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Abstract 

 

Osteoarthritis (OA) is the most common joint disease, which affects millions of people 

worldwide. OA pain is heterogeneous in nature. Traditionally it was considered to occur as a 

result of peripheral nociceptive input. However, there is increasing evidence that some 

patients present with features of neuropathic pain (NP). At present there are no diagnostic 

tests available to make a definite diagnosis of neuropathic pain in patients with OA.  

Developing a better diagnostic procedure for OA patients who may be suffering neuropathic 

pain is important for early diagnosis and targeted treatment.   

This research project aimed to determine if neuropathic pain and inflammatory pain can be 

distinctly demonstrated in patients with OA of the knee and help to develop diagnostic 

criteria for such patients. 

The research included 99 participants with knee OA and 38 age matched pain free 

participants were recruited and clinically screened to ensure suitability for inclusion in the 

study. OA participants were comprehensively evaluated using questionnaires (PainDETECT, 

S-LANSS, PQAS, WOMAC, PCS, DASS, PSQI and CQ) related to pain and function, features of 

neuropathic pain, psychosocial state, sleep quality and comorbidity. Pain free participants 

also completed questionnaires related to psychosocial state, sleep quality and comorbidity. 

Participants with osteoarthritis digitally mapped their pain and additional sensations with 

their location around the knee.  This was followed by a range of quantitative sensory tests 

(QST) which included sensory and pain function related to cold, heat, vibration, touch and 

pressure pain thresholds. In addition, measures of proprioceptive function, MRI and a range 

of biomarkers related to nerve injury and inflammation (CRP, IL1, IL6, TNF-α and NGF) were 

assessed.  

OA participants were divided in to three groups. Those with PainDETECT score of < 13 were 

included in the inflammatory pain group. Participants with PainDETECT score of ≥ 13 and 

reporting additional sensations or demonstrating a sensory deficit were classified as possible 

neuropathic pain (PoNPG).  Participants with a PainDETECT score of ≥ 19 who reported 
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additional sensations along with related sensory deficit in the same anatomical area (medial, 

lateral, or popliteal) were classified as the probable neuropathic pain group (PrNPG). 

Results indicated that OA participants experience sensory and proprioceptive deficits and 

increased pain sensitivity relative to the control group. Almost half of the OA cohort showed 

vibration hypoesthesia and impaired proprioceptive function. OA participants suffered 

greater sleep disruption and psychological dysfunction. They also exhibited more 

comorbidities and had higher BMIs than the control group. 

In the OA cohort, the membership of the IPG, PoNPG and PrNPG was 49%, 29% and 21%, 

respectively. PrNPG participants scored higher on the self-report NP questionnaires S-LANSS 

and PQAS. This group reported the greatest number of neuropathic symptoms on digital pain 

mapping. They also reported more severe pain, physical disability, compromised sleep 

quality and psychosocial measures. Assessment of sensory functions revealed the highest 

number of related sensory deficits in this group. Participants in the PoNPG also reported NP 

symptoms and had some sensory deficits. Most of the sensory and pain measures were not 

different between the three OA groups, except vibration and tactile threshold and cold pain 

threshold. There were more severe structural changes, cartilage defects, bone oedema, bone 

cysts, bone attrition, osteophytes, and meniscal lesions, on MRI in the neuropathic pain 

groups compared to the inflammatory pain group. 

Logistic regression models were developed to find which variables were associated with the 

neuropathic pain group. Logistic regression was performed by combining the data from 

PoNPG and PrNPG (NPG).  

Self-reporting measures, S-LANSS, pain severity, stiffness and functional disability, 

psychosocial characteristic and sleep disruption, digital mapping of burning sensation, 

electric shock sensation, and hypersensitivity, pressure pain thresholds on the medial the 

index knee, cold pain thresholds, vibration and cold detection threshold over the popliteal 

fossa, cartilage defects on the medial side of the knee, osteophytes on both the medial and 

lateral sides, lateral tibial bone oedema, lateral meniscal lesions (pathological features on 

MRI) were strongly associated with NPG in univariate logistic models.  

The variables (multivariate logistic regression model) most strongly related to NP were 

vibration threshold at the popliteal fossa of the index knee, cold pain threshold on the lateral 
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aspect of the index knee, lateral osteophytes, lateral meniscus lesions and lateral burning 

and hypersensitivity. Most of the variables related to NP were identified on the lateral side 

of knee. Implementing a better diagnostic protocol for osteoarthritis pain will ultimately lead 

to rational therapeutic targets for OA. 
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1. Literature review  

 

1.1. Osteoarthritis 

Osteoarthritis (OA) is a leading cause of joint pain and functional disability. Its incidence is 

directly related to age; about 50% of the affected people are aged over 65 years (Sofat et al., 

2011). Osteoarthritis pain is a common reason to attend general practice (Peat et al., 2001). 

There were approximately 2.2 million (9.3%) Australians with OA in 2017-18 (Australian 

Institute Health and Welfare (AIHW)). There has been an approximately 38% increase in the 

rate of total knee replacements (TRK) over the last decade, as this treatment is used to treat 

severe OA cases (AIHW).  

Patients with knee OA commonly present with symptoms and signs of pain, joint stiffness, 

tenderness, crepitus, muscle weakness, limitation of motion, impaired proprioception, 

disability and enlargement deformity (Tsauo et al., 2008). 

Some OA patients present with pain that is difficult to manage and relatively insensitive to 

the recommended medications like non-steroidal anti-inflammatory drugs (NSAID) (Bjordal, 

Ljunggren, Klovning, & Slordal, 2004; Neame et al., 2004). A review of nine studies found that 

the incidence of neuropathic pain (based on responses to self-report questionnaires) is 

significant among knee and hip OA patients at 23% (95%CI: 10-39%) (French et al., 2017). Of 

the nine studies reported, only one study included hip OA patients whereas the rest of the 

studies only included knee OA patients. Therefore, as the aging population is growing rapidly 

worldwide (Pearson et al., 2021), it is important to determine accurate diagnostic criteria for 

people who may be experiencing neuropathic pain and to improve the management of 

patients suffering more severe pain as a consequence of OA. 

At present, there are no tests available to make a definitive diagnosis of neuropathic pain in 

patients with OA.  Currently, guidelines recommend that OA patients should be treated with 

standard analgesics and NSAIDs (ACR, 2000; Bjordal, Ljunggren, Klovning, & Slørdal, 2004). 

Often, the patient’s management is based only on symptomatic responses. This study was 

designed to investigate diagnostic criteria which could possibly differentiate pain 

phenotypes among OA patients and determine a well-defined set of measures which would 
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assist in early diagnosis of neuropathic pain (NP). NP management requires different 

medication compared to conventional NSAIDs.  OA patients can therefore benefit from more 

targeted pain management once their NP is diagnosed. 

1.1.1. Pathophysiology of osteoarthritis 

OA is a degenerative disease of joints. It affects the entire joint structure including articular 

cartilage, synovial membrane, subchondral bone, ligaments, joint capsule, neural structures 

and muscles (Figure 1) (Samuels et al., 2008; Yunus et al., 2020).  

 

Figure 1:  Description of degenerative changes in knee osteoarthritis. 

In the normal joint, chondrocytes maintain equilibrium between synthesis and degeneration 

of extracellular matrix (ECM) (Sandell & Aigner, 2001). Osteoarthritic changes lead to 

disruption of the matrix equilibrium with progressive loss of cartilage, cellular expansion of 

chondrocytes, and induction of oxidative states in a stressful cellular environment, which 

leads to apoptosis of cells (Lane et al., 2011). This eventually leads to the destruction of the 

ECM and cartilage degradation. Clinically, degradation of ECM results in gradual impairment 

of articular cartilage, often accompanied by pain and physical disability (Goldring & 

Berenbaum, 2004; Sandell & Aigner, 2001). These changes stimulate remodelling in 
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subchondral bone in the form of sclerosis and osteophyte formation (Figure 2) (Abramson & 

Attur, 2009). 

 

Figure 2: Complex cellular changes in an OA joint: activated chondrocytes produce ECM degrading 
proteases, pro-inflammatory cytokines and catabolic growth factors (Abramson & Attur, 2009). 

 

Inflammatory and mechanical stimuli initiate the release of cytokines from chondrocytes, 

which then initiate a complex biochemical and mechanical interplay, resulting in the 

development of OA (Schaible et al., 2011). Pro-inflammatory cytokines from the interleukin 

family (IL-1, IL-6, IL-17), tumour necrosis factor alpha (TNF-α) and prostaglandin E2 initiate 

pain and hyperalgesia by a number of direct and indirect actions, including sensitisation of 

nociceptors for mechanical stimuli (Schaible, 2007). These pro-inflammatory mediators 

stimulate production of cartilage degrading proteases which also contributes to the 

development of peripheral sensitisation and pain in OA. Nerve growth factor (NGF) is a 

neurotrophic factor, which regulates a variety of metabolic pathways and organ functions. 

These include supporting the development of neurons in the central and peripheral nervous 

system, wound healing and immune suppression (McMahon et al., 2005). NGF is known to 

produce significant nociceptive input by binding to the specific receptors TrkA and p75NTR 

(Galoyan et al., 2003). Several chronic pain disorders like diabetic neuropathy, cystitis, 

pancreatitis and osteoarthritis pain are associated with nerve growth factor dysregulation 

(Eibl et al., 2012). 
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1.2. Pain 

Pain is a protective mechanism to alert to an event which may lead to damage in the body 

tissues. It is a complex sensory and emotional experience, which is usually categorised as 

nociceptive/inflammatory or neuropathic (Lewin & Mendell, 1993). Spontaneous pain and 

mechanical hypersensitivity can develop as a result of sensitisation of primary afferents 

directly involved in the inflammatory process, but also following sensitisation of neurons in 

the spinal cord (central sensitisation) or higher centres. Persistent pain is the most common 

reason people with osteoarthritis seek medical advice and treatment (Riel et al., 2020). 

Inflammatory pain is linked to activation and sensitisation of peripheral nociceptors whereas 

pain originating from nerve damage (peripheral neuropathic pain) has been linked to other 

physiological phenomena such as ectopic discharge and axonal cross excitation, occurring as 

a result of damage to nerve tissue (Schaible et al., 2006). 

The current American College of Rheumatology (ACR) and Osteoarthritis Research Society 

International (OARSI) guidelines for the pharmacological treatment of OA pain advise the 

prescription of acetaminophen/paracetamol (up to 4000 mg/day) as a standard initial oral 

analgesic (Hochberg et al., 2012; Zhang et al., 2008). In the absence of an adequate response, 

or in the presence of severe pain and/or inflammation, alternative pharmacologic therapy 

may then be considered (Zhang et al., 2008). This may include the use of NSAIDs although 

the use of neuropathic pain medication is not routinely considered. The concept that some 

patients with OA may exhibit features of neuropathic pain is gaining more widespread 

acceptance however (French et al., 2017; Hochman et al., 2011; Ohtori et al., 2012; Woolf, 

2011) and so in some cases it may be appropriate to consider medications specifically 

targeting neuropathic pain. 

 

1.3. Pain phenotypes 

1.3.1. Inflammatory pain 

Inflammatory pain is caused by local inflammation and tissue damage. This type of pain 

usually results from the activation of nociceptive afferent neurons by tissue-damaging 

stimuli and inflammatory mediators (Mease et al., 2011). Impulses are transmitted via the 
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peripheral nerves and spinal cord tracts to the brain (Schaible et al., 2006). Nociceptors are 

located throughout the joint tissues including joint capsule, ligaments, periosteum and 

subchondral bone (Buckwalter et al., 2004; Felson, 2005). A peripheral drive to pain occurs 

in approximately 60-80% of patients with OA (Ohtori et al., 2012). Intense prolonged input 

from nociceptors sensitises spinal cord pain transmitting neurons and leads to decreased 

activation thresholds, increased synaptic efficacy and decreased firing thresholds (central 

sensitisation) (Woolf, 2011). 

1.3.2. Neuropathic pain 

Neuropathic pain (NP) is defined as, ‘pain arising as a direct consequence of a lesion or 

disease affecting the somatosensory system’ (Treede et al., 2008). NP symptoms are often 

described using terms such as burning, shooting, tingling, stinging and numbness 

(Freynhagen et al., 2006). Patients also often report spreading or radiating pain and excessive 

sensitivity to various stimuli such as cold and light touch (Bennett et al., 2007).  Patients with 

NP visit their doctor frequently due to substantial pain that interferes with their daily 

functioning despite receiving treatment (McDermott et al., 2006). Sensorimotor neuropathy 

affects large and small afferent nerve fibres to varying degrees resulting in mixed symptoms 

and sensory loss (Perkins et al., 2001; Vanik et al., 1986). Myelinated afferent nerve fibres 

transmit proprioception (limb location), touch, cold and vibration sensation (Gilman, 2002). 

Small unmyelinated afferent fibres are responsible for conducting nociceptive stimuli for 

touch and warm sensation (Vanik et al., 1986). Common conditions with NP include diabetes, 

shingles, spinal cord injury, stroke, multiple sclerosis, cancer, and HIV infection, as well as 

lumbar or cervical radiculopathies, and traumatic or postsurgical nerve injuries. Diabetic 

neuropathy is a well-recognised complication of type-1 and type-2 diabetes mellitus (DM). 

Approximately one third of patients with DM show evidence of peripheral neuropathy (Duby 

et al., 2004). The presence of NP is directly related to the duration of disease and glycaemic 

control. 

Neurons triggered by nociceptive stimuli become hyper responsive to subsequent stimuli 

which results in sensitisation. Peripheral nociceptors may become sensitised from prolonged 

and intense input from cartilage and subchondral bone damage as well as synovial 

inflammation (Schaible, 2012).  Nociceptive input from the OA knee joint may also lead to 

central sensitization, which may arise from chronic nociceptor stimulation and subsequent 
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modification of central pain transmitting neurons. It has been suggested that this may be 

associated with NP symptoms (Hochman et al., 2013; Hochman et al., 2011; Ohtori et al., 

2012).  

1.4. Innervation of the knee joint 

The human knee joint receives innervation from a number of peripheral nerves. These are 

the femoral nerve (medially), the common peroneal nerve (laterally) and a plexus formed by 

the sciatic, tibial and obturator nerves (posteriorly) (Horner & Dellon, 1994). Each of these 

innervations combines articular, muscular, and cutaneous components (Figure 3).  

 

 

 

 

 

 

Figure 3: Nerve supply around the knee area. a. nerve distribution on the anterior aspect of the knee 
b. lateral distribution of nerves c. Nerve distribution on the posterior aspect of the knee. Femoral 
nerve (medial), the common peroneal nerve (lateral) and the posterior plexus, composing the tibial, 
common peroneal and superior medial geniculate nerve (Goldman et al., 2018). 

 

The cutaneous innervations are not extensive and do not extend beyond the infrapatellar 

region.  The medial femoral cutaneous nerve and medial reticular nerve are located over the 

medial aspect of the knee joint with a parapatellar and infrapatellar distribution. In addition, 

the infrapatellar branch of the saphenous nerve crosses the inferior knee from medial to 

lateral innervating both the skin below the patella and the anterior inferior knee capsule 

(Kennedy et al., 1982). The lateral reticular nerve and superior lateral genicular nerve 

innervate the lateral aspect of the knee. The posterior plexus innervates the central posterior 

region of the knee. This defines three areas of distinct innervation that will be important for 
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the purposes of this study. These are the anteromedial and lateral aspects of the knee and 

the popliteal fossa.  

Considering the nerve distribution around the knee, it would appear that the medial, lateral 

and posterior aspects of the knee should be evaluated specifically in order to obtain 

information about any potential neurological deficits. Reporting of symptoms and sensory 

testing on these three sites can be carried out to investigate NP symptoms corresponding to 

the specific areas of innervation. Accurate diagnosis of pain is important as pharmacological 

therapy without proper diagnosis is ineffective and sometimes pain medication can pose 

major health risks due to drug interactions. 

 

1.5. Self-reporting measures (questionnaires) 

1.5.1. Neuropathic pain questionnaires 

Several questionnaires have been used to distinguish neuropathic pain (NP) from other types 

of chronic pain. These questionnaires are based on verbal descriptors and pain qualities. 

These tools have been used in research as well as in some clinical settings. However, they do 

not provide sufficient information to establish a formal diagnosis of neuropathic pain.  

The Leeds assessment of neuropathic symptoms and signs (LANSS) was the first 

questionnaire developed to identify NP (Bennett, 2001).. The S-LANSS has been used in some 

recent studies along with the PainDETECT questionnaire to identify NP (Hochman et al., 

2013; Hochman et al., 2011; Moreton et al., 2015). In the absence of a gold standard these 

studies used both questionnaires to confirm the identification of participants with NP.  

The PainDETECT questionnaire (PDQ) was developed and validated as an easy to use self-

report questionnaire. It is a screening tool, initially developed to identify the presence of 

neuropathic pain in patients with chronic low back pain. It has been widely used in 

osteoarthritis patients to identify pain phenotypes among OA patients; higher sores > 19 

suggest the presence of neuropathic pain (Moss et al., 2018; Moss et al., 2016; Ohtori et al., 

2012; Wright et al., 2017). These studies demonstrated higher PainDETECT scores were 

related to wide-spread hyperalgesia to cold and pressure and hypoesthesia to warm, cold 

and touch; suggesting the presence of compromised sensory function. 
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The PainDETECT questionnaire has been frequently used in research studies and 

demonstrated different pain phenotypes among people with knee OA pain (Hochman et al., 

2013; Moss et al., 2018; Valdes et al., 2014). These studies reported up to 32% of people 

scored positive for the NP category. DN4 is another questionnaire to evaluate neuropathic 

pain. Similar incidence of NP was reported by using S-LANSS and DN4, 30% and 29.4% 

respectively (Moreton et al., 2015; Oteo-Álvaro et al., 2015). These two questionnaires were 

used to identify a sub-group of the OA cohort who present with NP (Hochman et al., 2013; 

Moreton et al., 2015).  

1.5.2. Pain and physical function assessment 

Western Ontario and McMaster Universities Arthritis Index (WOMAC) is a hip and knee OA-

specific self-report questionnaire which is widely used for the assessment of pain, stiffness 

and physical disability caused by knee OA. It has been widely used in research studies. Some 

studies have used the WOMAC to assess pain severity and physical function in OA patients 

along with the PainDETECT questionnaire (Hochman et al., 2013; Moss et al., 2018; Wright 

et al., 2017). The results of these studies have shown that people with OA who score high on 

PainDETECT had significantly greater pain and functional disability compared to those with 

low PainDETECT scores, linking a more severe impact of disease with evidence of neuropathic 

pain. 

The Pain quality assessment scale (PQAS) questionnaire assesses the dimensions of 

spontaneous pain experienced by patients with a range of conditions including OA (Victor et 

al., 2008). The PQAS assessment is based on specific sub-scales, which reflect different pain 

domains: the paroxysmal sub-scale (shooting, sharp, electric, hot radiating) and the surface 

subscale (itchy, cold, numb, sensitive and tingling) seem to be related to NP pain and the 

deep subscale (aching, heavy, dull, cramping, throbbing, and tender) assesses inflammatory 

pain. Previously higher PQAS scores were related to the neuropathic pain group (based on 

PainDETECT) and higher cold pain threshold (CPT) values (Wright et al., 2017). 

The pain catastrophizing scale (PCS) is a valid and reliable measure of pain catastrophizing in 

older adults, including those with OA. Higher scores indicate more pain catastrophizing 

(Osman et al., 1997). Higher PCS scores were reported previously among knee OA 

participants compared to controls (p= 0.0001) (Hochman et al., 2013). However, it is yet to 
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be explored whether more catastrophizing is related to the presence of NP among knee OA 

patients. 

1.5.3. Psychosocial and sleep assessment 

Higher depression and anxiety scores have been reported in people with chronic pain using 

different assessment tools (Bair et al., 2008). Poor sleep quality has also been demonstrated 

previously in knee OA participants with possible NP (Valdes et al., 2014). This is an area that 

requires more detailed investigation in the OA cohort to see if it relates to different pain 

phenotypes. 

 

1.6. Pain mapping 

Pain description indicating the location of pain and its distribution gives useful information 

to clinicians and researchers. Pain mapping has transitioned from paper-based mapping to 

digital pain mapping and digital pain mapping on 3D body schema (Figure 4).  

