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Abstract.  10 

Introduction: The knee joint morphology varies from one ethnic group to another. Other 11 

factors contribute to this variation such as gender and the morphotype of the patients. To 12 

the authors’ knowledge, there are no studies in the literature regarding anthropometric 13 

parameters of the Arabian knee as it relates to knee implants. 14 

Purpose: The objective of this study was to measure the dimensions of the osteoarthritic 15 

knees of Arabian patients and to compare these measurements with the dimensions of six 16 

knee implants. 17 

Subjects and Methods: CT scans were used to collect morphologic data from the distal 18 

part of the femur and the proximal part of the tibia from 124 osteoarthritic knees. 19 

Anteriorposterior and mediolateral measurements were obtained from three dimensional 20 

resected bony surface. These measurements were compared with similar dimension for 21 

six different types of knee implants. 22 

Results: We found that Arabian knee were generally smaller than Caucasian knee, 23 

Arabian females were found to have smaller measurement values when compared with 24 

male. Most of proximal tibial plateau and femur condyles were asymmetrical  25 

Conclusion: Our data suggests mismatch between osteoarthritic Arabian knee and 26 

implant designs. This result suggest that to consider ethnic difference when designing 27 

Total knee implants. 28 
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Introduction 41 

 The knee joint morphology varies from one ethnic group to another. Other factors 42 

contribute to this variation such as gender and the morphotype of the patients [1]. 43 

Understanding the morphology and functional anatomy of the knee joint of each ethnic 44 

group has become essential for both orthopaedic surgeons and knee implant 45 

manufacturers. It helps not only in treatment planning but also in addressing the general 46 

type of deformity that is common in a specific ethnic group [2,3,4]. Different imaging 47 

modalities can be used to assess anthropometric measurements of the patients. CT scan or 48 

MRI is commonly used in preoperative measurement of knee dimensions. Moreover, 49 

intraoperative measurement of resected bony surface during total knee arthroplasty 50 

(TKA) has also been used [2,3,4,6,7]. 51 

Recently, there is an increasing number of published data on morphometric 52 

measurements of the knee following the introduction of patient specific instruments that 53 

require preoperative CT or MRI imaging [22]. The availability of reconstructed data of 54 

arthritic knees encouraged many researchers to analyze large number of data either in 2-55 

D or 3-D fashion.    56 

However, the majority of studies done on knee morphometry have been focusing on 57 

Caucasian population. Some recent research work has shed light on the Asian population. 58 

Many studies have revealed anthropometric differences for the Asian population when 59 

compared to Caucasian [2,3,4]. Current TKA implants are designed according to the 60 

anthropometric data of Caucasian knees, which has been suspected as the cause of the 61 

component mismatch in other ethnic groups [2]. 62 

Arabia population has a higher incidence of knee osteoarthritis (OA) up to 60 % for 63 

patients aged 66 and above [18]. This is possibly due to the social habits of squatting and 64 

sitting with cross legs. They usually present late with varus and flexion deformity. They relatively 65 

have more sedentary life style and they demand higher degree of knee flexion for their TKR.   66 

To the authors’ knowledge, there are no studies in the literature regarding anthropometric 67 

parameters of the Arabian knee as it relates to knee implants. The aim of this study was to 68 



measure the dimensions of the osteoarthritic knees of Arabian patients and to compare 69 

these measurements with the dimensions of seven knee implants. 70 

 Materials and methods:  71 

 A total of 124 knee CT scans of consecutive patients who underwent TKA with open-72 

platform PSI technique were included in this study. Ethical committee approval was 73 

obtained from our instituation prior to using CT scan and PSI technique. All patients had 74 

preoperative CT scan of the knee and underwent TKA. The PSI preoperative planning for 75 

all cases was approved and the TKR surgery was performed by the first author (MAH). 76 

There were 24 male knees and 100 female knees. The average age of the patients at time 77 

of CT scaning was 59.9 years(49-71). The demographic distribution of the patients spans 78 

11 Arab countries (Egypt, Yemen, Sudan, Libya, Saudi Arabia, Syria, Iraq, Somalia, 79 

Djibouti, Palestine, Jordan)  80 

 The CT scan protocol and the PSI technique was previously reported[20]. A 160 slices 81 

