. Aktarılan 

görüntülerden her bir kuru tibia kemiğinin condylus medialis eklem yüzü genişliği (MC-

ASW), condylus medialis eklem yüzü yüksekliği (MC-ASH), condylus lateralis eklem 

yüzü genişliği (LC-ASW), condylus lateralis eklem yüzü yüksekliği (LC-ASH), 

tuberculum intercondylare mediale – laterale arası uzaklık (LMIT-D), corpus tibia orta 

genişliği (BT-MW), tibia’nın total uzunluğu (TT-L), malleolus medialis yüksekliği (MM-

H), condylus medialis – tuberositas tibiae – condylus lateralis açısı (MCTTLG-A), incisura 

fibularis – tuberositas tibiae – malleolus medialis açısı (FNTTMM-A), facies articularis 

inferior yüksekliği (IAS-H), facies articularis inferior genişliği (IAS-W), foramen 

nutricium – margo interosseus arası uzaklık (NFIB-D) parametrelerinin ölçümü yapıldı. 

Bulgular: Morfometrik analiz ile MC-ASW 6.558±0.896 cm, MC-ASH 9.502±1.364 cm, 

LC-ASW 6.035±0.988 cm, LC-ASH 8.655±1.673 cm, LMIT-D 3.169±0.632 cm, BT-MW 

2.382±0.312 cm, TT-L 36.784±2.734 cm, MM-H 1.296±0.209 cm, MCTTLG-A 

97.14±11.63°, FNTTMM-A 7.313±0.514°, IAS-H 6.219±0.776 cm, IAS-W 6.540±1.011 

cm, NFIB-D 0.958±0.326 cm olarak bulundu. MC-ASW ile MC-ASH, LC-ASW, LC-ASH 

parametreleri arasında, MC-ASH ile LC-ASH, TT-L parametreleri arasında, BT-MW ile 

TT-L parametresi arasında istatistiksel olarak yüksek anlamlı bir ilişki bulundu (p≤0.05). 

Sonuç: Çalışmamız sonucunda kuru tibia kemiğine ait parametrelerinin Türk 

popülasyonuna ait morfometrisi ve bu parametrelerin aralarındaki ilişkiler ortaya konuldu.  

Anahtar Kelimeler: Kuru tibia kemiği, Morfometri, Foto Analiz 
 

     

 

 
 

 

 

 

Highlights  

• Knowing the tibia 

morphometry of the 

Turkish population will 

make important 

contributions to medical 

science. 

 

• Knowing the tibia 

morphometry will guide 

surgical interventions. 
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Introduction 

Morphometry is a method that enables to show the distances between determined anatomical points 

and evaluates the relationship between these distances according to age, race and gender (1). 

Morphometry of the bones of the lower extremity is of greater importance than those of the upper 

extremity because the bones of the lower extremity take on the task of carrying the weight of the body 

and moving (2).  

The exact determination of bone morphometry is critical in forensic identification, anthropology, 

anatomy and surgical sciences (1, 3). For example, for orthopaedists, the adaptation of proximal tibia 

end prosthesis to the bone tissue and thus a successful operation process is possible only when the bone 

morphometry is fully known (4). Lack of information in tibial morphometry may result in adverse 

scenarios such as incorrect positioning of the prosthesis, incompatibility and limitation of mobility (5, 

6). In forensic medicine and anthropology, knowledge of bone morphometry is critical in cases with 

disintegrated body from which DNA and fingerprints cannot be obtained. Knowing about bone 

morphometry provides us important information about biological factors such as gender, age and race 

(7-9). At this point, tibial morphometry offers an accuracy of higher than 84% in terms of gender (7). 

To the best of our knowledge, there is limited information in Middle East countries on tibial 

morphometry, especially on proximal end morphometry. On the contrary, there is more information in 

Asian-Pacific countries. Knowing about the tibia morphometry of individuals in Middle Eastern 

countries will greatly facilitate the selection of suitable prostheses (5). Bone morphometry can be 

revealed by dry bone or radiological imaging methods such as computed tomography, magnetic 

resonance imaging, peripheral quantitative computed tomography (1, 7, 8, 10, 11). 

This study was conducted to find out dry tibia bone morphometry by using Image J measurement tool 

and to increase clinicians’ level of knowledge on tibia morphometry.  

Material and Method 

Study Sample 

The study was initiated with 2021/729 numbered approval of Karabük University Non-interventional 

Ethics Committee. 33 tibias of unknown gender taken from bone collections of anatomy laboratories 

in medical faculties at Karabük University, Bolu Abant İzzet Baysal University and Düzce University 

were used. Fractured bones, pathological bones and bones which were thought to belong to the pediatric 

group were excluded from the study. The bone side difference was ignored due to the insufficient 

number of bones in the bone collections. 