 

 

 

 

  

Figure 4: Pain mapping of study participants showing different pain patterns, on the anterior and 
posterior aspects of the knee on 3D lower limb body schema. 

 

Mapping quantifies and assesses pain to help in diagnosis and follow-up i.e., treatment effect 

(Abbott et al., 2015; Wood et al., 2007). Pain mapping is a useful tool in research as well as 

in clinical settings to quantify pain and track changes over time, after treatment or for the 

progression of disease. Previous studies using pain mapping to examine pain location in knee 

OA, have suggested that the medial side is the most common site of pain (Creamer et al., 
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1998; Wood et al., 2007).  No particular pain pattern or location was found to be indicative 

of knee OA when pain mapping was used to evaluate pain pattern and location (Wood et al., 

2007). 

Pain mapping increases the analytic possibilities of pain description. Pain pattern, area and 

site were studied using digital pain mapping on a 3D body schema of the lower limb in 

participants with patellofemoral pain (Boudreau et al., 2017; Boudreau et al., 2018). Specific 

patterns of pain were recognised and bilateral pain was related to longer duration. 

The area and site of symptoms of NP, like electric shock, burning, tingling and cold could help 

identify the area of NP symptoms and help to assess sensory deficit at a particular pain 

location by guiding testing for sensory detection threshold. Participants’ photographic knee 

pain map results indicated 16% of the knee OA participants had isolated medial knee pain, 

whereas a diffuse pain pattern was most common (Van Ginckel et al., 2016). The same study 

also noted that diffuse knee pain reports were associated with severe pain and physical 

dysfunction indicated by higher WOMAC scores. Prevalence of neuropathic pain-like 

symptoms (high PainDETECT scores) were linked to diffuse and posterior-medial patterns 

rather than anterior-medial pain (Van Ginckel et al., 2016). 

Pain mapping could be a good tool to assess the incidence and location of peripheral 

nociception and NP like symptoms in knee OA. 

 

1.7. Quantitative sensory testing (QST) 

Features of sensory deficits or hypersensitivity associated with NP have been identified using 

quantitative sensory testing (QST) in knee OA patients (Hochman et al., 2011; Wright et al., 

2015). QST involves assessing the response to a range of evoked somatosensory stimuli 

which can be mechanical, chemical, electrical, and thermal (Wylde et al., 2011). Commonly 

cold, heat, tactile, vibration and pinprick perception thresholds and pressure, heat and cold 

pain thresholds are the measures used in research and sometimes in clinical settings. 

Somatosensory abnormalities like hypoesthesia, hyperalgesia, temporal summation and 

allodynia have been demonstrated in people with chronic knee pain using QST measures 

(Arendt-Nielsen et al., 2010; Harden et al., 2013; Hochman et al., 2013; Moss et al., 2018).  
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Some of these findings may be indicative of a potential role for QST in identifying 

somatosensory abnormalities associated with the development of neuropathic pain in knee 

OA. QST is a valuable tool to identify sensory deficit in clinical setting. It was suggested 

valuable for staging diabetic neuropathy (Hansson et al., 1991; Zaslansky & Yarnitsky, 1998) 

and evaluating drug efficacy (Schliessbach et al., 2018). This research project used a number 

of QST measures to evaluate sensory deficits and hyperalgesia among knee OA participants. 

 

1.8. Proprioception 

Proprioception is the sense of position and relative movement of different body parts i.e., 

limbs and joints in space (Kalaska, 1994). Proprioceptive sense plays an important role in 

muscle contraction and joint stabilisation. Patients with OA of the knee, when tested for 

partial weight bearing joint reposition sense (JRS) performed poorly compared to control 

subjects (Garsden & Bullock-Saxton, 1999). In individuals with knee OA proprioceptive 

impairments have been reported not only in the affected knee but also in the unaffected 

knee, in people with unilateral disease (Garsden & Bullock-Saxton, 1999). Compromised 

movement detection at the elbow and knees in patients with knee OA has also been 

reported, which supports the presence of generalised proprioceptive impairment. However, 

a more recent investigation of joint repositioning proprioceptive deficit found that it was 

localised to the affected knee joint (Shanahan et al., 2015). It is known that myelinated nerve 

fibres transmit proprioception and vibration sensation (Vinik et al., 2000). Proprioceptive 

deficits may reflect a sensorimotor neuropathy affecting myelinated afferent nerve fibres. 

A longitudinal study assessed proprioceptive function using joint reposition error at baseline 

and at 30 months and reported reduced proprioceptive perception in OA participants. This 

was related to the presence and severity of knee pain and the associated functional disability 

(Felson et al., 2009). Impaired proprioceptive function was related to the presence and 

severity of knee pain but not with the presence of radiographic findings of OA. People with 

knee OA who had poor proprioceptive function also had worse physical functional ability and 

more severe pain over time compared to those with good proprioceptive function (Felson et 

al., 2009). 
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Proprioceptive impairment may lead to poor control of joint position and more mechanical 

load on the joint, which may lead to a higher risk of development and progression of OA (Salo 

et al., 2002). The posterior cruciate ligament (PCL) is a collagen tissue to provide structural 

support, but it also has neural elements (mono-receptors) which provide proprioceptive 

input to the body by mediating knee kinaesthesia, leading to dynamic stability (Rajgopal et 

al., 2014). Retaining the PCL in total knee replacement is a good option for better 

proprioception and stability, indicating the overall importance of proprioception (Rajgopal 

et al., 2014). 

Proprioceptive performance may be adversely affected by damage to the joint receptors of 

OA knees. These receptors are important for the normal reflexive knee joint functions. It 

appears that these deficits may be overcome to some degree with knee replacement (Weiler 

et al., 2000). Impairment of joint position sense may occur as a result of OA pathophysiology 

and may also be a primary factor in initiation of joint damage (Barrett et al., 1991).  

Restoration of joint structure or joint replacement leads to improvement in joint position 

sense but does not completely restore proprioception to the levels of age matched controls 

(Barrett et al., 1991). Diseases associated with sensory loss like diabetes mellitus and/or 

leprosy may also lead to joint arthropathy (O'Connor et al., 1985). When protective muscular 

reflexes are abolished or their effectiveness in protecting articular and periarticular tissues 

is decreased this may lead to neuropathic arthropathy (a Charcot joint) (Finsterbush & 

Friedman, 1975; O'Connor et al., 1985). This might suggest that neuropathic deficits might 

also play a role in the aetiology of OA. 

The focus of this study was to use joint reposition sense error to evaluate proprioceptive 

deficits among OA participants and to determine whether deficits of proprioceptive function 

help to identify pain phenotypes of OA participants. 

 

1.9. Magnetic resonance imaging (MRI)  

Magnetic resonance imaging (MRI) allows visualisation of the knee joint with excellent 

anatomical resolution and tissue contrast. MRI can be used to visualize all the structures of 

the joint including cartilage, bony structures, and tendons (Kim et al., 2016), Figure 5. Bursae 

are synovium lined structures, which cannot be detected on any other imaging method.  
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Figure 5: (a) T1 weighted MRI image and (b) T2 weighted MRI image showing some structural changes 
of OA knee.  

 

The diagnostic performance of MRI is found to be better compared to X-ray, arthroscopy and 

histological sections to look at cartilage, meniscus and synovium (Hunter et al., 2011). MRI 

has shown associations between specific synovial and bone abnormalities and pain intensity 

(Felson, 2005; Roubille et al., 2014). There was a strong association reported with the 

presence of pain in the OA knee and the presence of bone marrow lesions on MRI  (Felson 

et al., 2010). MRI detects the whole joint such as synovium, subchondral bone, meniscus, 

cartilage, and cyst-like lesions to help diagnose numerous disease conditions. When knee 

structural changes were assessed on MRI in symptomatic OA patients based on PainDETECT 

score, the presence of meniscal extrusion and meniscal tears were strongly associated with 

higher PainDETECT scores (Roubille et al., 2014). Bilateral popliteal cysts, sub-gastrocnemius 

bursitis and Hoffa’s fat pad ganglion cyst like lesions are also commonly observed in patients 

with chronic knee pain (Hayashi et al., 2010). MRI has emerged as a technique of choice to 

visualise such lesions. An increasing prevalence of sub-gastrocnemius bursitis is associated 

with increasing severity of both effusion and synovitis (Hayashi et al., 2010). Some 

pathological features like synovitis and cysts can be detected on MRI and diagnosis can be 

made before these signs appear on X-ray.  

In this study knee MRIs were used to determine which structural changes in knee OA were 

pathognomonic of neuropathic pain. 
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1.10. Biomarkers in knee osteoarthritis  

The pathological process in osteoarthritis leads to the development of chronic inflammation 

and the potential to damage the neural tissue. There are a number of biomarkers that are 

commonly evaluated as indicators of inflammation and nerve damage in research and clinical 

practice. Established measures of inflammation include the erythrocyte sedimentation rate 

(ESR), white blood cell (WBC) count and C-reactive protein levels (CRP). ESR and WBC have 

low sensitivity and specificity as diagnostic markers of joint pain. CRP and interleukin 6 (IL-6) 

are relatively newer markers and their diagnostic value is still unclear from the literature. 

Some recent studies have demonstrated that there is enhanced expression and release of 

pro-inflammatory cytokines like Tumour necrosis factor alpha (TNF-α), interleukin-1β (IL-1β) 

and IL-6 from dorsal root ganglion (DRG) cells following nerve injury (Dimitroulas et al., 

2014). These markers are found to be important indicators of neuropathic pain in rodents 

(Leung & Cahill, 2010; Wells et al., 1992; Xu et al., 2006). TNF-α can stimulate sensory 

neuronal excitability and produce NP. Direct application of TNF-α in the periphery induces 

pain and can be blocked by anti-inflammatory medications. Anti TNF-α  antibody application 

produces a prolonged reduction of pain symptoms in OA (Grunke & Schulze-Koops, 2006). It 

has also been reported that TNF-α is involved in the pathogenesis of diabetic neuropathy 

(DNP) in mice and inhibition of TNF-α improved DNP. In a mouse NP model with L5 spinal 

nerve transection, a gene therapy was used to relieve NP by silencing TNF-α expression in 

DRG. This led to significant improvement of NP (Ogawa et al., 2014).  

In this study a number of biomarkers will be assessed to see if they demonstrate any 

association to the presence of neuropathic pain in the OA cohort. 

 

1.11. Diagnosis of neuropathic pain 

A number of studies over the last decade have begun to provide evidence that a sub-group 

of patients with knee OA have high scores on neuropathic pain questionnaires, suggesting 

that they may have clinical features of neuropathic pain (Dimitroulas et al., 2014; Hochman 

et al., 2011; Moss et al., 2018).  Currently, however, there are no established criteria for 

formally diagnosing neuropathic pain in patients with OA. Treede proposed a revised 

definition of neuropathic pain and proposed a grading system of definite, probable and 
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possible neuropathic pain (Treede et al., 2008). To diagnose neuropathic pain evidence of 

sensory deficit and a relevant pathological process is required (Treede & Baron, 2008; Treede 

et al., 2008). Evidence of sensory deficit is yet to be systematically explored in knee OA. 

Further research is required in this area so that a diagnostic procedure can be established to 

confirm neuropathic pain in people with knee OA. That is the objective of this research 

project. 

 

1.12. Aims 

The main aim of the study was 

• To develop a logistic regression model to determine which measures most clearly 

differentiate between each of the pain categories and determine a well-defined set 

of measures that can be used to classify a patient with knee osteoarthritis into a 

neuropathic or inflammatory pain category. 

To achieve this following aims were adopted 

• To evaluate sensory and pain thresholds using QST, joint reposition error (JRE), self-

reporting psychosocial function, sleep quality and comorbidities and compare them 

between OA and pain free controls. 

• To evaluate sensory deficit among OA participants in comparison to sensory data 

from pain free controls.  

• To develop a standard methodology to differentiate different pain phenotypes 

• To determine whether these phenotype groupings can be differentiated by using 

questionnaires based on a range of self-report measures. 

• To digitally map the location of pain and other sensations/symptoms in participants 

with knee OA on a template representing the lower limb to identify pain and 

symptom location. 

• To determine the relationship of the location of pain and symptoms related to 

neuropathic pain within different pain phenotype groups of knee OA participants. 

• To determine if proprioceptive deficits, sensory deficits and pain thresholds are 

different between pain phenotype groups in people with knee OA. 
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• To determine if proprioceptive deficits, sensory deficits and pain thresholds are 

different between pain phenotype groups in people with knee OA. 

• To determine whether pathological features present on MRI demonstrate 

differences based on pain phenotype groups. 

• To measure serum biomarkers of CRP, IL-1, IL-6, TNF-α and NGF in OA participants 

to determine if any of these serum biomarkers can help predict inclusion into a 

neuropathic or inflammatory pain category. 

• To determine cut-off values for the measures found significant on logistic regression 

and to determine the sensitivity and specificity of these measures to discriminate 

between the two groups. 

 

1.13. Overview of the thesis 

The thesis starts with an introduction (Chapter 1) to osteoarthritis (OA), neuropathic pain 

(NP) and the measures available to assess pain and sensory functions i.e., questionnaires, 

QST, proprioceptive function etc. Pain free participants were also recruited to collect 

normative data on psychosocial state, sleep quality and comorbidity using questionnaires. 

The QST measures which included sensory and pain function related to cold, heat, vibration, 

touch, pressure pain thresholds and measures of proprioceptive function, were assessed in 

pain free as well as in OA participants. The methodology used to measure these variables is 

described in Chapter 2. In the following Chapter (Chapter 3) the comparison of these 

measures between pain free participants and OA participants is presented. Questionnaire 

based measures were assessed, which included neuropathic pain descriptors, pain severity, 

stiffness, physical disability, anxiety, depression, and sleep quality. Results of these self-

reporting measures are presented in Chapter 4. Chapter 5 describes the results of pain and 

NP related symptom mapping carried out electronically by OA participants. Assessment of 

QST and proprioceptive function among different OA groups is included in Chapter 6. 

Structural changes, because of knee OA, were assessed on knee MRIs of OA participants. MRI 

results are discussed in Chapter 7. Serum biomarkers related to nerve injury and 

inflammation (IL1, IL6, TNF-α and NGF) are discussed in Chapter 8. Logistic regression models 

are presented in Chapter 9 to determine which variables were associated with neuropathic 

pain. Finally, the overall summary of the results and conclusions is discussed in Chapter 10. 
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2. Methods 

 

2.1. Study participant recruitment 

Participants for this study were recruited through advertisement on Curtin radio, adverts in 

gyms and retirement villages and through a research participant recruiting service (Trialfacts).  

 

2.2. Ethical approval 

Ethics application was prepared and submitted to obtain ethics approval. This research project 

was approved by Curtin University Human Research Ethics Committee (HREC).  HREC project 

number was HRE 39/2016. 

 

2.3. Power / sample size calculation 

Cold pain threshold data were used as a representative QST measure from a previous study to 

calculate power and sample size for one-way ANOVA (alpha 0.05; beta 0.80): the largest 

difference between means = 9.4 and SD = 7.5; predicted sample size of 11. Similarly, joint 

reposition error data, for a representative proprioception measure, from a previous study, were 

used to calculate power and sample size for a one-way ANOVA: largest difference between 

means = 3.62; largest SD = 5.5; predicted sample size = 34. This suggests that, for a minimum 

sample (group) size of 34, it would be necessary to recruit at least 100 OA and 35 pain free 

control participants. 

To perform the logistic regression analysis the widely accepted criterion of 10 outcomes per 

predictor variable and a maximum of 4 predictor variables were assumed. It was anticipated that 

the ratio of participants with inflammatory pain and neuropathic pain would be 2 to 1. It was 

anticipated that 4 predictor variables would be applied to each of the logistic regression models. 

This would therefore mean that an overall sample size of approximately 120 would be needed 

(40 participants in the PrNPG; 80 in the IPG). Based on these assumptions it was considered that 

120 OA and 35 pain free participants were required for the study.  
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2.3.1. Inclusion criteria  

Osteoarthritis participants 

- Participants aged 50 years and over diagnosed with unilateral knee OA for at least six 

months. 

- Participants diagnosed with OA according to the American College of Rheumatology 

(ACR) criteria for a diagnosis of osteoarthritis: pain ≥ 3, stiffness and the presence of 

crepitus/crackling. 

- Participant’s pain in the index knee ≥ 3 on a scale of 10 on most days of the last week. 

Pain free participants 

- Participants aged 50 years and over with no history of joint pain and no previous history 

of knee surgery. 

2.3.2. Exclusion criteria (both groups) 

- History of other inflammatory conditions (e.g., rheumatoid arthritis) 

- History of a significant neurological condition (e.g., stroke, multiple sclerosis) 

- Recent lower limb injury or surgery (last 6 months) 

- Previous joint replacement 

- Diabetes mellitus for more than 2 years 

- History of significant lumbar and radicular pain (last 6 months) 

- History of other chronic pain disorders (e.g., fibromyalgia). 

2.3.3. Screening 

All participants went through a comprehensive screening procedure to ensure suitability for 

inclusion in the study. All participants were first interviewed/screened over the phone for 

suitability. Suitable participants were then given the project information sheet and the consent 

form. Medical screening was done by an experienced rheumatologist to confirm the diagnosis 

of OA and exclude any other medical conditions described in the exclusion criteria. 

Suitable OA participants had a further detailed clinical examination. In the OA participants’ 

group this was focused on clearly describing the area and nature of their pain, assessing range 

of movement in both knees and a standard neurological examination of the lower limbs. As part 
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of this process, pain free (PF) volunteers were also screened to ensure that they had full normal 

pain free function of the lower limbs. The following diagram describes the stages of the testing 

process (Figure 1). 

 

 

Figure 1: Flow diagram of study protocol. 

 

2.4.  Pain diagram 

Pain mapping has advanced from paper drawings through to digital pain mapping. In this digital 

age, digital pain mapping is an easy and convenient method to explore the course of disease or 

follow up treatment. Digital pain mapping has been validated against paper drawings (Darnall 

et al., 2017). It is a good tool to assess pain pattern, area and site (Boudreau et al., 2016; 

Boudreau et al., 2017). OA participants completed a lower limb pain diagram on a high-

resolution 3D body schema representing the leg and knees on a computer tablet (Samsung 

Galaxy Tab A, model SM-P350, Android 6.0.1, 2017 Edition) using the navigate pain app 

developed by Aalborg University, Denmark. Two different types of images were used to map 

pain and other sensations; a 3D image to describe the location and area of the superficial pain 

and dotted line images to describe deeper pain and other symptoms (explained later) 

participants may have. Participants drew around the knee indicating where they felt pain and 

any other sensations or unusual symptoms that they experienced in the lower limb. They were 

`
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asked to differentiate between the areas of superficial pain and sensitivity and deep pain (using 

different images available on the navigate pain app), Figure 2. 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Pain mapping on digital and paper drawing (Matthews et al., 2018). 

 

Different colours, as below, were used to represent pain, and other sensations like cold, electric 

shock, burning and decreased or increased sensitivity around the knee area. 

Red: pain 

Blue: cold 

Black: electric shock 

Grey: hot/burning 

Green: increased sensation or allodynia 
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2.5. Questionnaires  

All OA participants were asked to complete eight questionnaires. These included: 

i. PainDETECT questionnaire 

ii. Leeds Assessment of neuropathic symptoms and signs (S-LANSS) 

iii. Western Ontario McMaster Osteoarthritis Index (WOMAC) 

iv. Pain Quality Assessment Scale (PQAS) 

v. Pain catastrophizing scale (PCS) 

vi. Depression, anxiety, stress scale (DASS) 

vii. Pittsburgh sleep quality index (PSQI) 

viii. Comorbidity questionnaire 

Control participants were asked to complete the Depression, anxiety and stress scale, the 

Pittsburgh sleep quality index, and the comorbidity questionnaire. 

2.5.1. PainDETECT questionnaire 

The PainDETECT questionnaire was developed and validated in adults with chronic low back pain 

(Freynhagen et al., 2006). It is available in English and widely used in research settings to identify 

NP. It is an easy to use self-report questionnaire with nine items, which do not require clinical 

examination. There are seven sensory descriptor items (answers range from never to very 

strong). It was validated and has sensitivity of 85% and a specificity of 80% to identify 

neuropathic pain features in a range of conditions (Freynhagen et al., 2006).  

