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ABSTRACT 
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This thesis touches upon the use of gait analysis as an assessment method 
for runners’ knees, also known as Patellofemoral pain syndrome. The aim is 
to explore and evaluate the current evidence and literature about the use of 
gait analysis in runners with Patellofemoral pain syndrome. Literature compiled 
surrounding this topic was used to develop assessment competency in physi-
otherapy students due to a lack of formal and in-depth education in gait anal-
ysis, by creating a comprehensive guidebook.  
 
The theoretical model for this thesis, implemented in the guidebook, was 
based on current theoretical literature and research articles. To review and 
evaluate all collected literature involved in the theoretical basis, an integrative 
review was conducted to formulate relevant themes pertaining to the topic of 
gait analysis in patellofemoral pain syndrome. Based on the thematic division 
from the integrative review, a guidebook was created via the platform Canva 
and distributed to current physiotherapy students of SAMK, where feedback 
was collected wherein it reflected on its effectiveness and quality.  
 
Results from the integrative literature review concluded a lack of evidence and 
consensus around the usability of visual/ observational gait analysis to assess 
the vague appearance of Patellofemoral pain syndrome. However, it sug-
gested moderate evidence on the existence of overall gait characteristics as-
sociated with it in walking and running conditions. The guidebook yielded pos-
itive feedback for its content, outcome, usability, and its quality of its overall 
effectiveness.   
 
In addition to the outcome, literature suggested uncertainty in understanding 
the nature of these gait presentations as author suggested a full implementa-
tion of the action research model to further improve and develop methods in 
utilizing gait analysis in applicable settings.  
 
In conclusion, the use of gait analysis for patellofemoral pain syndrome in run-
ners should be included in a complete comprehensive assessment of the in-
jury, to consider the multifactorial nature of this overuse/ overload knee injury.  
 
 
Keywords: Patellofemoral Pain syndrome, gait analysis, running, differential 
diagnosis, walking gait, running gait, running biomechanics, gait kinetics, gait 
kinematics, temporal-spatial parameters, observational gait analysis, instru-
mented gait analysis, physiotherapy assessment.  
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1  INTRODUCTION 

Patellofemoral pain syndrome (PFPS) is a broad musculoskeletal condition, 

wherein typical physical examinations often show subtle signs that may not 

always produce the same exact features of it based off current literature 

(Kasitinon et al., 2021). PFPS is considered one differential diagnosis under 

the umbrella of Anterior knee pain for pain associated with overuse and over-

load injuries.  It is currently diagnosed through a process of excluding other 

pathologies and injuries associated with Anterior knee pain (Bump, 2023). Un-

fortunately, due to its vague presentation, based on current observations and 

evidence, recurrence rate of PFPS is between 70-90% in which factors con-

tributing to its deposition are not well established (Davis & Powers, 2010), re-

flecting its challenges in management and rehabilitation. Additionally, discus-

sion about etiological factors of PFPS, is suggested to be multifactorial, in ad-

dition to training errors as secondary factors (Bump, 2023). Management of 

running injuries are sometimes evaluated through an assessment of running 

and ambulatory techniques to assess such secondary factors as previously 

stated. This is also known as Gait analysis. Gait is a functional assessment 

method that physical therapists use “to determine gait abnormalities, assess 

injuries, or help athletes achieve recovery or performance goals.”, as defined 

by Taggart (2022). It has multiple discourses about the relevancy of it utilized 

in addressing overuse and overload injuries within the athletic population spe-

cifically in the activity of running. 

 

Current evidence suggests that gait is under observed in musculoskeletal in-

juries and pathologies where observational gait analysis shows moderate reli-

ability in practical use (Brunnekreef et al., 2005). Therefore, this thesis ex-

plores whether functional assessment tools such as gait analysis could be uti-

lized as a differential diagnostic tool, or a valuable means to evaluate PFPS. 

In respects to this, using associated findings with formulating different priorities 
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in physiotherapeutic treatment of PFPS, insights on injury mechanisms, and 

prioritization within rehabilitation plan, gait analysis may be of value in the clin-

ical reasoning process.  Therefore, there is a need to increase and widen the 

understanding of gait, specify competency in gait analysis for physiotherapists 

to assess certain knee pain pathologies in musculoskeletal cases such as the 

common PFPS especially with training athletes. 

 

In depth education to gait analysis is lacking in current curriculum for a bach-

elor’s study in physiotherapy, especially in musculoskeletal pathologies and 

injury assessment. Therefore, this thesis devises, explores, and evaluates dif-

ferent methodologies to approach gait analysis in runners with PFPS. 

2 AIMS AND OBJECTIVES 

The aim of this thesis is to explore the utilization and evaluate the effectiveness 

of both walking and running gait as an assessment tool for PFPS based on 

current findings associated with its characteristics. This focuses on exploring 

its usability as a tool in differential diagnosis and injury management to address 

alarming recurrence rates on the sporting individual. Additionally, by opening 

the topic of its usefulness and value in knee rehabilitation of PFPS, the author 

seeks to derive insightful questions to develop further reliable and valid meth-

odology in observational gait analysis in the future.  

 

Therefore, the objective of this thesis will be put into practice, through creating 

a gait guidebook for physiotherapy students of SAMK to utilize through clinical 

reasoning and during clinical practice. It includes practical aspects through 

theoretical and empirical knowledge on the method of gait analysis applied to 

PFPS. The guidebook will touch on different modalities and methods of gait 

analysis but focuses on guidance in observational gait analysis specifically re-

lated to PFPS to support students’ clinical reasoning process. The expected 

outcome in the distribution of this product is to increase competency in gait 
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analysis for physiotherapy students and entry level physiotherapists students 

within musculoskeletal physiotherapy of the lower extremity to develop clinical 

reasoning skills involved with the management of Patellofemoral Pain syn-

drome. 

As the target audience for such a product is for the physiotherapy students of 

SAMK, this product is ordered by SAMK. 

3 PATELLOFEMORAL PAIN SYNDROME  

Patellofemoral pain syndrome (PFPS) or anterior knee pain comes from the 

phenomena of pain occurring in the patellofemoral joint (PFJ). The main char-

acteristic of this knee pathology is the occurrence of chronic knee pain in dif-

ferent movements and activities. PFPS is a broad term used nowadays to clas-

sify anterior knee pain, amongst a collection of pathologies associated with 

knee pain whether at the anterior aspect. It is the most common injury within 

the running athlete population, amongst which contributes from 16 to 25 per-

cent of all injuries diagnosed in runners. (Dixit, 2007.)  

Within the athletic running population, women are 2.23 times more likely to 

develop PFPS in comparison to their male counterparts and it showed with the 

incidence rate of PFPS and its diagnosis. What is often seen is that PFPS 

occurs within individuals between the ages 15-30 years, affecting predomi-

nantly physically active adolescents to young working aged adults. (Boling et 

al., 2010.) 

3.1 Associated risk factors and etiology  

Etiology of PFPS relates back to its anatomical and physiological risk factors. 

The most typical and practical cause for PFPS is its association with overuse 

injuries and overload injuries.  As described earlier, there are multiple risk fac-

tors that are associated with the occurrence of PFPS, which makes PFPS a 

multi factorial injury/ condition (Lanksorst et al, 2012). The two most significant 
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predisposers of PFPS symptoms are said to be the overload of the patella and 

its maltracking during movement (Yang et al, 2020).  

According to a systematic review in 2012 by Lankorst et al., results showed 

that a possible risk factor related to PFPS is the occurrence of weaker strength 

in knee extension that is evident through peak torque. Some other factors de-

rived were coordination and timing of vastus medialis and vastus lateralis ac-

tivation, atypical anatomical structure, strength, and associated kinematic fac-

tors of which currently have conflicting evidence. (Lankorst et al., 2012.) 

Likewise, some possible anatomical and physiological risk factors associated 

with PFPS are biomechanical stress, quadriceps weakness, VMO delayed ac-

tivation, over pronation of the foot, hip weakness, and flexibility or inflexibility 

of related structures (Sisk & Fredericson, 2019). 

3.2 Relevant anatomy of the knee in PFPS: The patellofemoral joint(PFJ) 

PFPS is associated with symptoms that diverge from the PFJ. The PFJ is the 

junction between the patella and the femoral groove where it rests. The poste-

rior aspect of the patella that is convex is covered in hyaline cartilage, allowing 

it to glide and move smoothly in accordance with the femoral trochlea with the 

aid of synovial fluid produced. The fit is conveyed in Picture 1. It is the biggest 

sesamoid bone in the human body and often fits differently between different 

individuals. This complex aspect influences how surrounding structures work 

together to act on the function and movement of the patella. (Loudon, 2016.) 
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Picture 1: Fit of the left patella in the femoral trochlea (Ectors et al, 2018, p.2). 

3.3 Relevant anatomy of the knee in PFPS: Main actors of the patella 

I. Static actors  

Stability of the PFJ is acted upon by ligaments, the patellar tendon, and the 

joint capsule. On the medial side of the knee, structures like the medial patel-

lofemoral ligament, and the medial meniscopatellar ligament prevent the pa-

tella from deviating laterally. On the lateral side, the lateral patellofemoral lig-

ament, lateral retinaculum, as well as the iliotibial band, and joint capsule func-

tions to prevent medial deviation of the patella. (Loudon, 2016.) The structure 

of the PFJ and patellotibial ligaments are visualized in Picture 2. 
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Picture 2: Patellar ligaments (Physiopedia: Patellofemoral Joint, 2023). 

 

II. Dynamic actors 

The knee joint functions and performs extension using the patella as a pulley 

inducing stress at different moments of the whole range of the knee on liga-

ments attached. It undergoes flexion, through the function of the hamstring 

muscle group with the biceps femoris as a stabilizing factor. Extension occurs 

when the quadricep muscles (Vastus medialis, Vastus lateralis, Vastus inter-

medius, and rectus femoris) do mechanical work. The quadricep muscles ex-

tend the knee joint by pulling the patella upwards the femoral groove which is 

also attached by the patellar ligament at the tibial tuberosity. During this phase 

as the direction of force changes along the extension movement, the further 

involved the patella is. During flexion where hamstring muscles take over, it 

directs the patella downwards towards the joint line of the tibiofemoral joint with 

the support of the patellar tendon. (Loudon, 2016.)  

 

During open chain flexion, the patella alignment follows that of the tibia, as 

during open chain extension, where it follows the tibia in its externally rotated 

position to fit itself into the trochlear groove. However, during closed chain 

movements, the patella is aligned in accordance with the rotational and hori-

zontal plane motion of the hip. (Loudon, 2016.) 
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Patellar movement can deviate depending on the balance of quadriceps mus-

cle function. For an example it can present itself in patellar maltracking where 

“the patella is abnormally positioned at 1 or more points in flexion-extension 

cycle” according to Wilson (2007). Patellar maltracking has been said to be a 

common finding in individuals diagnosed with PFPS (Petersen et al., 2013).  

3.4 Patellofemoral Joint reaction force (PFJRF) 

To understand patellar overload injuries such as PFPS, there is a need to un-

derstand the joint reaction force at the PFJ complex. The patellofemoral joint 

reaction force reflects the cumulative compression force impacting the PFJ 

complex during movement. This cumulative compression force is influenced 

by the joint angle of the knee as well as the corresponding muscle tension. 