CT with 1mm slice thickness was performed for the knee joints. All patients were 82 

scanned in the supine position with the knee extended and patella facing forward. The 83 

mechanical axis of the joint was defined using scanogram. The measurements were 84 

performed using Solidworks software (Dassault Systemes, ver.2014, USA)  85 

The proximal tibia measurements were performed at the level of tibial resection, 6-8 mm 86 

below the lateral tibial plateau and perpendicular to the mechanical axis of tibia with a 7° 87 

posterior slope [3], as actually planned using PSI to simulate intraoperative bone cutting 88 

of the proximal tibia. 89 

At the resected surface of proximal tibia, the mediolateral dimension of tibia (tML) was 90 

taken as the maximum width of mediolateral length at the resected tibial surface.  This 91 

(tML) dimension was adjusted to be parallel to the epicondylar axis of the femur, which 92 

was defined as line connecting the lateral epicondylar prominence and the medial sulcus 93 

of the medial epicondyle [4]. The middle anteroposterior dimension of tibia (tAP) was 94 

taken as the line drawn perpendicular to and at the mid-point of the tML line. The lateral 95 

anteroposterior (tLAP) and the medial anteroposterior (tMAP) dimensions were defined 96 

as the longest lines drawn parallel to the tAP line, perpendicular to the tML line and 97 

reaching most posterior point of the lateral and the medial condyles of tibia respectively 98 

(Figure 1). The distance from the lateral anteroposterior (tLAP) and the medial 99 

anteroposterior (tMAP) dimensions to the middle anteroposterior line of tibia (tAP) were 100 

defined as the lateral to central distance (CL), and the medial to central distance (CM) 101 

respectively [6]. The tibia aspect ratio (tAR) calculated as the tML dimension divided by 102 

the middle anteroposterior dimension of tibia (tAP) dimension ×100%? [7].  103 

The distal femur measurements were done at the level of femur resection, this femur 104 

resection was performed at 9mm above the most inferior point of the medial condyle with 105 



6° valgus, so as to simulate the optimal intraoperative bone cutting for the distal femur. 106 

First the femur epicondylar axis was set, by drawn a line connecting the lateral 107 

epicondylar prominence and the medial sulcus of the medial epicondyle [4]. The femoral  108 

anteroposterior (fAP) measurement was taken as the maximum width of the lateral 109 

condyle in the AP axis [5]. At the resected surface of distal femur, the mediolateral 110 

dimension of femur (fML) was taken as the maximum width of mediolateral length . The 111 

femoral medial anteroposterior (fMAP) and femoral lateral anteroposterior (fLAP) 112 

measurement were taken as the widest dimension of the medial and lateral condyles and 113 

perpendicular to the tML line (Figure 2). The distance from the lateral anteroposterior 114 

(fLAP) and the medial anteroposterior (fMAP) dimensions to the central anteroposterior 115 

line of femur  were defined as the lateral to central distance (CL), and the medial to 116 

central distance (CM) respectively. The femur aspect ratio (fAR) calculated as the fML 117 

dimension divided by the fAP dimension ×100% [5,7].  118 

Six implant types, namely, NexGen (Zimmer, USA), PFC-Sigma (Depuy, J & J, USA), 119 

Triathlon (Stryker, USA), Vanguard (Biomet), Profix(Smith & Nephew) and SLK EVO 120 

(Implant International, UK) were studied to determine their ML, AP lengths and aspect 121 

ratios. 122 

Statistical analysis was performed using IBM SPSS statistics 22.  Data were summarized 123 

as the mean and standard deviation. The Student t-test, the Paired t-test and the Pearson's 124 

correlation coefficient were calculated. Comparisons were regarded as statistically 125 

significant when P value less than 0.05. 126 

Results: 127 

This study included 124 knees in (92) patients. Female to male ratio was 4:1 (100 female 128 

and 24 male). The mean age was 49.9 years (range: 49-71). 129 

In resected tibial bony surface, we found that the average tibial mediolateral (tML) and 130 

tibial anteroposterior (tAP) measurement for Arabian knees were 74.36±6 mm and 131 