Image protocol 

Dry tibia bones in the collections were fixed at a height of 40 cm from the ground with a stabilizer. 

The Professional camera used during the shooting was fixed at a height of 60 cm from the ground with 

another stabilizer so that it would be stable during each shooting. These images in Jpeg format were 

transferred to Image J (Version 1.53e) image processing program and length and angle measurements 

were performed (Figure1).  

  Determined length and angle measurements were; 

• a) Medial condyle articular surface height (MC-ASH), 

• b) Medial condyle articular surface width (MC-ASW), 

• c) Lateral condyle articular surface height (LC-ASH), 

• d) Lateral condyle articular surface width (LC-ASW), 

• e) Distance between lateral-medial intercondylar tubercle (LMIT-D), 

• f) Total length of the tibia (TT-L), 

• g) Medium width of tibia body (BT-MW),  

• h) Medial malleolus height (MM-H),  

• k) Medial condyle – Tuberosity of tibiae – Lateral condyle angle (MCT-TLG-A), 

• l) Fibular notch – Tuberosity of tibiae – Medial malleolus angle (FNT-TMM-A), 

• m) Nutrient foramen – Interosseous border distance (NFIB-D). 

• n) Inferior articular surface height (IAS-H), 

• o) Inferior articular surface width (IAS-W), 
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Figure 1. Demonstration of parameters (a: Medial condyle articular surface height (MC-ASH),  b: Medial 

condyle articular surface width (MC-ASW), c: Lateral condyle articular surface height (LC-ASH), d: Lateral condyle 

articular surface width (LC-ASW), e: Distance between lateral-medial intercondylar tubercle (LMIT-D), f: Total length of 

the tibia (TT-L),  g: Medium width of tibia body (BT-MW),  h: Medial malleolus height (MM-H), k: Medial condyle – 

Tuberosity of tibiae – Lateral condyle angle (MCTTLG-A), l: Fibular notch – Tuberosity of tibiae – Medial malleolus angle 

(FNTTMM-A),  m: Nutrient foramen – Interosseous border distance (NFIB-D), n: Inferior articular surface height (IAS-

H), o: Inferior articular surface width (IAS-W)). 

 

Statistical Analysis 

Mean and standard deviation values were included in descriptive statistics. The Normality distribution 

of the parameters was tested with the Shapiro-Wilk test. Correlation between parameters and the degree 

of the correlation was tested with the Pearson Correlation test and p≤0.05 value was considered as 

statistically significant.  

Results 

Mean and standard deviation values of the parameters of 33 tibia were evaluated by using Image j are 

shown in Table 1.  

Table 1. Mean and standard deviations of parameters taken from Tibia  

Parameters Mean Standard Deviations 

MC-ASW (cm) 3.018 0.494 

MC-ASH (cm) 4.751 0.682 

LC-ASW (cm) 3.279 0.448 

LC-ASH (cm) 4.328 0.837 
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LMIT-D (cm) 1.584 0.316 

BT-MW (cm) 2.383 0.312 

TT-L (cm) 36.784 2.734 

MM-H (cm) 1.296 0.209 

MCTTLG-A (°) 97.14 11.63 

FNTTMM-A (°) 7.313 0.514 

IAS-H (cm) 6.219 0.776 

IAS-W (cm) 6.540 1.011 

NFIB-D (cm) 0.958 0.326 

 

The correlation between parameters and the degree of correlation was tested with Pearson Correlation 

test and high significant correlation was found between the 6 parameters. High significant correlation 

was found between LC-ASW parameter and MC-ASW and MC-ASH parameters, between LC-ASH 

parameter and MC-ASH and LC-ASW parameters, between TT-L parameter and MC-ASH and BT-

MW parameters (p≤0.05), (Table 2). These findings show that there is a high degree of relationship 

between condyle articular surfaces. 