The degree of stress placed on the PFJ is reflected through the PFJRF and its 

corresponding surface contact between the patella adjacent to the femur. The 

larger the surface contact is, the less surrounding soft tissue structures are 

involved. Surface contact increases as flexion angles increase in open chain 

movements. In closed chain movements, the PFJRF increases between 90-

45 degrees of flexion and reduces at the end range of knee extension. 

(Loudon, 2016.) 

3.5 PFPS and pain characteristics  

PFPS is associated with worsening of pain during situations where the knee is 

not in a fully extended position, for example running, squatting, walking stairs, 

and sitting (Bump, 2023). Especially during circumstances where the knee is 

loaded in flexed positions (DY. Gaitonde, 2019).  

Between individuals with PFPS, it is typically challenging to pinpoint the exact 

location in which the pain occurs. However, in many cases, it can be described 

as an achy or sharp pain surrounding the patella or underneath it. PFPS can 

occur in both knees or one, and pain may appear gradually or suddenly. 

(Bump, 2023.)  
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3.6 Differential Diagnosis and current physiotherapy guidelines 

Some knee pathologies associated with anterior knee pain that are differenti-

ated from PFPS include patellar and quadriceps tendinopathy, bursitis, saphe-

nous neuritis, patellofemoral osteoarthritis, plica, referred pain from the hip or 

the lower back, and Osgood’s Schlatter’s disease (Bump, 2023). 

 

Based on current clinical practice guidelines, diagnostic criteria for PFPS are 

solely based on the occurrence of peripatellar or retropatellar pain, pain that is 

aggravated in situations where the PFJ is loaded while flexed, and through a 

process of eliminating other anterior knee pain pathologies as well as tibiofem-

oral pathologies. These can be differentiated by performing a squat, or/and 

other “functional activities that load the PFJ in a flexed position.” (Willy et al., 

2019.) 

 

Current clinical practice guidelines recommend therapeutic exercises targeting 

the hip and knee in pain management and developing functional capacity. 

More specifically posterolateral hip structures in the early phase of rehabilita-

tion, and then added knee exercises. In the occurrence of over pronated feet, 

a foot orthosis may be prescribed and used to reduce pain temporarily. Kinesio 

taping adapted to the patella may be utilized during the early phase of rehabil-

itation to reduce pain in combination with therapeutic exercise for quicker re-

sults. Standalone manual, bioagent, needling, therapies are generally not rec-

ommended, as well as the use of patellofemoral knee orthoses. Ultimately, the 

combination of exercise therapy mixed with other physiotherapeutic interven-

tions shows superior patient and treatment outcomes. (Willy et al., 2019.) 

4 GAIT AND ITS RELATION TO THE MUSCULOSKELETAL 
SYSTEM  

The definition of gait according to Mariam-Webster is “a manner of walking or 

moving on foot”. Gait requires intact functioning of the nervous, the 
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musculoskeletal, and similarly the cardiopulmonary systems that are involved 

in locomotion. (Pirker & Katzenschlager, 2016.) Therefore, gait may be dis-

turbed through impairment or changes in any of the stated functions due to 

secondary factors associated with them (Ataullah & De Jesus, 2024). For ex-

ample, specific to musculoskeletal instances regarding pain along the lower 

body, one of the more prevalent gait discrepancies related to pain is an antal-

gic gait. An antalgic gait refers to a discrepancy in gait that is provoked through 

pain, often occurring in the lower back or lower extremity, that may present 

itself in the form of a limp when walking that is noticeable to the visible eye. 

(Auerbach & Tadi, 2023.) Other forms of gait discrepancies that may be related 

to the musculoskeletal system may include the Trendelenburg gait, leg length 

discrepancy, hip circumduction, in addition to the posterior lurch gait (Physio-

pedia, Gait Deviations, 2024). 

4.1  Walking gait cycle 

Walking occurs in a cycle, and this is referred to as the gait cycle. The definition 

of the gait cycle is “the time interval between two successive occurrences of 

one of the repetitive events of walking” according to Levine et al., (2012). 

Altogether the cycle is separated into 2 main phases: stance and swing phase. 

During the stance phase, a foot sustains contact with the ground, which is split 

into, initial contact, the loading response, Mid-stance, terminal stance, and 

Pre-swing. Subsequently, the swing phase refers to the duration in which the 

same foot that came from stance, is off contact with the ground and can be 

subdivided into: the initial swing, mid-swing, and terminal swing as visualized 

in Figure 1. During a full gait cycle, further divisions of actions occur in the 

lower extremity, in order from the start of the stance phase. These actions in 

chronological order are referred to as: initial contact, opposite toe off, heal rise, 

opposite initial contact, toe off, feet adjacent, tibia vertical. As the cycle repeats 

itself through these kinematic actions. (Levine et al., 2012, pp.32-33.)  
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Figure 1: The walking gait cycle (Cicirelli et al, 2021). 

4.1.1 Kinematics and the walking gait  

According to Kapri et al (2021) “running kinematics is the description of motion 

characteristic such as position, velocity & acceleration of the lower extremities 

during the running cycle.” In a nutshell, kinematics measures joint displace-

ment, velocity and acceleration during movement and is an essential part of 

movement analysis. Lower extremity kinematics are typically described 

through joints angles throughout the gait cycle. 

 

At the start of the walking gait cycle, heel strike, the hip flexes approximately 

25°- 30°, and extends when the foot is flat against the ground. Right before 

toeing off the hip extends 10°- 20°. The hip adducts maximally during stance 

as the foot lies flat against the floor and abducts during the swing phase. The 

pelvis orients from a neutral position at heel strike to maximally rotating inter-

nally when bearing weight, during toe off, and externally rotating during swing. 

The knee fully extends at heel strike, flexes about 20° before neutral position 

during mid stance, and further flexes up to 40° before toeing off. The knee 

abducts approximately 5° and internally rotates during weight bearing and 
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abducts and externally rotates during swing to return to its neutral position. 

The ankle is neutrally positioned at heel strike (approx. 0-10° of plantarflexion), 

as it progresses to foot flat (approx. 10° dorsiflexion) it quickly plantar flexes to 

propel the body forward (approx. 20° plantarflexion). The subtalar joint supi-

nates at heel strike and pronates through foot flat to supination at heel off. 

(Jones & Barker, 1996, pp.301-302; Brunnekeef et al., 2005, Table 3.) 

4.2 Gait and the kinetic chain  

During gait the different segments of the body that are linked in a kinetic chain 

respond to an external force that transfers from each division to another ad-

joining division. It consequently causes an overall response to the whole ki-

netic chain. The gait cycle incorporates both closed and open kinetic chains, 

however the closed kinetic chain phases of the gait cycle play a more signifi-

cant role in establishing movement patterns. (Svoboda et al., 2016.)  

 

An example of this significant role of the kinetic chain, is the importance of 

lower limb range of motion in multiple joints, and its association in evoking 

“impaired pain-free knee function” in Individuals with PFPS (Ophey et al., 

2023).  

Running is considered more of a closed kinetic chain activity as the heel makes 

contact with the ground and are big determining factors in establishing running 

movement patterns. Running in turns generates a large amount of ground re-

action force. It includes reactions within the frontal chain, the posterior chain, 

lateral chain, and functional chain that involves the rotational component of the 

trunk. (Van Den Dries & Capobianco, 2013, p.166.)  

4.3 The Running gait 

Running has been a major factor in sustaining musculoskeletal injuries. 65% 

of chronic injuries estimated, in long distance runners, are characterized by 

distance, intensity, and types of running surfaces. Significant risk factors that 

especially stem from its unique biomechanics to the influence of fit and use of 
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footwear, as well as its possible associated training errors. (Lohman et al., 

2011.) Therefore, it is important to establish the difference between walking 

and running as it differentiates biomechanical features of each activity.  

 

What differentiates walking from running within the gait cycle is the absence of 

double limb support in instances where both feet are at a point take contact 

with the ground simultaneously, whereas in walking gait, the whole cycle alter-

nates between single and double support (Lohman et al., 2011). Based on 

these terms, the running gait cycle is also comprised of the two main phases 

that are known as the stance and swing phase. The stance phase is comprised 

of an absorption and propulsion state, whereas the swing is separated into pre 

swing and terminal swing. Specific to the swing phase, an addition of two dou-

ble float phases (no contact with the ground) occurs at the “end of toe off, and 

the beginning of initial contact”.” (Novacheck, 1998.) This is visualized in Fig-

ure 2.  

 

 

Figure 2. The running gait cycle (Bridgman, 2015). 

 

 

Biomechanically, during running there is an increase in ground reaction force 

(GRF), and center of pressure (COP) to approximately 250% of body weight 

(BW) (Physiopedia, 2023, Running Biomechanics). Additional characteristics 

of the running gait come from its kinetics as center of gravity (COG) lowers 

and the body moves further in its wider ranges of motion to accommodate in 

accordance with the increasing speed and lowered center of mass (COM) 
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(Kapri et al, 2021). Thus, running is a high load and high stress activity to the 

lower extremity relative to the force generated.  

4.3.1 Running kinematics  

While the phases stay alike to walking, the major joints of the lower extremity 

move along a larger range of motion. Previously stated, running speed corre-

lates to ranges of motion fluctuations during sub phases of the gait cycle. The 

standard ranges of kinematics in the lower extremity are presented as so. The 

hips flexes at around 25-30°, during the first foot strike and progresses into 20° 

extension during toe off. The knees do not ever fully extend during the running 

gait but progress from flexion of 10° or more and during support phase further 

into 20-30°, and finally extends to 15-20° of flexion during propulsion. Though 

ankle movement during running gait can be influenced by different foot strike 

patterns, during foot strike the ankle plantarflexes to around 5°, or 15-20° of 

dorsiflexion at the first half of support, until the second half where it plantar-

flexes approximately 30° prior to toe off. (Hawley, 2000, pp.28-29.)  

 

Despite such literature, according to Orendurff et al. (2018), there is a signifi-

cant correlation between speed and resultant peak kinetic and peak kinematic 

variables of the hips, knee, and ankles. Likewise, an increase in gait velocity 

will increase vertical GRF, step length, cadence and stride length. Additionally, 

an increase in velocity decreases the percentage of double limb stance in ad-

dition to the entirety of stance, whilst percentage of the swing phase increases.  

As a result, it would decrease the duration of the whole gait cycle. (Liu et al., 

2013.) Which is why such temporal measures should be carefully taken into 

consideration when assessing such gait variables.  

4.4  Gait kinetics  

According to IMeasureU (2019), the definition of kinetics within biomechanics 

is the study of force and its influence in movements of body segments and vice 

versa. Kinetics within gait whether it is walking or running, involves 
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components such as ground reaction force (GRF), mechanical moments of the 

lower limb joints along with their powers, as well as kinetic or potential energy. 

(Lencioni et al., 2019.) A plethora of external forces are directed towards the 

patellar femoral joint and generates a large portion of total force produced dur-

ing closed chain activities such as running. The ground reaction force (GRF) 

is “the force generated between the foot and the ground” following newton’s 

third law of motion and is influenced by various factors (Hawley, 2000, p.33). 

Mechanical moments/ torque refers to the resultant rotation at a joint that oc-

curs through the application of force (Malik & Malik, 2015, p.6), whilst power 

refers to “the rate at which work is done” (Hamm, 2020). An example of meas-

uring kinetics is information about GRF through data about plantar pressure 

during the gait cycle of its different phases. (Tao et al., 2012.) 

