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DEFINITION OF KEY TERMS 

Distal femur: Is defined as the region from the metaphyseal-diaphyseal junction to the articular          

surface of the knee, involving approximately the distal 15 cm of the femur. 

Magnetic resonance imaging: Refers to a noninvasive medical imaging test that produces 

detailed images of almost every internal structure in the human body, including the organs, 

bones, muscles and blood vessels. 

Proximal tibia: Is the upper part of the shinbone that connects to the knee joint.  

Knee joint: Is a hinge type synovial joint, which mainly allows for flexion and extension (and 

a small degree of medial and lateral rotation) 

Prosthesis: An artificial body part, such as a limb. 

Morphometry: Refers to the study of shape variation of organs and organisms and its 

covariation with other variables 
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ABSTRACT 

Introduction: The knee joint is a hinge type of synovial joint, which mainly allows for flexion 

and extension and a small degree of medial and lateral rotation. It is formed by articulations 

between the patella, femur and tibia. The knee joint is fundamentally prone to chronic disease 

conditions of whom knee replacement have proven to be an effective definitive management. 

Total knee replacement involves precisely replacing the articulating surfaces of the joint with 

prosthetic designs. In our settings, however, scanty data is available on knee morphometric 

dimensions which are essential in selecting patients specific knee joint prostheses. The currently 

available knee joint prosthetic models are based on western morphometries. In this study 

therefore we hypothesize that, the knee joint morphometries in our population is different from 

those from the western population.  

Purpose of the study: This study aimed to obtain preliminary morphometric measurements that 

are Tanzanian population specific.  

Broad objective: To determine the morphometric dimensions of the distal femur and proximal 

tibia of the Tanzanian subpopulation. 

Rationale of the study: to establish preliminary morphometric dimensions that will be useful 

in designing Tanzanian population specific prostheses 

Materials and Methods: The femur and tibia, were carefully selected and the intended 

morphometrics were measured. Furthermore, a skilled radiologist took and examined magnetic 

resonance images of a normal adult Tanzanian knee. The data were entered into Excel workbook 

sheets (Microsoft Office Excel; Microsoft Corporation, US; version 2020). Statistical Package 

for Social Sciences (version 23.0; SPSS Inc., Chicago, IL) was then used to clean and analyze 

the data. Measures of dispersion were among the statistical analyses performed. To ascertain 

whether there is a statistically significant difference in the morphological measurements 

between the sexes, a student's t test for equality of means was conducted.  
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Results: The mean aspect ratio of the femur was 1.13 while Tibia was found to have mean 

aspect ratio of 1.38. Further there was a statistical difference between male and female 

morphometrics in the proximal tibia, being more significant in male p=0.003.   

Conclusion: The anatomical data collected in this study provides a preliminary data about the 

morphometry of dry adult distal femur and proximal tibiae, which will provide the basis for 

designing the optimal knee prosthesis in knee arthroplasty for Tanzanian population into 

consideration as a small sized prosthesis may show mediolateral under sizing and larger sized 

prosthesis may show mediolateral overhang which will lead to poor otucomes. 

Budget: This study utilized a budget of 2,085,000/=Tanzanian shillings 
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CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Background  

The knee joint is the biggest synovial joint in the body, the knee regulates posture and the center 

of body mass throughout daily activity. The knee joint is formed by two joint components,  an 

articulation between the distal femur and the proximal tibia and the other being the 

patellofemoral joint (1).The knee joint is virtually predisposed to different disease conditions, 

such as osteoarthritis (2). Some of these conditions will require restoring or replacing the 

function of the knee joint by using prosthetic designs such as implants (3). In most cases, knee 

replacement is a precision surgery that requires accurate bone cutting, balancing of the soft 

tissues, and proper coverage of the resected bony surface by prosthetic designs for a successful 

outcome (4).  

The success or failure of knee arthroplasty depends a lot on the choice and type of knee 

prosthesis used in the procedure (1). Evidence from studies suggests that there is a racial 

difference in morphometric measurements of the body parts, including the knee joint (5). 