2.5.2. Leeds Assessment of Neuropathic Symptoms and Signs (S-LANSS) 

Leeds assessment of neuropathic symptoms and signs consists of five symptom items to 

evaluate features of NP and two clinical examination items and can be easily used in the clinical 

setting. It has also been validated as a self-reporting tool, called S-LANSS (Bennett, 2001; Bennett 

et al., 2005). Positive scores identify NP.  When compared with clinical assessment, S-LANSS was 

able to correctly identify 82% of patients with neuropathic pain, with 85% sensitivity and 80% 

specificity. The self-report version of the questionnaire (S-LANSS) was used in this study. 
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2.5.3. Western Ontario McMaster Osteoarthritis Index (WOMAC) 

The Western Ontario and McMaster osteoarthritis index (WOMAC) is specific to hip and knee 

OA studies, and does not contain items about other joints. WOMAC is comprised of 24 

questions. This OA-specific self-report scale has been commonly used to measure pain, stiffness 

and disability from knee OA. The WOMAC questionnaire demonstrates good internal validity 

and test-retest reliability.  Good to excellent reliability has been shown for the pain and physical 

function sub-scales, > 0.80 for both (Jinks et al., 2002). 

2.5.4. Pain Quality Assessment Scale (PQAS) 

The pain quality assessment scale (PQAS) is a 20 item measure to evaluate a range of pain 

qualities. The first couple of questions are introductory. The rest of the items of PQAS are divided 

into 3 subscales; deep subscale (Q 4, 13, 15, 16, 17), surface subscale (Q 5, 6, 7, 8, 10, 12) and 

paroxysmal subscale (Q 3, 9, 11, 14). The deep subscale (aching, heavy, dull, cramping, throbbing 

and tender) is considered to reflect inflammatory pain. The paroxsysmal (shooting, sharp, 

electric, hot radiating) and surface subscales (itchy, cold, numb, sensitive and tingling) are 

considered to be reflective of neuropathic pain (Victor et al., 2008). 

Participants responded to the severity of each descriptor by rating from 0 to 10. The sum of each 

of the subscales are included in the analysis. PQAS has shown excellent reliability and 85% 

sensitivity and 76% specificity to identify peripheral neuropathy (Gammaitoni et al., 2013). 

2.5.5. Pain Catastrophizing Scale (PCS) 

Sullivan et al. developed the pain catastrophizing scale (PCS). It was given to the participants to 

measure their feelings and thoughts about pain. Later it was translated and validated for clinical 

and research settings. PCS comprises of 13 questions, each answered on a 5-point scale: 0 being 

pain not felt at all and 5 being pain felt all the time (Sullivan et al., 1998). The total score is 

between 0 to 52. Higher scores indicate the presence of greater catastrophizing about pain.  

A meta-analysis of PCS scores across studies found PCS to be a reliable measure. It has shown 

high internal reliability of 0.92 and test–retest reliability of 0.88 (95% confidence interval of 0.83-

0.93) (Wheeler et al., 2019). PCS reliability data were reported to be good to excellent with high 

internal validity scores (coefficient alphas: 0.87-0.93, rumination 0.87-0.91, magnification 0.66-

0.75, and helplessness 0.78-0.871 (Osman et al., 1997; Sullivan et al., 1995). 
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2.5.6. Depression, Anxiety and Stress Scale (DASS) 

The depression, anxiety and stress scale (DASS) is a self-administered questionnaire designed to 

measure the magnitude of depression, anxiety and stress. It consists of 42 items, each item is 

measured on a 4-point scale in response to the experiences of the past week. The rating scale 

ranges from 0 to 3: 

0 Did not apply to me at all 

1 Applied to me to some degree, or some of the time 

2 Applied to me to a considerable degree, or a good part of time 

3 Applied to me very much, or most of the time. 

Higher scores on each subscale indicate increasing severity of depression, anxiety, or stress as 

described in earlier research (Gloster et al., 2008). DASS has excellent internal consistency of 

0.96 for depression, 0.89 for anxiety and 0.93 for stress in a clinical sample of people with mood 

disorders (Brown et al., 1997). Concurrent validity was examined via correlations with other 

depression and anxiety measures, including the Beck Depression Inventory, the Beck Anxiety 

Inventory and the State-Trait Anxiety Inventory- Trait Version, with results indicating moderately 

high correlations (Antony et al., 1998). 

2.5.7. Pittsburgh Sleep Quality Index (PSQI) 

The Pittsburgh sleep quality index (PSQI) is commonly used in clinical as well as research settings 

to assess sleep quality. PSQI is a self-rated questionnaire. It consists of 19 individual items which 

make seven “component” scores: subjective sleep quality, sleep latency, sleep duration, 

habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime 

dysfunction. The sum of scores for these seven components yields one global score. 

At present the PSQI is the only standardized clinical measure which covers a broad range of 

indicators relevant to sleep quality. In a review of studies, Cronbach's alphas ranged from 0.70 

to 0.83, meeting the cut-point for a positive rating for within- and between-group comparisons 

(Mollayeva et al., 2016). 

2.5.8. Comorbidity  

The self-administered comorbidity questionnaire (SCQ) was used to assess comorbidities. This 

is a relatively new measure and an effective method to assess comorbid conditions in clinical 
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settings as well as clinical research. This questionnaire consists of a total of 12 defined medical 

problems and 3 optional medical conditions.  An individual can score a maximum of 3 points for 

each medical condition: 1 point for the presence of the condition, another point if the individual 

receives treatment for it, and an additional point if the problem causes a limitation in 

functioning. A maximum total of 45 points can be scored. 

The SCQ is a reproducible measure of comorbid conditions that has moderately strong 

associations with a standard medical record-based comorbidity measure (Sangha et al., 2003).  

 

2.6. Quantitative sensory testing (QST)  

QST measures can be applied at different anatomical sites (Rolke et al., 2006). An examiner 

systematically applies the mentioned stimuli to an anatomical site until the participant indicates 

sensation perception or sensation of pain. In particular, widespread mechanical and cold 

hyperalgesia have been found to be important clinical features of many neuropathic pain states 

(Maier et al., 2010). OA as well as PFG participants were tested with an extensive battery of 

quantitative sensory testing (QST) measures. Sensory detection thresholds as well as pain 

thresholds were recorded. The sensory measures recorded included heat detection, cold 

detection, vibration perception and tactile detection thresholds. Pain related measures included 

heat pain thresholds, cold pain thresholds and pressure pain thresholds. Testing was conducted 

with participants lying comfortably on a plinth. QST was carried out in three areas around each 

knee, the anteromedial aspect of the knee, the lateral aspect of the knee and the popliteal fossa, 

as these are three areas of distinct innervation (section 1.4), which was important for the 

purposes of this study. Control measures were obtained over the lateral aspect of the elbow 

joint at the extensor carpi radialis brevis muscle in the upper limb (Moss et al., 2018; Riek et al., 

2000). Overall, QST was measured at seven different sites. 

QST is a reliable method to assess sensory function and has been previously used in several 

studies on people with knee OA and identified a range of somatosensory abnormalities in that 

population (Hochman et al., 2013; Moss et al., 2018; Moss et al., 2016; Wright et al., 2015; Wylde 

et al., 2011). 
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2.6.1. Heat and cold detection  

Heat or warmth detection threshold (HDT) was measured using a Peltier thermode (Medoc, 

Israel) and standard ‘Method of Limits’, which is widely reported in the literature (Rolke et al., 

2006). A 30 x 30 mm contact probe was attached to the test site.  When the device was activated 

the thermode temperature was increased at a rate of 1oC/sec.  Participants were instructed to 

depress the hand-held switch when they first perceived an increase in warmth. The threshold 

temperature was recorded. For each of the test sites, one practice was followed by 3 tests. Each 

trial was separated by a randomly assigned pause of between 3 and 6 seconds. The mean HDT 

value was calculated and used for further analysis. 

Cold detection thresholds (CDT) were also measured with the Medoc Peltier thermode using a 

similar method as for HDT (baseline 32oC to 1oC/s decrease). This method is found to be an 

effective means of assaying cold sensitivity (Allchorne et al., 2005). Participants were asked to 

press the control switch as soon as they perceived a change towards a decrease or colder 

temperature. Three measurements were obtained for CDT. An average of these three 

observations was used as CDT for that particular site. 

HDT and CDT were obtained at the medial, lateral and posterior aspects of both knees and the 

forearm test site. Intra-rater reliability of these ranged between 0.78 and 0.97 (Rolke et al., 

2006). Both have been used in OA participants before (Hochman et al., 2013; Moss et al., 

2018; Moss et al., 2016).  

2.6.2. Heat and cold pain thresholds 

After heat and cold perception testing, heat and cold pain thresholds were recorded using the 

Medoc Thermode. Using the baseline temperature of 32oC the temperature was increased, and 

participants were asked to press the control switch as soon as they perceived the sensation 

changing from one of warmth to painful heat. This temperature was recorded as the heat pain 

threshold (HPT). Variable inter-stimulus intervals were used, and triplicate measures obtained. 

A maximum cut-off temperature of 50oC was used to avoid any risk of tissue damage.  

Cold pain threshold (CPT) was recorded in a similar manner with temperature decreasing at a 

rate of 1oC/s. Participants were asked to activate the control switch when they perceived the 

sensation changing from one of cold to one of painful cold. Triplicate measures were obtained 

and the machine had a baseline cut-off temperature of 0oC.  
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2.6.3. Tactile detection threshold 

Tactile detection threshold (TDT) was assessed using standard von Frey filaments (Aesthesio® 

USA) at each of the test sites (Figure 3). 

For TDT the staircase method was applied; probe tips were applied in ascending and then 

descending order of magnitude. TDT is defined as the smallest tip (g) perceived as a touch 

sensation. A practice plus three readings at a standardized position at seven test sites were taken 

(three at each knee plus the forearm). The average of the three test readings was used for 

analysis. 

 

  

Figure 3: Von frey filaments (Aesthesio®  USA) used for tactile assessment. 

 

2.6.4. Vibration threshold (VT) 

Vibration threshold (VT) was assessed using a Vibrameter (Somedic AB, Sweden), Figure 4.  

 

Figure 4: Digital Vibrameter (Somedic AB). 
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As for other QST measures, vibration threshold was measured at seven different sites.  

Participants were asked to lie down on their back to test VT on extensor carpi radialis brevis 

(ECRB). They were then asked to move on their right side to measure VT on their right medial 

and left lateral knees and then on their left side to measure vibration on left medial and right 

lateral knees. Participants were then asked to lay on their tummy to test vibration on the right 

and left popliteal fossae. The vibrameter was applied at a standard pressure equivalent to the 

probe weight (650 g) and the vibration amplitude was gradually increased to the point where 

the participant could perceive vibration. Participants were instructed to indicate when they first 

perceived vibration by saying “now” which is recorded as vibration perception threshold (VPT). 

The device was then activated at a higher amplitude and was gradually decreased to the point 

where the vibration was no longer felt. This was recorded as vibration disappearance threshold 

(VDT). One practice and three trials were carried out at each site. VT was determined using the 

following formula, VT = [(VPT1+VPT2+VPT3)/3] + [(VDT1+VDT2+VDT3)/3]/2. This methodology 

has shown moderate to good reliability in the literature (ICC (2,1) 0.8) (O’ Conaire et al., 2011)  

2.6.5. Pressure Pain Threshold 

Pressure pain threshold (PPT) was measured using a digital pressure algometer (Somedic AB, 

Sweden). The 1-cm2 algometer probe was applied at a 90o angle to the skin at a ramp of 40 kPa/s. 

Participants were asked to depress the hand-held switch as soon as the pressure sensation 

became painful. The mean of three trials at each site was calculated and used for analysis. PPT 

was defined as the lowest stimulus intensity at which a subject perceives mechanical pain. The 

test has good to excellent test/retest reliability, ICC = 0.94-0.97 over four consecutive days 

(Jones et al., 2007), and ICC = 0.60-0.90 (Jakorinne et al., 2018). 

2.6.6. Proprioceptive function 

Participants were tested for proprioceptive function by using joint reposition sense. Knee joint 

angle was measured using an electro-goniometer (Penny and Giles Co, England), which was 

aligned with the tibia and femur of the knee being tested and attached with double sided 

adhesive tape. Both knees were tested with the OA subject’s non-affected knee tested first. 

Participants were positioned comfortably with their back fully supported on a 30o reclined 

sliding platform and with their non-test limb supported by another platform. Participants were 

given instructions to move down to a pre-determined angle. Participants were asked to focus 
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on the target angle for 5 seconds before they were passively elevated back to neutral by the 

researcher. Participants were then instructed to move back to the previous position and inform 

the researcher when they believed they had reached the target position, Figure 5. 

 

 

 

 

 

 

    (a)                (b) 

Figure 5: Joint reposition error assessment set up. (a) electro-goniometer attached to the right knee at 
neutral position, (b) at knee flexion.  

 

The knee angle was recorded at that position by pressing a control switch. The participants were 

then asked to support their weight on both feet to avoid any memory of the previous target 

angle. The procedure was then repeated with a new target angle until a total of 12 trials were 

completed. A total of 6 measurements at two target angle ranges, between 15-20o knee flexion 

and 35-40o knee flexion were obtained. The order of testing was randomised by a computer 

program for each participant. Joint position sense was assessed as the accuracy with which 

subjects could reposition to a target angle (position). The difference between the target angle 

and the reposition angle is known as reposition error. The mean reposition error and standard 

deviation of reposition errors for 6 measures in each target range were calculated and used for 

analysis. 

Proprioceptive testing and all QST measures were carried out on both osteoarthritis (OA) and 

pain free (PFG) participants. The following measures were carried out only on participants with 

knee OA. 
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2.7. MRI 

Each OA participant was referred for an MRI to a cooperating SKG Radiology centre. The MRIs 

were viewed and scored for the presence of key pathological features using established 

protocols described in the literature (Kornaat et al., 2005).  

SKG’s InteleViewer software Version 4-6-1-P171 Mac OS X (Intelerad Inc. Montreal, Canada) was 

used for semi quantitative analysis of the following measures (Felson, 2005; Kornaat et al., 2005; 

Peterfy et al., 2006).  

i. Cartilage morphology 

ii. Bone marrow lesions (oedema) 

iii. Bone cysts 

iv. Subarticular bone attrition 

v. Osteophytes 

vi. Medial and lateral meniscal integrity 

vii. Synovitis 

To score the above lesions the knee joint was divided in the following compartments. 

▪ Medial and lateral femoral 

▪ Medial, central and lateral tibial 

▪ Medial or lateral patella   

A detailed description of the scoring methods is included in Chapter 7. 

 

2.8. Biomarkers of inflammation and nerve related injury 

Blood samples were obtained from all OA participants using standard phlebotomy techniques. 

Each sample was dated and labelled with each participant’s code number. Samples were 

centrifuged and serum was collected with a pipette. This serum sample was then stored at -20oC 

in a freezer at the School of Pharmacy and Biomedical Sciences. When all samples were collected 

at the end of recruitment of OA participants they were analysed. Samples were analysed for        

C Reactive Protein (CRP), Interleukin-1 (Il-1), Interleukin-6 (Il-6), nerve growth factor (NGF) and 

Tumour Necrosis Factor alpha (TNFα). All analyses for IL-1, IL-6, TNFα and NGF were carried out 

in the School of Pharmacy and Biomedical Sciences using standard enzyme-linked 
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immunosorbent assays (ELISA). ELISA is a commonly used analytical biochemistry assay. The 

assay uses a solid-phase enzyme immunoassay (EIA) to detect the presence of a protein in a 

liquid sample using antibodies directed against the protein to be measured. 

CRP analysis was carried out at the R3Gen lab as per the Royal College of Pathology Australia 

(RCPA) requirements, using an Immunoassay method (Immuno turbidimetric analyses method) 

which is the main technique for performing routine protein tests. The analytical method used 

provided a full range of CRP readings covering a measuring range of 0.263-184 mg/L and was 

calibrated using a 6 point calibration method to ensure accuracy of analyses, and a precision test 

to ensure instrument stability. 

 

2.9. Data Analysis 

IBM® SPSS version 26 was used for analyses with alpha set at 0.05. 

2.9.1. Normality test 

The Shapiro-Wilk test as well as graphic assessment was performed to check for normality of all 

test data. 

HPTM, HPTL, HPTPF, CPTM, CPTL, CPTPF, HDTM, HDTL, HDTPF, CDTM, CDTL, CDTPF, tests of the 

index and non-index knees and forearm showed normal distribution with low skewness values. 

Therefore, parametric analysis was applied to these dependent variables. However, WOMAC 

total score, WOMAC pain, WOMAC stiffness, WOMAC function, PQASP, PQASS, PQASD, JRE15o, 

JRE35o, PPTM, PPTL, PPTPF, VTM, VTL, VTPF, TM, TL, TPF of the index and non-index knees, 

VTECRB, PPT ECRB, CDTECRB(Arm), TFECRB, PCS, DASS, PSQI and Comorbidity data, were highly 

skewed, therefore, non-parametric statistics (Mann-Witney U test, Kruskal-Wallis test) were 

applied to these test data. 

2.9.2. Index knee and non-index knee 

For OA participants the painful knee or the knee with the worst pain was called the index knee. 

In control participants the knee with the worst scores for a measure was called the index knee 

and the knee with the better score was called the non-index knee. 
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2.9.3. Process to identify sensory deficits among OA patients 

Data from the control group were used to determine sensory deficits in OA participants. Mean 

and standard deviation (SD) of sensory measures, heat, cold, tactile and vibration perception 

thresholds were used to calculate Z-scores. GEOMEAN of VT, Tactile, HDT and CDT was 

calculated from the original 3 values of each measure and then log transformed to achieve a 

secondary normal distribution.  Mean and SD of the log transformed data were calculated which 

was then converted back to base10 to convert it back to the original units. 

𝑍 𝑠𝑐𝑜𝑟𝑒 =
(X, OA 𝑝𝑎𝑟𝑡𝑖𝑐𝑖𝑝𝑎𝑛𝑡 − Mean, 𝑝𝑎𝑖𝑛 𝑓𝑟𝑒𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠)

SD, 𝑝𝑎𝑖𝑛 𝑓𝑟𝑒𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙𝑠
 

 

OA participants with mean values ≥ 1.96 Z-score (95%) different to the control group mean were 

identified as having deficit for that measure.  

2.9.4. Process to identify pain phenotypes among OA patients 

One of the objectives of this research project was to identify if two distinct pain phenotypes, 

neuropathic pain and inflammatory pain, can be demonstrated among people with OA of the 

knee. In light of Treede’s grading system of definite, probable and possible neuropathic pain. 

Diagnosis of neuropathic pain requires evidence of sensory deficit and a relevant pathological 

process. Participants were assessed as possible neuropathic pain (PoNP) based on PD 

questionnaire score with report of symptoms electric shock, burning, hypersensitivity or sensory 

deficit and probable neuropathic pain (PrNP) based on PD questionnaire score, specific symptom 

location and a related sensory deficit determined by calculating Z-scores. OA participants on the 

pain mapping diagram reported electric shock, hypersensitivity, burning and cold/numbness, 

which are potential features of neuropathic pain. Sensory deficit for a particular measure of 

heat, cold, tactile and vibration thresholds was defined as ≥ 1.96 Z-score deviation from the 

mean of the control group. 

Participants with OA were initially grouped based on PainDETECT questionnaire scores and 

findings from the clinical examination and pain mapping. Participants with a PainDETECT score 

of ≥ 13 and reporting superficial pain, cutaneous sensitivity, burning, electric shock or numbness 

over either the medial, lateral or posterior aspects of the knee joint were classified in the 

possible neuropathic pain group (PoNPG). All remaining OA participants were classified in the 
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inflammatory pain group (IPG). Participants in the PoNPG were further classified based on the 

findings from QST sensory testing. If their measures for any of the sensory tests were outside ± 

1.96 Z-score from the mean of the pain free control group they were classified as having a 

sensory deficit. OA participants with deficit in any of the sensory measures and the presence of 

a related unusual symptom/sensation in the same area, along with a PainDETECT score of ≥ 19 

were classified as probable neuropathic pain (PrNPG), Table 1.  

 

Table 1: OA groups. 

 

 

2.9.5. Logistic regression models 

Data from all the parameters were used to develop regression models to find which measures 

were most strongly related to inclusion in each of the diagnostic groups.  

2.9.6. ROC curve analysis 

A receiver operating characteristic curve, or ROC curve, was developed between sensitivity and 

1-specificity to understand cut-off points at which a parameter can be classified as a point of 

interest (OA pain groups). 