48.94±4.57 mm, respectively. There are larger values for tML and tAP for males when 132 

compared with females (p<0.00001) (Table 1). 133 

 To evaluate the symmetry between the medial and lateral tibial plateau tMAP and tLAP 134 

were measured, we found that the average tibial medial anteroposterior (tMAP) and 135 

lateral anteroposterior (tLAP) were 52.17±4.61 and 46.78±5.18 mm, respectively. There 136 

was significant difference between the two dimensions (tMAP-tLAP), the average value 137 

for the difference (tMLD) for males and females were 2.93±5.29 mm and 5.98±4.23 mm, 138 

respectively. According to these results, medial tibial plateau is larger than lateral tibial 139 

plateau in the anteroposterior direction. The distance from tAP to tMAP and tLAP(CM 140 

and CL dimensions) were measured for further evaluation of the asymmetry between the 141 



medial and lateral tibial plateau, it was confirmed that tMAP was closer to the midline 142 

than tLAP by average of 2.86±5.11 mm (t-Score = 5.81, p-value < 0.00001) 143 

To identify the accurate size of the tibial component for the Arabian population, we 144 

compared the ML and AP dimensions of the resected tibial bony surface with similar 145 

measurements of six tibial implants (Figure 3). To assess the geometry of resected bony 146 

surface, the aspect ratio was measured, which was the ratio of ML/AP. The average 147 

aspect ratio was 152.62±12.66 (Table1). We compared the aspect ratio with AP 148 

dimension of proximal tibia. The aspect ratio of the proximal tibia showed a progressive 149 

decline with the increasing AP dimension?. The aspect ratio and AP dimension of 150 

proximal tibia were compared with corresponding values of six tibial implants 151 

commercially available. Only one of prosthesis showed a declining change with the 152 

increasing AP (Figure 4)?. 153 

The average femur mediolateral (fML) and femur anteroposterior (fAP) measurement for 154 

Arabian knees were 72.04±6.6 and 68.1±7.75, respectively. There are larger values for 155 

fML and fAP for males when compared with females (p<0.00001) (Table 2). 156 

To evaluate the asymmetry between the medial and lateral femur condyles, fMAP and 157 

fLAP were measured, we found that the average femur medial anteroposterior (fMAP) 158 

and lateral anteroposterior (fLAP) were 51.82± 6.06 and 49.45±6.24 mm, respectively. 159 

The distance from the center to MAP and LAP (CM and CL dimensions) were measured 160 

for further evaluation of the asymmetry between the medial and lateral femur condyles, it 161 

was confirmed that MAP was nearer to center than LAP by average of 4.01±5.36mm(t-162 

Score = 9.31, p< 0.00001). 163 

To assess whether the femoral component of modern TKA were suitable for the Arabian 164 

knee or not, the aspect ratio of the femur was calculated. The average aspect ratio was   165 

106.37±14.34 (Table 2). We compared the aspect ratio with AP dimension of resected 166 

bony surface of distal femur. We then compared aspect ratio and fAP with comparative 167 

measurements of six femoral components of commercially available knee prostheses.  168 

To identify the morphological matching between resected bony surface of proximal tibia 169 

and distal femur in individual Arabian knee, we compared the tibial mediolateral (tML) 170 

to femoral mediolateral (fML) and anteroposterior (fAP) dimensions (Fig.6).A strong 171 

correlation was found between the fML and fAP with tML(Pearson correlation =0.391, p 172 

<0.00001 and pearson correlation=0.3248, p<0.00001 respectively). 173 

Discussion: 174 

In total knee arthroplasty, accurate shape matching between the prosthesis and knee 175 

resected bony surface is detrimental factor for long term good results[18]. Overhang of 176 



prosthesis may lead to soft tissue impingment and irritation, in contrast undercoverage of 177 

resected surface may lead to subsidence and instability.  178 

To the authors' knowledge, no previous study has been published on Arabian population  179 

with view of knee morphometry. The aim of this study was to measure the dimensions of 180 

the osteoarthritic knees of Arabian patients and to compare these measurements with the 181 

dimensions of six knee implants. 182 

This study has limitations. The number of knees is only 124 and predominantly females. 183 