Furthermore, It is well understood that in order to improve the design and efficiency of knee 

prostheses in any population so as to duplicate patients knee anatomy almost closely to normal, 

there is a need for population-specific prostheses (2). The currently available knee prostheses 

are western population-standardized, and the Tanzanian subpopulations are observed to have 

different body build and stature compared with their Western counterparts. This leads to the 

problem of an implant mismatch with the resected bony surface in Tanzanian patients (6). It is 

known that the tibial component is more prone to complications in total knee arthroplasty as 

compared to the femoral components. In this situation, it becomes important to properly size the 

tibial prostheses to cut the surface of the proximal tibia to achieve the best stability and longevity 

for the implant (7)(8). Furthermore, the correct sizing of the components in both the 

anteroposterior and mediolateral dimensions is crucial for the success of knee arthroplasty (9). 
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Therefore, in the current study, different morphometric measurements of the distal femur and 

proximal tibia were taken from preserved dry bones at the MUHAS dissection laboratory, and 

further comparison with magnetic resonance imaging (MRI) from the Muhimbili Orthopedic 

Institute (MOI) were done. These anthropometric measurements will provide preliminary data 

for designing knee prostheses that are specific to the Tanzanian population. 

1.2 Problem Statement 

The demand for total knee arthroplasty has raised following increased life expectancy(10). In 

most cases elderly age group is mostly prone to different knee condition of whom knee 

arthroplasty have been proven to be safe and economical(1).Good clinical outcomes and long-

term prosthesis survivability depend on appropriate coverage of the bone surface in knee 

prosthesis design (11,12), whereas mismatches between prostheses and the bony surface  

continues to be across the world (13).  

Furthermore, any mismatch between the prosthesis and the bone surface, such as an overhang 

or under-sizing, can lead to a number of serious problems. Overhang on the tibia prosthesis 

could cause chronic pain (9). Under-sizing in this scenario could result in prosthesis sinking on 

the distal femur and possibly require revision (12,14). To our knowledge, no one publication 

has morphometric information on the proximal tibia and distal femur in the Tanzanian 

population.  

Thus, the purpose of this study was to determine adult Tanzanian knee morphometric 

dimensions using cadaveric and radiographic methods that will help in designing population 

specific knee prostheses. 
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1.3 Research Questions 

1.3.1 Main research question 

What are the morphometric profiles of the distal femur and the proximal tibia among normal 

adult Tanzanian knees? 

1.3.2 Specific research questions 

• What are the morphometric dimensions of the distal femur and proximal tibia among normal 

adult Tanzanian knees? 

• Is there a sex difference between the morphometric dimensions of the distal femur and 

proximal tibia among normal adult Tanzanian knees? 

• What is the mean aspect ratio of the distal femur and proximal tibia among normal adult 

Tanzanian knees? 

1.4 RESEARCH OBJECTIVES 

 1.4.1 Broad Objectives  

To determine the morphometric dimensions of the distal femur and proximal tibia among 

Tanzanian subpopulation. 

1.4.2 Specific objectives  

• To determine the morphometric dimensions of the distal femur and proximal tibia in the 

Tanzanian subpopulation using categorized dry bones and MRI of the knee. 

• To assess the morphometric differences of the distal femur and proximal tibia between 

sexes. 

• To determine the mean aspect ratio of the distal femur and proximal tibia in normal adult 

Tanzanian knees. 
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1.5 Rationale of the Study 

The demand for knee prostheses has raised drastically following improvement of technology 

and new interventions in health care system and also with increased life expectancy scales up 

the number of elderly of whom chronic knee conditions are commonly affecting them. In most 

cases total knee replacement is the definitive management which has been proven to be safe and 

economical. Therefore, this study will help to establish preliminary morphometric dimensions 

that will be useful in designing Tanzanian population specific prostheses. 
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CHAPTER TWO 

2.0 LITERATURE REVIEW 

2.1 Osteology of the Knee Joint 

The knee joint is the biggest synovial joint in the body, the knee regulates posture and the center 

of body mass throughout daily activity. This calls for both the capacity to tolerate strong forces 

and a wide variety of motions in three dimensions (1,15,16). Furthermore, it is the most 

complicated joint in the human body, It is composed of a complicated configuration of fluid, 

muscle, soft tissue, and bone. It consists of three separate and partially separated compartments: 

two condyloid joints (tibio-femoral joints) form a complex hinge joint; a third joint (patello-

femoral joint) connects the patella to the femur. The other two condyloid joints are formed 

between each femur condyle and the corresponding meniscus and tibia condyle. This 

articulation allows for mobility in six degrees of freedom and renders the knee joint inherently 

unstable and especially susceptible to damage (13). 