2.9.7. Sensitivity and specificity  

Sensitivity and specificity were calculated to assess the ability of a binomial logistic regression 

model to correctly classify OA groups. All of these measures were calculated based on a cut-off 

point of 0.5 (50%), meaning that a participant had a predicted probability of being included in 

the IPG or the neuropathic pain group (NPG). 

PainDETECT score Pain mapping report

IPG PainDETECT score ≤ 12 

PoNPG PainDETECT score ≥ 13 Either reported additional sensations or sensory deficit.

PrNPG PainDETECT score ≥ 19
Cutaneous hypersensitivity, heat, cold and electric 

shock on pain mapping app along with sensory deficit.
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A Logistic regression model was developed for each independent category of tests which 

included self-report questionnaires, NP symptom report on pain mapping, sensory and pain QST 

measures, and MRI structural abnormalities (described elsewhere in this document). Groups of 

covariates that were significant in the final multivariable models previously described for 

diagnostic test predictors were entered into an overall multivariable logistic regression model 

to find the best diagnostic predictor outcomes of NP.   

All the data collection and analysis was performed by myself except blood samples were 

analysed in the biomedical laboratory by one of the staff member in the lab. 

 

  



Chapter 2:  Methods 

44 

 

2.10.  References 

Allchorne, A. J., Broom, D. C., & Woolf, C. J. (2005). Detection of cold pain, cold allodynia and 
cold hyperalgesia in freely behaving rats. Mol Pain, 1, 36. 
https://doi.org/10.1186/1744-8069-1-36  

Bennett, M. (2001). The LANSS Pain Scale: the Leeds assessment of neuropathic symptoms and 
signs. Pain, 92(1-2), 147-157. https://doi.org/10.1016/s0304-3959(00)00482-6  

Bennett, M. I., Smith, B. H., Torrance, N., & Potter, J. (2005). The S-LANSS score for identifying 
pain of predominantly neuropathic origin: validation for use in clinical and postal 
research. J Pain, 6(3), 149-158. https://doi.org/10.1016/j.jpain.2004.11.007  

Boudreau, S. A., Badsberg, S., Christensen, S. W., & Egsgaard, L. L. (2016). Digital Pain 
Drawings: Assessing Touch-Screen Technology and 3D Body Schemas. Clin J Pain, 32(2), 
139-145. https://doi.org/10.1097/ajp.0000000000000230  

Boudreau, S. A., Kamavuako, E. N., & Rathleff, M. S. (2017). Distribution and symmetrical 
patellofemoral pain patterns as revealed by high-resolution 3D body mapping: a cross-
sectional study. BMC Musculoskelet Disord, 18(1), 160. 
https://doi.org/10.1186/s12891-017-1521-5  

Brown, T. A., Chorpita, B. F., Korotitsch, W., & Barlow, D. H. (1997). Psychometric properties of 
the Depression Anxiety Stress Scales (DASS) in clinical samples. Behav Res Ther, 35(1), 
79-89. https://doi.org/10.1016/s0005-7967(96)00068-x  

Darnall, B. D., Sturgeon, J. A., Cook, K. F., Taub, C. J., Roy, A., Burns, J. W., Sullivan, M., & 
Mackey, S. C. (2017). Development and Validation of a Daily Pain Catastrophizing 
Scale. J Pain, 18(9), 1139-1149. https://doi.org/10.1016/j.jpain.2017.05.003  

Felson, D. T. (2005). The sources of pain in knee osteoarthritis. Curr Opin Rheumatol, 17(5), 
624-628.  

Freynhagen, R., Baron, R., Gockel, U., & Tölle, T. R. (2006). PainDETECT: a new screening 
questionnaire to identify neuropathic components in patients with back pain. Curr 
Med Res Opin, 22(10), 1911-1920. https://doi.org/10.1185/030079906x132488  

Gammaitoni, A. R., Smugar, S. S., Jensen, M. P., Galer, B. S., Bolognese, J. A., Alon, A., & Hewitt, 
D. J. (2013). Predicting response to pregabalin from pretreatment pain quality: clinical 
applications of the pain quality assessment scale. Pain Med, 14(4), 526-532. 
https://doi.org/10.1111/j.1526-4637.2012.01423.x  

Gloster, A. T., Rhoades, H. M., Novy, D., Klotsche, J., Senior, A., Kunik, M., Wilson, N., & 
Stanley, M. A. (2008). Psychometric properties of the Depression Anxiety and Stress 
Scale-21 in older primary care patients. J Affect Disord, 110(3), 248-259. 
https://doi.org/10.1016/j.jad.2008.01.023  

Hochman, J. R., Davis, A. M., Elkayam, J., Gagliese, L., & Hawker, G. A. (2013). Neuropathic pain 
symptoms on the modified PainDETECT correlate with signs of central sensitization in 
knee osteoarthritis [Clinical Trial Research Support, Non-U.S. Gov't Validation Studies]. 
Osteoarthritis Cartilage, 21(9), 1236-1242. https://doi.org/10.1016/j.joca.2013.06.023  

https://doi.org/10.1186/1744-8069-1-36
https://doi.org/10.1016/s0304-3959(00)00482-6
https://doi.org/10.1016/j.jpain.2004.11.007
https://doi.org/10.1097/ajp.0000000000000230
https://doi.org/10.1186/s12891-017-1521-5
https://doi.org/10.1016/s0005-7967(96)00068-x
https://doi.org/10.1016/j.jpain.2017.05.003
https://doi.org/10.1185/030079906x132488
https://doi.org/10.1111/j.1526-4637.2012.01423.x
https://doi.org/10.1016/j.jad.2008.01.023
https://doi.org/10.1016/j.joca.2013.06.023


Chapter 2:  Methods 

45 

 

Jakorinne, P., Haanpaa, M., & Arokoski, J. (2018). Reliability of pressure pain, vibration 
detection, and tactile detection threshold measurements in lower extremities in 
subjects with knee osteoarthritis and healthy controls. Scand J Rheumatol, 47(6), 491-
500. https://doi.org/10.1080/03009742.2018.1433233  

Jinks, C., Jordan, K., & Croft, P. (2002). Measuring the population impact of knee pain and 
disability with the Western Ontario and McMaster Universities Osteoarthritis Index 
(WOMAC). Pain, 100(1-2), 55-64. https://doi.org/10.1016/s0304-3959(02)00239-7  

Jones, D. H., Kilgour, R. D., & Comtois, A. S. (2007). Test-retest reliability of pressure pain 
threshold measurements of the upper limb and torso in young healthy women. J Pain, 
8(8), 650-656. https://doi.org/10.1016/j.jpain.2007.04.003  

Kornaat, P. R., Ceulemans, R. Y., Kroon, H. M., Riyazi, N., Kloppenburg, M., Carter, W. O., 
Woodworth, T. G., & Bloem, J. L. (2005). MRI assessment of knee osteoarthritis: Knee 
Osteoarthritis Scoring System (KOSS)--inter-observer and intra-observer reproducibility 
of a compartment-based scoring system. Skeletal Radiol, 34(2), 95-102. 
https://doi.org/10.1007/s00256-004-0828-0  

Matthews, M., Rathleff, M. S., Vicenzino, B., & Boudreau, S. A. (2018). Capturing patient-
reported area of knee pain: a concurrent validity study using digital technology in 
patients with patellofemoral pain. PeerJ, 6, e4406. https://doi.org/10.7717/peerj.4406  

Mollayeva, T., Thurairajah, P., Burton, K., Mollayeva, S., Shapiro, C. M., & Colantonio, A. (2016). 
The Pittsburgh sleep quality index as a screening tool for sleep dysfunction in clinical 
and non-clinical samples: A systematic review and meta-analysis. Sleep Med Rev, 25, 
52-73. https://doi.org/10.1016/j.smrv.2015.01.009  

Moss, P., Benson, H. A. E., Will, R., & Wright, A. (2018). Patients With Knee Osteoarthritis Who 
Score Highly on the PainDETECT Questionnaire Present With Multimodality 
Hyperalgesia, Increased Pain, and Impaired Physical Function. Clin J Pain, 34(1), 15-21. 
https://doi.org/10.1097/ajp.0000000000000504  

Moss, P., Knight, E., & Wright, A. (2016). Subjects with Knee Osteoarthritis Exhibit Widespread 
Hyperalgesia to Pressure and Cold. PLoS One, 11(1), e0147526. 
https://doi.org/10.1371/journal.pone.0147526  

O’ Conaire E., Rushton, A., & Wright, C. (2011). The assessment of vibration sense in the 
musculoskeletal examination: Moving towards a valid and reliable quantitative 
approach to vibration testing in clinical practice. Man Ther, 16(3), 296-300. 
https://doi.org/10.1016/j.math.2011.01.008  

Osman, A., Barrios, F. X., Kopper, B. A., Hauptmann, W., Jones, J., & O'Neill, E. (1997). Factor 
structure, reliability, and validity of the Pain Catastrophizing Scale. J Behav Med, 20(6), 
589-605. https://doi.org/10.1023/a:1025570508954  

Peterfy, C. G., Gold, G., Eckstein, F., Cicuttini, F., Dardzinski, B., & Stevens, R. (2006). MRI 
protocols for whole-organ assessment of the knee in osteoarthritis. Osteoarthritis 
Cartilage, 14 Suppl A, A95-111. https://doi.org/10.1016/j.joca.2006.02.029  

Riek, S., Carson, R. G., & Wright, A. (2000). A new technique for the selective recording of 
extensor carpi radialis longus and brevis EMG. J Electromyogr Kinesiol, 10(4), 249-253. 
https://doi.org/10.1016/s1050-6411(00)00017-1  

https://doi.org/10.1080/03009742.2018.1433233
https://doi.org/10.1016/s0304-3959(02)00239-7
https://doi.org/10.1016/j.jpain.2007.04.003
https://doi.org/10.1007/s00256-004-0828-0
https://doi.org/10.7717/peerj.4406
https://doi.org/10.1016/j.smrv.2015.01.009
https://doi.org/10.1097/ajp.0000000000000504
https://doi.org/10.1371/journal.pone.0147526
https://doi.org/10.1016/j.math.2011.01.008
https://doi.org/10.1023/a:1025570508954
https://doi.org/10.1016/j.joca.2006.02.029


Chapter 2:  Methods 

46 

 

Rolke, R., Magerl, W., Campbell, K. A., Schalber, C., Caspari, S., Birklein, F., & Treede, R. D. 
(2006). Quantitative sensory testing: a comprehensive protocol for clinical trials. Eur J 
Pain, 10(1), 77-88. https://doi.org/10.1016/j.ejpain.2005.02.003  

Sangha, O., Stucki, G., Liang, M. H., Fossel, A. H., & Katz, J. N. (2003). The Self-Administered 
Comorbidity Questionnaire: a new method to assess comorbidity for clinical and 
health services research. Arthritis Rheum, 49(2), 156-163. 
https://doi.org/10.1002/art.10993  

Sullivan, M. J., Stanish, W., Waite, H., Sullivan, M., & Tripp, D. A. (1998). Catastrophizing, pain, 
and disability in patients with soft-tissue injuries. Pain, 77(3), 253-260. 
https://doi.org/10.1016/s0304-3959(98)00097-9  

Sullivan, M. J., Weinshenker, B., Mikail, S., & Bishop, S. R. (1995). Screening for major 
depression in the early stages of multiple sclerosis. Can J Neurol Sci, 22(3), 228-231. 
https://doi.org/10.1017/s0317167100039895  

Victor, T. W., Jensen, M. P., Gammaitoni, A. R., Gould, E. M., White, R. E., & Galer, B. S. (2008). 
The dimensions of pain quality: factor analysis of the Pain Quality Assessment Scale. 
Clin J Pain, 24(6), 550-555. https://doi.org/10.1097/AJP.0b013e31816b1058  

Wheeler, C. H. B., Williams, A. C. C., & Morley, S. J. (2019). Meta-analysis of the psychometric 
properties of the Pain Catastrophizing Scale and associations with participant 
characteristics. Pain, 160(9), 1946-1953. 
https://doi.org/10.1097/j.pain.0000000000001494  

Wright, A., Moss, P., Sloan, K., Beaver, R. J., Pedersen, J. B., Vehof, G., Borge, H., Maestroni, L., 
& Cheong, P. (2015). Abnormal Quantitative Sensory Testing is Associated With 
Persistent Pain One Year After TKA. Clin Orthop Relat Res, 473(1), 246-254. 
https://doi.org/10.1007/s11999-014-3990-2  

Wylde, V., Palmer, S., Learmonth, I. D., & Dieppe, P. (2011). Test-retest reliability of 
Quantitative Sensory Testing in knee osteoarthritis and healthy participants. 
Osteoarthritis Cartilage, 19(6), 655-658. https://doi.org/10.1016/j.joca.2011.02.009  

 

 

https://doi.org/10.1016/j.ejpain.2005.02.003
https://doi.org/10.1002/art.10993
https://doi.org/10.1016/s0304-3959(98)00097-9
https://doi.org/10.1017/s0317167100039895
https://doi.org/10.1097/AJP.0b013e31816b1058
https://doi.org/10.1097/j.pain.0000000000001494
https://doi.org/10.1007/s11999-014-3990-2
https://doi.org/10.1016/j.joca.2011.02.009


47 

 

3. Proprioception, somatosensory sensation and pain 
sensitivity of knee osteoarthritis and pain free participants 

      

3.1. Background 

The IASP task force in 2018 defined pain as an unpleasant sensory and emotional experience 

associated with actual or potential tissue damage (Raja et al., 2020). Chronic pain is defined 

as when pain persists beyond the normal tissue healing time which is anticipated as when it 

exceeds 3 months (IASP, 1986).  

Osteoarthritis (OA) is a leading cause of chronic joint pain and functional disability in older 

people (Tsang et al., 2008). OA pain is traditionally considered as an nociceptive pain due to 

local inflammation (Mease et al., 2011). However, recent studies suggest that up to 30% of 

OA patients present with features of neuropathic pain (NP), (Hochman et al., 2011; Moreton 

et al., 2015; Ohtori et al., 2012; Wright et al., 2017; Wright et al., 2015). 

Quantitative sensory testing (QST) has been used for the assessment of sensory function in 

knee OA (Hochman et al., 2013; Wright et al., 2017). Sensory measures including cold, heat, 

vibration and tactile detection thresholds and pain thresholds for pressure, heat and cold are 

used in research and sometimes in clinical settings (Moss et al., 2018; Moss et al., 2016; 

Wright et al., 2015; Wylde et al., 2012). 

Proprioceptive function is another measure to assess sensorimotor function. Deficits of 

proprioceptive function may reflect a neuropathy affecting myelinated afferent nerve fibres. 

It is known that myelinated nerve fibres contribute to both proprioception and vibration 

sensation (Gilman, 2002).  

Hypotheses 

1. OA participants will show greater deficits in joint reposition error (JRE) compared to 

the pain free control group (PFG). 

 

2. OA participants will exhibit greater levels of hyperalgesia and hypoesthesia(based on 

QST measures) than the PFG.  
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3. OA participants will exhibit reduced levels of sleep quality and increased 

psychosocial distress compared to the PFG. 

 

This study focusses on the following aims 

Aims 

• To evaluate sensory and pain thresholds using QST, joint reposition error (JRE), self-

reporting psychosocial function, sleep quality and comorbidities and compare them 

between OA and pain free controls. 

• To evaluate sensory deficit among OA participants using sensory data from pain free 

controls.  

 

3.2. Methods 

Potential volunteers were first screened over the phone. Participants were examined by the 

study Rheumatologist and the researcher and were asked to complete a series of 

questionnaires as detailed in chapter 2. After their first appointment at the clinic, 

participants attended two laboratory testing sessions. During the first session quantitative 

sensory testing (QST) was performed in the pain laboratory at Curtin University, which 

included a battery of tests for sensory function as well as measures of cold, heat and pressure 

pain thresholds. On the subsequent day proprioceptive testing was carried out in the motion 

analysis laboratory at Curtin University.  

Sensory and pain thresholds, psychosocial measures, sleep and comorbidities were assessed 

in OA as well as in control (PFG) participants. The pain free group (PFG) participants were 

recruited to establish normal baseline data for QST and proprioception measures. Sensory 

measures (heat, cold, tactile, vibration detection) and pain thresholds (heat, cold and 

pressure pain) were tested at three sites (medial, lateral, and popliteal fossa) around each 

knee and at the forearm over the extensor carpi radialis brevis (ECRB) muscle, as a control 

site (section 1.4) (Moss et al., 2018). 



Chapter 3:  Proprioception, somatosensory and pain sensitivity of knee osteoarthritis and pain free participants 

 

49 

 

Proprioception tested using knee joint reposition angle (JRE) in partial weight bearing was 

measured using an electro-goniometer at two ranges of knee flexion angles, between 15-20o 

and 35-40o (chapter 2.4.6). 

Data from the control group were used to determine sensory deficits in OA participants. 

Mean and standard deviation (SD) of sensory measures, heat, cold, tactile and vibration 

perception thresholds were used to calculate Z-scores (detail section in 2.8.3).  OA 

participants with ≥ 1.96 Z-score (95%) deviation from the control group mean were identified 

as having deficit for that measure.  

3.2.1. Data analysis 

IBM® SPSS version 26 was used for analyses.  

Average of the three tests at each site was used for further analysis. 

The Shapiro-Wilk test as well as graphic assessment was performed to check normality of the 

data. Heat and cold detection and pain threshold tests of the index and non-index knees and 

forearm showed normal distribution. Therefore, parametric analysis, independent sample t-

test was applied to these variables.  However, joint reposition errors, vibration threshold, 

tactile detection threshold, pressure pain thresholds, DASS, PSQI and Comorbidity data, were 

highly skewed, therefore, non-parametric statistics (Mann-Witney U test, Kruskal-Wallis 

test) were applied to these test data. 
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3.3. Results 

3.3.1. Demographics 

Through the recruitment process, a total of 240 people were screened via phone call 

interview, out of which 110 with osteoarthritis (OA) and 38 pain free group (PFG) participants 

were selected and were considered suitable according to the inclusion criteria and who 

agreed to participate in the study. Of the selected participants, 104 OA and 38 control 

participants attended the clinic for their first appointment. Two OA and three control 

participants were found not to be suitable following the clinical examination (according to 

the inclusion criteria) and three OA participants did not continue after their first session due 

to personal reasons.  

Therefore, data from 99 OA and 35 control participants were available for analysis. Among 

OA participants 46 were male and 53 females, and in the PFG group there were 17 male and 

18 female participants. Average age of OA participants was 64.3 ±8 years and of control 

participants 64.6 ±7 years. BMI in the OA group (28.9 ±6) was significantly higher (p = 0.02) 

compared to that in the PFG group (24.9 ±4) (Table 1). 

 

Table 1: Demographics. 

 

 

  

Participants Male Female Total

Control 17 (49%) 18 (51%) 35

OA groups 46 (46%) 53 (54%) 99

Control/OA 17/46 18/53 134

Control OA p-value

Age 64.3±8 64.6±7 0.52

BMI 24.9±4 28.9±6 0.02
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3.3.2. Joint reposition error (JRE) 

A total of 12 trials were performed, 6 measurements at each of the two target angles, in the 

ranges of 15-20o and 35-40o knee flexion. JRE was calculated as the difference between the 

target angle and the reposition angle. 

Results indicated that JRE was significantly higher (p < 0.001) in OA participants compared to 

that in pain free participants (control). This was observed at both 15-20o and 35-40o knee 

flexion for index and non-index knees (Table 2, Figure 1). 

 

Table 2: Joint reposition error (JRE) at 15-20o and 35-40o knee flexion of Control and OA. 

 

 

Figure 1: Comparison of JRE between control and OA at 15-20o and 35-40o knee flexion for index and 
non-index knee. 

 

It was also noted (Figure 1) that JRE in the OA group and in the PFG was greater at 15-20o 

knee flexion (nearly straight) compared to that in mid-range flexion (35-40o).  

