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1. Introduction

Osteoarthritis (OA) is the most common arthritis in the world. The World Health Organization declared that more
than 150 million people worldwide suffer from osteoarthritis, which places a huge burden on the patients them-
selves and their community economy [1]. Among osteoarthritis, hip osteoarthritis is the most common chronic
musculoskeletal disease, which often leads to pain and physical dysfunction [2]. It has a great impact on patients’
activities of daily living due to the motor dysfunction it brings [3]. For hip OA patients, their clinical presentations
such as reduced standing and walking behavior could be replaced by increased sedentary behavior, which may
cause the deterioration of the underlying disease [4]. Pain is a common symptom for hip OA patients and synovium
is one of the key factors causing such pain [5], thus the main focus of pain in hip OA will be on the pathological
changes of the synovium. Pathological hip joint loading is also a common symptom during the stance phase of gait
which could enhance the progression of hip OA [6]. Thus, it is necessary to analyze the evidence about above
symptoms to formulate effective treatments for hip OA patients. This essay focuses on the evidence between tissue
pathology of hip OA, pain and loading during the stance phase of gait.

2. Main body

When hip OA develops, relevant structures of the joint, including cartilage, bone, synovium and surrounding
muscles are usually influenced, as osteoarthritis is usually considered as a joint-wide disease rather than a single
tissue disease [7]. The main pathological changes in OA can be summarized as articular cartilage loss, subchondral
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sclerosis, and marginal osteophytes. Although cartilage lesions are considered a key factor in hip OA, there are no
nerves in the cartilage [8], thus it is not the direct cause of pain and the focus of discussion will be on synovium as
it is one of the main causes of hip OA pain [9].

OA pain is produced through nociceptive peripheral input from the tissues of the OA joint which includes syn-
ovium [10]. The pathological changes of the synovium are closely related to pain. Synovitis is common in both
early and late stages of hip OA and it has an obvious influence on symptoms and structural changes of inflamma-
tion [11]. The healthy synovium consists of 1 to 4 layers of cells that are combined with an area of loosely arranged
fibro collagenous layers on the deep surface. The synovial membrane is richly supplied with blood and nerves
throughout the loose fibrous collagenous tissue [12]. Pathological changes in synovium include: thickening of the
lining layer, increased vascular distribution and inflammatory cell infiltration [11]. Pearson [13] reported the in-
flammatory phenotype of the OA synovial fibroblast as the important factor of the inflamed synovial joint fluid and
the following study concluded these different cellular subsets are related to hip pain [14]. High levels of
pro-inflammatory cytokines including TNF-a, IL-1b, CCL2(MCP1) and IL-6 have been found in the synovium of
OA patients, which would aggravate inflammation and cause cartilage degradation as pro-inflammatory cytokines
keep increasing due to the pathological change [14]. For OA patients, activated B cells and T lymphocytes usually
infiltrate the synovium with overexpression of pro-inflammatory mediators at the early and late stages of OA,
which explains why the symptoms are most pronounced in these two periods [11]. As macrophages play a vital role
in inducing inflammatory mediators, growth factors and proteinases, it has a decisive influence on the degree of
inflammation and damage, and it is recognized as a sign of synovitis [15]. Macrophages have two recognized roles:
M1 macrophage works for pro-inflammatory while M2 macrophage works for anti-inflammatory. With the wor-
sening of OA, the balance between the two macrophages is broken and M1 failed to transform into M2, which leads
to high levels of inflammatory factors in the synovium and causes pain [16].

Studies have shown that pain has a significant impact during the stance of gait for hip OA patients. Tateuchi [17]
investigated gait- and posture-related factors linked to hip pain and physical function in OA patients. They found
during the stance phase of gait, patients with more severe pain had a greater limited hip extension and external rota-
tion. This study supported the concept that pain influenced gait biomechanics by reducing hip extension and exter-
nal rotation angle, however, no direct connection with loading was mentioned. In addition, as an exploratory study,
this study only recruited 30 participants, thus the sample size was limited, which made the data prone to type II er-
rors. Hall [18] found lower limb movements including in the stance phase of gait were observed to have a signifi-
cant decrease in speed and balance in hip OA patients with more severe pain. They presumed that the reason for this
phenomenon was that pain could affect muscle activation and thus influence the gait. However, due to the lack of
measurements loading, the authors were unable to carry out a more detailed analysis.