2.2 Diseases of the Knee Joint 

Numerous inflammatory and degenerative conditions affect the knee joint; osteoarthritis is the 

most prevalent. A chronic degenerative condition of the joints, osteoarthritis is typified by the 

peri-articular bone remodeling and loss of articular cartilage. The most common cause of 

locomotor impairment in the elderly is osteoarthritis of the knee. Individuals who are unable to 

manage their pain and experience increasing difficulty with daily activities may be candidates 

for surgery. In these situations, total knee replacement has been shown to be a safe and 

economical means of treating the condition, reducing pain, and enhancing quality of life (8,17). 

2.3 Knee Prosthesis Design 

At present, most total knee replacement (TKR) prostheses on the market are designed according 

to the sizes of Caucasian patients (1,12). The first prosthesis was introduced in 1972, and The 

first prosthesis to replace the knee's three compartments was this one. In a modern complete 
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knee arthroplasty, the damaged articular surfaces of the knee are removed, and then the knee is 

resurfaced with prosthetic components made of polyethylene or metal (18). When surgery is 

done correctly, the patient experiences great pain relief, improved function, and an overall 

improvement in quality of life (2,8,19) 

A knee replacement surgery's outcome could be affected by prosthesis selection-related factors. 

Over time, advancements in prosthesis design have led to increased success rates. There are a 

huge variety of manufacturers and designs of knee prostheses, and currently there is no 

consensus on prosthesis choice, leading to wide variance among individual surgeons (16,20). 

An inadequate fit between the implant and the bony surface after total knee replacement causes 

a number of issues. Components that are too tiny will result in a diminished bone-implant 

interface, which will raise contact stresses, raise the risk of fracture, and hasten the loosening 

process (21). The Swedish Knee Arthroplasty Register (2006) indicated this condition as the 

leading reason for total knee arthroplasty revisions between 1995 and 2004 (17). However, too 

big components may stick to the surrounding ligaments and capsular tissues, producing pain 

and reducing the joint's range of motion (6,9). 

2.4 Morphometric Measurements of the Knee Joint. 

The scientific study of the dimensions and proportions of the human body is known as 

anthropometry (1,22). A three-dimensional model of the knee joint's morphometry has been 

created using a variety of anthropometric measures. The femur and tibia's anteroposterior and 

mediolateral dimensions are the standard measurements. The patellar measurements measured 

are mediolateral and superoinferior breadth (4). A crucial metric for correlation and comparison 

with different knee arthroplasty systems is the femur's aspect ratio, which is the ratio of the 

mediolateral dimension to the anteroposterior dimension (3). 

A study by Hitt et al. examined the morphometric parameters of 295 patients undergoing 

primary arthroplasty of the whole knee. The mean femoral aspect ratios for men and women, 

which are 0.81 and 0.84, respectively, clearly show gender differences. After comparing the 
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measurements of the proximal tibial and distal femoral with those of the present knee 

arthroplasty systems, it was found that the prostheses were not suitably proportioned(6) . 

Dong et al. used three-dimensional measures of the 172 knees' proximal tibia and distal femur 

to assess the anthropometric measurements with five total knee prostheses in China. They 

discovered that the tibial Medio-lateral dimension was undersized in the smaller prosthesis and 

had an overhang in the larger prostheses. Both the femur and the tibia showed a decrease in 

aspect ratio with an increase in anteroposterior diameter, in contrast to the constant aspect ratio 

of a typical total knee prosthesis (23). These results show that detailed anthropometric measures 

of the knee joint are necessary to develop better prostheses and perhaps improve outcomes from 

total knee arthroplasty procedures. So far, studies have measured anthropometrically on arthritic 

knees intraoperatively after resection, or through the use of magnetic resonance imaging or 

computed tomography. However, figuring out the exact measurements and proportions of the 

human knee requires analyzing normal joints and bones. Only radiographic and dry bone 

measures will be able to accomplish this. 

2.5 Gender Differences in Knee Morphometry 

It is necessary to investigate the anatomical variations between male and female knees to 

determine whether a sex-specific implant design is necessary. Based on three differences in the 

anatomy between the female and male knees, numerous studies have argued that a whole knee 

design tailored specifically for females is necessary. These include a reduced medial-lateral to 

antero-posterior femoral condylar aspect ratio, an increased q angle, and less pronounced 

anterior medial and lateral femoral condyles (2,18,20).  

The complementary angle that forms between the patellar tendon and the quadriceps muscles' 

resulting line of force is known as the q angle. Numerous studies have revealed that women 

have a larger q angle than men (2). 

To our knowledge there is no easily retrievable scientific literature available about the gender 

differences in knee anthropometric measurements in the Tanzanian population. 
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2.6 Differences of Knee Anthropometry between Population Groups. 