Control OA

15-20° index knee 2.0 (1.4-2.5) [0.7-7.3] 5.3 (3.7-7.0), [1.4-15.7] < 0.001

35-40° index knee 1.5 (1.0-2.2) [0.5-5.7] 3.9 (2.7-5.1) [0.8-9.3] < 0.001

15-20° non-index knee 1.9 (1.1-2.4) [0.7-4.4] 4.9 (3.3-6.7) [0.9-12.3] < 0.001

35-40° non-index knee 1.4 (1.0-1.6) [0.5-4.2] 3.2 (2.8-4.3) [0.8-9.4] < 0.001

p-value
Median (IQR) [min-max]
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3.3.3. Heat detection threshold (HDT) 

In response to heat stimulation for both the index and non-index knees, OA participants had 

significantly higher detection thresholds than healthy participants at the knee as well as at 

the forearm (p < 0.05) (Table 3, Figure 2). This indicates generalised thermal hypoesthesia to 

warmth. There appeared to be more variability in OA data compared to the PFG data.  

 

Table 3: Heat and cold detection threshold for Control and OA at medial (HDTM), lateral (HDTL) and 
popliteal fossa (HDTPF) of the index and non-index knee as well as forearm (HDT ECRB). 

 

 

Figure 2: Heat and cold detection threshold between control and OA participants at medial (HDTM), 
lateral (HDTL) and popliteal fossa (HDTPF) of the index and non-index knee as well as forearm (HDT 
ECRB). 

  

Control OA

HDTM index knee 34.6 (0.6) [33.6-36.4] 35.6 (1.9) [33.6-43.2] 0.003

HDTL index knee 35.6 (1.9) [33.7-44.8] 37.0 (2.1) [33.9-43.0] 0.001

HDTPF index knee 35.1 (0.8) [33.6-37.1] 36.1 (1.8) [33.5-47.1] 0.001

HDTM non-index knee 34.5 (0.8) [33.6-37.5] 35.3 (1.7) [32.5-42.8] 0.010

HDTL non-index knee 35.4 (1.7) [28.8-39.8] 36.9 (2.3) [34.1-46.2] 0.001

HDTPF non-index knee 35.2 (1.6) [33.4-42.3] 36.0 (1.5) [34.1-43.1] 0.014

HDT ECRB 34.7 (0.8) [33.3-36.8] 35.1 (1.0) [33.3-39.7] 0.039

p-value
Mean (std) [min-max]
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3.3.4. Cold detection threshold (CDT) 

In response to cold stimulation, for both the index and non-index knees, OA participants had 

significantly lower detection thresholds than healthy participants at the knee as well as at 

the forearm (p < 0.05) (Table 4, Figure 3). This indicates generalised cold hypoesthesia. There 

appeared to be more variability in OA data compared to the PFG data.  

 

Table 4: Cold detection threshold for control and OA participants at medial (HDTM), lateral (HDTL) and 
popliteal fossa (HDTPF) of the index and non-index knees as well as the forearm (HDT ECRB).   

 

 

Figure 3: Comparison of cold detection threshold between control and OA participants at medial 
(HDTM), lateral (HDTL) and popliteal fossa (HDTPF) sites of the index and non-index knee as well as 
the forearm (HDT ECRB). 

 

Control IPG

CDTM index knee 29.8 (0.8) [28.0-30.8] 29.4 (0.9) [26.1-31.1] 0.026

CDTL index knee 29.5 (1.0) [27.5-31.1] 29.1 (1.0) [26.5-30.7] 0.028

CDTPF index knee 29.8 (0.7) [28.3-30.9] 29.0 (1.0) [24.7-30.9] < 0.001

CDTM non-index knee 30.0 (0.7) [28.2-31.0] 29.4 (0.9) [26.6-31.2] < 0.001

CDTL non-index knee 29.5 (1.1) [26.9-31.2] 29.0 (1.1) [24.2-30.9] 0.036

CDTPF non-index knee 29.8 (1.0) [25.9-31.0] 29.1 (1.2) [23.2-31.4] 0.005

CDT ECRB 30.3 (0.7) [28.3-31.3] 29.5 (1.2) [23.4-31.3] < 0.001

Mean (std) [min-max]
p-value
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3.3.5. Vibration threshold (VT) 

Vibration thresholds for both the index and non-index knees were significantly higher (p < 

0.001) in the OA group at each of the medial, lateral, popliteal fossa and forearm sites 

compared to the control group (Table 5, Figure 4). This indicates local and distant vibration 

hypoesthesia. 

 

Table 5: Vibration threshold for control and OA at medial (VTM), lateral (VTL) and popliteal fossa 
(VTPF) and forearm (VT ECRB) sites. 

 

 
Figure 4: Comparison of vibration threshold between control and OA participants at medial (VTM), 
lateral (VTL) and popliteal fossa (VTPF) and forearm (VT ECRB) sites. 

 
  

Control OA

VTM index knee 5.5 (3.3-8.1) [1.4-16.2] 15.1 (10.2-21.7) [2.0-39.6] < 0.001

VTL index knee 5.6 (3.7-9.2) [2.0-16.8] 15.6 (10.1-21.5) [1.3-37.4] < 0.001

VTPF index knee 5.0 (3.9-8.5) [2.0-15.2] 12.7 (7.2-19.0) [1.4-42.9] < 0.001

VTM non-index knee 5.5 (4.1-8.7) [1.4-16.5] 13.5 (8.1-21.9) [1.9-39.7] < 0.001

VTL non-index knee 5.7 (3.8-9.3) [1.9-16.5] 14.1 (9.1-20.4) [1.7-38.2] < 0.001

VTPF non-index knee 5.8 (3.4-8.6) [1.3-29.4] 10.7 (7.3-17.2) [1.1-37.0] < 0.001

VT ECRB 4.1 (3.4-6.0) [1.9-15.0] 7.2 (5.7-11.9) [1.9-27.9] < 0.001

p-value
Median (IQR) [min-max]
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3.3.6. Tactile threshold 

OA participants had significantly higher median light touch thresholds than healthy 

participants, at both knees (p < 0.001) and at the forearm site (p = 0.008), indicating local and 

distant tactile hypoesthesia (Table 6, Figure 5). 

 

Table 6: Tactile detection threshold for control and OA participants at medial (TM), lateral (TL) and 
popliteal fossa (TPF) sites of the index and non-index knee and at forearm (TP ECRB). 

 

 

Figure 5: Comparison of tactile detection threshold between control and OA participants at medial 
(TM), lateral (TL) and popliteal fossa (TPF) sites of the index and non-index knee and at the forearm 
(TP ECRB). 

 

 

 

Control IPG

TM index knee 0.2 (0.1-0.3) [0.1-0.7] 0.4 (0.2-0.7) [0.1-19.6] < 0.001

TL index knee 0.2 (0.2-0.4) [0.1-0.7] 0.7 (0.4-1.6) [0.1-39.2] < 0.001

TPF index knee 0.2 (0.1-0.2) [0.1-0.5] 0.4 (0.2-0.7) [0.1-13.7] < 0.001

TM non-index knee 0.2 (0.1-0.3) [0.1-0.8] 0.4 (0.2-0.7) [0.1-19.6] < 0.001

TL non-index knee 0.2 (0.2-0.4) [0.1-0.7] 0.7 (0.2-0.7) [0.1-19.6] < 0.001

TPF non-index knee 0.1 (0.1-0.2) [0.1-0.7] 0.4 (0.2-0.7) [0.1-19.6] < 0.001

TP ECRB 0.1 (0.1-0.2) [0.1-0.4] 0.2 (0.1-0.2) [0.0-3.9] 0.008

p-value
Median (IQR) [min-max]
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3.3.7. Sensory deficit among OA patients 

A large number of OA participants showed sensory deficits (Table 7). Z-score analysis revealed 

cold hypoesthesia was present in 15.0% of OA participants at the medial, 8.0% at the lateral 

and 18.0% at the posterior sites on the index knee. On the non-index knee cold hypoesthsia 

was present in 18.0% on the medial side, 12.0% on the lateral side and 18.0% at the posterior 

site.  

 

Table 7: Participants (%) showing sensory deficit at medial, lateral and posterior of index and non-
index knee for heat, cold, vibration, tactile and proprioception.  

 

 

Z-score deviation for heat was present in 22.0% of OA participants on the medial side, 26.0% 

on the lateral side and 11.0% at the posterior aspect of the index knee. On the non-index 

knee 1 Z-score heat hypoesthesia was present in 19.0% of participants on the medial side, 

13.0% on the lateral side and 13.0% at the posterior site.  

 Z-score analysis revealed vibration hypoesthesia was present in 45.0% of OA participants at 

the medial, 47.0% at the lateral and 31.0% at the posterior sites on the index knee. On the 

Index Knee Non-index Knee

Heat 22 19

Cold 15 18

Vibration 45 39

Tectile 32 29

Heat 26 13

Cold 8 12

Vibration 47 37

Tectile 31 25

Heat 11 13

Cold 18 18

Vibration 31 29

Tectile 27 22

15-20O 49 49

35-40O 51 34

Medial

Lateral

Posterior

Proprioception

% Z scores



Chapter 3:  Proprioception, somatosensory and pain sensitivity of knee osteoarthritis and pain free participants 

 

57 

 

non-index knee cold hypoesthsia was present in 39.0% of participants on the medial side, 

37.0% on the lateral side and 29.0% at the posterior site.  

Z-score analysis revealed tactile hypoesthesia was present in 32.0% of OA participants at the 

medial, 31.0 % at the lateral and 27.0% at the posterior site on the index knee. On the non-

index knee cold hypoesthsia was present in 29.0% on the medial side, 25.0% on the lateral 

side and 22.0% at the posterior site.  

Z-score analysis revealed JRE deviation was present in 49.0% of OA participants at the index 

and non-index knee for 15-20o knee flexion and 51.0% at the index knee and 34.0% at the 

non-index knee for 35-40o knee flexion. Half of all OA participants showed compromised 

proprioceptive function. 
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3.3.8. Heat pain threshold (HPT) 

No difference was found in heat pain thresholds (HPT) in OA participants and control 

participants at the medial, lateral, posterior and forearm sites at both the index and non-

index knees (p > 0.05) (Table 8, Figure 6). 

 

Table 8: Heat pain threshold for control and OA participants at medial (HPTM), lateral (HPTL) and 
popliteal fossa (HPTPF) sites of the index and non-index knee and at the forearm (HPT ECRB). 

 

 

Figure 6: Comparison of heat pain threshold between control and OA participants at the medial 
(HPTM), lateral (HPTL) and popliteal fossa (HPTPF) sites of the index and non-index knees and at the 
forearm (HPT ECRB).    

 

  

Control IPG

HPTM index knee 44.8 (42.7-46.1) [39.4-49.2] 44.3 (42.4-46.5) [37.1-49.5] 0.57

HPTL index knee 44.56 (42.5-46.5) [39.0-49.6] 46.3 (44.6-47.6) [37.6-49.8] 0.99

HPTPF index knee 44.5 (42.1-46.4) [38.0-49.5] 44.8 (43.3-46.5) [37.7-49.6] 0.35

HPTM non-index knee 44.9 (41.6-46.9) [38.1-48.6] 43.9 (42.1-46.2) [35.7-49.4] 0.54

HPTL non-index knee 44.69 (43.2-45.9) [39.7-50.0] 46.3 (43.8-47.8) [29.7-50.0] 0.29

HPTPF non-index knee 45.1 (42.6-46.5) [38.4-49.5] 45.0 (43.0-46.6) [37.6-48.8] 0.99

HPT ECRB 46.4 (43.3-47.7) [37.8-49.9] 45.2 (43.6-47.6) [38.7-50.0] 0.87

Median (IQR) [min-max]
p-value
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3.3.9. Cold pain threshold (CPT) 

CPT of OA participants was significantly higher at the index and non-index knees as well as 

at the forearm (p < 0.001) (Table 9, Figure 7).  Cold hyperalgesia among OA participants is 

evident in these results (Table 9).  

 

Table 9: Cold pain threshold for control and OA participants at the medial (CPTM), lateral (CPTL) and 
popliteal fossa (CPTPF) sites of the index and non-index knee and the forearm (CPT ECRB).  

 

 

 
Figure 7: Comparison of cold pain threshold between control and OA participants at medial (CPTM), 
lateral (CPTL) and popliteal fossa (CPTPF) sites of the index and at non-index knee and the forearm 
(CPT ECRB).    

 

 

 

Control OA

CPTM index knee 13.3 (7.1-18.0) [0.0-24.1] 22.4 (18.5-24.2) [0.0-27.1] < 0.001

CPTL index knee 15.3 (11.7-18.3) [1.0-30.6] 22.3 (19.7-23.9) [0.0-27.6] < 0.001

CPTPF index knee 13.1 (6.0-17.8) [0.5-24.2] 21.1 (18.6-23.4) [0.0-27.4] < 0.001

CPTM_non_indexknee 14.8 (8.6-17.4) [0.9-22.7] 21.7 (19.1-24.0) [0.0-27.0] < 0.001

CPTL non-index knee 14.5 (8.7-17.9) [0.8-25.2] 21.5 (18.7-23.6) [0.0-27.3] < 0.001

CPTPF non-index knee 13.2 (7.1-18.1) [0.5-23.6] 21.4 (17.0-23.7) [0.0-26.9] < 0.001

CPT ECRB 10.7 (4.5-15.8) [0.0-23.7] 20.0 (16.8-23.4) [0.0-27.3] < 0.001

Median (IQR) [min-max]
p-value
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3.3.10. Pressure pain threshold (PPT) 

PPT comparison between control and OA participants for both the index and non-index knees 

as well as for the forearm was carried out. PPT was significantly lower (p < 0.001) in OA 

participants compared to PFG participants at all sites (medial, lateral and popliteal fossa ) 

around the index and non-index knees as well as at the forearm (Table 10, Figure 8).  PPT 

results indicate generalised pressure hyperalgesia (Figure 8). 

 

Table 10: Pressure pain thresholds for control and OA participants at medial (PPTM), lateral (PPTL) 
and popliteal fossa (PPTPF) sites of the index and non-index knee and at the forearm (PPT ECRB). 

  

 

 

Figure 8: Comparison of pressure pain threshold between control and OA participants at the medial 
(PPTM), lateral (PPTL) and popliteal fossa (PPTPF) sites of the index and non-index knee and at the 
forearm (PPT ECRB). 

 

Control OA

PPTM index knee 571.3 (482.0-657.7) [227.3-1,058.0] 331.3 (229.0-429.3) [78.7-1,418.7] < 0.001

PPTL index knee 573.3 (493.3-774.0) [303.7-1,007.3] 341.0 (240.7-492.0) [102.7-1,389.0] < 0.001

PPTPF index knee 606.3 (532.7-807.0) [358.3-1,004.0] 383.3 (258.3-480.3) [72.0-1,371.3] < 0.001

PPTM non-index knee 573.7 (409.7-655.7) [248.3-976.0] 354.0 (238.0-432.0) [80.3-1,266.7] < 0.001

PPTL non-index knee 582.3 (468.0-698.7) [278.7-1,049.3] 376.0 (245.7-483.7) [81.7-1,471.7] < 0.001

PPTPF non-index knee 590.7 (545.7-780.0) [407.0-1,002.0] 389.3 (292.7-508.3) [88.7-1,385.7] < 0.001

PPT ECRB 453.3 (343.3-596.0) [253.0-840.7] 325.0 (250.7-420.3) [159.3-905.0] < 0.001

p-value
Median (IQR) [min-max]
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It was also noted that for both the index and non-index knees there was a steeper and steady 

increase in PPT from PPTM to PPTL and to PPTPF in control participants compared to that in 

OA participants. PPT in the PFG suggests that the medial side of the knee is more sensitive 

to pressure. 

 

3.4. Questionnaires 

Three questionnaires were administered to both OA and control participants. OA 

participants scored significantly higher (p < 0.001) for depression and anxiety, sleep quality 

and comorbidities compared to the control participants (Table 11). 

Table 11: DASS, PSQI and comorbidity questionnaire scores for Control and OA, median (IQR) [min-
max]. 

 

 
  

Control OA

DASS 2.0 (0.0-5.0) [0.0-40.0] 8.0 (4.0-25.0) [0.0-104.0] < 0.001

PSQI 3.0 (2.0-6.0) [1.0-10.0] 6.0 (4.0-10.0) [0.0-17.0] < 0.001

Comorbidity 0.0 (0.0-1.0) [0.0-4.0] 5.0 (3.0-7.0) [0.0-14.0] < 0.001

p-value
Median (IQR) [min-max]
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3.5. Discussion 

People with knee OA showed hypoesthesia to a range of somatosensory stimuli including; 

cold, vibration and touch. Pain thresholds were tested for heat, cold and pressure. OA 

participants had significantly higher pain thresholds for cold and pressure but not for heat. 

In line with the nerve distribution around the knee (section 1.4), QST measures were 

recorded at medial, lateral and popliteal fossa sites around the knee to evaluate sensory loss 

at the sites reported on pain mapping. QST results indicated generalized hypoesthesia and 

hyperalgesia (Tables 3 to 10) in the OA group. Results suggested that people with OA may 

have pain sensitivity and sensory changes as a result of the disease process. These results 

are in line with the previously reported literature (Moss et al., 2016; Wright et al., 2017; 

Wylde et al., 2012) and thus provide confidence in the integrity of the current study data.  

QST has been extensively used to assess sensory function in the knee OA cohort. A meta-

analysis of seven studies performed between OA participants and controls found that PPT 

was significantly lower in OA participants and had merit to further evaluate as a means to 

differentiate pain phenotypes among people with OA (Suokas et al., 2012). Results suggest 

lower PPTs in people with OA at the affected sites indicate peripheral and in the remote site 

central sensitisation. This study noted similar observations that generalized PPT hyperalgesia 

was present in OA participants (Table 10, Figure 8). 

Proprioceptive function in OA participants was compromised. OA participants showed 

significantly higher JRE compared to that in the control group (Table 2, Figure 1). Vibratory 

sense is a separate yet closely related sensory pathway to proprioception and neuronal 

activity related to both of these measures is transmitted in parallel through the dorsal 

columns of the spinal cord (Gilman, 2002). Diminished proprioceptive function and higher 

JRE has been recognised in OA participants previously (Barrett et al., 1991). This study 

showed that both JRE as well as vibration threshold are compromised in OA participants, 

which shows the presence of a sensory deficit. Lack of proprioception sense is suggested as 

a factor that contributes to altered gait and imbalanced joint loading, which leads to 

progressive joint degeneration (Stauffer et al., 1977). In contrast to previous studies 

participants in this study underwent extensive and detailed assessment of somatosensory 

functions. There is a lack of available data on normative QST values, which in part was 

overcome by following strict selection criteria for the control as well as for OA participants 
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by excluding neurological disorders and history of limb injury or surgery in the past 6 months 

(section 2.1.2). 

Data from the control group were used to determine sensory deficit in OA participants by 

calculating Z-scores (section 2.8.3). A large number of OA participants showed sensory 

deficits for all measures (Table 7). VT and proprioception was compromised in nearly 50% of 

the OA cohort. Sensory deficit in OA participants was presented previously for warm and cold 

perception with a similar number of OA participants showing cold and warm hypoesthesia 

as in this study (Table 7) (Wright et al., 2017) 

Questionnaires were used to assess sleep quality, psychological function and comorbidity. 

Results of this study suggested sleep disruption, impairment of psychosocial function and 

higher comorbidities in OA participants compared to pain free participants.  Previously it is 

known that chronic pain causes depression and anxiety (Bair et al., 2008). Depressed mood 

is also shown in OA participants (Gureje et al., 1998; Hochman et al., 2013; Ohayon & 

Schatzberg, 2003). Poor sleep quality is also related to chronic pain (Marty et al., 2008). This 

study confirmed previous findings of a review that chronic pain causes physical and 

psychological consequences and is associated with various comorbidities (Fine, 2011). The 

review was based on various chronic conditions i.e., OA, low back pain, spinal pain and 

fibromyalgia. This study demonstrated similar findings in OA patients.   

In contrast to the research carried out in the past, this study included questionnaires, related 

sensory and pain measures (QST), along with proprioceptive functions in the same cohort. 

This study showed clear differences between the OA and PFG (control) cohorts in 

somatosensory function (Tables 2 – 10, Figures 1 – 8). The OA cohort have also shown 

compromised quality of life with poor sleep quality and psychosocial function and a greater 

number of comorbidities compared to the control group (Table 11). OA participants had 

greater psychosocial problems as they had higher depression, anxiety and stress scores 

compared to the pain free group. Psychosocial problems have also been reported before in 

this cohort using a different assessment questionnaire (Hochman et al., 2013).  
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Conclusions 

Results are in line with the previous reports in the literature that OA participants have been 

found to experience sensory and proprioceptive deficits and increased pain sensitivity. 