4.5  Spatio-Temporal parameters (TSPs) 

Another set of parameters related to gait are referred to as spatiotemporal pa-

rameters (TSPs). Spatial referring to distance parameters, and temporal 

meaning parameters that are related to time. Spatial parameters in gait include 

step width (distance between heels of each foot), step length (medio-lateral 

distance between feet in each heel strike), as well as stride length (total length 

from one heel to the same heel again in the gait cycle). Temporal parameters 

in gait include walking speed, cadence (steps per minute), time, duration of 

phases and subphases, as well as step and stride time. (Scataglini et al., 

2021.) TSPs are highly important in assessing the foundational basis of gait. 

The data retrieved from such parameters can be used for screening (e.g. risk 

assessment), performance measure, monitoring, and normalization of different 

aspects of gait measurements. (Kirtley, 2006, p.21.) 
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5 GAIT ANALYSIS IN RUNNERS 

A running gait analysis may be utilized as a technique in finding biomechanical 

faults in runners (Joseph, 2022). Running as a form of physical activity itself 

places a heightened amount of stress to the lower extremity whether it is from 

intrinsic or external factors. As the knee functions, it relies on the patella acting 

as a pulley as previously stated. It undergoes one of the highest amounts of 

load and compressive forces in the lower extremity during running from 5.6 

times of body weight (BW) up to 7.8 times BW during deep squatting. One 

example of a biomechanical fault associated with PFPS that may contribute to 

the overload and increased PFJRF, may include discrepancy within the dy-

namic Q-angle. The Q-angle acts to measure the line of pull from the quadri-

ceps muscle group that may reflect the extent of force directed laterally. The 

dynamic Q-angle can be measured during functional lower extremity move-

ment analysis. (Loudon, 2016.) 

 

Concurrent studies describe the usability of clinical gait analysis within allied 

health and assess its present state and future development. Gait analysis is 

currently used as a measure to identify different walking patterns and capaci-

ties to monitor and evaluate ongoing rehabilitation. It also serves to find appro-

priate and specific treatment as well as indications of a predictive outcome. 

Mostly used in practice by clinicians is observational analysis, due to its avail-

ability, simplicity and low cost. However, Instrumented gait analysis provides 

further accurate and quantitative data in establishing certain characteristics 

and patterns of gait. (Hulleck et al., 2022.) It is currently mainly used within 

research and considered a “Gold standard of gait analysis” according to 

Hulleck et al., (2022). On the other hand, whilst it produces reliable and accu-

rate data, instrumented gait analysis is considered costly, requires extensive 

equipment, complex protocols as well as a good system of storing data and 

conducting analysis. This compels a well-educated and trained team of pro-

fessionals to operate as well as their preferences. (Hulleck et al., 2022.) 

 



21 
 

The reliability of observational gait analysis in individuals with lower extremity 

orthopedic/ musculoskeletal impairment was explored in a study done by Brun-

nekeef et al, (2005). Observation gait analysis in literature often focuses on 

neurological, amputee, rheumatoid arthritis, therefore brushing its usability in 

orthopedic impairments aside causing a resultant lack of literature surrounding 

it. It is believed the presentations of impairments in orthopedic conditions are 

less noticeable visually in comparison to movement deficits in neurological 

conditions, for an example side differences in stroke rehabilitees. This study 

focused on physiotherapist participants who were experienced, inexperienced, 

or experts in the field of visual gait analysis by assessing videotaped footage 

of orthopedic impairments. The same protocols and materials were used by all 

participants. Results showed that observational gait analysis for orthopedic pa-

tients was moderately reliable. Furthermore, higher reliability was present be-

tween the three groups of physiotherapists in movements related to the knee 

before heel strike, trunk movements, and movements regarding arm swing. 

(Brunnekeef et al., 2005.)  

5.1 Methods of Gait analysis 

Gait analysis can be divided into both qualitative and quantitative analysis. Of 

the two divisions, there is a separation of quantitative gait analysis into joint 

kinematics, kinetics, and TSPs that produce numerical data. (Types of GAIT 

Analysis ProtoKinetics, 2021). For qualitative analysis/ observational analysis, 

the idea is to assess gait only through questionnaire-based scales, or obser-

vation-based scales. Observation-based scales focus on assessing gait in real 

time or through video recording. Questionnaire based scales on the other 

hand, assesses gait using questionnaires that collect data about capacity in 

performing specific tasks such as walking, or could be used as an evaluative 

tool to assess quality of life based on the different components of the ICF 

model.  (Moissenet et al., 2015.) 

 

Real time observational gait analysis begins the moment a patient walks in for 

an appointment. Both sides of the subject are observed from the lateral view, 
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in addition to the anterior and posterior. For runners, it is important to assess 

gait under various running conditions other than walking. Formally, the subject 

should be observed with footwear on, despite obstructing the view of foot me-

chanics during the weight bearing phases of the gait cycle. (Manske & Davies, 

2016.) In a study done by Eggleston et al (2023), a study compared non foot-

wear to footwear and its influence on lower extremity biomechanics. Results 

indicated that footwear influenced angular ankle joint position for longer than 

half of the gait cycle. Whereas angular knee joint position for around 20% of 

the gait cycle. Furthermore, gait velocity increased with shoes, and stance 

width increased without shoes. Therefore, in practice, it is important to carefully 

consider barefoot conditions to establish the subject’s baseline findings.  

 

The different objective analysis methods for gait are stride analysis, angular 

kinematic analysis, force plate/foot pressure analysis, as well as electromyog-

raphy analysis, all of which measure different components of gait (Nordin & 

Frankel, 2012, p427). These of which produce numerical data that could be 

compared, as well kept in records.  

 

In stride analysis, the aim is to measure time-distance variables such as the 

TSPs. Angular kinematic analysis aims to measure angular displacement of 

joints and measures segmental displacements and velocities. Force plate/ foot 

pressure analysis measures ground reaction force and the location in which 

the force is applied at the bottom of the feet, and load distribution along the 

sole of the foot during stance phase of the gait cycle. Angular kinematic anal-

ysis and Force plate/foot pressure analysis methods are often coupled to de-

rive data to calculate kinetic variables of joint movement. Electromyography 

measures activation of muscle groups to provide data about muscle activation 

patterns when combined with stride analysis or angular kinematic analysis. 

(Nordin & Frankel, 2012, pp.427-428.) 

 

Equipment used for objective gait analysis methods may include but not limited 

to the use of a simple stopwatch, ruler, pen and paper, and can range up to 

technologically advanced and specific equipment such as smartphones with 
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built in sensors, wearable sensors, as well as sensing fabrics to collect numer-

ical data (X. Liu et al., 2021).  

6 RELATIONSHIP BETWEEN PFPS AND GAIT  

Current evidence suggests biomechanical gait discrepancies associated with 

PFPS are found in 3 categories: kinematic parameters, TSPs, and kinetic pa-

rameters. Each subdivision of the kinetic chain displayed specific characteris-

tics, and evidence was divided in such a way.  

6.1 The pelvis and hip  

According to systematic reviews and meta-analyses conducted, it has been 

found that individuals with ongoing PFPS are shown to have a reduction in 

range of motion of the pelvis along the frontal plane while running (Haghighat 

et al., 2021). On the contrary, individuals with ongoing PFPS displayed the 

presence of a contralateral pelvic drop (Bazett-Jones et al., 2022b; Bramah et 

al., 2018; Neal et al., 2016; Nourbakhsh et al., 2018; Vora et al., 2017). In 

relations to the hip region, PFPS runners were characterized to have increased 

peak hip adduction angles whilst running (Xie et al., 2022; Neal et al., 2016; 

Nourbakhsh et al., 2018; Vora et al., 2017; Haghighat et al., 2021). Accompa-

nied by this is an increase in peak hip internal rotation (Neal et al., 2016; Ba-

zett-Jones et al., 2022b; Nourbakhsh et al., 2018; Vora et al., 2017), and peak 

hip flexion angles (Bazett-Jones et al., 2022b; Nourbakhsh et al., 2018). 

6.2 The knee 

Amongst women with PFPS, range of motion of the knees increased along the 

frontal plane but decreased along the sagittal plane whilst running (Haghighat 

et al., 2021). Additionally, individuals with ongoing PFPS displayed decreased 

peak knee flexion (Bazett-Jones et al., 2022b; Haghighat et al., 2021.) with 
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faster walking speeds (Arazpour et al., 2018). Individuals with PFPS also dis-

played an increase of knee extension angle during heel strike (Bramah et al., 

2018). However, found in PFPS subjects, was a decrease in knee extensor 

moments (Arazpour et al., 2018; Nourbakhsh et al., 2018; Bazett-Jones et al., 

2022b; Haghighat et al., 2021). Across multiple reviews, it was also identified 

that affected individuals also displayed an increase in peak knee adduction 

angles during midstance of the gait cycle (Bramah et al., 2018; Arazpour et al., 

2018; Vora et al., 2017; Yalfani et al., 2023). Knee abductor moment peaks 

also increased during loading phases (Arazpour et al., 2018). Finally, individ-

uals with PFPS demonstrated an increase in knee external rotation during the 

gait cycle (Arazpour et al., 2018). 

6.3 The ankle and foot  

Ankle and foot related discrepancies lacked enough available and quality re-

search articles, but identified discrepancies related to both kinetic and kine-

matic variables. Of the available reviews, it was found that individuals with on-

going PFPS, showed a wider distribution of plantar pressure in the medial and 

central hindfoot during heel strike, medial-lateral forefoot in midstance, and 

lateral forefoot during propulsion (Willwacher et al., 2022; Arazpour et al., 

2018). A study conducted by Bramah et al, (2018) indicated that PFPS individ-

uals displayed an increase of ankle dorsiflexion during heel strike. Most im-

portantly, PFPS is associated with an increase in peak rear foot eversion dur-

ing heel strike (Bazett-Jones et al., 2022b; Arazpour et al, 2018; Nourbakhsh 

et al., 2018; Martinelli et al., 2022). 

6.4 TSPs, Kinetics and other observations  

It was mainly found that individuals with PFPS had decreased step length in 

faster walking speeds (Arazpour et al., 2018; Bazett-Jones et al., 2022b; Nour-

bakhsh et al., 2018), a decrease in cadence during walking and stair climbing, 

as well as a decrease in speed and velocity during the swing phase (Arazpour 

et al., 2018). Furthermore, PFPS also kinetically displayed a reduction of GRF 
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during walking (Arazpour et al., 2018). More specifically, a decrease in braking 

impulse in GRF and increased contact time with the ground (Willwacher et al., 

2022). Other factors noted with active PFPS was the forward lean positioning 

of the trunk during running from a laboratory study conducted by Bramah et al, 

(2018).  

6.5 Uncertainty and limitations within literature  

A systematic literature review and meta-analysis conducted by Willwacher et 

al (2022) about biomechanical risk factors in overuse running injuries, sug-

gested multiple considerations for uncertainty and limitations of studies explor-

ing biomechanical risk factors in overuse running injuries. One suggestion 

states the individual biomechanical variance between individuals sampled in 

included studies, minimized the ability to generalize findings. One example is 

the biomechanical variances between male and female runners, as studies do 

not accumulate generalizable observations based on heterogenous samples, 

due to such individual factors. Additionally, studies also fail to consider the 

differentiation between recreational and competitive runners as such factors 

influence physical activity level differences in risk factors associated with at-

taining such overuse running injuries. Ultimately, literature surrounding biome-

chanical risk factors, as well as the combination of biomechanical risk factors 

and other factors are insufficient. This suggests the multifactorial quality of 

such overuse running injuries should consider internal and external forces in 

synthesizing a curated profile. Willwacher et al., (2022) proposed considering 

individual factors as previously stated along with factors such as training and 

lifestyle to create a comprehensive profile on the occurrence of overuse inju-

ries such as PFPS. 