Studies on anthropometry have revealed that racial variations in knee anthropometry are not 

taken into account in the designs of knee prostheses currently in use. Due to the fact that the 

majority of commercially available prostheses are made using anthropometric data from 

Caucasian knees, African people may experience component mismatches (7,8,24). 

In order to compare the knee anthropometric measurements of healthy Chinese and Caucasian 

patients, Yue et al. used three-dimensional models of the knees created by CT and MRI scans. 

According to the study, Chinese men had a wider proximal tibia than their Western counterparts, 

whereas Chinese females had a substantially narrower distal femur than Caucasian females. The 

findings supported the idea that the knees of Chinese and Caucasian people differ significantly 

in size and shape. 

Kwak et al. measured the morphometric properties of the resected femurs of seventy patients 

who had total knee replacements and contrasted them with five of the most popular femoral 

implants on the market. It was discovered that three implants tended to overhang because their 

medial-lateral breadth was greater than the width of the distal condyle that had been removed. 

According to the study's findings, femoral implants which had previously been demonstrated to 

be appropriate for use in Caucasian patients were unsuitable for use in Chinese patients. As a 

result, manufacturers were required to develop femoral implants that were more appropriate for 

Chinese patients (12). 

The size and shape of the knee varies significantly between races, according to these and related 

studies conducted in Japan, Korea, and Taiwan. This could have an effect on the implants used 

in total knee arthroplasty. In Tanzania, loosening of the implants has also been identified as a 

contributing factor to revision arthroplasty, particularly total hip arthroplasty(14) .  
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2.7 Morphometric Measurements of the Knee Joint in the Tanzanian Population 

In Tanzania, no known study has been done to assess the knee joint morphometrics. Hence, 

there is scanty data available on the morphometric measurements of the knee joint. In this case 

it is difficult to obtain best fit knee prostheses. Furthermore, even imaging studies, which may 

provide accurate measurements needed for designing prostheses (1), have never been done so 

far. 
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2.8 Conceptual framework  

 

                                                             

 

 

 

 

 

 

 

      

The above conceptual framework depicts how sex, age and ethnicity many influence variations 

in morphometrics of distal femur and proximal tibia.  

Source: researcher own construction.  
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1 Type of the Study 

This study employed a descriptive cross-sectional study design. A cross-sectional study design 

is suitable for ascertaining the relationship between two variables at the same time. 

3.2 Study Population 

This study involved data collected from dry bones (femur and tibia) from the MUHAS 

dissection room and magnetic resonance images of the knees from Muhimbili Orthopedic 

Institute. 

3.3 Study Setting and Study Area 

MUHAS and MOI are the two distinct contexts in which the study was carried out. Tanzania's 

oldest and biggest health sciences institution, MUHAS, provides a variety of courses pertaining 

to health. Every academic year, following standard dissections, the department of human 

anatomy maintains a dissection room where various specimens, including bones, are prepared 

and kept. MOI is a university hospital with national specialization that provides training, 

research services, and care in orthopedics, neurosurgery, and traumatology. The institute can 

accommodate 150 beds and sees 166 patients a day on average. It is situated in Tanzania's 

Upanga, Ilala district, in Dar es Salaam. With 5,383,728 residents, Dar es Salaam is a large city, 

according to the results of the 2022 census. The knee MRIs was acquired from MOI, and the 

dry bones was selected from the MUHAS dissection Laboratory. 

3.4 INCLUSION AND EXCLUSION CRITERIA 

3.4.1 Inclusion Criteria 

Dry bones without any pathological condition from cadaveric specimens (femur and tibia)  

Knee MRI images of subjects above 18 years 
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3.4.2 Exclusion Criteria 

Dry bones without any pathological condition but cannot be used in the study because of 

macerated condyles and non-pathological deformities.  

3.5 Sampling size and sampling technique. 

3.5.1 Sample size  

Sample size included all the available specimens in the dissection laboratory. 

3.5.2 Sampling technique. 

Simple random sampling technique was employed in which after collecting all the available dry 

bones that can be used, the researcher created a table of random numbers where lottery method 

was employed in selection of final specimens to be used in the study. 

3.6 Study Variables 

3.6.1 Independent Variable 

Sex, age and ethnicity 

3.6.2 Dependent Variable  

Distal femur morphometrics 

Proximal tibia morphometrics 

3.7 Data Collection 

With a resolution of 0.01 a sliding digital caliper was used to measure the dry bones. There was 

enough "trial and error" time before the systematic recording of measurements is done. 