Almost half of the OA cohort showed vibration hypoesthesia and impaired proprioceptive 

function. These results suggest that either prolonged inflammation or severe structural 

damage of the joint leads to damage to the innervation of the knee or significant central 

changes in the processing of sensory information. The peripheral nociceptors may be 

sensitized by, for example, inflamed synovium and damaged subchondral bone. It is also 

apparent that OA participants suffer chronic pain which may lead to sleep disruption and in 

turn cause psychological dysfunction or vice versa. Impaired sensory function is very 

common in the OA cohort. 
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4. Comparison of different pain phenotypes in a knee OA 
cohort 

 

4.1. Introduction 

Pain is the most common symptom of osteoarthritis (OA) and forms the reason for many 

consultations in general practice and physiotherapy clinics among older adults. 

Osteoarthritis pain has traditionally been considered as nociceptive pain (Mease et al., 2011) 

but some OA patients present with more severe chronic pain that includes features of 

neuropathic pain (NP) (Hochman et al., 2011; Moreton et al., 2015; Ohtori et al., 2012).   

Several neuropathic pain questionnaires have been developed based on self-report 

descriptors. These descriptors are related to pain qualities and sensory symptoms (e.g., 

burning, electric shocks, tingling, pricking, pins and needles, and painful light touch). These 

questionnaires have been used as a tool to distinguish NP from other types of chronic pain 

in clinical as well as research settings. Assessment questionnaires have been used to 

phenotype OA patients (Bouhassira & Attal, 2011).  However, they do not provide sufficient 

information to establish a formal diagnosis of neuropathic pain which requires evidence of 

somatosensory deficit and relevant pathology (Treede et al., 2008). 

PainDETECT and the Leeds assessment of neuropathic symptoms and signs (LANSS) are 

validated self-report questionnaires commonly used in both clinical as well as research 

settings (Hochman et al., 2013).  

This study used PainDETECT and S-LANSS questionnaires to evaluate neuropathic pain 

symptoms. These two questionnaires were selected because these are self-report 

questionnaires and do not require clinical examination.  

PainDETECT scores were used to initially group OA participants, S-LANSS scores were used 

to subsequently evaluate NP presentations amongst groups of OA participants. Based on the 

requirements identified by Treede et al (Treede et al., 2008), participants were further 

grouped based on data from pain and sensation mapping and detailed evaluation of sensory 

deficits. This process differentiated participants with knee OA into three pain phenotypes, 
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those with predominantly inflammatory pain, those with probable neuropathic pain and an 

intermediate grouping with possible neuropathic pain. 

Following literature review and preliminary data from recent studies hypotheses and aims 

were developed, as below 

Hypotheses 

1. More than one pain phenotype can be identified using self-report neuropathic pain 

questionnaires and measures of sensory function among OA patients. 

2. Neuropathic pain descriptors, pain severity, stiffness, physical disability, anxiety, 

depression and sleep quality will demonstrate differences between OA pain groups. 

 

Aims 

• To develop a standard methodology to differentiate different pain phenotypes 

• To determine whether these phenotype groupings can be differentiated based on a 

range of self-report measures. 

 

4.2. Methods 

Self-report questionnaires were administered to OA participants. Questionnaires were given 

to the participants at the end of their first appointment to take home and complete at their 

leisure and bring back when they returned for their second appointment. Ninety nine (99) 

OA participants returned their questionnaires. The following questionnaires (Appendix 1) 

were given to the OA participants. 

- PainDETECT 
- S-LANSS 
- PQAS 
- WOMAC 
- PCS 
- PSQI 
- DASS 
- Comorbidity 
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Potential volunteers were first screened over the phone. Participants were examined by the 

study Rheumatologist and the researcher and were asked to complete a series of 

questionnaires as explained in chapter 2. After their first appointment at the clinic, 

participants attended two laboratory testing sessions. During the first session quantitative 

sensory testing (QST) was performed in the pain laboratory at Curtin University, which 

included a battery of tests for sensory function as well as measures of cold, heat and pressure 

pain thresholds. On the subsequent day proprioceptive testing was carried out in the motion 

analysis laboratory at Curtin University.  

 

4.3. Data analysis 

OA participants were divided into three groups. Participants were classified into the 

inflammatory pain group (IPG), possible neuropathic pain group (PoNPG) and probable 

neuropathic pain group (PrNPG) as follows (details in Chapter 2 sections 2.8.3 and 2.8.4). 

 

• IPG PainDETECT score ≤ 12 

• PoNPG PainDETECT score ≥ 13, and 

 reporting of additional sensations or demonstrating a sensory deficit. 

• PrNPG PainDETECT score ≥ 19, and 

Reporting additional sensations along with a related sensory deficit in the 

same anatomical area (medial, lateral, or popliteal). 

 

4.3.1. Statistical analysis 

IBM® SPSS version 26 was used for statistical analysis. 

PainDETECT and S-LANSS data were compared using one way ANOVA and post-hoc  

Dunnett’s test, to compare IPG (as control) to PoNPG and PrNPG. WOMAC, PQAS, PCS, DASS 

and comorbidity data did not meet requirements for normality (section 2.8.1) hence these 

were compared using the nonparametric independent samples Kruskal-Wallis test and the 

Mann-Witney U test. In all tests, significance level was set at ≤ 0.05. 
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Univariate and multivariate logistic regression was carried out to determine which 

questionnaires scores were associated with membership of the neuropathic pain group 

(NPG: combined PoNPG and PrNPG).  

 

4.4. Results 

Data from 99 OA participants were used for analysis. Among the participants, 46 were male 

and 53 females. Average age and BMI of the participants was 64.3 ±8 years and 28.9 ±6 

respectively. 

Results of questionnaires are presented as mean (SD) for PainDETECT and S-LANSS and 

median (IQR) for WOMAC, PQAS, DASS, PSQI, PCS, and comorbidity. Comparison of scores 

for the IPG and the PoNPG is shown in Table 1. Comparison of scores for the IPG and the 

PrNPG is presented in Table 2. 
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Table 1: Comparison of questionnaire responses between the IPG and the PoNPG; PainDETECT, Leeds 
Assessment of neuropathic symptoms and signs (S-LANSS), Western Ontario McMaster Osteoarthritis 
Index version VA 3.1 (WOMAC), the pain quality assessment scale (PQAS), the depression, anxiety and 
stress scale (DASS), the pain catastrophizing scale (PCS), Pittsburgh sleep quality index (PSQI) and the 
comorbidity questionnaire. 

 

  

IPG PoNPG p-value

PainDETECT 10.8 (4.1) [2.0-18.0] 15.8 (2.0) [13.0-19.0] < 0.001

S-LANSS 7.9 (4.1) [0.0-18.0] 11.1 (3.7) [2.0-19.0] < 0.001

WOMAC-T 85.5 (47.6-108) [0.0-185] 97.5 (78.9-143) [11.6-199] < 0.001

WOMAC-Pain 15.9 (9.6-20.7) [0.0-34.6] 19.6 (14.4-28.5) [0.0-39.5] 0.024

WOMAC-Stiffness 10.0 (5.7-13.4) [0.0-16.5] 12.2 (8.2-13.8) [0.7-20.0] 0.077

WOMAC-Function 56.1 (28.2-75.9) [0.0-138] 64.5 (50.7-101) [2.4-141] 0.055

PQAS-P 6.0 (2.0-15.0) [0.0-27.0] 17.0 (11.0-23.0) [1.0-33.0] < 0.001

PQAS-S 6.0 (1.5-11.0) [0.0-28.0] 11.0 (5.0-21.0) [0.0-32.0] < 0.001

PQAS-D 16.0 (10.5-25.0) [0.0-34.0] 22.0 (11.0-32.5) [3.0-47.0] < 0.001

DASS 7.0 (2.0-16.0) [0.0-45.0] 8.0 (4.5-26.5) [2.0-72.0] 0.110

PSQI 5.0 (3.5-7.5) [0.0-17.0] 8.0 (4.5-10.0) [0.0-15.0] < 0.001

PCS 7.0 (2.5-10.0) [0.0-34.0] 7.0 (3.0-18.5) [0.0-40.0] 0.410

Comorbidity 5.0 (3.0-7.0) [0.0-12.0] 5.0 (3.0-8.0) [0.0-14.0] 0.730

Median (IQR) [min-max]

Mean (SD) [min-max]
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Table 2: Comparison of questionnaire responses between the IPG and the PrNPG; PainDETECT, Leeds 
Assessment of neuropathic symptoms and signs (S-LANSS), Western Ontario McMaster Osteoarthritis 
Index version VA 3.1 (WOMAC), the pain quality assessment scale (PQAS), the depression, anxiety and 
stress scale (DASS), the pain catastrophizing scale (PCS), Pittsburgh sleep quality index (PSQI) and the 
comorbidity questionnaire. 

 

 

  

IPG PrNPG

PainDETECT 10.8 (4.1) [2.0-18.0] 21.4 (3.4) [19.0-33.0] < 0.001

S-LANSS 7.9 (4.1) [0.0-18.0] 15.4 (3.2) [11.0-22.0] < 0.001

WOMAC-T 85.5 (47.6-108) [0.0-185] 145 (104-163) [68-210] < 0.001

WOMAC-Pain 15.9 (9.6-20.7) [0.0-34.6] 27.7 (23.5-32.0) [15.8-44.3] < 0.001

WOMAC-Stiffness 10.0 (5.7-13.4) [0.0-16.5] 12.7 (11.0-16.1) [7.9-19.6] 0.002

WOMAC-Function 56.1 (28.2-75.9) [0.0-138] 102.8 (69.9-120) [41.4-148] < 0.001

PQAS-P 6.0 (2.0-15.0) [0.0-27.0] 24.0 (14.0-29.0) [9.0-34.0] < 0.001

PQAS-S 6.0 (1.5-11.0) [0.0-28.0] 21.0 (13.5-34.0) [5.0-43.0] < 0.001

PQAS-D 16.0 (10.5-25.0) [0.0-34.0] 31.0 (21.0-36.0) [11.0-41.0] < 0.001

PCS 7.0 (2.0-16.0) [0.0-45.0] 15.0 (10.0-25.0) [3.0-42.0] < 0.001

DASS 5.0 (3.5-7.5) [0.0-17.0] 24.0 (5.0-38.0) [0.0-104.0] 0.010

PSQI 7.0 (2.5-10.0) [0.0-34.0] 9.0 (6.0-10.5) [5.0-17.0] 0.001

Comorbidity 5.0 (3.0-7.0) [0.0-12.0] 6.0 (3.5-7.0) [3.0-12.0] 0.528

p-value
Mean (SD) [min-max]

Median (IQR) [min-max]
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4.4.1. PainDETECT 

Mean (SD) PainDETECT questionnaire scores for the IPG, PoNPG and PrNPG were 10.8 (4.1), 

15.8 (2) and 21.4 (3.4) respectively (Table 1, Table 2). PainDETECT scores were significantly 

higher (Figure 1) in the PoNPG and the PrNPG compare to the IPG (p < 0.001) (Table 1, Table 

2). PainDETECT scores ranged from 2-33. Thirty two participants scored 2-12, forty three 

participants 13-18, and twenty four OA participants scored 19-33. It was anticipated that 

there would be a clear differentiation between groups based on PainDETECT score since this 

score was used as part of the group selection process. 

 

Figure 1: Comparison of PainDETECT scores between OA groups, IPG, PoNPG and PrNPG. 

 
  

p < 0.001

p < 0.001
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4.4.2. S-LANSS 

Mean (SD) S-LANSS questionnaire scores for the IPG, PoNPG and PrNPG cohorts were 7.9 

(4.0), 11.1(3.7) and 15.4 (3.2) respectively (Table 1, Table 2). Overall, S-LANSS scores showed 

an increasing trend (Figure 2) from IPG to PoNPG to PrNPG (p < 0.001). Between individual 

groups, scores were significantly higher in the PoNPG and the PrNPG compare to the IPG, 

returning a p-value of < 0.001 (Figure 2, Table 1, Table 2).  

 

Figure 2: Comparison of S-LANSS scores between OA groups, IPG, PoNPG and PrNPG. 

 
  

p < 0.001

p < 0.001
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4.4.3. WOMAC 

The median (IQR) WOMAC total scores for the IPG was 85.5 (47.6-107.7), PoNPG 97.5 (78.9-

142.7) and the PrNPG 145 (104-163) (Table 1, Table 2). Overall, WOMAC total scores showed 

an increasing trend from IPG to PoNPG to PrNPG (p < 0.001) (Figure 3).  Between individual 

groups, WOMAC total score was significantly higher in the PoNPG vs the IPG and the PrNPG 

vs the IPG (p < 0.001) (Table 1, Table 2).  (Figure 3) 

 

Figure 3: Comparison of WOMAC total scores between the OA groups, IPG, PoNPG and PrNPG. 

 

The median (IQR) WOMAC pain scores for the IPG, PoNPG and PrNPG were 15.9 (9.6-20.7), 19.6 

(14.4-28.5) and 27.7 (23.5-32.0), respectively (Table 1, Table 2). Overall, WOMAC pain scores 

showed an increasing trend from IPG to PoNPG to PrNPG (p < 0.001) (Figure 4-a). Between 

individual groups, WOMAC pain score was significantly higher in the PoNPG when compared 

to the IPG (p < 0.024) (Table 1) and the PrNPG compared to that in the IPG (p < 0.001) (Table 

2). 

p < 0.001

p < 0.001
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The median (IQR) WOMAC functional disability scores for the IPG, PoNPG and PrNPG were 

56.1 (28.2-76.0), 64.5 (50.7-101.2) and 103 (70-119.5), respectively (Table 1, Table 2). 

Overall, WOMAC dysfunction scores showed an increasing trend from IPG to PoNPG to 

PrNPG (p < 0.001) (Figure 4-b). Between individual groups, the WOMAC dysfunction score 

was significantly higher in PrNPG compared to that in the IPG (p < 0.001) but there was no 

significant difference between IPG and PoNPG.  

The median (IQR) WOMAC stiffness scores for the IPG, PoNPG and PrNPG were 10.0 (5.7-

13.4), 12.2 (8.2-13.8) and 12.7 (11.0-16.1), respectively (Table 1, Table 2). Overall, WOMAC 

stiffness scores showed an increasing trend from IPG to PoNPG to PrNPG (p < 0.001) (Figure 

4-c). Between individual groups, WOMAC pain score was significantly higher in the PrNPG 

compared to that in the IPG (p = 0.002) but there was no significant difference between IPG 

and PoNPG.  

 

Figure 4: Comparison of WOMAC, pain (Fig 4-a), function (Fig 4-b) and stiffness (Fig 4-c) scores 
between the IPG, PoNPG and PrNPG groups. 

  

Fig 4-a Fig 4-b Fig 4-c

p < 0.001

p < 0.024

p < 0.001

p = 0.055

p 0.002

p = 0.077
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4.4.4. PQAS 

Three sub-groups of PQAS scores, paradoxical (PQAS-P), surface (PQAS-S) and deep (PQAS-

D) were assessed. Each of these sub-groups showed an increasing trend from IPG to PoNPG 

to PrNPG (p < 0.001) (Figure 5-a, b, c). For all PQAS types (P, S and D), the PoNPG had 

significantly higher scores compared to those in the IPG (p < 0.001) (Table 1). Similarly, the 

PrNPG showed increased scores compared to the IPG (p < 0.001) (Table 2) (Figure 5-a,b,c).  

 

Figure 5: Comparison of PQAS, paradoxical (PQAS-P) (Fig 5-a), surface (PQAS-S) (Fig 5-b) and deep 
(PQAS-D) (Fig 5-c) scores between the IPG, PoNPG and PrNPG groups. 

  

Fig 5-a Fig 5-b Fig 5-c

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001

p < 0.001
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4.4.5. PCS 

Scores for the pain catastrophizing scale (PCS) showed an increasing trend from IPG to 

PoNPG to PrNPG (p < 0.001) (Figure 6). Between the groups, PCS scores were significantly 

higher in the PrNPG compared to the IPG (p <0.001) (Table 2). No significant difference in 

PCS was found between the IPG and the PoNPG (p = 0.41) (Table 1).  

 

Figure 6: Comparison of PCS scores between the IPG, PoNPG and PrNPG cohorts. 

  

p < 0.001

p = 0.41
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4.4.6. PSQI 

PSQI scores showed an increasing trend from IPG to PoNPG to PrNPG (p < 0.001) (Figure 7).  

Between the groups, PSQI scores were significantly higher in the PoNPG compared to the IPG 

(p < 0.001) (Table 1) and PrNPG (p = 0.001) (Table 2).  

 

 
Figure 7: Comparison of PSQI scores between the IPG, PoNPG and PrNPG cohorts. 

  

p 0.001

p < 0.001
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4.4.7. DASS 

DASS scores showed an increasing trend between the IPG, PoNPG and PrNPG (p < 0.001) 

(Figure 8). The IPG and PrNPG showed a significant difference in DASS scores (p = 0.010), 

however, no statistically significant difference between the IPG and the PoNPG (p = 0.110) 

was noted.  

 

Figure 8: Comparison of DASS scores between the IPG, PoNPG and PrNPG cohorts. 

  

p 0.010

p = 0.110
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4.4.8. Comorbidity 

Comorbidities were compared between the three groups of OA participants; comorbidity 

scores did not show  significant difference between IPG and PoNPG (p = 0.730) and between IPG and 

PrNPG (p = 0.528) (Figure 9, Table 1, Table 2).  

 

Figure 9: Comparison of Comorbidity scores between the IPG, PoNPG and PrNPG cohorts. 

 

Neuropathic pain, pain intensity, pain quality, pain catastrophizing scale, sleep quality and 

psychological measures were significantly higher in the PoNPG and PrNPG relative to the IPG 

(Table 1, Table 2). These measures were further tested by combining participants from the 

PoNPG and PrNPG into a new grouping called the neuropathic pain group (NPG). Comparison 

of the NPG and IPG is presented in Table 3. S-LANSS, WOMAC total with all subscales, all 

PQAS sub scales, PCS, DASS and PSQI scores were significantly higher in the NPG (p ≤ 0.010). 

The only exception was the comorbidity scores (p = 0.683). Therefore, logistic regression was 

performed between the IPG and the NPG. 

  

p = 0.528

p = 0.730
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Table 3: Comparison of questionnaire responses between the IPG and the NPG; PainDETECT, Leeds 
Assessment of neuropathic symptoms and signs (S-LANSS), Western Ontario McMaster Osteoarthritis 
Index version VA 3.1 (WOMAC), the pain quality assessment scale (PQAS), the depression, anxiety and 
stress scale (DASS), the pain catastrophizing scale (PCS), Pittsburgh sleep quality index (PSQI) and the 
comorbidity questionnaire. 

 

 

 

 

 

IPG
NPG                                  

(PoNPG + PrNPG)
p-value

PainDETECT 10.8 (4.1) [2.0-18.0] 18.1 (3.9) [13.0-33.0] < 0.001

S-LANSS 7.9 (4.1) [0.0-18.0] 12.9 (4.1) [2.0-22.0] < 0.001

WOMAC-T 85 (48-108) [0-185] 118 (88-152) [12-210] < 0.001

WOMAC-Pain 15.9 (9.6-20.7) [0.0-34.6] 26.2 (16.3-30.1) [0.0-44.3] < 0.001

WOMAC-Stiffness 10.0 (5.7-13.4) [0.0-16.5] 12.3 (10.1-14.6) [0.7-20.0] 0.004

WOMAC-Function 56.1 (28.2-75.9) [0.0-138] 77.1 (57.3-109) [2.4-148] 0.001

PQAS-P 6.0 (2.0-15.0) [0.0-27.0] 18.5 (12.8-24.3) [1.0-34.0] < 0.001

PQAS-S 6.0 (1.5-11.0) [0.0-28.0] 16.0 (7.0-24.3) [0.0-43.0] < 0.001

PQAS-D 16.0 (10.5-25.0) [0.0-34.0] 28.5 (17.0-35.3) [3.0-47.0] < 0.001

PCS 7.0 (2.5-10.0) [0.0-34.0] 11.5 (5.0-21.3) [0.0-42.0] 0.006

DASS 7.0 (2.0-16.0) [0.0-45.0] 9.0 (5.0-35.5) [0.0-104] 0.010

PSQI 5.0 (3.5-7.5) [0.0-17.0] 8.0 (6.0-10.0) [0.0-17.0] 0.001

Comorbidity 5.0 (3.0-7.0) [0.0-12.0] 5.5 (3.0-7.3) [0.0-14.0] 0.683

Mean (SD) [min-max]

Median (IQR) [min-max]
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4.4.9. Logistic regression analysis 

Univariate and multivariate analyses were performed to test which self-reporting variables 

were associated with membership of the NPG. 