However, this is a real life circumstances representing the average distribution of 184 

consecutive TKA between males and females. Although there are patients from 11 Arab 185 

countries, the majority of patients were from Egypt. 186 

In the present study, 3D CT scan was used to evaluate the morphology of the Arabian 187 

knee, with patient specific instruments (PSI) technique and maintaining proper level of 188 

cuts in coronal and sagittal planes similar to operative scenario . Lee et al.(2006) studied 189 

knee morphologic data measurement by CT scan, and concluded that the measurements 190 

by CT scan have similar agreement with intraoperative measurements[19]. 191 

The recent introduction of PSI and the need for preoperative imaging supplied a large 192 

number of 3-D data of arthritic knees. Some of these data are based on CT (reference 193 

Hafez CORR 2006 and others) and others are based on MRI (reference Thienpont 2013, 194 

Howell). CT scan has several advantages as it is cheaper, faster and has fewer 195 

contraindications as compared to MRI scan. With regards to planning and measurements, 196 

CT has a more important advantage of easier segmentation that could be done 197 

automatically by the software.  MRI has the advantages of no radiation risk and better 198 

visualization of cartilage. For morphometric measurements, we believe CT scan is better 199 

than MRI because the measurements are based on bone and not cartilage, this in addition 200 

to other advantages for CT scan as listed above 201 



 202 

 203 

No similar studies on Arabia population  were found in literature but there are similar 204 

studies on other populations. The results of our study regarding the morphometry of the 205 

proximal tibia (in mm), the parameters  tML and tAP were significantly smaller in female 206 

than male this mean tibial resected surface was larger in male.  We found our results 207 

generally less than Caucasian population, Many investigators have documended that 208 

Asian knees are smaller than Caucasian knees[]. In contract when compared our data to 209 

different Asian population (Table 3) we found that the Arabian knee morphology larger 210 

than Asian knee.  211 

In the present study, we revealed that tibial medial AP was significantly longer than tibial 212 

lateral AP, in addition to that distance from tLAP to center is longer that tMAP to center, 213 

this concluded that there was asymmetry between medial and lateral tibial plateau []. 214 

These results may indicate that the need for asymmetric tibial prosthesis to maximize 215 

resected surface coverage for tibia. In contrast to investigators that advocated symmetric 216 

prosthesis[]. 217 

When the morphometric measurements of Arabian knees were compared to 6 current 218 

knee implants, it was found that the aspect ratio value decreased when tAP dimension 219 

increased, similar to other reports[], but the majority of knee implants showed constant 220 

aspect ratio with the increase of AP dimension(figure 4). So a constant implant aspect 221 

ratio indicates ther is constant shape for knee implant, this lead to oversizing or 222 

undersizing with the changing of AP dimension. 223 



The results of our study regarding the morphometry of the distal femur (in mm) was 224 

compared to the results of other studies on different populations []. Table 4 is showing 225 

that distal femur of Arabian knees was different from other reports[].  226 

With regards to the differences between morphometric measurements of males and females, 227 

this study showed significant higher parameters for males when comparedto female, this similar 228 

to observation of different studies[]. 229 

The distal femur of the Arabian population, our results results showed  anatomic 230 

differences between Asian and Caucasian, and female and male 231 

Mensch et al.(1975), found that the medial condyle width was larger than the lateral 232 

condyle width by 3mm. our results confirmed that the medial condyle was larger than the 233 

lateral condyle by an average of 2.37 mm, these results may imply that asymmetric 234 

femoral component may required for Arabian knee. 235 

Regarding  morphologic relation between resected bny surface of the proximal tibia and the 236 

distal femur for Arabian knee, we found strong correlation between tibial mediolateral with 237 

femoral AP and mediolateral(r= p) similar to reports of Cheng et al[]. So prosthetic design 238 

preferably to consider tibia and femur together.  239 

New featuresfor our study: 240 

Methods: 241 

PSI planning, maintaining sagittal, coronal alignment. 242 

Intraoperative confirmation specialy for the femur. 243 

Excluding osteophyte 244 

Arthritic knee old age 245 

All cases had TKR 246 

Results  247 



CM-CL For femur 248 

Conclusion  249 

 250 

Morphometric measurements of Arabian knees showed some differences in comparison to 251 