 

PFJRF on the theory of load reduction and compensation suggested by Araz-

pour et al., (2018), as well as Willwacher et al., (2022), Yalfani et al., (2023), 

and Haghighat et al., (2021) all touch on the topic of possible reasons behind 

presented observations of associated characteristic in gait patterns. For an 

example, the literature review conducted by Arazpour et al., (2018), suggested 



26 
 

such occurrences in TSP variables may be a product of quadricep muscle ac-

tivation patterns of which contribute to the loading of the PFJ, and its possible 

influences on pain. Similarly, Haghighat et al., (2021) suggested possible ex-

planations to the findings, is based on the theory of ridged stabilization tech-

niques to reduce the impact of the PFJRF. However, the main limitation of the 

prevalence of such characteristics may be the inability to establish the cause-

effect relationship of PFPS and observed gait characteristics from literature 

according to Yalfani et al., (2023). As suggested by Willwacher et al., (2022), 

factors of load reduction may be addressed through considering footwear, tak-

ing preventative measures, as well as a possible indication for gait-retraining 

during rehabilitation. 

 

According to Bazett-Jones et al (2022b) systematic review and meta-analysis, 

the highest level of evidence of gait characteristics in PFPS ranges from low 

to moderate evidence. Across multiple systematic suggested consensus sur-

rounding the evidence on such recorded characteristics in studies is found to 

be at most of moderate evidence. Moreso, it was found quality of evidence was 

typically described to be limited, inconsistent, or conflicting across review arti-

cles.  

7 METHODOLOGY 

A practice-based method was selected to achieve the objective of this explo-

ration as it produces a product that is distributed to a client. Ultimately the goal 

of producing a product, the expected outcome is to increase competency and 

knowledge in orthopedic Gait analysis for physiotherapy students in an applied 

manner. With the practice-based method, a comprehensive/ integrative litera-

ture search and review was conducted to acquire both theoretical and evi-

dence-based practice to be implemented into the guidebook in establishing an 

intuitive framework of addressing Gait analysis.  The completed guidebook 

was piloted to collect feedback as a measure of its effectiveness and its 
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indications for future developments. The process of writing this thesis report 

was approximately a yearlong project and the timeline is outlined in Table 1 

below.  

 

Table 1: Thesis project timeline and stages of implementation  

Thesis project timeline  Phases  

March 2024 Gathering literature, writing theoreti-

cal background  

April 2024  Writing theoretical background, Plan-

ning of guidebook  

May 2024 Planning of guidebook 

June 2024 Drafting gait analysis form/ question-

naire  

July 2024 Literature search, data collection, de-

velopment of themes  

August 2024 Drafting and creating guidebook 

September 2024 Creating guidebook  

October 2024 Distribution of guidebook, creating 

feedback form, collecting feedback  

November 2024  Finalizing thesis report (process, dis-

cussion), presentation  

 

7.1.1 Reliability: Comprehensive/ integrative literature search  

Reliability and quality of this thesis product relies on a well comprised and 

communicated literature search process and thesis product. Therefore, a well 

conducted comprehensive literature search must be implemented as a proto-

col to attain adequate and reliable literature to include in the thesis product.  

 

A comprehensive/ integrative literature review was chosen to gather the most 

up to date literature of research, books, and other forms of literature to produce 

new insights, to identify, and to evaluate current state of a research topic (Paré 
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& Kitsiou, 2017). An integrative literature review is characterized by its ability 

to widen and “diversifies knowledge on a topic by integrating knowledge from 

across the communities of practice that study it” as stated by Cronin and 

George (2020). This type of literature review, like others, is composed of a data 

search phase that obtains all relevant, extensive, and balanced knowledge in 

a topic, but as well from other similar disciplines. Therefore, data collected are 

from a range of research methodologies, as well are composed of empirical 

and theoretical knowledge. This is then followed by a phase dedicated to the-

matic synthesis of the included knowledge within the scope of the study. Dur-

ing this phase, shared findings, juxtaposing findings are allocated into themes 

to answer the relevant research question, to produce a refined conclusion. 

(Cronin and George., 2020.)  

 

To gather multidisciplinary data and knowledge about gait analysis, a specific 

and refined research question must be defined. This literature search aims to 

answer the following research question regarding assessment methodology in 

the place of an intervention, therefore one question synthesized covering mul-

tiple disciplines and the theoretical framework is: What are the associated gait 

characteristics in runners diagnosed with PFPS? Furthermore, the scope of 

the thesis focuses on gait analysis and PFPS in physiotherapy therefore the 

main research question is: To what extent can gait analysis be considered a 

reliable assessment method for runners with PFPS? 

 

To answer the multidisciplinary research question, inclusion and exclusion cri-

teria are established. For an article to be included, (1) it must be no older than 

10 years. (2) It must include the term ‘gait’, ‘running’, or ‘walking’. (3) It must 

include the term ‘Patellofemoral pain syndrome’, or ‘overuse’/’overload knee 

injury’. Furthermore, (4) the content of the articles must discuss about biome-

chanics such as temporal-spatial parameters, kinetics, or kinematics (5) and 

written in English.  

The exclusion criteria reflect the opposite of the inclusion criteria. They are as 

follows, (1) articles are older than 10 years, (2) they exclude the term ‘gait’, 

‘running’, or ‘walking’, (3) they exclude the term ‘patellofemoral pain syn-

drome’,  or ‘overuse knee injury’/’overload knee injury’, (4) the article does not 



29 
 

discuss about biomechanics involving temporal-spatial parameters, kinetics, 

or kinematics, (5) it is written in another language other than English.  

 

Articles screened are collected from indexed databases PubMed, PubMed 

Central, Science direct, Springer Link via the search engine Google Scholar 

and PubMed search which are depicted in Table 2.  

 

Table 2: Literature search and inclusion process of research articles  

Data search en-

gines 

Search words Excluded arti-

cles and crite-

rias 

Included articles 

PubMed (15) (Gait analysis OR 

walking analysis 

OR running analy-

sis*) AND (Patello-

femoral pain syn-

drome* OR 

PFPS*) AND (Ath-

letes* OR Run-

ners*) 

(7) excluded 

based on head-

ing 

1 

(6) excluded 

based on ab-

stract 

(1) excluded 

based on con-

tent 

Google Scholar 

(43) 

(Gait analysis OR 

walking analysis 

OR running analy-

sis*) AND (Patello-

femoral pain syn-

drome* OR 

PFPS*) AND (Ath-

letes* OR Run-

ners*) 

(4) excluded 

based on head-

ing 

10 

(20) excluded 

based on ab-

stract 

(6) based on 

content 

 

A supplementary manual search is also conducted to collect theoretical 

knowledge to include in the guidebook. Due to the broad realm of literature, 
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search and selection is only based on distinct context and excludes any spe-

cific exclusion or inclusion criteria to consider sub-themes. Likewise, it seeks 

to answer the main research question, by bridging different relevant disciplines 

as well as theory to empirical evidence from research articles, as stated previ-

ously. This mainly provides theory and additional forms of knowledge for the 

guidebook to be cohesive and provide relevant background and foundational 

knowledge to coincide with evidence-based data. All theoretical and empirical 

literature used in the guidebook are depicted in Appendix 1.  

 

Upon collection of research articles through the inclusion process, themes rel-

evant to the main research question were derived and categorized depicted in 

Table 3, which is used in framing the sub-themes to the main topic at hand.  

 

Table 3: Thematic synthesis of included data  

Sub-themes Contents of sub-themes 

Patellofemoral Pain Syndrome PFPS definition 

Prevalence 

Etiology & risk factors  

Anatomy and biomechanics of Patel-

lofemoral joint 

Differential diagnosis and physio-

therapeutic interventions 

Gait  Gait cycle 

Running gait  

Observational gait analysis 

Instrumented gait analysis 

Observational gait analysis in ortho-

pedics  

What to observe 

How to observe 

Evidence based observations of Gait 

in PFPS 

Associated gait characteristics in in-

dividuals diagnosed with PFPS 

Gait observations  Interpretation of evidence-based ob-

servations   

Instrumented gait analysis  Stride analysis 
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Angular kinematic analysis 

Force plate/ foot pressure analysis 

Electromyography 

Advantages and disadvantages of 

gait analysis  

Limitations 

Utilization 

 

7.1.2 Guidebook  

In comparison to Manuals and handbooks, Guidebooks are concise materials 

which offer guidance and assistance in a specific context or activity wise. They 

are shorter in length and often offer necessary information that is not extensive 

or overly detailed to fulfil this goal. Guidebooks in comparison to manuals and 

handbooks are more visually appealing and intuitive to use for simple naviga-

tion. (Bhayani, 2024.) Ultimately, a guidebook was chosen as the implementa-

tion format for this process because “Guides provide summaries, tips, recom-

mendations, and suggestions to facilitate user understanding and decision-

making.” According to Bhayani (2024). For physiotherapy students, the goal is 

to make information search and guidance in implementation of gait analysis 

accessible, whilst at the same time facilitating their own critical thinking and 

clinical reasoning process. Ultimately, this may develop knowledge compe-

tency on the topic of assessment through gait analysis.  

 

Based on the thematic division of the themes in Table 3, a guidebook was 

created to compile all included knowledge and data together to fulfil its goal as 

a guidebook. The guidebook was designed as a downloadable pdf format that 

is created on the platform Canva. It was available for students to save and 

keep as support materials. It comprises a total of 17 pages and outlines the 7 

sub-themes established in the literature review phase. Please refer to Table 3 

to understand the structure and organization of the final product. Additionally, 

a visual gait analysis form is formatted similarly to the form included in a study 

done by Brunnekeef (2005) and implements evidence-based observations 

translated and transformed into a usable table to support the application of 
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observational gait analysis. This implemented form is depicted in Appendix 2. 

Furthermore, integrated guidance questions are implemented in the content of 

the guidebook to challenge the reader’s own evaluation of gait analysis 

through the guidance of evidence-based practice. Images and diagrams were 

implemented throughout the guidebook to visualize and simplify descriptions 

of gait analysis making the guidebook comprehensible, concise, and visually 

communicative.  

 

The final guidebook was distributed via email to all current physiotherapy stu-

dents in SAMK along with its instructions on participation. After the distribution 

of the completed guidebook, a feedback questionnaire was instructed to be 

filled in after reading through the guidebook.  

7.2 Feedback 

Feedback was collected as a measure of effectiveness of the guidebook from 

the student participants. Specifically, to evaluate the value of the guidebook 

and to assess their own learning process upon reading it. Additionally, it served 

to collect developmental ideas and suggestions for improvement if had the op-

portunity to develop and undergo multiple rounds of piloting. The content of 

the feedback form focused on the evaluation of its content, students’ out-

comes, its usability, as well as overall quality of the guidebook. Measurements 

were done on a numerical scale from 1-5 or 1-10, as well as open-ended ques-

tions.  A sample of the feedback form is depicted in Appendix 3.  