Standardized measurements were made of the knee's dimensions, with an accuracy of 1/100th 

of a millimeter. To minimize any potential intra-observer bias, every measurement was 

performed by the primary investigator, vocalized, and recorded on a smartphone.  
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Further for each individual patient enrolled, the 1.5 Tesla Knee MRI (Magnetom Avanto-

Siemens, Image J program ver. 1.44, JAVA, California, CA, USA) was collected and the slice 

spacing was 3 mm. The NW, medial condylar width, and lateral condylar width of each patient 

was measured at an intermediate imaging, among the obtained ones, the popliteal grooves was 

observed under the T1 coronal view of MRI. 

A repeat measurement was conducted the same way on a different day. Once all of the 

measurements have been completed, the readings were recorded into the data form. The 

following was measured, among other: 

3.7.1 Femoral morphometrics: 

i. Medio-lateral length (ML): The greatest distance along the trans-epicondylar axis 

between the two femoral condyles shall be the definition of this dimension. 

ii. Antero-posterior length (AP): The biggest measurement along its length will be used to 

define the antero-posterior length of the lateral (APLC) and medial (APMC) condyles, 

which will be measured independently. 

iii. Width of condyles (W): This dimension was defined as the maximum thickness of the 

medial (WMC) and lateral (WLC) condyles at the trans-epicondylar plane. 

iv. Height of condyles (H): This dimension was described as the greatest separation between 

the superior aspect of the articular surface of the medial (HMC) and lateral (HLC) 

condyles and the tangent drawn to each condyle (parallel to the transepicondylar axis). 

v. Depth of intercondylar notch (DIC): The antero-posterior depth of the femoral 

intercondylar notch at the transepicondylar plane was used to describe this dimension. 

vi. Width of the intercondylar notch (WIC): This dimension was defined as the maximum 

width of the femoral intercondylar notch.  
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3.7.2 Measurements of proximal tibia condylar measurements 

The maximal anteroposterior length of the lateral (APLC) and medial (APMC) tibial condyles 

will be measured independently.  

i. Anteroposterior length (AP) The anteroposterior distance in the intercondylar region 

across from the tibial tuberosity will be used to establish the midline anteroposterior 

length (MAP). 

ii.  The maximal length in the mediolateral dimension is known as the mediolateral 

length (ML). 

3.8 Data Analysis 

The data was entered into Excel workbook sheets (Microsoft Office Excel; Microsoft 

Corporation, US; version 2020). SPSS (version 23.0; SPSS Inc., Chicago, IL) was used to clean 

by correcting the errors in the data set, categorical and numerical variables and then finally 

analyze the data. Measures of dispersion and measures of central tendency were among the 

statistical analyses that was performed. To ascertain whether there is a statistically significant 

difference in the morphological measurements between the sexes, a student's t test for equality 

of means was be conducted.  

3.9Aspect Ratio (AR) 

We used different femur and tibia dimensions to record the aspect ratio, which was computed 

as the medio-lateral dimension divided by the anteroposterior dimension. 

For the femur, AR = ML/APMC. 

For the tibia, AR = ML/APMC.  

3.10 Pilot Study 

Pretesting of the survey form for data collection and tool optimization for data collection was 

carried out. In the optimization procedure, magnetic resonance imaging and dry bones was used.  
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The information gathered during the pilot study served as a roadmap for the subsequent stages 

of the investigation however the principal researcher did not include these findings in the final 

data set. The data from pilot study were discarded so as to prevent any chance for data 

contamination. 

3.11 Quality Control 

The methodology for obtaining data from magnetic resonance imaging and dry bone samples 

were be taught to the research assistant. Research assistants with experience in radiographic 

images and dry bone00s were used. 

3.12 Ethical Consideration. 

The ethical clearance was sought from the Muhimbili University of Health and Allied Sciences 

(MUHAS) institutional review board, and permission to conduct the study was obtained from 

the MUHAS and MOI authorities as attached in appendix III. 

3.13 Dissemination Plan 

The results of this investigation was combined into a dissertation, which was presented to the 

postgraduate studies directorate at Muhimbili University of Health and Allied Sciences 

(MUHAS) in partial fulfillment of the requirements for the Master of Science in Anatomy 

Degree. The library and MUHAS repositories will have copies available. The manuscript is 

going to be ready for submission to a peer-reviewed publication.  

 3.14 Limitations and Mitigations 

3.14.1 Limitation 

The available dry bones demographics are unknown. 

