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ABSTRACT

من  بالركب  مقارنةً  السعودية  للركبة  الأنثروبومترية  السمات  تحديد  الأهداف: 
الأعراق الأخرى وكشف عدم التطابق بين أنظمة زراعة الركبة المختلفة.

المنهجية: تم تقييم جميع صور التصوير المقطعي المحوسب للركبة التي تم الحصول 
عليها بين يناير 2016م وسبتمبر 2016م في مستشفى الرعاية الثالثية في جنوب 
المحوسب  المقطعي  التصوير  إجراء  تم  رجعي.  بأثر  السعودية  العربية  المملكة  غرب 
لأسباب طبية مختلفة. تم استبعاد المرضى الذين تقل أعمارهم عن 18 عامًا والذين 
يعانون من الإصابات أو الأورام في الأنسجة الرخوة أو العظام. تم قياس أحد عشر 

قياسا لكل مفصل ركبة.

النتائج: مائة ركبة لـ 50 مريضاً سعودياً )25 رجلًا و 25 امرأة( تتراوح أعمارهم 
في  إحصائية  فروقات  على  العثور  يتم  لم  سنة.   )57.3 )متوسط   28-85 بين 
العمر وزاوية ساساكي بين المرضى الذكور والإناث، ولكن كانت جميع  قياسات 
القياسات الأخرى أكبر بكثير في الذكور من الركب في الإناث. كانت قياساتنا 
قريبة من تلك التي تم نشرها للمرضى الصينيين والتايلانديين والكوريين، ولكن 

كانت القياسات المنشورة أكبر للركب القوقازية والهندية من قياساتنا.

الركبة  عظام  لتشريح  مورفولوجية  سمات  لديهم  السعوديين  المرضى  الخلاصة: 
للركب  والمصممة  واسع  نطاق  على  المتوفرة  الاصطناعية  الزرعات  مع  تتطابق  لا 
القوقازية. نظرًا لأن العديد من الدراسات للأعراق المختلفة قد وثقت عدم تطابق 
إلى  إلى الحاجة  الزرعات الاصطناعية، فإن دراستنا تشير أيضا  كبير في مكونات 

تصميمات جديدة للزرعات تأخذ هذه الاختلافات في الاعتبار.

Objectives: To determine the anthropometric features 
of Saudi knees compared with knees of other ethnicities 
and reveal mismatches among different knee implant 
systems.

Methods: All knee computed tomography images 
obtained between January 2016 and September 2016 
for varying medical reasons in a tertiary care hospital 
in Southwestern Saudi Arabia were retrospectively 
evaluated. Patients aged <18 years, with trauma or soft 
tissue or bone tumors were excluded.  Eleven parameters 
were measured for each knee joint. 

Results: We evaluated 100 knees of 50 Saudi patients 
(25 men, 25 women) aged 28-85 (mean, 57.3) years. No 
statistically significant differences were found in age and 
Sasaki angle measurements between male and female 
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patients. All other parameters were significantly larger 
in male than female knees. Our measurements were 
close to those published for Chinese, Thai, and Korean 
patients; however, published measurements were larger 
for Caucasian and Indian knees than our measurements.

Conclusion: The Saudi population has morphological 
features of knee bone anatomy that do not match with 
the widely available prostheses designed for Caucasian 
knees. As several studies of different ethnicities have 
documented considerable prosthesis mismatch; our 
study further indicates the need for new implant designs 
that take these variations into account.
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Total knee implants are designed based on accurate 
morphologic data of the knee with respect to 

gender and morphological differences. The more 
representative the data used in implant design of the 
general population, the better the expected results. Knee 
arthroplasty started late in 1968, and over the years, 
improved surgical techniques and industry have greatly 
increased its effectiveness and acceptance. Total and 
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medial unicompartmental knee arthroplasties represent 
examples of the successful procedures in medicine with 
evidence-based favorable outcomes. According to the 
Agency for Healthcare Research and Quality, more than 
600,000 knee replacements are performed annually in 
the United States, while approximately 35,000 patients 
undergo knee replacement each year in the United 
Kingdom.1

In the Middle East, including the Kingdom of Saudi 
Arabia, the annual number of knee replacements has 
shown a substantial increase over recent years, likely 
due to the increased survival and high success rates. 
Knee replacement enables function restoration close to 
normal, manages pain successfully and increases activities 
of daily living in patients with knee osteoarthritis.2,3 

Moreover, technological advances, increased experience 
of surgeons, as well as improved design of prosthesis 
components have led to improvement in knee 
replacement procedures with proper indication.4-6