7.3 Ethical considerations  

According to ethical guidelines of writing a thesis established by the Rector’s 

Conference of Finnish Universities of Applied Sciences Arene, all matters for 

possible ethical considerations are checked off on the behalf of the author for 

the thesis report. In addition to the ethical guidelines, the author has identified 

additional considerations for the finished guidebook product.  
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The finished guidebook was not published in open access but used as a part 

of the thesis writing process during interpretation. A statement was put out to 

participants of the pilot in statement to address inappropriate distribution of 

product for the behalf of the participants.   

 

The content of the guidebook was meant to be taken with a grain of salt, and 

not used as official guidelines nor formal publication to be referenced therefore 

no copyright legislation is applied to the body of work. Similarly, the finalized 

guidebook distributed was not to be interpreted in its improved form as its own 

evidence. Respectively, the process did not involve a fully conducted research 

process such as systematic literature reviews, nor did the process include a 

development and re-piloting stage. Therefore, it was not considered as its own 

empirical evidence or its own reference for external validation. The author was 

not responsible for inappropriate use nor the misinterpretation of knowledge 

from this guidebook by participants.   

 

Feedback collected from participants in the piloting of the guidebooks does not 

include personal data. Feedback was summarized based on the collective re-

sponses. Participation in feedback was non-binding, and thus participants 

were allowed to withdraw at any stage. Consent in participation was attained 

through voluntary informing.  After collection and interpretation of the feedback 

results, data was appropriately removed and eliminated from data storage to 

address data security issues after the thesis report is published. The author 

stated there is no conflict of interest in the process of creating the guidebook. 

Furthermore, author promised transparency of interpreting literature as they 

are.  

 

Communication of these ethical considerations to participants was done 

through email during the piloting phase and receiving a response confirmation 

of having read the terms.  
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8 CONCLUSION  

Ongoing PFPS is suggested to be associated with factors relating to the over-

use/ load of the PFJ or with certain biomechanical faults such as the dynamic 

Q-angle. Such factors are identified through movement assessment, one ex-

ample by assessing gait. It is suggested these associated characteristics of 

PFPS can be based off the principle of PFJRF and factors affecting it.  At its 

highest level, between systematic literature reviews and meta-analyses, there 

is low to moderate evidence of evident gait discrepancies associated with 

PFPS. Repetitive kinematic features identified through studies included the 

presence of contra-lateral pelvic drop, larger hip flexion angles, an increase of 

rear foot eversion, the presence of increased internal rotation at the hip, and 

increased peak knee adduction angles. Repetitive kinetic features identified 

throughout studies included the presence of decreased peak knee extension 

and flexion moments. Repetitive TSPs features across evidence-based litera-

ture identified there to be a decrease in step length in individuals with PFPS. 

 

However, there is a lack of understanding of the cause-and-effect of such bio-

mechanical discrepancies as theoretical literature did not fully reflect current 

evidence-based knowledge. Evaluating the reliability and validity of observa-

tional/visual gait analysis within orthopedics presented its challenges. This is 

due to a critical lack of up-to-date literature, and inconclusive evidence within 

this specific topic. Therefore, validity and reliability of observational gait analy-

sis utilized for patients with ongoing PFPS was not fully established.  

 

The procurement of theoretical and article-based knowledge included in the 

guidebook, based on feedback, yielded a response of high value in observa-

tional gait analysis competency, and served to challenge and guide an individ-

ual’s clinical reasoning skills in approaching conditions like PFPS as a physio-

therapist. 
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9 DISCUSSION 

Literature about PFPS and gait analyses as a topic together in the state of 

research is currently highly limited. PFPS and its broad nature, lacks consen-

sus whether its assessment methods are clinically reliable. There is a need to 

establish reliable and valid assessment tools and methods to help dictate the 

direction of knee rehabilitation.  

 

As previously stated, all accumulated articles implemented produced only a 

handful of empirical literature out of the 4 established databases where litera-

ture search was conducted. Therefore, a lot of nuances were kept in mind 

when creating the guidebook. The decision to use google scholar in the end 

as the main search engine, was due to its ability to gather scholarly articles 

through its extensive network of indexed databases across multiple disciplines. 

This made the search process as less strenuous as possible, additionally, well 

fitting for the literature review methodology used. Although there was an over-

lap of observations in individuals with PFPS across all literature reviews, the 

guidebook still lacked literary consensus bridging between theoretical 

knowledge of sub-topics and empirical evidence, especially those that are ac-

cumulated through a manual search under undefined search terms during the 

process. In finality, it reduced its literary reliability by the end of the pilot.  

 

Additionally, to this aspect of the literature search and implementation, the 

topic of PFPS and gait combined in accumulated articles, identified a common 

limitation to the topic at hand and posed a difficult question, “Are these gait 

characteristics associated with PFPS, a product of compensatory mecha-

nisms, or do they present the nature and mechanism of the injury?”. The area 

of uncertainty in the aspect of the `why? ´ is due to PFPS’s multifactorial etio-

logical nature. As the results of the literature search established this, research 

articles highlighted the need to conduct a comprehensive assessment of 

PFPS, rather than focusing only on the biomechanics of the injury. Ultimately, 

observational gait analysis is not a sufficient method to assess PFPS as it does 

not reveal all relevant and significant details in an injury, such as muscular 
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imbalance suggested by Maffeton (2020), or knowledge of the individual’s 

physical activity levels that may impact injury occurrence as suggested by Will-

wacher et al., (2022). Based on current practice guidelines in assessment of 

PFPS by Willy et al., (2019), guidelines suggest examination should utilize 

physical activity limitations or self-report questionnaires, to examine PFPS and 

use them as outcome measures. The questionnaires included in the lineup are 

the Anterior Knee Pain Scale (AKPS), Visual Analogue scale (VAS), Numerical 

Pain Rating Scale (NPRS), Patellofemoral pain and osteoarthritis subscale of 

the Knee injury and Osteoarthritis outcome score (KOOS-PF), or the Pier-

rynowski Questionnaire (EPQ) according to Willy et al., (2019). Alongside this 

assessment method, implementation of clinical or field tests to assess pain 

and lower limb movement coordination, favorably different variations of squat-

ting, to address pain, disability, and function.  

 

Another limitation in the use of gait analysis as an assessment tool with run-

ners is the variability between individuals. A runner who may have noticeable 

discrepancies in their step, may not have symptoms nor reproduction of symp-

toms in a chronic ongoing running injury or vice versa. This creates uncertainty 

if gait discrepancies in runners are present or visible and relevant in injury 

management. As suggested by Maffeton (2020), gait analysis under controlled 

environment may also influence movement behavior of the individual overall, 

decreasing the overall reliability as a standalone assessment method. There-

fore, the multifactorial nature of PFPS presents an additional challenging ques-

tion, “what other factors influence gait behavior?”.  

 

To identify the advantages and pitfalls of the gait analysis guidebook, feedback 

was collected about the quality of implementation and effectiveness of the 

guidebook.  To summarize the feedback, four themes were identified and illus-

trated in Table 4.  
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Table 4: Results of participant feedback 

Theme  Scale Overall feedback 

Content (relevancy of 

content) 

No/yes Yes, it was convenient 

to read as it included 

necessary knowledge 

to have as a physiother-

apist. 

Yes, I only knew some 

of the knowledge previ-

ously. 

Outcome (evaluation of 

own competence be-

fore and after reading 

guidebook) 

1-5 Before  

Mean value: 2 

After 

Mean value: 3  

Usability  No/yes Yes  

Quality 1-10 and open-ended 

answers  

 

Mean value: 9 

 

Open feedback was also collected about the quality description of the guide-

book, as well to garner developmental ideas. Results showed that the overall 

quality of the guidebook was on average rated 9 on a numerical scale from 1-

10. Open feedback described the guidebook as logically structured and well 

organized. The knowledge compiled for the guidebook was necessary, useful, 

thorough, as well as concise whilst being evidence based. Furthermore, the 

quality of the guidebook was described as good and comprehensible, meaning 

there was an adequate amount of information, easy to read and straightfor-

ward. Participants also suggested improvements to be made to the design of 

the guidebook, which included the use of more diagrams, a table of contents, 

as well as shortening some amounts of text. Participants suggested the imple-

mentation of applicable case studies to further activate the reader’s own clini-

cal reasoning. Feedback also suggested implementing a section dedicated to 

guidance in rehabilitation planning based on the interpreted findings from the 
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gait analysis. This further prioritizes the need for gait assessment in PFPS to 

be interconnected with other assessment methodologies as well as the imple-

mentation of rehabilitation.  As suggested, gait analysis cannot be a topic of 

discussion unless other assessment methodologies are considered and the 

topic of implementation of rehabilitation such as gait retraining are discussed 

upon, furthermore emphasizing conducting a comprehensive assessment.  

 

The overall aim and objective of the thesis was achieved, as results of the 

exploration of using Gait analysis in addressing PFPS concluded the lack of 

literary consensus but provided multiple insights and considerations to the 

characteristics of PFPS. The production of a guidebook combined all relevant 

perspectives of Gait analysis by applying PFPS guided participants in the pro-

cess of clinical reasoning, and critical thinking. The role of the physiotherapist 

is to conduct a comprehensive, concise, and accurate assessment of PFPS of 

which may include a gait analysis of the subjects walking and running. The 

physiotherapist applies their evidence-based expertise in injury management, 

to identify significant factors of pain influence and select suitable interventions 

for the individual.  

 

During the reporting process the author faced difficulties through a handful of 

nuances in the topic regarding Gait analysis. One example was the intercon-

nectedness of Gait analysis and Gait rehabilitation, that provided more litera-

ture to include but, faced conflict in differentiating assessment methodology 

from the implementation of rehabilitation as they are heavily interconnected. 

Additionally, the literature search process proved to be extensive with a man-

ual search as the need to ponder relevant sub-themes and identify suitable 

and relevant literature to include. The process developed and constantly im-

proved in later stages, where pitfalls were identified, and methodology was 

modified accordingly. The author feels this further facilitated their ability to crit-

ically evaluate and implement problem solving and opened the world of multi-

ple disciplines and sub disciplines within the topic of biomechanics. Production 

of the guidebook was a new challenge for the author as it was created with 

their own creative input through design and format. The feedback of the prod-

uct indicated its success in its accessibility and comprehensibility towards the 
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right target group, although the author believes the product has a long way to 

go to improve its overall efficacy.   

 

A deeper understanding of biomechanics as a competency is something the 

author sought after and valued in their professional development during the 

thesis reporting process. Especially, how much base understanding of it is 

needed to interpret and comprehend results of research articles. The imple-

mentation of the guidebook was a success, despite the limited quantity of qual-

ity literature. In addition, the author has identified the state of research in the 

topic to be constantly developing as more empirical evidence is sought after to 

provide PFPS ‘s complex background more clarity. The process challenged 

the author to critically think about nuance and fairly evaluate the quality of ev-

idence. It implemented usable and comprehensible material for amateur phys-

iotherapists in the development of knowledge competency especially around 

biomechanics and human movement, as it was a relatively new knowledge 

domain for the author. 

9.1  Development and future direction of thesis project    

The author believes the main pitfall of the reporting process was the lack of re-

piloting stages of the guidebook. This considers the implementation of action 

research to its full extent. Specifically, by broadening the topic of gait analysis 

to include the implementation of gait re-education. The definition of action re-

search is to enact in collaborative involvement to apply action-based learning 

and science to improve practice or conditions amongst multiple disciplines and 

their environments, such as those involved in health care (Casey et al., 2021). 