3.14.2 Mitigation  

This was mitigated by supporting the obtained data with MRI-knee morphometric dimensions. 
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CHAPTER FOUR 

4.0 RESULTS 

4.1 Cadaveric Morphometrics. 

A total of 212 unpaired dry bones were used in the study. Of the 212 dry bones 100 were tibia 

and 112 were femur. Of the 112 femur(s) 70 were right sided whereas 42 were left sided and of 

the 100 tibia bones 60 were right sided and 40 were from left side.  

Table 1: Summary of dry bones used in the study 

Dry bone Frequencies  

Femur  Left =42 

Right= 70 

Tibia  Left =40 

Right =60 

Total(N) N=212 

 

  

Figure 1A and B: 1A shows bones collection that were used during the study and Figure 1B 

shows different bones that were excluded during data collection due to various reasons such as 

macerated condyles, periosteal reactions and other deformities. 
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4.1.2 Morphometrics of the Distal Femur 

Morphometric measurements were done for 112 unpaired femur(s),70 were from right sided 

whereas 42 were left sided. 

The mean aspect ratio was found to be 1.13 

Table 2: below summarizes the measurements of the femur: 

Morphometric 

measurements 

Mean Median Standard 

deviation 

Range 

APMC 63.17 72.88 16.00 36.25 

APLC 46.95 41.84 10.34 24.69 

ML 71.47 71.82 6.85 16.92 

Aspect ratio 

(ML/APMC) 

1.13 0.98 0.43 0.47 

   

Figure 2A,B and C: Figure 2A shows measurement of mediolateral dimension of medial 

condyle, 2B shows measurement of anteroposterior of the medial condyle and figure 2C shows 

measurement of anteroposterior dimensions of the lateral condyle of the femur. 
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4.1.3 Comparing left and right femur 

On comparison of the right and left femurs in dry bones it was found that the mean APMC and 

Aspect ratio were significantly different between right and left femurs. The mean APMC of the 

right side was 71 .24 and that of the left side was 70.14, the difference of the APMC was 1.1 

mm (left more than right, p value 0.03). The mean Aspect ratio of the right side was 1.18 and 

that of the left side was 1.07, (right more than left, p value 0.02). There was no statistical 

difference between means of Length, APLC or ML 

Table 3: Shows comparison between the left and right femur:- 

Morphometric 

measurements 

Left femur mean Right femur mean P value 

APMC 71.24 70.14 0.03 

APLC 56.33 41.32 0.2 

ML 75.93 68.75 0.07 

Aspect 

ratio(ML/APMC) 

1.07 1.18 0.02 

 

Figure 3A and B: Figure 3A and B shows different bones (femur) arranged according to their 

laterality as seen from different view. 
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4.1. 4 Morphometrics of Proximal Tibia 

Morphometric measurements were done on 100 unpaired tibia(s), 60 were from right and 40 

were from left side. The mean aspect ratio was found to be 1.38.  

Table 4: The summary of measurements of tibia(s). 

Morphometrics Mean Median Standard 

deviation 

Range  

Minimu

m 

Maximu

m 

APMC 50.54 51.65 2.76 47.08 53.97 

APLC 49.67 51.65 2.75 46.60 52.52 

MAP 50.08 51.42 3.70 45.96 54.87 

ML 69.76 68.43 9.34 80.56 56.78 

Aspect ratio( 

ML/APMC) 

1.38 1.32 3.38 1.71 1.05 

APMC- Anteroposterior length of medial condyle; APLC-Anteroposterior length of lateral 

condyle; MAP- Midline anteroposterior length; ML- Mediolateral length. 

   

Figure 4 A,B and C: Figure 4A shows measurement of the mediolateral dimensions of the 

proximal tibia, figure 4B shows anteroposterior dimension of the medial condyle and 4C shows 

measurement of the anteroposterior dimension of the lateral condyle.  
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4.1. 5 Comparison of the left and right tibia 

On comparison of the right and left tibias in dry bones it was found that there was no 

significantly difference between the means of any dimension as shown in Table 5:- 

Table 5: Summary of Comparison between Left and Right Tibia Dimensions 

Morphometrics Right tibia 

mean 

Left tibia mean P-value 

APMC  50.32 50.85 0.33 

APLC 49.17 50.43 0.46 

MAP 49.93 50.33 0.44 

ML 74.93 62.00 0.25 

Aspect ratio (ML/APMC) 1.49 1.22 0.76 

 

APMC- Anteroposterior length of medial condyle; APLC-Anteroposterior length of lateral 

condyle; MAP- Midline anteroposterior length; ML- Medio-lateral length. 
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4.2 Magnetic Resonance Imaging Morphometrics (MRI-Knees). 