Farkas [19] recruited 61 patients with symptomatic unilateral hip OA patients to investigate the relationship be-
tween pain and loading alterations. All patients underwent gait analyses and radiographic OA severity and pain
were recorded. The asymptomatic hip had significantly higher peak external moments than the symptomatic hip in
the stance phase of gait. Using a visual analogue scale, known to be reliable and valid, patients' pain during the
stance phase of gait was effectively measured. The study suggested that pain had less association with abnormal
loading and gait asymmetries, while radiographic changes had a significant connection with abnormal loading by
comparing radiographic severity. A strength of this study was that a power calculation was conducted therefore the
results can be viewed with confidence. It is worth noting that this study did not provide a detailed classification of
hip OA patients at different stages, thus the association between pain and loading in patients at different stages is
still unclear. Eitzen [20] also supported the above finding and found that hip OA patients at late-stage present with
reduced hip flexion moments late stance phase. They presumed that abnormal joint loading that has a detrimental
effect on shear stress mainly leads to the biomechanics change and such abnormal loading is caused by joint mor-
phology changes. However, the connection between pain and loading was not found in this study. In addition, this
study only included patients with mild symptoms but excluded patients with serve hip OA, so this data cannot be
generalized to these patients.

Through magnetic resonance imaging and 3D gait analyses which were known to be reliable and valid, Kumar
[21] found that due to the joint changes in hip OA, patients’ hips have not adapted to the new loading pattern and
they were unable to distribute loading as healthy people whose posterior regions of the hip usually undertake less
contact pressure than the anterior and superior regions during the standing phase of gait, resulting in overloading
and underloading of their hips, which ultimately affects their stance of gait. The authors suppose such changes were
related to joint morphology changes while the role of pain was not reported.It is worth noticing that this study did
not consider hip OA patients whose Kellgren-Lawrence grade (KLG) is 4, thus patients with severe symptoms were
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excluded from the study and the results are applicable to these patients. In contrast to the above study, Hall [22]
have considered the pain factor and found unilateral symptomatic hip OA patients with severe pain symptoms were
observed to have a sharp rise of the second peak hip adduction moment and hip adduction moment impulse during
the stance phase of gait compared to mild patients or patients without pain symptoms, which contributes to the in-
crease (31-34%) of the frontal plane hip joint loading. However, this study measured the pain through the Western
Ontario McMasters Universities Osteoarthritis Index which includes pain that is usually experienced rather than
during the gait, thus the pain did not measure biomechanically at the time of the data collection.

Hall, Allison [22] found the hip adduction moment was affected by pain in patients with unilateral symptomatic
hip OA during gait. As a product of the frontal plane kinetic gait parameter, the hip adduction moment can be in-
fluenced by altering the magnitude of the frontal plane ground reaction force magnitude and the lever arm [23].
These two factors are controlled by the submaximal activations of the lower limb, pelvis and trunk muscle which is
affected by the severity of pain as patients with severe pain tend to fail to activate muscle as healthy people [22]. Fu
[24] also supported this finding as they found that OA patients with a high level of pain failed to generate enough
power to rebalance the larger external hip adduction moment in gait. Thus, pain influences the hip adduction mo-
ment through an indirect method and changes symptom presentation during the stance phase of gait. It is worth no-
ticing that although Hall, Allison [22] found useful evidence, the study did not consider the stance phase alone but
included it in the total gait cycle, which leads to the description of the stance stage in this study being unclear.

Zeni [25] explored the connection between gait and physical impairments, in patients with end-stage hip OA who
have larger pelvic drops during the first stance phase of gait. By measuring the muscle strength of the muscles
around the hip joint and conducting gait analysis, the authors concluded muscle weakness was the main reason
which drives such abnormal gait patterns and pain was not related to any biomechanical change in the hip during
gait. However, this study measured average pain over the last week by using the scale from Harris Hip Score, this
scale counts the pain during patients’ lives thus pain could be related to other factors rather than gait. Kumar [26]
explored the anatomic connection of reduced hip extension during gait among hip OA patients. During gait analysis,
the authors observed that hip OA patients had increased hip flexion in the early stance phase and reduced hip exten-
sion in the later stance phase. By calculating the correlations of radiographic and magnetic resonance parameters,
the authors supposed it was related to cartilage lesions in the inferior and posterior femur. Although the experiment
recorded the patients' pain, the connection between pain and biomechanical changes has not been analyzed. In addi-
tion, this study has the limitation that the participants of this study only included patients with early hip OA, thus
the conclusions cannot fully represent all hip OA patients.

3. Conclusion

In summary, hip OA is a disease worth exploring the methods to reduce its negative impact. This essay focuses
on the evidence between tissue pathology of hip OA, pain and loading during the stance phase of gait. Good evi-
dence had shown the link between pain and tissue pathology of hip OA as pathological changes caused by synovitis
lead to pain in hip OA [11, 14]. Kumar, Wyatt [26], Eitzen, Fernandes [20], Kumar, Wyatt [21] and Hall, van der
Esch [18] found good evidence between biomechanics changes and loading during the stance phase of gait, while
the relationship between loading and pain has rarely been mentioned. Some studies supposed pain has no obvious
or direct connection to loading during the stance phase of gait [19, 22, 25, 27]. Thus, there is limited evidence to
show the link between pain and loading during the stance phase of gait. It is worth noticing that the above studies
have limitations including small sample sizes and a lack of detail in grouping criteria.
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