In this case, the improvement of gait assessment and re-training protocols in 

knee related pathologies between practitioners. Action research is character-

ized by its phases of action, and reflective phases, where both are cyclical in 

respective to each other (Casey et al., 2021). 

 

The main aspect considered in the implementation of the action research 

methodology is its emphasis on active external collaboration between 
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practitioners and patients. This means the involvement of collaborators in the 

inquiry, research, and participation during the process. (Casey et al., 2021.) 

Reflective of this thesis report, involvement of external collaborators such as 

the physiotherapy students would express what is in need and necessary to 

cover the topic of gait analysis in individuals with PFPS. Furthermore, this 

could be conducted by reflecting on their own professional state of develop-

ment and base competency, as well as providing feedback on the early stages 

of the guidebook prior to the first piloting phase. This provides added value to 

the physiotherapy community and insights on the finished product.  

 

In addition, by implementing action research to its full extent through its cyclic 

feature, it facilitates constant development of the production process and con-

tent from the multiple stages of piloting. In comparison to one, it could poten-

tially yield improvements in the efficacy of the guidebook by overall improving 

the quality of the product.   



41 
 

REFERENCES 

Arazpour, M., Bahramian, F., Abutorabi, A., Nourbakhsh, S. T., Alidousti, A., 
& Aslani, H. (2016). The Effect of Patellofemoral Pain Syndrome on Gait Pa-
rameters: A Literature Review. The archives of bone and joint surgery, 4(4), 
298–306. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5100443/ 

Ataullah, A. H. M., & De Jesus, O. (2024, April 20). Gait disturbances. 
StatPearls - NCBI Bookshelf. 
https://www.ncbi.nlm.nih.gov/books/NBK560610/ 

Auerbach, N., & Tadi, P. (2023). Antalgic Gait in Adults. StatPearls - NCBI 
Bookshelf. https://www.ncbi.nlm.nih.gov/books/NBK559243/ 

Bazett-Jones, D. M., Neal, B., Legg, C., Hart, H. F., Collins, N. J., & Barton, 
C. J. (2022b). Kinematic and Kinetic Gait Characteristics in People with Pa-
tellofemoral Pain: A Systematic Review and Meta-analysis. Sports Medicine, 
53(2), 519–547. https://doi.org/10.1007/s40279-022-01781-1  

Bhayani, T. (2024, January 22). Handbook vs Manual vs Guide - AirMason 
Blog. AirMason Blog. https://blog.airmason.com/handbook-vs-manual-vs-
guide/#:~:text=Handbooks%20provide%20extensive%20and%20de-
tailed,without%20going%20into%20extensive%20detail. 

Bramah, C., Preece, S. J., Gill, N., & Herrington, L. (2018). Is There a Patho-
logical Gait Associated With Common Soft Tissue Running Injuries? The 
American Journal of Sports Medicine, 46. 
https://doi.org/10.1177/0363546518793657 

Bridgman, C. (2015). Biomechanical evaluation of distance running during 
training and competition. https://www.semanticscholar.org/paper/Biomechani-
cal-evaluation-of-distance-running-during-Bridg-
man/083b2219d57c40fb906af857e92f6cf3f4323427 

Boling, M. C., Padua, D. A., Marshall, S. W., Guskiewicz, K. M., Pyne, S. W., 
& Beutler, A. I. (2010). Gender differences in the incidence and prevalence of 
patellofemoral pain syndrome. Scandinavian Journal of Medicine & Science 
in Sports, 20(5), 725–730. https://doi.org/10.1111/j.1600-0838.2009.00996.x 

Bump, J. M. (2023, February 13). Patellofemoral syndrome. StatPearls - 
NCBI Bookshelf. https://www.ncbi.nlm.nih.gov/books/NBK557657/ 

Casey, M., Coghlan, D., Carroll, Á., Stokes, D., Roberts, K., & Hynes, G. 
(2021). Application of action research in the field of healthcare: a scoping re-
view protocol. HRB Open Research, 4, 46. https://doi.org/10.12688/hrbopen-
res.13276.2 

Cronin, M. A., & George, E. (2020). The why and how of the integrative re-
view. Organizational Research Methods, 26(1), 168–192. 
https://doi.org/10.1177/1094428120935507 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5100443/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5100443/
https://www.ncbi.nlm.nih.gov/books/NBK560610/
https://www.ncbi.nlm.nih.gov/books/NBK559243/
https://doi.org/10.1007/s40279-022-01781-1
https://blog.airmason.com/handbook-vs-manual-vs-guide/%23:~:text=Handbooks%20provide%20extensive%20and%20detailed,without%20going%20into%20extensive%20detail.
https://blog.airmason.com/handbook-vs-manual-vs-guide/%23:~:text=Handbooks%20provide%20extensive%20and%20detailed,without%20going%20into%20extensive%20detail.
https://blog.airmason.com/handbook-vs-manual-vs-guide/%23:~:text=Handbooks%20provide%20extensive%20and%20detailed,without%20going%20into%20extensive%20detail.
https://doi.org/10.1177/0363546518793657
https://www.semanticscholar.org/paper/Biomechanical-evaluation-of-distance-running-during-Bridgman/083b2219d57c40fb906af857e92f6cf3f4323427
https://www.semanticscholar.org/paper/Biomechanical-evaluation-of-distance-running-during-Bridgman/083b2219d57c40fb906af857e92f6cf3f4323427
https://www.semanticscholar.org/paper/Biomechanical-evaluation-of-distance-running-during-Bridgman/083b2219d57c40fb906af857e92f6cf3f4323427
https://doi.org/10.1111/j.1600-0838.2009.00996.x
https://doi.org/10.1111/j.1600-0838.2009.00996.x
https://www.ncbi.nlm.nih.gov/books/NBK557657/
https://www.ncbi.nlm.nih.gov/books/NBK557657/
https://doi.org/10.12688/hrbopenres.13276.2
https://doi.org/10.12688/hrbopenres.13276.2
https://doi.org/10.1177/1094428120935507


42 
 

Cicirelli, G., Impedovo, D., Dentamaro, V., Marani, R., Pirlo, G., & D’Orazio, 
T. R. (2021). Human GAIT Analysis in Neurodegenerative Diseases: a re-
view. IEEE Journal of Biomedical and Health Informatics, 26(1), 229–242. 
https://doi.org/10.1109/jbhi.2021.3092875 

Davis, I. S., & Powers, C. M. (2010). Patellofemoral Pain Syndrome: Proxi-
mal, Distal, and Local Factors—International Research Retreat, April 30–May 
2, 2009, Baltimore, Maryland. the Journal of Orthopaedic and Sports Physical 
Therapy/Journal of Orthopaedic and Sports Physical Therapy, 40(3), A1–
A48. https://doi.org/10.2519/jospt.2010.0302 

Dixit, S. (2007, January 15). Management of patellofemoral pain Syndrome. 
AAFP. https://www.aafp.org/pubs/afp/issues/2007/0115/p194.html 

Dowling, G. J., Murley, G. S., Munteanu, S. E., Smith, M. M. F., Neal, B. S., 
Griffiths, I. B., Barton, C. J., & Collins, N. J. (2014). Dynamic foot function as 
a risk factor for lower limb overuse injury: a systematic review. Journal of 
Foot and Ankle Research, 7(1). https://doi.org/10.1186/s13047-014-0053-6 

Ectors, F., Vitte, E., Bain, R., & Pariaud, F. (2018). Principles of Anatomy and 
Physiology, 15 Edition de J. Tortora et B. Derrickson (15th ed.). 
https://orbi.uliege.be/handle/2268/235345 

Eggleston, J. D., Conroy, K. E., Moreno, A. G., Travis, W. J., Huskey, B. R., 
& Vanderhoof, H. R. (2023). The use of preferred footwear versus barefoot 
conditions in gait analysis: A methodological investigation. Journal of Biome-
chanics, 160, 111817. https://doi.org/10.1016/j.jbiomech.2023.111817 

Gait Deviations. (2024, February 3). Physiopedia. Retrieved: February 7, 

2024, from https://www.physio-pedia.com/index.php?title=Gait_Devia-
tions&oldid=349819. 

Gaitonde DY, Ericksen A, Robbins RC. Patellofemoral Pain Syndrome. Am 
Fam Physician. 2019 Jan 15;99(2):88-94. PMID: 30633480. 

Haghighat, F., Ebrahimi, S., Rezaie, M., Shafiee, E., Shokouhyan, S. M., 
Motealleh, A., & Parnianpour, M. (2021). Trunk, pelvis, and knee kinematics 
during running in females with and without patellofemoral pain. Gait & Pos-
ture, 89, 80–85. https://doi.org/10.1016/j.gaitpost.2021.06.023 

Hamm, K. (2020, August 1). 7.7 Power. Pressbooks. https://press-
books.bccampus.ca/humanbiomechanics/chapter/7-7-power-2/#:~:text=Sec-
tion%20Summary,W%20%3D%201%20J%2Fs. 

Hawley, J. A. (2000). Handbook of Sports Medicine and Science, Running. 
Wiley-Blackwell. 

Hulleck, A. A., Mohan, D. M., Abdallah, N., Rich, M. E., & Khalaf, K. (2022). 
Present and future of gait assessment in clinical practice: Towards the appli-
cation of novel trends and technologies. Frontiers in Medical Technology, 4. 
https://doi.org/10.3389/fmedt.2022.901331 

https://doi.org/10.1109/jbhi.2021.3092875
https://doi.org/10.2519/jospt.2010.0302
https://www.aafp.org/pubs/afp/issues/2007/0115/p194.html
https://www.aafp.org/pubs/afp/issues/2007/0115/p194.html
https://doi.org/10.1186/s13047-014-0053-6
https://orbi.uliege.be/handle/2268/235345
https://doi.org/10.1016/j.jbiomech.2023.111817
https://www.physio-pedia.com/index.php?title=Gait_Deviations&oldid=349819
https://www.physio-pedia.com/index.php?title=Gait_Deviations&oldid=349819
https://doi.org/10.1016/j.gaitpost.2021.06.023
https://pressbooks.bccampus.ca/humanbiomechanics/chapter/7-7-power-2/#:~:text=Section%20Summary,W%20%3D%201%20J%2Fs
https://pressbooks.bccampus.ca/humanbiomechanics/chapter/7-7-power-2/#:~:text=Section%20Summary,W%20%3D%201%20J%2Fs
https://pressbooks.bccampus.ca/humanbiomechanics/chapter/7-7-power-2/#:~:text=Section%20Summary,W%20%3D%201%20J%2Fs
https://doi.org/10.3389/fmedt.2022.901331


43 
 

Jones, K., & Barker, K. (1996). Human movement explained. Butterworth-
Heinemann Medical. 

Joseph, T. E. (2022b, February 16). Biomechanical Faults linked with Patello-
femoral Pain in runners. Auptimo. https://auptimo.com/biomechanical-faults-
linked-with-patellofemoral-pain-in-runners/ 

Kapri, E., Mehta, M., & S, K. (2021). Biomechanics of running: An overview 
on gait cycle. International Journal of Physical Education Fitness and Sports, 
1–9. https://doi.org/10.34256/ijpefs2131 

Kasitinon, D., Li, W., Wang, E. X. S., & Fredericson, M. (2021). Physical Ex-
amination and Patellofemoral Pain Syndrome: an Updated Review. Current 
Reviews in Musculoskeletal Medicine, 14(6), 406–412. 
https://doi.org/10.1007/s12178-021-09730-7 

Kirtley, C. (2006). Clinical GAIT analysis: Theory and Practice. Elsevier 
Health Sciences. 