A total of 20 MRI-knees Tesla T2-weighted images were examined by using DICOM radiant 

software and the following results were obtained. Among the studied MRI images female 

participants contributed about 55%. Further majority of the study participants who were 

involved in the study were 61 years of age and above (50%).  

Table 6: Summary of MRI study participants 

Variables                              Frequency (n)      Percentages (%)          Mean              P-value        

Sex     

                Male                           9                     45                                   3.2                    0.03 

                Female                       11                         55  

Age groups  

                 19-45 years     3                           15 

                 46-60 years               7                            35                                  1.45                  

                 61 and above            10                           50                                                             0.07 

 

    

 

 

 

Figure 5: a, b and c shows different images acquired from different views on MRI during 

different measurements. 
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4.2.1 Comparison of the Male and Female Morphometrics. 

There was a statistical significant difference between the proximal tibia in male and female 

(APMC-P=0.003, APLC-P=0.03, ML-P=0.03) being more significant in male than female. 

Table 7: Summary of comparison of male and female proximal tibia morphometrics as 

observed under MRI; - 

Measurement                Male                         Female                       P-Value 

        APMC                     49.01                          45.01  0.003 

         APLC                      43.70                         41.10    0.03 

          MAP                       50.08                         48.52                          0.06 

           ML                         69.76                         66.10                          0.03 

 

APMC- Anteroposterior length of medial condyle; APLC-Anteroposterior length of lateral 

condyle; MAP- Midline anteroposterior length; ML- Medio-lateral length 
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CHAPTER FIVE 

5.0 DISCUSSSION 

This research was aimed to study the morphometry of normal adult knees in the Tanzanian 

population in order to assess the need for Tanzanian population specific prosthesis designs by 

measuring the various dimensions of the distal femur and proximal tibia in categorized cadaveric 

dry bones and MRI-knees measurements.  

Morphometric measurements in general have been used in research for; identifying and 

characterizing structural differences among different populations, ethnic groups and between 

gender. In knee arthroplasty related studies, morphometric measurements of the knee joint have 

been done to describe racial and gender differences and also to understand prosthesis designs.  

5.1 The Femoral Component: 

 In the sizing of the femoral component, the anteroposterior diameter of medial condyle (APMC) 

is important in maintaining flexion - extension spacing and optimal tension in the quadriceps 

mechanism (25). Whereas the mediolateral diameter (ML) determines adequate coverage of the 

resected bone surface, allowing even stress distribution, tension-free wound closure, and smooth 

tracking of the patellar component in the trochlear groove during flexion (26).Accurate sizing 

of the femoral component is essential in the anteroposterior dimension and the permissible error 

in component selection should not exceed 3 to 4 mm (26). Oversizing in the anteroposterior 

dimension alters the balance in flexion-extension spacing, resulting in postoperative flexion 

tightness because of increased tension in the quadriceps mechanism (14,25,27). 

5.1.1 Comparing the right and left sides of distal femur: 

 In this study, in the comparison of right and left femurs in dry bones it was found that amongst 

most parameters there was no difference between the dimensions of the two sides except that of 

APMC which showed a statistically significant difference between the mean of right 71.24 and 

left side 70.14, but this difference of 1.22 mm may not be clinically significant. This difference 

was not observed in the measurements of the MRI. Other studies within each racial group also 

showed no statistical difference between right and left sides for distal end of femur (28). This 
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therefore proves the assumption in common practice that, there are no significant differences on 

anatomical and functional comparison of parameters from one side to the other (although 

symmetry is unknown) (19). 

5.1.2 Comparing gender differences of the distal femur: 

There has been ongoing controversial school of thoughts, with conflicting suggestions regarding 

whether distinct knee prosthesis components with different sizes and shapes are necessary to 

accommodate morphologic differences of the distal femur between men and women. Given that 

women are the recipients of approximately two third of all total knee arthroplasty surgeries 

performed, if in fact there are gender differences in the shape and dimensions of the distal femur, 

then a design that accommodates these differences might be appropriate. 

On comparing between male and female dimensions of the distal femur in this study was based 

on data obtained from MRIs, was found that the means of all dimensions including APMC 

(males: 61.28 ± 11.6 mm; females: 57.34 ± 5.36 mm, p value 0.16), APLC (males: 62 ± 9.08 

mm; females: 57.9 ± 3.74 mm, p value 0.03); ML (males: 77.74 ± 8.62 mm; females: 73.39 ± 

4.16 mm, p value 0.02), were more in males than in females and correspondingly the Aspect 

Ratio (males: 1.27 ± 0.06 mm; females: 1.28 ± 0.03 mm, p value 0.77) females more than males. 