However, differences in knee morphology, which are 
well established in literature between different ethnicities 
and Caucasian populations, resonate well with surgeons’ 
observations in Saudi knees in general and in the 
southwest Saudi region in particular. Mismatch of knee 
joint replacement implants with the anatomy of Saudi 
population is observed in the southwestern Saudi region 
due to small knee sizes in patients undergoing knee 
replacement. Such mismatch contributes to increased 
failure rates and complications of knee arthroplasty 
surgeries. Furthermore, this important topic of implant 
mismatch and knee measurements in Saudi patients 
was not adequately investigated previously. Thus, this 
study aimed to determine the anthropometric features 
of Saudi knees as part of the Middle East population 
in comparison with other ethnic and Caucasians knees 
and to show mismatch among different knee implant 
systems.

Methods. This retrospective study was approved 
by the Regional Research Ethics Committee (approval 
number [ECM#2020-228] – [HAPO-06-B-001]). The 
study was conducted in a tertiary care teaching hospital 
in the Southwestern region of Saudi Arabia.

Computed tomography scans of 100 knees of 50 
consecutive Saudi patients were included. All knee 
CT scans obtained from January 1, 2016, through 
September 20, 2016, were evaluated. Computed 
tomography scans were performed for variable medical 
reasons including vascular, joint, bone and soft tissue 
indications. Patients aged <18 years, those with trauma 
(present or previous), or soft tissue or bone tumors were 
excluded from the study. 

Computed tomography  was performed using a dual-
source, 128-slice scanner (Somatom Definition Flash, 
Siemens Healthcare, Germany). The slice thickness 
of the images was 3 mm. Results were recorded by a 
consultant radiologist with 10 years of post-board 
experience. All measurements were performed on the 
same picture archiving and communication system 
terminal (Carestream Health, Windsor, CO, USA). 

For femoral measurements, an image of maximum 
dimensions at the level of the femoral epicondyles was 
chosen, and the following parameters were measured: 
lateral anteroposterior (LAP) diameter, medial 
anteroposterior (MAP) diameter, anterior mediolateral 
length (AML), posterior mediolateral length (PML), 
and inter-epicondylar (IEC) diameter (Figure 1). For 
the tibial measurements, an image of the tibial plateau 
just below the articular cartilage was chosen, and the 
following parameters were measured: LAP diameter, 
MAP diameter, anteroposterior (AP) diameter, and 
tibial transverse diameter (TTD) (Figure 2). For the 
distance between the medial tibial border and tibial 
tuberosity (MTT), an image at the center of the tibial 
tuberosity was chosen, and the maximum straight line 
was measured from the medial tibial border to the 
center of the tibial tuberosity (Figure 3). For the patellar 
angle, an image at the center of the patella was taken 
to measure the angle according to the Sasaki method 
(Figure 4).

Statistical analysis. We collected and analyzed data in 
a Microsoft Excel spreadsheet (Microsoft Corporation, 
Albuquerque, MM). Data of all male and female 
patients were analyzed separately to obtain statistics of 
the measurements and to calculate the P-value of each 
parameter (Table 1). Published knee measurements 
from different ethnic groups and available sizes of knee 
implants were compared with our data and presented in 
a tabular format (Tables 2 & 3).

Results. A total of 100 knees of 50 patients (25 men 
and 25 women) were included. The mean patient age 
was 57.3 (range, 28-85) years. Eleven parameters were 
measured for each knee joint with normal distribution 
of the data in each parameter. No statistically significant 
differences were found between male knees and female 
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knees in terms of age and Sasaki angle measurements; 
however, all other parameters were significantly larger 
in male than in female knees. Although these gender-
related differences were not the focus of this study, they 
were part of the exploratory data analysis. The results of 
Saudi knee measurements are summarized in Table 1.

We compared our results with the published knee 
measurements of different ethnic groups, taking the 
transverse diameters of the femur and tibia as the 

reference. Saudi knee measurements were close to the 
Chinese, Thai, and Korean knee measurements, but 
smaller than the Indian and Caucasian measurements 
(Table 2).

We also compared the results of the tibial transverse 
measurements in our study (71.4 mm) with the 
measurements of different available implants. We found 
that the measurements of Saudi knees are smaller than 
the available implants, particularly in women (Table 3). 
Discussion. The results of this study revealed that 

Figure 1 - Femoral measurements. Lateral anteroposterior (LAP) 
diameter, medial anteroposterior (MAP) diameter, anterior 
mediolateral length (AML), posterior mediolateral length 
(PML), and interepicondylar (IEC) diameter.