Lankhorst, N. E., Bierma-Zeinstra, S. M. A., & Van Middelkoop, M. (2012). 
Risk factors for Patellofemoral Pain Syndrome: A Systematic review. Journal 
of Orthopaedic & Sports Physical Therapy, 42(2), 81-A12. 
https://doi.org/10.2519/jospt.2012.3803 

Lencioni, T., Carpinella, I., Rabuffetti, M., Marzegan, A., & Ferrarin, M. 
(2019). Human kinematic, kinetic and EMG data during different walking and 
stair ascending and descending tasks. Scientific Data, 6(1). 
https://doi.org/10.1038/s41597-019-0323-z 

Levine, D., Richards, J., & Whittle, M. (2012). Whittle’s GAIT analysis. 
Churchill Livingstone. 

Liu, X., Zhao, C., Zheng, B., Guo, Q., Duan, X., Wulamu, A., & Zhang, D. 
(2021). Wearable devices for GAIT analysis in intelligent healthcare. Fron-
tiers in Computer Science, 3. https://doi.org/10.3389/fcomp.2021.661676 

Liu, Y., Lu, K., Yan, S., Sun, M., Lester, D. K., & Zhang, K. (2013). Gait 
phase varies over velocities. Gait & Posture, 39(2), 756–760. 
https://doi.org/10.1016/j.gaitpost.2013.10.009 

Lohman, E., Sackiriyas, K. S. B., & Swen, R. W. (2011). A comparison of the 
spatiotemporal parameters, kinematics, and biomechanics between shod, 
unshod, and minimally supported running as compared to walking. Physical 
Therapy in Sport, 12(4), 151–163. https://doi.org/10.1016/j.ptsp.2011.09.004 

Loudon, J. K. (2016, December 1). BIOMECHANICS AND PATHOMECHAN-
ICS OF THE PATELLOFEMORAL JOINT. PubMed Central (PMC). 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5095937/#:~:text=The%20pa-
tellofemoral%20joint%20is%20a%20diarthro-
dial%20plane%20joint%20that%20consists,sesa-
moid%20bone%20in%20the%20body. 

https://auptimo.com/biomechanical-faults-linked-with-patellofemoral-pain-in-runners/
https://auptimo.com/biomechanical-faults-linked-with-patellofemoral-pain-in-runners/
https://doi.org/10.34256/ijpefs2131
https://doi.org/10.1007/s12178-021-09730-7
https://doi.org/10.2519/jospt.2012.3803
https://doi.org/10.1038/s41597-019-0323-z
https://doi.org/10.3389/fcomp.2021.661676
https://doi.org/10.1016/j.gaitpost.2013.10.009
https://doi.org/10.1016/j.ptsp.2011.09.004
https://doi.org/10.1016/j.ptsp.2011.09.004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5095937/#:~:text=The%20patellofemoral%20joint%20is%20a%20diarthrodial%20plane%20joint%20that%20consists,sesamoid%20bone%20in%20the%20body
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5095937/#:~:text=The%20patellofemoral%20joint%20is%20a%20diarthrodial%20plane%20joint%20that%20consists,sesamoid%20bone%20in%20the%20body
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5095937/#:~:text=The%20patellofemoral%20joint%20is%20a%20diarthrodial%20plane%20joint%20that%20consists,sesamoid%20bone%20in%20the%20body
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5095937/#:~:text=The%20patellofemoral%20joint%20is%20a%20diarthrodial%20plane%20joint%20that%20consists,sesamoid%20bone%20in%20the%20body


44 
 

Maffetone, P. (2020, September 14). The pros and cons of Video GAIT anal-
ysis. Dr. Phil Maffetone. Retrieved: October 2, 2024. https://philmaffe-
tone.com/video-gait/ 

Malik, S. S., & Malik, S. S. (2015). Orthopaedic biomechanics made easy. 
Cambridge University Press. 

Manske, R. C., & Davies, G. J. (2016, December 1). EXAMINATION OF THE 
PATELLOFEMORAL JOINT. https://pmc.ncbi.nlm.nih.gov/arti-
cles/PMC5095938/#sec12 

Martinelli, N., Bergamini, A. N., Burssens, A., Toschi, F., Kerkhoffs, G. M. M. 
J., Victor, J., & Sansone, V. (2022). Does the foot and ankle alignment im-
pact the patellofemoral pain Syndrome? A Systematic Review and Meta-
Analysis. Journal of Clinical Medicine, 11(8), 2245. 
https://doi.org/10.3390/jcm11082245 

Merriam-Webster. (n.d.). Gait. In Merriam-Webster.com dictionary. Retrieved 
February 7, 2024, from https://www.merriam-webster.com/dictionary/gait 

Moissenet, Florent & Armand, Stéphane. (2015). Qualitative and quantitative 
methods of assessing gait disorders. https://www.researchgate.net/publica-
tion/297049078_Qualitative_and_quantitative_methods_of_as-
sessing_gait_disorders 

Neal, B. S., Barton, C. J., Gallie, R., O’Halloran, P., & Morrissey, D. (2015). 
Runners with patellofemoral pain have altered biomechanics which targeted 
interventions can modify: A systematic review and meta-analysis. Gait & Pos-
ture, 45, 69–82. https://doi.org/10.1016/j.gaitpost.2015.11.018 

Nordin, M., & Frankel, V. H. (2012). Basic biomechanics of the musculoskele-
tal system. Lippincott Williams & Wilkins. 

Nourbakhsh, S. T., Bahramian, F., Abutorabi, A., Mirzaee, F., Zafarani, Z., & 
Aslani, H. (2018). Patellofemoral pain syndrome and its effect on the walking 
of affected subjects: Update review. Journal of Osteoporosis and Physical 
Activity, 06(01). https://doi.org/10.4172/2329-9509.1000214Novacheck, T. F. 
(1998). The biomechanics of running. Gait & Posture, 7(1), 77–95. 
https://doi.org/10.1016/s0966-6362(97)00038-6 

Ophey, M., Bennink, D., Bernsen, J. E., Iris, B., Van Bergen, R., Van Den 
Berg, R., Kerkhoffs, G. M. M. J., & Tak, I. (2023). Patients with patellofemoral 
pain have lower soft tissue flexibility of the kinetic chain compared to healthy 
controls: A case-control study. Journal of Bodywork and Movement Thera-
pies, 36, 203–209. https://doi.org/10.1016/j.jbmt.2023.06.006 

Orendurff, M. S., Kobayashi, T., Tulchin-Francis, K., Tullock, A. M. H., Vil-
larosa, C., Chan, C., & Strike, S. (2018). A little bit faster: Lower extremity 
joint kinematics and kinetics as recreational runners achieve faster speeds. 
Journal of Biomechanics, 71, 167–175. https://doi.org/10.1016/j.jbio-
mech.2018.02.010 

https://philmaffetone.com/video-gait/
https://philmaffetone.com/video-gait/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5095938/%23sec12
https://pmc.ncbi.nlm.nih.gov/articles/PMC5095938/%23sec12
https://doi.org/10.3390/jcm11082245
https://www.merriam-webster.com/dictionary/gait
https://oysamk-my.sharepoint.com/personal/julianna_pakkanen_student_samk_fi/Documents/.%20https:/www.researchgate.net/publication/297049078_Qualitative_and_quantitative_methods_of_assessing_gait_disorders
https://oysamk-my.sharepoint.com/personal/julianna_pakkanen_student_samk_fi/Documents/.%20https:/www.researchgate.net/publication/297049078_Qualitative_and_quantitative_methods_of_assessing_gait_disorders
https://oysamk-my.sharepoint.com/personal/julianna_pakkanen_student_samk_fi/Documents/.%20https:/www.researchgate.net/publication/297049078_Qualitative_and_quantitative_methods_of_assessing_gait_disorders
https://doi.org/10.1016/j.gaitpost.2015.11.018
https://doi.org/10.4172/2329-9509.1000214
https://doi.org/10.1016/s0966-6362(97)00038-6
https://doi.org/10.1016/j.jbmt.2023.06.006
https://doi.org/10.1016/j.jbiomech.2018.02.010
https://doi.org/10.1016/j.jbiomech.2018.02.010


45 
 

Paré, G., & Kitsiou, S. (2017, February 27). Chapter 9 Methods for literature 
reviews. Handbook of eHealth Evaluation: An Evidence-based Approach - 
NCBI Bookshelf. https://www.ncbi.nlm.nih.gov/books/NBK481583/ 

Patellofemoral Joint. (2023, November 20). Physiopedia,. Retrieved 09:25, 
May 22, 2024 from https://www.physio-pedia.com/index.php?title=Patello-
femoral_Joint&oldid=345278. 

Petersen, W., Ellermann, A., Gösele-Koppenburg, A., Best, R., Rembitzki, I. 
V., Brüggemann, G. P., & Liebau, C. (2013). Patellofemoral pain syndrome. 
Knee Surgery, Sports Traumatology, Arthroscopy, 22(10), 2264–2274. 
https://doi.org/10.1007/s00167-013-2759-6 

Running Biomechanics. (2023, February 28). Physiopedia, . Retrieved 09:49, 
December 2, 2024 from https://www.physio-pedia.com/index.php?title=Run-
ning_Biomechanics&oldid=327805.Retrieved 09:49, December 2, 2024 from 
https://www.physio-pedia.com/index.php?title=Running_Biomechan-
ics&oldid=327805. 

Pirker, W., & Katzenschlager, R. (2016). Gait disorders in adults and the el-
derly. Wiener Klinische Wochenschrift, 129(3–4), 81–95. 
https://doi.org/10.1007/s00508-016-1096-4 

ProtoKinetics, Types of GAIT Analysis, (2021, September 29). ProtoKinetics. 
Retrieved March 24, from https://protokinetics.com/types-gait-analy-
sis/#:~:text=The%20different%20types%20of%20gait%20analy-
sis%20can%20be%20divided%20into,analysis%20is%20data%20col-
lected%20electronically. 

Scataglini, S., Verwulgen, S., Roosens, E., Haelterman, R., & Van Tiggelen, 
D. (2021). Measuring spatiotemporal parameters on treadmill walking using 
wearable inertial system. Sensors, 21(13), 4441. 
https://doi.org/10.3390/s21134441 

Sisk, D., & Fredericson, M. (2019). Update of risk factors, diagnosis, and 
management of patellofemoral pain. Current Reviews in Musculoskeletal 
Medicine, 12(4), 534–541. https://doi.org/10.1007/s12178-019-09593-z 

Sports Biomechanics - IMeasureU | leading wearable sports sensors. (2019, 
November 25). IMeasureU. Retrieved October 30, 2024 from 
https://imeasureu.com/knowledge/sports-biomechanics/#:~:text=Kinet-
ics%20is%20the%20study%20of,gravity%2C%20friction%2C%20etc.) 