The analysis does not reveal a statistically significant difference [with p value > 0.05(except in 

case of APLC and ML)] between the two genders. This could be due to the small sample of MRI 

images studied. These are similar to the findings of Vaidya et al. in Indian population showing 

that the mean AP in men was 61.09 mm and in women was 55.58 mm studied on eighty six 

knees measured using CT scans (25). 

5.2 Tibial Component: 

In knee arthroplasty, the geometry of the tibial component should match the normal anatomy as 

closely as possible. This would provide for the best stability and load transfer (29) . For the 

design of a tibial component with maximal coverage, it is essential to have anthropometric data 

of the proximal tibia at the condylar level. In the present the dimensions studied in the proximal 

tibia were: Anteroposterior length of medial condyle (APMC); Anteroposterior length of lateral 
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condyle (APLC); Anteroposterior length at the midline (MAP); Maximum mediolateral length 

(ML). 

 In this study, of 100 proximal tibias the mean MAP was 50.08 ± 4.8 mm; ML was 69.76 ± 4.9 

mm this was almost similar to a study done by abdelnasser et al., who studied 100 tibias in the 

north african population showed that mean MAP was 48.3 ± 5.4 mm and ML was 74.3 ± 6.6 

mm. In view of the similarity in the dimensions between the present study and the other two 

studies which used radiological means for measurement (MRI and CT respectively) it can be 

suggested that, unlike the femoral component, the tibial component size can be effectively 

predicted using radiological means preoperatively. There is however, paucity of further 

anthropometric data on proximal tibia in Tanzanian population and from other racial groups. 

Further study showed that there was no statistically significant difference between any of the 

dimensions while comparing the two sides in both dry bones and cadaveric measurements. 

Therefore, as seen in the femoral dimensions, it would be safe to assume no difference on 

anatomical and functional comparison of parameters from one side to the other. Comparing 

gender differences of proximal tibia. 

5.2.1Comparison of gender morphometric dimensions of tibia 

In this study there was statistically significant difference in APMC: APMC males was 49.01 

mm, females were 45.01 mm (difference of 4.0 mm; males more than females, p value 0.07) 

and APLC: APLC males was 43.70 mm, females were 41.10 mm (difference of 2.6 mm; males 

more than females). Furthermore, there was significant difference between genders in the MAP 

or the ML dimension. This is similar to the study by Samuel frank et., al.(1), where MAP males 

was 53.8 ± 6.6 mm and in females was 46.6 ± 3.6 mm (p value 0.00), also ML in males was 

83.0 ± 6.2 mm and in females was 71.7 ± 4.0 mm were also different. 
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CHAPTER SIX 

6.0 CONCLUSIONS AND RECOMMENDATION 

6.1 Conclusions 

The present study found that the morphometric features of the distal femur in normal Tanzanian 

adult knees shows great gender differences, with females showing significantly smaller 

dimensions than males. Also, the inter-individual variety of the distal femur and proximal tibia 

morphometrics should be taken into account when choosing the proper femoral and tibial 

component size during operation. These data may also be useful for designing racial-specific 

TKA prostheses in Tanzania.  

6.2 Recommendations 

Overall, the results obtained from this study supports the need for Tanzanian population specific 

knee prosthesis. Therefore, the findings from this study could possibly be used in designing such 

prosthesis. However, to our knowledge this is the first study to be conducted regarding 

morphometric dimensions of the distal femur and proximal tibia and the sample cannot be fully 

used to generalize the findings. Hence, it is recommended that further studies are need for a 

large sample so as to have a good population representation toward designing Tanzanian 

population specific knee prosthesis. 
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Appendix 

Appendix I: Proforma Data Form- Femur 

1. Study ID number:  

2. Side:  

Measurement (mm) (mm) 

AP length at medial condyle   

AP length at lateral condyle   

ML length at epicondyles    

Width of medial condyles    

Width of lateral condyles   

Height of medial condyles    

Height of lateral condyles   

Depth of intercondylar notch   

Width of intercondylar notch   
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Appendix II: Proforma Data Form- Tibia. 

1. Study ID number:  

2. Side:  

Measurements of the tibia (mm) (mm) 

AP length at medial condyle    

AP length at lateral condyle   

Midline AP   

Maximum ML length   
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