Caucasian and Far East. For proximal tibia, ……. 252 

For distal femur……… 253 

There was a mismatch between the surgical anatomy of the Arabian knee in comparison to the 254 

currently available TKA implants. Further studies are needed in order to overcome some of the 255 

limitations in our study particularly, the ratio between males and females and the inclusion of all 256 

Arab countries.257 



Acknowledgments 

We thank our research team in the Department of Orthopaedics, October 6 University, 

particularly Engineers Ahmed Abdel Moghny, Abdel Rahman El Shafei,  Ahmed Ibrahim and 

student Omar Gad  for their contributions  during the reconstruction of CT scans, PSI planning, 

measurements for knee anatomy and implants.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 

 

References: 

1.Al-Arfaj AS, Alballa SR, Al-Saleh SS, Al-Dalaan AM, Bahabry SA, Mousa MA, Al-
Sekeit MA. (2003). "Knee osteoarthritis in Al-Qaseem, Saudi Arabia." Saudi Med J. 
24(3): 291-293. 

2.Bellemans J, Carpentier K, Vandenneucker H, Vanlauwe J, Victor J . The John Insall 
Award. Both morphotype and gender influence the shape of the knee in patients 
undergoing TKA. Clin Orthop Relat Res. 2010; 468:29–36. 

3.Berger RA, Rubash HE, Seel MJ, Thompson WH, Crossett LS . Determining the 
rotational alignment of the femoral component in total knee arthroplasty using the 
epicondylar axis. Clin Orthop Relat Res 1993;286:40–7. 

4.Cheng FB, Ji XF, Lai Y, Feng JC, Zheng WX, Sun YF, Fu YW, Li YQ. Three 
dimensional morphometry of the knee to design the total knee arthroplasty for chinese 
population. The knee 2009;16:341-347. 

5.Chaichankul C, Tanavalee A, Itiravivong P. Anthropometric measurements of knee 
joints in Thai population: correlation to the sizing of current knee prostheses. Knee 
2011 Jan;18(1):5-10. 

6.Dorr LD, Boiardo RA. Technical considerations in total knee arthroplasty. Clin 
Orthop Relat Res 1986;205:5– 11. 

7.Griffin FM, Math K, Scuderi GR, Insall JN, Poilvache PL. Anatomy of the 
epicondyles of the distal femur: MRI analysis of normal knees. J Arthroplasty 
2000;15:354–9. 
 

8.Hafez MA. Custom made cutting guides for TKA. Install JN, Scott N (Eds). Surgery 
of the Knee (5th Ed.), Churchill Livingston Elsevier 2012, 1240-1254 
 
9. Ho WP, Cheng CK, Liau JJ. Morphometrical measurements of resected surface of 
femurs in Chinese knees: correlation to the sizing of current femoral implants. The 
Knee 2006;13:12–4. 

 
10. Hafez MA, Chelule K, Seedhom BB, Sherman KP. Computer-assisted total knee 
arthroplasty using patient-specific templating. Clin Orthop Relat Res. 2006;444:184-
192 
 
11. Howell SM, Kuznik K, Hull ML, Siston RA (2008) Results of an initial experience 
with custom-fit positioning total knee arthroplasty in a series of 48 patients. 
Orthopedics: 31(9):857-63. 
 
12. Hitt K, Shurman JR, Greene K, McCarthy J, Moskal J, Hoeman T, Mont MA. 
Anthropometric measurements of the human knee: correlation to the sizing of current 
knee arthroplasty system. J Bone Joint Surg Am 2003;85-A:115– 22.  



12 

 

13. Kwak DS, Surendran S, Pengatteeri YH, Park SE, Choi KN, Gopinathan P, Han 
SH, Han CW. Morphometry of the proximal tibia to design the tibial component of 
total knee arthroplasty for the Korean population. The Knee 2007;14:295–300. 
 
14. Lim HC, Bae JH, Yoon JY, Kim SJ, Kim JG, Lee JM. Gender differences of the 
morphology of the distal femur and proximal tibia in a Korean population. The knee 
2013;20:26-30. 

15. Lee IS, Choi JA, Kim TK, Han I, Lee JW, Kang HS. Reliability analysis of 16-
MDCT in preoperative evaluation of total knee arthroplasty and comparison with 
intraoperative measurements. AJR Am J Roentgenol 2006;186(6):1778–82. 