Svoboda, Z., Janura, M., Kutílek, P., & Janurová, E. (2016c). Relationships 
between movements of the lower limb joints and the pelvis in open and 
closed kinematic chains during a gait cycle. Journal of Human Kinetics, 
51(1), 37–43. https://doi.org/10.1515/hukin-2015-0168 

https://www.ncbi.nlm.nih.gov/books/NBK481583/
https://www.physio-pedia.com/index.php?title=Patellofemoral_Joint&oldid=345278.
https://www.physio-pedia.com/index.php?title=Patellofemoral_Joint&oldid=345278.
https://doi.org/10.1007/s00167-013-2759-6
https://www.physio-pedia.com/index.php?title=Running_Biomechanics&oldid=327805.
https://www.physio-pedia.com/index.php?title=Running_Biomechanics&oldid=327805.
https://doi.org/10.1007/s00508-016-1096-4
https://protokinetics.com/types-gait-analy-sis/#:~:text=The%20different%20types%20of%20gait%20analysis%20can%20be%20divided%20into,analysis%20is%20data%20collected%20electronically
https://protokinetics.com/types-gait-analy-sis/#:~:text=The%20different%20types%20of%20gait%20analysis%20can%20be%20divided%20into,analysis%20is%20data%20collected%20electronically
https://protokinetics.com/types-gait-analy-sis/#:~:text=The%20different%20types%20of%20gait%20analysis%20can%20be%20divided%20into,analysis%20is%20data%20collected%20electronically
https://protokinetics.com/types-gait-analy-sis/#:~:text=The%20different%20types%20of%20gait%20analysis%20can%20be%20divided%20into,analysis%20is%20data%20collected%20electronically
https://doi.org/10.3390/s21134441
https://doi.org/10.1007/s12178-019-09593-z
https://imeasureu.com/knowledge/sports-biomechanics/%23:~:text=Kinetics%20is%20the%20study%20of,gravity%2C%20friction%2C%20etc.)
https://imeasureu.com/knowledge/sports-biomechanics/%23:~:text=Kinetics%20is%20the%20study%20of,gravity%2C%20friction%2C%20etc.)
https://doi.org/10.1515/hukin-2015-0168


46 
 

Taggart, J. (2022, April 14). What role does GAIT analysis play in physical 
therapy? Athletic Physical Therapy. Retrieved March 24, 2024, 
https://www.athleticpt.com/role-of-gait-analysis-in-physical-ther-
apy/#:~:text=Physical%20therapists%20use%20gait%20analy-
sis%20to%20determine%20gait%20abnormalities%2C%20as-
sess,range%20of%20motion%2C%20and%20reflexes. 

Tao, W., Liu, T., Zheng, R., & Feng, H. (2012). GAIT analysis using wearable 
sensors. Sensors, 12(2), 2255–2283. https://doi.org/10.3390/s120202255 

Van Den Dries, G., & Capobianco, S. (2013). Power Taping Manual - 3rd 
Edition: Theories and Practical Applications of Fascial Movement Taping.  

Vora, M., Curry, E., Chipman, A., Matzkin, E., & Li, X. (2018). Patellofemoral 
pain syndrome in female athletes: A review of diagnoses, etiology and treat-
ment options. Orthopedic Reviews, 9(4). https://doi.org/10.4081/or.2017.7281 

Willy, R. W., Hoglund, L. T., Barton, C. J., Bolgla, L. A., Scalzitti, D. A., 
Logerstedt, D., Lynch, A. D., Snyder‐Mackler, L., & McDonough, C. M. 
(2019). Patellofemoral pain. ˜ the œJournal of Orthopaedic and Sports Physi-
cal Therapy/Journal of Orthopaedic and Sports Physical Therapy, 49(9), 
CPG1–CPG95. https://doi.org/10.2519/jospt.2019.0302 

Wilson, T. (2007). The measurement of patellar alignment in patellofemoral 
pain syndrome: Are we confusing assumptions with evidence? Journal of Or-
thopaedic & Sports Physical Therapy, 37(6), 330–341. 
https://doi.org/10.2519/jospt.2007.2281 

Willwacher, S., Kurz, M., Robbin, J., Thelen, M., Hamill, J., Kelly, L., & Mai, 
P. (2022). Running-Related Biomechanical Risk Factors for Overuse injuries 
in Distance runners: A Systematic review considering injury specificity and 
the potentials for future research. Sports Medicine, 52(8), 1863–1877. 
https://doi.org/10.1007/s40279-022-01666-3 

Xie, P., István, B., & Liang, M. (2022). The Relationship between Patellofem-
oral Pain Syndrome and Hip Biomechanics: A Systematic Review with Meta-
Analysis. Healthcare, 11(1), 99. https://doi.org/10.3390/healthcare11010099 

Yalfani, A., Ahmadi, M., & Asgarpoor, A. (2023). The effect of kinetic factors 
of dynamic knee valgus on patellofemoral pain: A systematic review and 
meta-analysis. Journal of Bodywork and Movement Therapies, 37, 246–253. 
https://doi.org/10.1016/j.jbmt.2023.11.001Yang, J., Fredericson, M., & Choi, 
J. (2020). The effect of patellofemoral pain syndrome on patellofemoral joint 
kinematics under upright weight-bearing conditions. PloS One, 15(9), 
e0239907. https://doi.org/10.1371/journal.pone.0239907 

Yang, J., Fredericson, M., & Choi, J. (2020). The effect of patellofemoral pain 
syndrome on patellofemoral joint kinematics under upright weight-bearing 
conditions. PloS One, 15(9), e0239907. https://doi.org/10.1371/jour-
nal.pone.0239907 

https://www.athleticpt.com/role-of-gait-analysis-in-physical-therapy/%23:~:text=Physical%20therapists%20use%20gait%20analysis%20to%20determine%20gait%20abnormalities%2C%20assess,range%20of%20motion%2C%20and%20reflexes.
https://www.athleticpt.com/role-of-gait-analysis-in-physical-therapy/%23:~:text=Physical%20therapists%20use%20gait%20analysis%20to%20determine%20gait%20abnormalities%2C%20assess,range%20of%20motion%2C%20and%20reflexes.
https://www.athleticpt.com/role-of-gait-analysis-in-physical-therapy/%23:~:text=Physical%20therapists%20use%20gait%20analysis%20to%20determine%20gait%20abnormalities%2C%20assess,range%20of%20motion%2C%20and%20reflexes.
https://www.athleticpt.com/role-of-gait-analysis-in-physical-therapy/%23:~:text=Physical%20therapists%20use%20gait%20analysis%20to%20determine%20gait%20abnormalities%2C%20assess,range%20of%20motion%2C%20and%20reflexes.
https://doi.org/10.3390/s120202255
https://doi.org/10.4081/or.2017.7281
https://doi.org/10.2519/jospt.2019.0302
https://doi.org/10.2519/jospt.2007.2281
https://doi.org/10.1007/s40279-022-01666-3
https://doi.org/10.3390/healthcare11010099
https://doi.org/10.1371/journal.pone.0239907
https://doi.org/10.1371/journal.pone.0239907
https://doi.org/10.1371/journal.pone.0239907


47 
 

APPENDIX 1 

 

Search method Title Author 

Comprehensive litera-

ture search 

Running-Related Bio-

mechanical Risk Fac-

tors for Overuse Injuries 

in Distance Runners: A 

Systematic Review 

Considering Injury 

Specificity and the Po-

tentials for Future Re-

search 

Willwacher et al., 

(2022) 

Comprehensive litera-

ture search 

Dynamic foot function 

as a risk factor for lower 

limb overuse injury: a 

systematic review 

Dowling et al., (2014) 

Comprehensive litera-

ture search 

The effect of kinetic fac-

tors of dynamic knee 

valgus on patellofemo-

ral pain syndrome: A 

systematic review and 

meta-analysis 

Yalfani et al., (2023) 

Comprehensive litera-

ture search 

Patellofemoral pain 

syndrome and its effect 

on the walking of af-

fected subjects: Update 

review 

Nourbakhsh et al., 

(2018) 

Comprehensive litera-

ture search  

Patellofemoral pain 

syndrome in female 

athletes: a review of di-

agnoses, etiology and 

treatment options 

Vora et al., (2017) 
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Comprehensive litera-

ture search 

Does the foot and ankle 

alignment impact the 

patellofemoral pain syn-

drome? A systematic 

review and meta-analy-

sis 

Martinelli et al., (2022) 

Comprehensive litera-

ture search 

The Relationship be-

tween Patellofemoral 

Pain Syndrome and Hip 

Biomechanics: A Sys-

tematic Review with 

Meta-Analysis 

Xie et al., (2022) 

Comprehensive litera-

ture search 

Runners with patello-

femoral pain have al-

tered biomechanics 

which targeted inter-

ventions can modify: a 

systematic review and 

meta-analysis 

Neal et al., (2016) 

Comprehensive litera-

ture search 

Kinematic and kinetic 

gait characteristics in 

people with patellofem-

oral pain: a systematic 

review and meta-analy-

sis 

Bazett-Jones et al., 

(2023) 

Comprehensive litera-

ture search 

The effect of patello-

femoral pain syndrome 

on gait parameters: a 

literature review 

Arazpour et al., (2016) 

Comprehensive litera-

ture search  

The effect of patello-

femoral pain syndrome 

on patellofemoral joint 

kinematics under 

Yang et al., (2020)  
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upright weight-bearing 

conditions. 

Supplementary search Management of patello-

femoral pain Syndrome 

Dixit, (2007) 

Supplementary search Gender differences in 

the incidence and prev-

alence of patellofemoral 

pain syndrome 

Boling et al., (2010) 

Supplementary search  Patellofemoral Pain 

Syndrome: Proximal, 

Distal, and Local Fac-

tors 

Davis & Powers, (2010) 

Supplementary search Patellofemoral Pain 

Syndrome. 

DY. Gaitonde, (2019) 

Supplementary search Biomechanics and 

pathomechanics of the 

Patellofemoral joint 

Loudon, (2016) 

Supplementary search Human kinematic, ki-

netic and EMG data 

during different walking 

and stair ascending 

and descending tasks. 

Lencioni et al, (2019) 

Supplementary search  Gait phase varies over 

velocities. 

Liu et al, (2013) 

Supplementary search  The pros and cons of 

Video GAIT analysis. 

Maffetone, (2020) 

Supplementary search EXAMINATION OF 

THE PATELLOFEMO-

RAL JOINT. 

Manske et al, (2016) 

Supplementary search  Qualitative and quanti-

tative methods of as-

sessing gait disorders. 

Moissenet et al, (2015) 
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Supplementary search Basic biomechanics of 

the musculoskeletal 

system. 

Nordin, M., & Frankel, 

(2012) 

Supplementary search  A little bit faster: Lower 

extremity joint kinemat-

ics and kinetics as rec-

reational runners 

achieve faster speeds. 

Orendurff et al, (2018) 

Supplementary search Prevention and treat-

ment of injuries to run-

ners. 

Otoole., n.d., preven-

tion 

Supplementary search Gait disorders in adults 

and the elderly. 

Pirker, W., & Katzen-

schlager, R., (2016) 

Supplementary search  Measuring spatiotem-

poral parameters on 

treadmill walking using 

wearable inertial sys-

tem 

Scataglini et al., (2021) 

Supplementary search  Update of risk factors, 

diagnosis, and man-

agement of patellofem-

oral pain. 

Sisk, D., & Fredericson, 

M., (2019) 

Supplementary search  Sports Biomechanics IMeasureU., (2019) 

Supplementary search  Patellofemoral pain  Willy et al., (2019) 
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