Univariate logistic regression 

Univariate logistic regression analysis suggested that the response variable, NPG, was 

independently and significantly associated (p ≤ 0.01) with all predictor variables listed in 

Table 4.  Table 4 shows significance levels and odds ratios for the respective questionnaires.  

 

Table 4: Univariate model. 

 

  

OR 95%CI OR p-value

S-LANSS 1.36 1.19-1.57 < 0.001

WOMAC-T 1.02 1.01-1.04 < 0.001

WOMAC-Pain 1.11 1.05-1.17 < 0.001

WOMAC-Stiffness 1.16 1.05-1.27 < 0.001

WOMAC-Function 1.03 1.01-1.04 < 0.001

PQAS-P 1.16 1.09-1.23 < 0.001

PQAS-S 1.12 1.06-1.19 < 0.001

PQAS-D 1.08 1.03-1.12 < 0.001

PCS 1.07 1.02-1.12 0.010

DASS 1.04 1.01-1.07 0.010

PSQI 1.20 1.06-1.36 < 0.001
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Multivariate analysis 

The questionnaires that were significant in the univariate regression models, described in 

Table 4, for diagnostic test predictors, were entered into an overall multivariable logistic 

regression model to find the model that provided the optimal predictors for inclusion in the 

NPG.  A manual forward and backward selection strategy of variables with p < 0.10 was 

performed to select predictors for the final model.  Predictors were deleted step by step 

from the model based on the highest p-value. Results of this multivariable model showed 

that the most strongly associated (p < 0.05) questionnaires were S-LANSS and PQAS-P, with 

OR of 1.26 and 1.12, respectively, for these measures (Table 5). 

 

Table 5: Odds ratio confidence interval and p value for multiple regression. 

 

  

OR 95%CI OR p value

S-LANSS 1.26 1.06-1.50 0.010

WOMAC-T 1.03 0.96-1.10 0.473

WOMAC-Pain 0.99 0.87-1.13 0.932

WOMAC-Stiffness 1.01 0.85-1.19 0.930

WOMAC-Function 0.98 0.92-1.05 0.622

PQAS-P 1.12 1.02-1.24 0.019

PQAS-S 1.03 0.94-1.13 0.464

PQAS-D 0.95 0.87-1.02 0.163

PCS 0.98 0.90-1.06 0.561

DASS 1.05 1.00-1.10 0.074

PSQI 1.11 0.93-1.32 0.261
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4.5. Discussion 

PainDETECT (PD) scores, pain and symptom report, and sensory deficits were used to initially 

group OA participants. The PainDETECT questionnaire is widely used in research settings to 

identify neuropathic pain (NP). PD score of ≤ 12 was scored by 32 OA participants who were 

categorised as the inflammatory pain group. PD scores from 13-18 (unsure) were scored by 

43 participants and PD scores >19, likely NP, were scored by 24 participants. For this study, 

in addition to PD score, NP symptoms mapped on a lower limb diagram and corresponding 

sensory deficits were taken into account to differentiate participants into groups. The OA 

participants were divided into the inflammatory pain group, possible neuropathic pain and 

probable neuropathic pain group (section 4.3). PainDETECT has been used by several studies 

to evaluate characteristics of NP in OA patients (Hochman et al., 2011; Moss et al., 2018; 

Roubille et al., 2014). Previous studies have used PainDETECT scores to report NP in knee OA 

participants. Previous studies have also reported abnormal sensory and pain thresholds 

when participants were identified in NP group based on PainDETECT scores (Moss et al., 

2018; Wright et al., 2017). In the absence of a gold standard, self-reporting tool for knee OA, 

S-LANSS and PQAS, two additional questionnaires were used to confirm the presence of NP 

and to provide supporting evidence in addition to PainDETECT scores. Two cut-off scores, 10 

and 12, have been reported for S-LANSS (Bennett et al., 2005). In this study, 65% scored ≤ 10 

on S-LANSS and 34% scored > 12. A PainDETECT score of ≥ 13 was scored by 68% and > 18 

scored by 24% of OA participants PoNPG participants scored between 2 to 19 in the S-LANSS 

questionnaire and S-LANSS scores for some participants were not in agreement with the 

PainDETECT scores. Overall, 48% scored in the NP range on both questionnaires. 

Results of this study indicated that S-LANSS and PQAS scores were higher in the PrNPG. All 

those participants who scored on PainDETECT in the NP range also scored on S-LANSS and 

PQAS sub scores related to NP (PQAS-P and PQAS-S), in the NP range. PainDETECT scores 

were used for initial grouping, but in this study, PainDETECT scores were not the only criteria 

used to pain phenotype OA participants. To diagnose NP evidence of somatosensory deficit 

is required (Treede et al., 2008). To find diagnostic indicators of NP, participants were 

extensively tested for sensory and pain thresholds and additional measures were also used 

to evaluate differences between the IPG, PoNPG and PrNPG (details in Chapter 2).  
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PQAS scores were lower in the IPG compared to the PoNPG and the PrNPG. PQAS has shown 

a steady increase with the severity of disease; similar findings were reported previously on 

two sub scales of PQAS-P and PQAS-S (Moss et al., 2018).  This suggests that S-LANSS and 

PQAS-P are good indicators of suspected NP.    

PainDETECT and S-LANSS have been previously used for pain phenotyping knee OA patients 

and found similar results (Hochman et al., 2011; Moreton et al., 2015). IPG and PoNPG 

participants’ scores of S-LANSS, WOMAC, PQAS were more variable, with a wider range.  

WOMAC scores in this study revealed that pain and functional disability increased from the 

IPG to the PoNPG and the PrNPG. Similar results were reported previously when OA 

participants were grouped based on PainDETECT scores (Hochman et al., 2013; Moss et al., 

2018; Wright et al., 2017). 

S-LANSS and PQAS scores show that even in IPG and PoNPG there were some participants 

who scored as high as to be included in NP.  However, they did not show sensory loss in the 

same area where they reported NP symptoms.  This suggests nerve involvement or central 

augmentation earlier in the disease process. WOMAC also showed these participants had 

higher pain and functional disability. 

In addition, PCS, DASS, PSQI and comorbidity questionnaires were administered to assess 

pain severity and its effect on activity and pain catastrophization, psychosocial state, sleep 

quality and comorbidities in OA participants and the effect of NP. OA participants had 

significantly higher depression, anxiety, sleep disruption and comorbidities compared to the 

pain free control group (section 3.4).  

These measures were compared between the three OA groups, IPG, PoNPG and PrNPG. 

Physical activity, pain catastrophization, psychosocial state, sleep quality and comorbidities 

were lowest in the IPG and highest in the PrNPG (Table 1, Table 2). These results indicate a 

more severe impact of disease in the PrNPG. Higher WOMAC scores for physical disability 

may be due to severe pain which may also be causing sleep disruption and psychological 

problems like depression and anxiety.  

Logistic regression modelling was carried out by combining the PoNPG and PrNPG. One 

reason for this being that the sample size was not sufficient to allow us to perform logistic 

regression between the IPG and the PrNPG only. Secondly, most of the sensory and pain 
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measures were similar in PoNPG and PrNPG. Logistic regression between the IPG and NPG 

noted that S-LANSS and PQAS-P self-reporting measures had a strong association with the 

presence of NP (Table 4). 

Previous studies have reported NP incidence of up to 22% using PainDETECT (Hochman et 

al., 2011; Moss et al., 2018). Following strict criteria to define NP groups, 29% of participants 

of this study were included in PoNPG and 21% in PrNPG. A meta-analysis of nine studies 

found a significant prevalence of NP at 23% among people with hip or knee OA (French et 

al., 2017).  This is very close; 24% participants of this study scored positive NP based on only 

PD scores as was previously reported (Hochman et al., 2011; Roubille et al., 2014). Five of 

the nine studies used PainDETECT, two studies used a modified PainDETECT and DN4 and S-

LANSS were used in two studies. Study participants of Hochman et al. reported that 28% had 

neuropathic symptoms but this was reduced to 19% when people with existing neurological 

conditions were excluded whereas this study recruited OA participants without any 

neurological condition and reported 21% of participants in the PrNPG. The PrNPG 

experienced greater pain, psychological distress, pain catastrophization and sleep disruption 

than people in the IPG. Similar results have been previously reported but different 

questionnaires were used (Hochman et al., 2011). This study recruited participants excluding 

all possible neuropathic conditions and adopted a more extensive approach to categorise 

the NPG. Hypothesis was accepted for S-LANSS, PQAS-S and PQAS-P and rejected for 

WOMAC, PQAS-, DASS and comorbidity. 

Conclusions 

Results of self-report questionnaires show a clear difference from IPG to PoNPG to PrNPG 

(Figures 1 to 8). PrNPG participants had higher NP symptoms reflected on S-LANSS, PQAS-S 

and PQAS-P. The PrNPG scored the highest on pain scores, functional disability, and 

psychosocial dysfunction. The PrNPG, results indicated that these OA patients suffer a more 

severe impact from their disease. These questionnaires, after finding accurate cut-off values, 

can be used in clinical as well as research settings to discriminate OA patients who should be 

further evaluated for the presence of NP. Multivariate logistic regression has shown that S-

LANSS and PQAS-P are strongly associated with NP. Positive scores on these two 

questionnaires can assist to confirm the presence of NP. 
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5. Neuropathic pain sensations and symptoms on 
digital pain mapping 

 

5.1. Introduction 

Osteoarthritis (OA) is a leading cause of joint pain and functional disability in older people (Cross et 

al., 2014). OA pain is heterogeneous in nature, both nociceptive and neuropathic components have 

been described for OA pain. OA pain is traditionally considered as pain caused by degenerative 

changes and local inflammation (Dimitroulas et al., 2014). However, recent studies suggest that up to 

30% of patients present with neuropathic pain (NP) (Hochman et al., 2011; Ohtori et al., 2012).  

PainDETECT and other questionnaires are used in research settings to identify NP but these are not 

diagnostic tools. Diagnosis of NP requires evidence of somatosensory deficit in addition to the report 

of neuropathic pain symptoms (Treede et al., 2008). In fact, at present, there are no tests available to 

make a definite diagnosis of neuropathic pain in patients with OA.  

Information about intensity, area and location of pain is vital for clinicians to diagnose the cause of 

pain. Pain over the medial side of the knee in an older patient may indicate medial compartment 

tibiofemoral osteoarthritis. Location of pain helps to guide further investigations. For example, 

tibiofemoral joint pain may suggest the requirement for an MRI and may lead in some patients to 

diagnoses of meniscal tear (Riddle & Makowski, 2015). Pain drawing or pain mapping is an unbiased 

tool for describing pain location and intensity. Pain location has been described as heterogeneous, no 

particular pain pattern was found for symptomatic knee OA on pain mapping (Wood et al., 2007), 

although that study found that OA pain was more frequently reported on the medial side of knee.  

Pain mapping has progressed from body manikins and paper drawings to digital mapping using a 

computer or tablet. The Navigate Pain App Ver. 1 (Aalborg University, Denmark), enables patients to 

digitally draw their pain area on a 3D body template. Digitally acquired pain maps have been validated 

against paper drawings (Jibb et al., 2020; Matthews et al., 2018) and are found to be comparable. This 

app was used by Boudrea and colleagues to assess knee pain in patients with patellofemoral pain, 

which demonstrated discrete patterns of pain location and area (Boudreau et al., 2018).  

The same App (Navigate Pain App Ver. 1) was used for pain mapping for this study. OA participants in 

this study were asked to map pain and other symptoms so it can be used to identify the location and 
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severity of pain and other common symptoms that people with knee OA may experience and to 

identify symptoms that may be particularly associated with NP.  

Hypotheses 

1. The number (frequency) of digitally mapped pain and other sensations/symptoms, i.e., 

electric-shock, burning, hypersensitivity and cold will be greater in participants in PoNPG and 

PrNPG. 

Aims 

• To digitally map the location of pain and other sensations/symptoms in participants with knee 

OA on a template representing the lower limb to identify pain and symptom location. 

• To determine the relationship of the location of pain and other neuropathic pain-like 

symptoms with different pain groups of knee OA participants. 

 

5.2. Methods 

5.2.1. Participant recruitment 

People with knee Osteoarthritis were recruited by advertisement on Curtin radio, in gyms and in 

retirement villages and via Trialfacts (patient recruitment service). All participants were first 

interviewed over the phone for suitability to take part in the research by the researcher. They were 

then examined by an experienced rheumatologist on their first appointment to confirm the diagnosis 

of OA (section 2.3).  

5.2.2. Pain mapping 

After clinical examination, OA participants completed a lower limb pain diagram on a high-resolution 

3D body schema representing the leg and knees on a computer tablet. OA participants were given a 

computer tablet (Samsung Galaxy Tab A, model SM-P350; Android 6.0.1, 2017 edition) to map pain 

area and location using the Navigate Pain App Ver. 1 (Aalborg University, Denmark). Two different 

types of images were used to map pain; the 3D image was used to describe location and area of 

superficial pain and the matching body outline 2D image to map deeper pain, located within the knee 

structure. Participants were asked to draw around the knee using a stylus (S pen) indicating where 
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they felt pain and any unusual sensation they experienced in the lower limb using various images 

available on the ‘App’. Different colours were used to describe pain and other sensations like cold, 

heat, electric shock, burning and increased sensitivity around the knee area.  

Colour representation 

Red pain 

Blue cold 

Black electric shock 

Grey hot/burning 

Green increased sensation or allodynia 

Participants drew around the knee area, describing pain and other symptoms on a lower limb chart 

for both right and left knees. These knee maps may reflect unilateral or bilateral knee pain. 

 

5.3. Data analysis 

The number of pain mapping reports on the medial side and the front of the knee were the same and 

considering the same nerve supply in both regions (section 1.4), in line with the rest of the testing, the 

pain drawing data for these regions were combined so data are presented in this study for the medial, 

lateral and popliteal fossa (PF) locations.   

Participants were classified into the inflammatory pain group (IPG), possible neuropathic pain group 

(PoNPG) and probable neuropathic pain group (PrNPG) as follows 

 

• IPG PainDETECT score ≤ 12 

• PoNPG PainDETECT score ≥ 13, and 

 reporting of additional sensations or demonstrating a sensory deficit. 

• PrNPG PainDETECT score ≥ 19, and 

Reporting additional sensations along with a related sensory deficit in the same 

anatomical area (medial, lateral, or popliteal). 

Based on the results of sensory measures and pain mapping, most of the measures were similar in the 

PoNPG and PrNPG.  IPG and PoNPG, IPG and PrNPG were significantly different in most sensory and 
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pain mapping reports, therefore, for logistic analysis, the PoNPG and PrNPG were combined and then 

compared with IPG.  

5.3.1. Statistical analysis 

IBM® SPSS version 26 was used for analyses.  

Cross tab analysis was performed for all pain mapping variables for frequency distribution and to test 

for statistically significant differences. A p-value of ≤ 0.05 was considered significant. 

Univariate and multivariate logistic regression was carried out to determine which variables predict 

inclusion in the NPG. 

 

5.4. Results 

5.4.1. Demographics 

Ninety nine osteoarthritis (OA) participants were recruited for this study; 46 male and 53 females. 

Average age of the participants was 64.7 ±7 years and the average BMI was 28.9 ±6. 

5.4.2. Frequency of symptoms 

82% of OA participants reported pain in both knees, on the pain drawing. 10% reported pain in only 

the right knee and 7% solely in the left knee.  

The index knee for OA participants was defined as the ‘painful knee’ or the ‘knee with the worst pain’.  

In the IPG, 51% reported right and 49% reported left as the worst affected knee. In the PoNP group, 

45% reported right knee and 55% reported the left as the worst. Among the PrNPG participants, 67% 

reported right knee and 33% left knee as being the most painful. 

Comparison of symptoms reported by OA participants is plotted in Figure 1. 
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Figure 1: Frequency distribution of cold, burning, hypersensitivity and electric shock symptoms at the index and 
non-index knee between IPG, PoNPG and PrNPG. 

 

Cold sensation was not reported by any participant from the IPG on the lateral aspect and back of the 

non-index knee.  Hypersensitivity was also not reported on the lateral side of the non-index knee, 

Figure 1-b, c. 

5.4.3. Location of pain 

OA participants mapped their pain and additional symptoms, i.e., electric shock, burning, 

hypersensitivity and cold. In reference to innervation around the knee (section 1.4), pain mapping 

analysis was performed on the medial, lateral, and posterior (popliteal fossa) aspects of the knee. 

Pain and other sensations were more commonly reported on the medial side of the knee except for 

electric-shock which was equally reported on the medial, lateral and posterior aspects of the knee 

(Table 1). The number of NP symptoms and sensations reported on the medial side was significantly 

higher compared to the lateral and posterior aspects of both the index and non-index knees. Pain 

Fig-1 a Fig-1 b

Fig-1 c
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reports for both the index and non-index knees showed a decreasing trend from medial to lateral to 

popliteal fossa (Figure 2).   

 

Table 1: Percent (%) of OA participants, reported sensations/symptoms around medial, lateral and popliteal 
fossa/posterior (PF) of the knee. 

 

 

 

Figure 2: Comparison of number of reports of pain and NP sensations (cold, burning, hypersensitivity and 
electric-shock) at medial, lateral and popliteal fossa. 

 

Data driven plots generated from digital pain mapping (Figure 3) are presented to reflect the location 

of the pain. The yellow boundary represents the common sites for 75% of participants and the green 

boundary represents common pain site for 50% participants (Figure 3). 

Medial, % Lateral, % PF (back), % p-value

Pain 73 62 57 0.081

Cold 12 9 10

Burning 26 25 24

Hypersenstivity 21 17 10

Electric shock 32 32 32

Pain 54 43 32 0.007

Cold 6 4 4

Burning 20 11 12

Hypersenstivity 15 9 4

Electric shock 20 21 14
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Computer generated overlays from digital pain mapping were obtained for each symptom and 

sensation (Figure 4). The darkest colour represents the site where the maximum number of people 

drew for the particular sensation/symptom. Figure 4 (1) represents the area and site drawn by all 

participants for burning (n = 16) the darkest colour (max colour) represent 43.8% of total participants 

drawn at that site for burning and (Figure 4) (2) shows overlays of hypersensitivity drawings a: 

superficial n = 33, max 51.5% , c: back superficial n = 22, max 45.5%. 
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Figure 3: Data driven pain plots, computer generated diagram from overall pain mapping data: green boundary 
50% and yellow boundary 75%, of people having common site of pain. 

 

Figure 4: The distributions of location on superimposed overlays of the reconstructed pain maps with colour 
scales for highlighting the common regions of participants with knee OA; a: front superficial, b: front deep, c: 
back superficial, d: back deep. (1) burning (2) hypersensitivity. 
Darkest (100%) colour represents max number of participants drawn at a particular location. 

       (a)      (b)       (c)      (d) 

(1) Burning

(2) Hypersens i tivi ty

 

    (a)            (b)          (c)                     (d) 

             
(a)       (b)        (c)             (d) 
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The number of sensations/symptoms, other than pain were significantly higher in the PoNPG and 

PrNPG compared to the IPG (p < 0.05), Table 2.  

 

Table 2: Frequency of symptoms other than pain reported by OA participants.  

 

 

Frequency distribution  of  pain and additional sensations were similar in the PoNPG and PrNPG, 

although some symptoms were reported by more participants in the PoNPG. Logistic regression was 

performed by combining the PoNPG and PrNPG (NPG, n = 50) and then comparing to the IPG (n = 49) 

(Table 3). A Significantly higher percentage of people in the NPG reported electric-shock, burning and 

hypersensitivity compared to the IPG at most sites. Pain and cold did not show a statistically significant 

difference but there was a trend for more people to report pain and cold sensation in the NPG 

compared to the IPG (Table 3).  