Figure 4 - Patellar angle measurement by the Sasaki method.

Figure 3 - Measurement of the distance between the medial tibial border 
and tibial tuberosity..

Figure 2 - Tibial measurements. Lateral anteroposterior (LAP) diameter, 
medial anteroposterior (MAP) diameter, anteroposterior (AP) 
diameter, and tibial transverse diameter (TTD).
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Table 2 - Comparison of transverse tibia and femur measurements in Saudi patients and other ethnic groups.

Ethnic group/References Tibia transverse diameter (mm) Femur transverse diameter (mm)

Male Female Male Female

Saudi (southwestern) 75.7   (4.2) 67.2   (3.2) 80.8   (4.7) 71.8  (3.0)

Chinese18 76.4   (2.8) 68.8   (4.6) 74.4   (2.9) 66.8  (3.1)

Thai19 74.44   (3.4) 64.95   (3.5) 70.15   (3.9) 59.91  (3.8)

Korean20 76.1   (4.0) 67.64   (3.1) - -

Indian21 80.9   (2.6) 72.2   (3.6) 83.6   (2.6) 76.3  (3.8)

Caucasian11 78.7   (5.4) 69.0   (4.2) 86.0   (5.6) 76.4  (4.0) 

Table 3 - Saudi knee demonstrating smaller tibial transverse measurements than commercial knee joint knee systems.17

Measurements Saudi knee
measurements

Vanguard Genesis 2 Persona 
narrow

Persona 
standard

Atune 
standard

Atune
narrow

Tibial component 
medial to lateral (mm)   71.4 (5.6) 75 (10.9) 73 (8.5) 72 (10.4) 72 (10.4) 73 (9.1) 73 (9.1)

Table 1 -  Computed tomography scan measurements of Saudi knees.

Measurements Total (100 knees) Men (50 knees) Women (50 knees)
P-value

Min Max Mean (SD) Min Max Mean (SD) Min Max Mean (SD)

Age 28.0 85.0 57.3 (18.3) 30.0 85 55.6 (17.6) 28.0 83.0 59.0 (18.9) 0.35

Femur LAP 52.0 68.3 59.5 (3.7) 52.0 68.3 61.3 (3.7) 53.0 62.6 57.6 (2.5) <0.001

Femur MAP 50.5 67.8 58.0 (4.5) 50.8 67.8 60.6 (4.2) 50.5 64.9 55.6 (3.4) <0.001

Femur AML 24.4 41.6 33.4 (3.3) 29.7 41.6 35.6 (2.8) 24.4 34.9 31.2 (2.3) <0.001

Femur PML 41.0 58.4 48.5 (4.4) 45.0 58.4 52.0 (3.1) 41.0 50.9 45.1 (2.5) <0.001

Femur IEC 65.3 88.3 76.3 (6.0) 65.3 88.3 80.8 (4.7) 66.3 80.0 71.8 (3.0) <0.001

Tibia LAP 31.7 49.5 40.3 (4.0) 34.5 49.5 42.8 (3.6) 31.7 42.8 37.8 (2.6) <0.001

Tibia MAP 35.8 54.6 45.9 (4.2) 40.1 54.6 48.6 (3.4) 35.8 49.4 43.1 (2.8) <0.001

Tibia AP 31.9 49.5 39.9 (4.4) 33.9 49.5 42.4 (3.8) 31.9 46.0 37.5 (3.4) <0.001

Tibia TTD 61.8 83.4 71.4 (5.6) 61.8 83.4 75.7 (4.2) 62.5 76.6 67.2 (3.2) <0.001

Tibia MTT 39.8 66.0 49.0 (5.9) 42.9 66 52.7 (5.4) 39.8 54.0 45.4 (3.6) <0.001

Sasaki angle 9.3 33.0 19.4 (4.2) 10.8 28 19.3 (3.5) 9.3 33.0 19.6 (4.7) 0.76

AML: anterior mediolateral length, AP: anteroposterior diameter, CT: computed tomography, IEC: inter-epicondylar diameter, LAP: lateral 
anteroposterior diameter, MAP: medial anteroposterior diameter, Min: minimum, MTT: distance between the medial tibial border and tibial tuberosity, 