Table 2. Pearson correlation table 
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Aberrations: a very weak correlation, b weak correlation, c moderate correlation, d high correlation, (MC-ASH: Medial condyle articular 

surface height, MC-ASW: Medial condyle width, LC-ASH: Lateral condyle height, LC-ASW: Lateral condyle width, LMIT-D: Distance 

between lateral-medial intercondylar tubercle, TT-L: Total length of the tibia, BT-MW: Medium width of tibia body, MM-H: Medial 

malleolus height, MCTTLG-A: Medial condyle – Tuberosity of tibiae – Lateral condyle angle, FNTTMM-A: Fibular notch – Tuberosity 

of tibiae – Medial malleolus angle, NFIB-D: Nutrient foramen – Interosseous border distance, IAS-H: Inferior articular surface height, 

IAS-W: Inferior articular surface width) 

 

 

Discussion 

This study was conducted to determine the morphometry of dry tibia bone determined with photo analysis and 

to find out the correlation between parameters. The results found were MC-ASW 3.018±0.494 cm, MC-ASH 

4.751±0.682 cm, LC-ASW 3.279±0.448 cm, LC-ASH 4.328±0.837 cm, LMIT-D 1.584±0.316 cm, BT-MW 

2.382±0.312 cm, TT-L 36.784±2.374 cm, MM-H 1.296±0.209 cm, MCTTLG-A 97.14±11.63°, FNTTMM-A 

7.313±0.514°, IAS-H 6.219±0.776 cm, IAS-W 6.540±1.011 cm, NFIB-D 0.958±0.326 cm. The correlation 

between parameters and the degree of correlation was tested with the Pearson Correlation test and high   

significant correlation was found between LC-ASW parameter and MC-ASW and MC-ASH parameters, 

between LC-ASH parameter and MC-ASH and LC-ASW parameters, between TT-L parameter and MC-ASH 

and BT-MW parameters (p≤0.05).  

Knowing the exact tibial morphometry is critical for surgical interventions to this area and to find out 

pathologies.  Knowing the morphometric information of this area will increase success in total knee prosthesis 

surgery, osteoarthritis treatment and anterior cruciate ligament ruptures. These morphometric data should be 

determined exactly since they will differ between races (4, 12-14). In total knee arthroplasty, morphometry of 

the proximal end of the tibia and morphometric relationships are of great importance (4, 15). In our study, it was 

determined that there was a high and positive correlation between the parameters of the proximal end of the tibia 

and the correlation result. 

In their study they conducted on 60 dry tibia bones of Indian individuals, Ahmad et al. found the following 

results: LC-ASH 36.41±4.29 mm, MC-ASH 40.19±5.11 mm, LC-ASW 27.90±3.72 mm, MC-ASW 28.38±3.33 

mm (16). In a study they conducted on 100 dry tibia bones of Korean individuals, Surendran et al. found LC-

ASH as 42.2±3.7 and MC-ASH as 45.9±4.2 (4). In a study they conducted on 100 dry tibia bones of Indian 

individuals, Gandhi et al. found MC-ASH on the right side as 42.39±4.19 in women and as 48.45±4.14 in men, 

on the left side as 42.36±4.65 in women and as 47.73±4.37 in men; they found MC-ASW on the right side as 

27.25±3.05 in women and as 30.18±2.83 in men, on the left side as 26.96±2.18 in women and as 29.38±3.14 in 

men; they found LC-ASH on the right side as 36.78±3.03 in women and as 40.86±3.79 in men, on the left side 

as 37.30±3.81 in women and as 40.69±4.13 in men; they found LC-ASW as 26.14±2.51 in women on the right 

side and as 28.82±3.12 on the left side in women and as 28.82±3.12 mm in men (2). In their study they conducted 

on 172 dry tibia bones of Chinese individuals, Cheng et al. found LC-ASH as 45.3±2.5 and MC-ASH as 50.7±2.4 

mm (17). In their study they conducted on 120 dry tibia bones of Brazilian individuals, Santos et al. found LMIT-

D as 1.054±0.262 in women and as 1.167±0.279 in men; they found MC-ASH as 4.334±0.317 in women and as 

4.707±0.406 in men; they found LC-ASH as 3.549±0.382 in women and as 4.023±0.414 in men; they found 

MC-ASW as 2.702±0.298 in women and as 3.024±0.307 in men; they found LC-ASW as 2.991±0.281 in women 
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and as 3.405±0.323 cm in men (18). In a study conducted by Gardasevic on 664 individuals in the western part 

of Kosovo, TT-L was found as 37.60±2.52 (19). In the present study we conducted on dry tibia bones of 33 

Turkish individuals, the results we found were:   MC-ASW 3.018±0.494 cm, MC-ASH 4.751±0.682 cm, LC-

ASW 3.279±0.448 cm, LC-ASH 4.328±0.837, TT-L 36.784±2.374 cm. Literature results support our results and 

shows that there is slight difference between populations. We believe that this difference is critical for surgical 

sciences.  

Conclusion 

As a result of our study, the range of values of tibial morphometry was determined in Turkish population. We 

believe that this range of values will guide both anthropological studies and specialist physicians who perform 

surgery in this region.  
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