16. Liu Z, Yuan G, Zhang W, Zhang W, Shen Y, Deng L. Anthropometry of the 
proximal tibia of patients with knee arthritis in Shanghai, J Arthroplasty 28 (2013) 
778–783 

17. Mensch JS, Amstutz HC. Knee morphology as a guide to knee replacement. Clin 
Orthop Relat Res. 1975;112:231-41. 

18. Mahoney OM, Kinsey T (2010) Overhang of the femoral component in total knee 
arthroplasty: risk factors and clinical consequences. J Bone Joint Surg Am 92(5):1115–
1121  
 
19. Thienpont E, Paternostre F, Pietsch M, Hafez M, Howell S. Total knee arthroplasty with 
patient-specific instruments improves function and restores limb alignment in patients with 
extra-articular deformity. The Knee 2013. 6:407-411 
 
20. Thienpont E , Schwab PE, Paternostre F, Koch P. Rotational alignment of the distal 
femur: anthropometric measurements with CT-based patient-specific instruments 
planning show high variability of the posterior condylar angle. Knee Surg Sports 
Traumatol Arthrosc.2014 

21. Uehara K, Kadoya Y, Kobayashi A, et al. Anthropometry of the proximal tibia to 
design a total knee prostheses for the Japanese population. J Arthroplasty 
2002;17:1028–32. 

22. Urabe K, Miura H, Kuwano T, Matsuda S, Nagamine R, Sakai S, Lwamoto Y. 
Comparison between the shape of resected femoral sections and femoral prostheses 
used in total knee arthroplasty in Japanese patients-simulation using three-dimensional 
computed tomography. J Knee Surg 2003;16:27–33. 

23. Westrich GH, Haas SB, Insall JN, Frachie A. Resection specimen analysis of 
proximal tibial anatomy based on 100 total knee arthroplasty specimens. J Arthroplasty 
1995;10:47–51. 

 

 



13 

 

 

 

 

 

 

 

 

Legends 

Figure 1: Tibial resection and measurements taken in the 3D image of the knees.  The 

proximal tibia resected 6 mm below the lateral tibial plateau with a 7° posterior slope. 

The tML dimension was taken as the longest mediolateral length, parallel to the 

femoral epicondylar axis, at the proximal tibial resected surface. The tAP line was 

taken as perpendicular to and passing through the midpoint of the tML. The tMAP and 

the tLAP were taken passing through the posterior most points of the medial and lateral 

tibial condyles and parallel to the tAP. Also CM and CL distance were determined. 

Figure 2: Femoral resection and measurements were taken in the 3D image of the knee.  
The distal femur was cut 9 mm above the lowest point of the medial condyle with 6° 
valgus. The arrows show the prominences of the epicondyles, ML axis was taken as 
the epicondyle axis. The fML was measured as the width of the surface at the 
epicondylar axis. The fMAP and fLAP were taken as the widest dimension of the 
medial and lateral condyles and perpendicular to the tML line. Also CM and CL were 
determined 

Figure 3: The proximal tibial mediolateral (tML) versus anteroposterior (tAP) 
dimensions for 124 Arabian knees were compared with same value of six tibial 
prostheses. 

Figure 4: The tibial aspect ratio versus the anterior-posterior (tAP) measurements (mm) 

for 124 Arabian knees compared with six tibial prostheses. 

Figure 5: The Femur mediolateral (fML) versus anteroposterior (fAP) dimensions for 
124 Arabian knees were compared with similar values of six femur prostheses. 
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Figure 6: The femur aspect ratio versus the anterior-posterior (fAP) measurements 
(mm) for 124 Arabian knees compared with six femur prostheses. 

Figure 7: The morphological relationship between the tibia and femur for Arabian 
knees.The relationship between tibial mediolateral (tML) and femoral mediolateral 
(fML) dimension. 

Figure 8: The morphological relationship between the tibia and femur for Arabian 
knees. The relationship between tibial mediolateral (tML) and femoral anteroposterior 
(fAP) Dimension. 

Figure 9: Proximal tibia dimensions for Arabian in comparison with different 
population.    

Figure 10: Distal femur dimensions for Arabian in comparison with different 
population. 

 

 

 

 

 

 