PML: posterior mediolateral length, TTD: tibial transverse diameter
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Saudi knee measurements were smaller than that of 
some ethnic groups and the available knee implants. 
Relatively short stature, small bone structures and high 
prevalence of varus deformity are all surgical observations 
in Southwestern Saudi population when compared with 
Caucasians. Attempts to study different factors playing 
a role in knee replacement success revealed that factors 
related to patient, surgeon, surgical techniques, and 
implant design play a role in total knee replacement 
outcomes. Knee replacement procedures carry a higher 
success rate when performed by board-certified well-
trained surgeons applying the most up-to-date surgical 
techniques and using latest implant designs approved 
by the Food and Drug Administration.7 A considerable 
degree of implant mismatch with knees of Saudi patients 
have been reported, similar to mismatches reported in 
other ethnic groups.8 For over 50 years, the standard 
surgical procedure for advanced knee osteoarthritis 
has been total knee replacement with solid evidence-
based results.9 Nearly 2.9 million knee replacements 
have been performed worldwide.10 In the recent years, 
there has been a substantial increase in the survival 
rate of up to 95% due to improved surgical technique, 
implant design, and patients’ acceptance to undergo the 
procedure.11 However, early and late complications are 
still major concerns, but are well looked after in terms 
of measures to prevent their development and well-
established treatment protocols. Surgeons worldwide 
have observed that total knee replacement procedures 
are challenged by the prosthesis mismatch related to 
variations in the anatomy of different ethnic groups. 
As knee replacement implants are mostly manufactured 
in accordance with the knee anatomy of the Caucasian 
populations, considerable mismatch arises when 
implanted to non-Caucasian knees.12 The small sizes of 
the available implant can be close to the desired implant 
size of some ethnic groups, but may still be bigger than 
the needed size for many patients. Issues of size have been 
addressed to some extent by the development of new 
implants accommodating small sizes and considering 
anatomical differences. The surgical technique of knee 
replacement uses certain bony references and landmarks, 
which have been documented to vary in different ethnic 
groups.13 Long-standing varus tibial deformity, which 
appears to be common in this part of the world, may 
result in late proximal tibial insufficiency fracture that 
may be masked by the arthritic knee pain. Therefore, 
such insufficiency fractures may only be discovered 
intraoperatively during knee replacement, which 
will be another challenge added to the intraoperative 
difficulty caused by implant mismatch.14 Here in our 
study, we have provided a reference measurement of the 

anatomical axis of the tibia (measured from the tibial 
tuberosity to the medial tibial border).

In Saudi Arabia, a small number of knee replacements 
were performed in the 1990s.15 Over the last 30 years, 
there has been a noticeable increase in knee replacement 
procedures due to the presence of many well-equipped 
specialized centers with well-trained personnel. In 
general, Saudi knees have anatomical variations when 
compared with Caucasian populations but resemble 
the Asian knees to certain extent. Furthermore, the 
Southwestern region of Saudi Arabia has drawn the 
attention of joint reconstruction surgeons due to 
the small sizes of the implanted components in knee 
replacement.

Southwestern Saudi Arabia is a geographically 
different region, and its population has an increased 
prevalence of obesity.16 In reference to the anatomical 
variation of ethnic knees, multiple studies have reported 
current mismatch in some designs of knee replacement 
implants. The width of the distal femur is smaller than 
that in Caucasian populations. The recently available 
new implant design with narrow femoral components 
have addressed this problem to some extent in Saudi 
patients undergoing knee replacement.17 Our study 
indicated that the available prostheses that are mostly 
used in Caucasian patients, with the exception of the 
recently available anatomical knee prosthesis, may be 
larger than ideal for Saudi patients.17 

With regard to the anatomical tibial axis in the 
Caucasian population, several studies have revealed 
that it is located anteromedial to the center of the 
tibial plateau, whereas in several other studies of ethnic 
knees in Asia and certainly in our study group, the 
entry point would be just lateral to the center point. 
Component mismatch in our patients follows what 
is well documented in recent literature about Asian 
knees. The mean tibial and femoral knee transverse 
diameters in our study were close to the measurements 
published for Chinese, Thai, and Koreans.18-20 However, 
measurements in Caucasian and Indian knees were 
larger than our measurements (Table 2).11,21 

The morphology of prostheses used among the 
Southwestern Saudi population was compared with that 
of total knee prostheses currently used worldwide, and 
it was found that the femoral aspect ratio (mediolateral/
anteroposterior) of these prostheses were not suitable 
for Saudi patients, based on local surgeon observations. 
Our femoral measurements were smaller than those 
in Caucasian and Indian knees.22  Patellofemoral 
problems are common among the Saudi population, 
partly due to the lack of exercise. Despite symptomatic 
patellofemoral arthritis, Saudi patients present late for 
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knee replacement, that is, only when their daily life 
activities are greatly compromised. We believe that 
patient acceptance of knee replacement surgery may be 
improved by using implants that match the anatomy to 
prevent postoperative pain caused by implant mismatch, 
for example, overhanging of the tibial tray and iliotibial 
band impingement.23,24

Women represent the majority of patients undergoing 
knee replacement in Saudi Arabia. Internationally, 
women have shown a tendency to be of shorter stature 
and relatively overweight.25 Men represent less challenge 
in  implant mismatch than women. The Saudi culture 
contributes to some of the changes that may influence 
knee replacement outcome, such as sitting on the floor 
in kneeling position, which may lead to varus deformity 
and proximal tibial torsion.26 Measurements from CT 
images in this study documented that Saudi knee is 
smaller than the Caucasian knee. Previously,  studies 
have reported that the knees of different ethnic groups 
are generally smaller than Caucasian knees.27,28 Our 
finding confirms that Saudi knees are smaller than 
Caucasian knees and is consistent with the results of 
other ethnic studies on knees. Such studies documented 
considerable mismatch when some of the available 
knee prostheses were implanted in Saudi patients 
(Table 3). Special consideration in designing prosthesis 
components for knee replacement started worldwide 
when implant sizes required for different ethnic groups 
were questioned and poor results were reported. 
Moreover, early reports about implant design have led to 
maximizing tibial coverage and eliminating asymmetry 
in implant design.29 Insufficiency fractures are more 
common in Saudis following knee replacement due to 
osteoporosis, overweight, and gross varus deformity.30

In Asian countries, Chinese knees have an average 
tibial coronal and tibial sagittal measurements of 
73.0(4.6) mm and 48.8(3.4) mm, respectively. Men 
have larger coronal and sagittal measurements than 
women. Male knees have wider dimensions than 
female knees in the coronal plane under a given sagittal 
dimension.22 Studies showed that the femoral coronal 
and sagittal dimensions were strongly correlated with 
the tibial coronal dimension. As the tibial coronal 
dimension increased, the femoral coronal dimension 
and femoral sagittal dimension also increased. Studies 
found that Chinese women have generally narrower 
intercondylar distance than men.31,32 Recently available 
knee replacement implants, with standard and narrow 
femoral components for each size, efficiently address the 
mediolateral dimensions without overhang. Similarly, 
the 2 mm differences in anteroposterior dimensions 
between sizes, achieves optimal joint balance with 

minimal bone resection.  This was not possible in case of 
older knee systems available in the market, which were 
suitable for western patients where smaller anatomy is 
not an issue. 

The surgical technique of knee replacement is 
dependent on bony landmarks, and one crucial step is to 
establish the anatomical axis of the tibia. Varus deformity 
is less common in the West than in the East. Western 
population studies have shown that the axis of the tibial 
shaft is located anteromedial to the center of the tibial 
plateau.32 The anatomical axis of the tibia exits lateral 
to the center point of the tibial plateau in most other 
ethnic knees.23 Caucasian knees have low posterior slope, 
whereas Saudi and Asian knees have increasing posterior 
tibial plateau slope.33 This could possibly be attributed 
to squatting, kneeling, and deep flexion which are not 
common in Western daily activities. Multiple studies 
in Chinese, Japanese, Korean, and Indian populations 
found that the mediolateral diameter of the distal femur 
is smaller than their Caucasian counterparts with the 
same anteroposterior diameter.34

Recent anthropometric studies concluded that 
the current design of total knee replacement does not 
consider ethnic differences. Most of the commercially 
available knee replacement prostheses are designed 
according to the measurement data of Caucasian knees, 
which lead to the current component mismatch in 
Asians and Saudi Arabian patients.22,34

Study limitations. The main limitations of our study 
are its retrospective design and  the small sample size 
which may limit generalization of the results on Saudi 
population. Larger national studies in different regions 
of Saudi Arabia are needed.

In conclusion, the Saudi population shows certain 
morphological features of the knee bone anatomy that do 
not match with the widely available Western-designed 
knee prostheses. Several studies have documented 
increased knee implant mismatch, which is also shown 
in our study; therefore, such considerable prosthesis 
component mismatch indicates the need for new 
implant design that takes these variations into account. 
Further studies evaluating considerable mismatch in 
Saudi knees will contribute to the understanding of 
persistent postoperative pain and explain the mode of 
knee replacement failure. Studies are also needed to 
investigate whether newly available prosthesis designs 
reduce such mismatch. Women are universally found 
to have a significantly smaller knee size than men 
in southwestern Saudi Arabia, and this should be 
considered during the design and manufacture of 
prosthetic knee implants in Saudi Arabia. 
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