  

p-value p-value

IPG vs PoNPG IPG vs PrNPG

Index knee, medial 35 42 40 0.001 < 0.001

Index knee, lateral 15 40 28 < 0.001 < 0.001

Index knee, PF 31 27 26 0.125 0.001

Non-index knee, medial 17 27 35 0.003 < 0.001

Non-index knee, lateral 4 26 15 < 0.001 < 0.001

Non-index knee, PF 10 18 11 0.015 0.075

IPG PoNPG PrNPG
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Table 3: Frequency distribution (%) and comparison of pain, cold, burning, hypersensitivity, electric shock 
symptoms at medial, lateral and popliteal fossa of the index and non-index knee in IPG and in the combined NPG 
(PoNPG + PrNPG) as reported on the pain mapping diagram.  

 

 

5.4.4. Logistic regression 

Univariate logistic regression analysis results are shown in Table 4 as odds ratios and their significance 

levels for respective sensory measures. The three most sensitive sensory measures were burning 

lateral, hypersensitivity lateral and electric shock lateral with odds ratios in the order of 12, 10 and 9 

for these measures, respectively (Table 4).  

Table 4: Univariate logistic regression. 

 

IPG 1 

(n=49)

PoNPG+PRNPG 

(n=50)
p-value

IPG 1 

(n=49)

PoNPG+PRNPG 

(n=50)
p-value

IPG 1 

(n=49)

PoNPG+PRNPG 

(n=50)
p-value

Pain, index knee 67% 80% 0.357 57% 68% 0.300 6% 14% 0.130

Pain, non-index knee 51% 58% 0.550 35% 52% 0.110 33% 32% 1.000

Cold, index knee 8% 16% 0.357 4% 14% 0.090 6% 14% 0.320

Cold, non-index knee 2% 10% 0.204 0% 8% 0.160 0% 8% 0.120

Burning, index knee 16% 36% 0.023 8% 42% < 0.001 10% 38% < 0.001

Burning, non-index knee 10% 30% 0.160 2% 20% 0.010 4% 20% 0.030

Hypersenstivity, index knee 8% 34% < 0.001 4% 30% < 0.001 4% 16% 0.090

Hypersenstivity, non-index knee 8% 22% 0.090 0% 18% < 0.001 4% 4% 1.000

Electric shock, index knee 12% 28% 0.080 14% 50% < 0.001 25% 40% 0.020

Electric shock, non-index knee 12% 28% 0.000 6% 36% 0.230 8% 20% 0.140

Medial Lateral PF (Back)

Univariate models, NPG 

(PoNPG+PrNPG)
OR 95% CI p-value

Burning index knee, medial 2.88 1.11-7.47 0.029

Hypersenstivity index knee, medial 5.80 1.78-18.83 0.004

Electric shock index knee, medial 4.73 1.85-12.10 0.001

Burning  index knee, lateral 8.15 2.54-26.16 < 0.001

Hypersenstivity index knee, lateral 9.86 2.11-45.96 0.004

Electric shock indexknee, lateral 6.00 2.27-15.88 < 0.001

Burning  non-index knee, lateral 12.00 1.47-97.80 0.020

Electric shock non-index knee, lateral 8.62 2.34-31.74 0.001

Burning index knee, PF 5.39 1.82-15.99 0.002

Burning  non-index knee, PF 5.87 1.22-28.40 0.028
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Given all sensory measures, independently, had strong association with the NPG, multivariate 

regression analysis was carried out to develop an overall model relationship between predictor and 

response variables.  Outcomes of the multivariable model variables are shown in Table 5. 

 

Table 5: Multivariate logistic regression. 

 

 

It is interesting to note that where there was a strong association between all variables, when 

independently tested and NPG (Table 4: Univariate logistic regression.), however, only burning on the 

lateral side of the index knee and hypersensitivity and electric shock on the medial side of the index 

knee were significantly associated with NPG in the multivariate model (Table 5: Multivariate logistic 

regression.). 

 

5.5. Discussion 

Pain and other symptoms were mostly bilateral (82%) in this OA cohort; significantly more than was 

reported on verbal interview and symptoms were commonly reported on the medial side of the joint.  

Pain was more commonly reported on the medial side (73%) than on the lateral side (62%). NP 

symptoms, electric shock and burning, were commonly reported while hypersensitivity and cold were 

less common. The NP symptoms and sensations were significantly higher (p < 0.05) on the medial side 

compared to the lateral and posterior aspects of the knee, either on the index or non-index knee 

(Table 1).  This is in line with the previous studies indicating the medial side as a common pain site.  

However, generally, OA participants reported more than one region as being painful, using pain 

drawing (Creamer et al., 1998; Thompson et al., 2009; Van Ginckel et al., 2016). These studies 

Multivariate models, NPG 

(PoNPG+PrNPG)
OR 95% CI p-value

Burning, index knee, lateral 7.18 1.63-23.32 0.007

Hypersenstivity index knee, medial 4.24 1.07-17.23 0.040

Electric shock index knee, medial 3.96 1.02-10.65 0.047
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investigated pain locations and the number of painful sites in OA participants.  Mapping of other 

symptoms among OA participants was done for the first time in this study.  

One of the main findings of this study was that OA participants could comfortably digitally map pain 

and NP symptoms for a specific location and area. This is the first time that digital pain mapping of NP 

symptoms (hypersensitivity, heat, cold and electric-shock) has been investigated in knee OA. 

Participants drew around the different knee regions (medial, lateral, and posterior), which allowed us 

to evaluate relationships with quantitative sensory and pain measures in the same area. The objective 

of this study was to find out if pain mapping can be used to help differentiate pain phenotypes among 

OA participants. This study has shown that pain mapping is an effective tool for clinical differentiation 

between IPG and NPG. The hypothesis that participants who qualify for the NPG will report a greater 

number of symptoms and sites of pain was tested ( 

Table 2). PoNPG and PrNPG participants reported a significantly higher number of sites and number 

of symptoms on the medial and lateral sides compared to the IPG (p < 0.001), which supported the 

hypothesis frequency of digitally mapped pain and other sensations/symptoms, i.e., electric-shock, 

burning, hypersensitivity and cold were greater in participants in NPG. 

These results indicate digital pain mapping is a useful tool to be used as first line of screening for OA 

patients with possible neuropathic pain. As logistic regression analysis indicated inclusion of OA 

participants in the NPG was associated with reports of electric shock, burning and hypersensitivity 

symptoms (Table 4, Table 5). 

Electric shock was the most widely reported symptom among all OA participants, even in the IPG and 

was reported on more sites by the participants who scored 13 or above on the PD questionnaire. In 

this study, NP like symptoms were reported by all OA participants. Participants in the IPG group 

reported at either the medial or lateral sites but for participants in the PoNPG and PrNPG, these 

symptoms were more widely reported, bilateral and medial, lateral as well as posterior.  

Conclusions 

Pain mapping is a useful tool to assess type and location of pain and other sensations. Digital mapping 

reports of symptoms and sensations can guide clinicians to further investigate and diagnose the type 

of pain, which may result in early diagnosis and management of more difficult to manage pain. 

Hypersensitivity and electric shock were suggestive of neuropathic pain.  Digital pain mapping can be 

useful in research as well as in clinical settings. Further progress towards an online completion of pain 
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mapping can provide useful information to clinicians to diagnose and in follow up consultations in 

person as well as on e-consultations. Pain mapping can also be used as a tool to follow up efficacy of 

any intervention/treatment.  
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6. Somatosensory assessment of participants with knee 
osteoarthritis 

 

6.1. Introduction 

Somatosensory function can be assessed using quantitative sensory testing (QST) (Cardoso 

et al., 2016; Frey-Law et al., 2016; Suokas et al., 2012), which may assist in identifying features 

of sensory deficits or hypersensitivity associated with neuropathic pain. QST assesses the 

response induced by a range of somatosensory stimuli, which can be mechanical, electrical 

and/or thermal. Commonly cold, heat, tactile, vibration and pinprick perception thresholds 

and pressure, heat and cold pain thresholds are the measures used in research and 

sometimes in clinical settings. QST measures can be applied at different anatomical sites. An 

examiner systematically applies the stimulus in a graded manner to an anatomical site until 

the participant indicates perception of sensation or pain. In particular, generalised 

mechanical and cold hyperalgesia have been found to be important clinical features of many 

neuropathic pain states (Maier et al., 2010) and people with these conditions often exhibit 

hypoesthesia to a range of stimuli including vibration and tactile sensitivity (Harden et al., 

2013; Jakorinne et al., 2018). Previous studies have also identified somatosensory 

abnormalities like hypoesthesia, hyperalgesia, temporal summation and allodynia in people 

with osteoarthritis and chronic knee pain using QST measures, suggesting that people with 

this condition may exhibit some features of neuropathic pain (Arendt-Nielsen et al., 2015; 

Hochman et al., 2013; Moss et al., 2016).  

Proprioception is the sense of position and relative movement of different body parts (i.e., 

limbs and joints) in space (Kalaska, 1994). This perception is derived from neural inputs which 

arise from mechanoreceptors in the joints and muscles. Proprioceptive sense plays an 

important role in muscle contraction and joint stabilisation. It has been reported that joint 

position sense progressively declines with age in people with normal knees and that those 

with osteoarthritic knees have impaired joint position sense at all ages (Barrett et al., 1991). 

It has been suggested that proprioceptive impairment may be an important factor in 

initiating or advancing degeneration of the knee in elderly individuals with osteoarthritis 

(Barrett et al., 1991). This is an interesting concept because it suggests that nervous system 

impairment may be an important factor in the aetiology of osteoarthritis (OA). 
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People with knee OA performed poorly compared to control participants when joint 

reposition sense was assessed in partial weight bearing (Garsden & Bullock-Saxton, 1999). In 

individuals with knee OA, proprioceptive impairments have been reported not only in the 

affected knee but also in the unaffected knee in individuals with unilateral disease (Garsden 

& Bullock-Saxton, 1999). Lund et al also reported compromised movement detection at the 

elbow in people with knee OA, supporting a generalised impairment that may be linked to 

the aetiology of knee OA (Lund et al., 2008). However, a more recent investigation found that 

proprioceptive deficits were localised to the affected knee joint (Shanahan et al., 2015). It is 

possible that proprioceptive deficits may reflect a sensorimotor neuropathy affecting 

myelinated afferent nerve fibres. It is known that myelinated afferent neurons contribute to 

proprioception and vibration sensation (Vinik et al., 2000).  

In this study, joint reposition error was used to evaluate deficits in proprioceptive function 

and a range of QST measures to evaluate sensory function in OA participants. Within the knee 

OA group comparisons were made between groups identified as having inflammatory pain 

(IPG), possible neuropathic pain (PoNPG) and probable neuropathic pain (PrNPG) (detail in 

section 2.8.4). 

Hypotheses 

1. Participants in the probable neuropathic pain group (PrNPG) will show greater 

deficits in joint reposition error compared to participants in the IPG and PoNPG. 

2. Participants in PrNPG will exhibit greater levels of hypoesthesia (based on QST 

measures) than participants in the IPG and PoNPG.  

3. Participants in PrNPG will exhibit greater levels of hyperalgesia (based on QST 

measures) than participants in the  IPG and PoNPG.  

4. A range of QST and proprioception measures (which may include sensory measures 

and measures of pain threshold) will predict inclusion in the NPG. 

Aims 

• To determine if proprioceptive deficits, sensory deficits and pain thresholds are 

different between pain phenotype groups in people with knee OA. 
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6.2. Methods 

Data from 99 participants with knee osteoarthritis were included in this study (recruitment 

details in section 2.3). 

Potential volunteers were first interviewed over phone. Suitable participants attended an 

initial clinic appointment. They were examined by the Rheumatologist and the researcher 

and were asked to complete a series of questionnaires (detailed in section 2.5). After their 

first appointment at the clinic, participants attended two laboratory testing sessions. During 

the first session quantitative sensory testing (QST) was performed in the pain laboratory at 

Curtin University, which included a battery of tests for sensory function as well as measures 

of cold, heat and pressure pain thresholds. On the subsequent day proprioceptive testing 

was carried out in the motion analysis laboratory at Curtin University.  

All variables were measured at the index and non-index knees and at a site on the forearm 

(control site). The index knee was defined as the painful knee or the knee with the worst pain 

in the case of bilateral knee pain. Sensory measures (heat, cold, tactile, vibration detection) 

and pain thresholds (heat, cold and pressure pain) were tested at three sites (medial, lateral, 

and popliteal fossa) around each knee and at the forearm (ECRB), as a control site (section 

1.4, 2.6).  

Proprioception was tested using knee joint reposition error (JRE) in partial weight bearing 

and was measured using an electro-goniometer. A total of 12 trials were performed, 6 

measurements at each at two target angle ranges between 15-20o and 35-40o knee flexion 

(Chapter 2.4.6). 

Heat and cold detection threshold (HDT and CDT) as well as heat and cold pain thresholds 

(HPT and CPT) were measured using a Peltier thermode (Medoc, Israel). Pressure pain 

threshold (PPT) was measured using a digital pressure algometer (Somedic AB, Sweden). 

(detailed QST method in Chapter 2, section 2.6)  

The order of testing was randomized between QST modalities and between test sites. 
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6.3. Data analysis 

6.3.1. OA phenotypes 

Sensory data from a pain free (control) group were used to calculate Z-scores. Mean and 

standard deviation values of sensory perception measures for heat cold, vibration and tactile 

were calculated and used to calculate Z-scores. If the measures for any of the sensory tests 

in participants with knee OA were outside ± 1.96 Z-score from mean of the pain free control 

group, they were classified as having a sensory deficit for that area (details in section 2.8.3). 

Participants with knee OA were grouped based on scores for PainDETECT questionnaire, Z-

score deviation from the pain free control group scores for the sensory measures and 

reporting of neuropathic pain like symptoms during pain mapping (superficial pain, 

cutaneous sensitivity, cold, electric shock and burning). 

Participants were classified into the inflammatory pain group (IPG), possible neuropathic pain 

group (PoNPG) and probable neuropathic pain group (PrNPG) as follows: 

• IPG PainDETECT score ≤ 13  

• PoNPG PainDETECT score ≥ 13, and 

 reporting additional sensations or demonstrating a sensory deficit. 

• PrNPG PainDETECT score ≥19, and 

reporting additional sensations along with related sensory deficit in the same 

anatomical area (medial, lateral or popliteal). 

6.3.2. Statistical analysis 

IBM® SPSS version 26 was used for statistical analyses. 

JRE was calculated as the difference between target angle and reposition angle.  Mean and 

standard deviation values of reposition errors for 6 measures in each target range were 

calculated and used for analysis.  

Three tests were performed at each site for heat, cold, vibration and tactile perception 

thresholds, and heat, cold and pressure pain thresholds. The mean and standard deviation 

of three observations of each QST measure was used for further analysis. 
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Analysis of Variance (ANOVA) was used to compare sensory thresholds, pain thresholds and 

joint reposition error (proprioceptive function) between the IPG, PoNPG and PrNPG. 

Data from PoNPG and PrNPG were combined and designated as the NPG for logistic 

regression models.  Univariate and multivariable logistic regression analyses were carried out 

to determine which measures predict inclusion in the NPG. 
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6.4. Results  

Results from a total of 99 OA participants are presented in this section. 

6.4.1. Demographics 

Demographic variables for each group are presented in Table 1. There was no significant 

difference in age and BMI between OA pain phenotype groups, p = 0.177 and 0.116, 

respectively. 

 

Table 1:  Demographics; Mean (SD) [min-max], age and BMI of IPG, PoNPG and PrNPG. p - ANOVA 
between three OA (IPG, PoNPG and PrNPG) groups. 

 

 

Gender 

Within the OA participants, in the IPG male to female ratio was 43/57, in the PoNPG 45/55 

and in the PrNPG it was 57/43 (Table 2). 

 

Table 2:  Gender distribution of study participants. 

 

IPG PoNPG PrNPG

Age 65.3 (8.6) [50.0-88.0] 65.3 (7.6) [50.0-84.0] 61.7 (6.5) [51.0-73.0] 0.177

BMI 27.8 (5.0) [17.1-39.7] 29.9 (5.4) [21.6 -45.8] 30.4 (7.0) [21.0-54.9] 0.116

Mean (SD) [min-max]
p-value

Participants Male Female Total

OA groups

IPG 21(43%) 28(57%) 49

PoNPG 13(45%) 16(55%) 29

PrNPG 12(57%) 9(43%) 21
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6.4.2. OA pain phenotypes  

Among OA participants, 49% were allocated to the IPG, 29% to the PoNPG and 21% to the 

PrNPG. Comparison of joint reposition error, sensory and pain measures was done between 

these three pain groups. 
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6.4.3. Joint reposition error (JRE) 

ANOVA for JRE at 15-20o flexion between the three OA groups showed no significant 

difference (p = 0.874 for index and 0.840 for non-index knees) whereas at 35-40o flexion, JRE 

was significantly different for the index knee but not for the non-index knee (p = 0.002 and 

0.068 respectively). At 35-40o flexion, JRE of the IPG was higher compare to the PoNPG and 

PrNPG (Table 3, Figure 1, d).  

 

Table 3:  Joint reposition error (JRE); Median (IQR) [min-max] at 15-20o and 35-40o knee flexion at 
index and non-index knee. ANOVA between three OA (IPG, PoNPG and PrNPG) groups. 

 

 

Figure 1:  JRE comparison between IPG, PoNPG and PrNPG at 15-20o (Fig-1a & 1b) and 35-40o (Fig-1c 
& 1d) knee flexion for index and non-index knee. 

IPG PoNPG PrNPG

15-20° index knee 5.0 (3.5-6.5) [1.7-15.7] 4.9 (4.2-6.9) [1.4-12.4] 6.0 (3.9-7.6) [2.0-10.8] 0.874

35-40° index knee 4.7 (3.1-6.2) [1.1-9.3] 3.1 (1.8-4.4) [0.8-5.6] 3.8 (2.6-4.8) [1.4-8.5] 0.002

15-20° non-index knee 4.7 (3.3-6.3) [1.1-12.1] 5.0 (3.3-7.5) [0.9-12.2] 5.3 (3.0-7.9) [1.9-9.8] 0.840

35-40° non-index knee 3.3 (2.9-4.4) [1.7-9.4] 3.2 (2.8-4.3) [0.8-5.1] 2.9 (2.3-4.5) [1.8-5.6] 0.068

Median (IQR) [min-max]
p-value

Fig-1a Fig-1b

Fig-1c Fig-1d

p = 0.874 p = 0.840

p = 0.002 p  0.068
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6.4.4. Heat detection threshold (HDT) 

Heat detection thresholds (HDT) were compared between the three OA groups (IPG, PoNPG 

and PrNPG).  HDT values between the three OA groups were not significantly different at the 

medial, lateral, and posterior aspects of the index and non-index knees. HDT at the forearm 

was significantly different between groups (Table 4, Figure 2, g).  

 

Table 4: Heat detection threshold for IPG, PoNPG and PrNPG at medial (HDTM), lateral (HDTL) and 
popliteal fossa (HDTPF) of index and non-index knee as well as at forearm (HDT ECRB). p - ANOVA 
within three OA (IPG, PoNPG and PrNPG) groups. 

 

 

 

 

 

 

 

 

 

IPG PoNPG PrNPG

HDTM index knee 35.6 (2.2) [33.6-42.9] 35.6 (1.8) [34.0-43.2] 35.6 (1.0) [34.2-38.7] 0.995

HDTL index knee 37.0 (2.4) [34.2-42.8] 36.8 (1.8) [34.0-43.0] 37.5 (2.0) [33.9-41.3] 0.439

HDTPF index knee 35.8 (1.2) [33.5-40.8] 36.6 (2.6) [34.2-47.1] 36.3 (1.5) [34.1-39.6] 0.164

HDTM non-index knee 35.2 (1.8) [33.9-42.8] 35.5 (1.8) [33.8-42.5] 35.3 (1.5) [32.5-40.3] 0.678

HDTL non-index knee 36.8 (2.4) [34.4-46.2] 36.7 (1.7) [34.1-43.1] 37.4 (2.6) [35.0-44.7] 0.968

HDTPF non-index knee 35.7 (1.4) [34.2-43.1] 35.9 (1.4) [34.1-38.9] 36.6 (1.8) [34.6-42.9] 0.480

HDT ECRB 34.8 (0.8) [33.3-36.8] 35.2 (1.1) [34.2-38.5] 35.6 (1.2) [34.0-39.7] 0.006

p-value
Mean (SD) [min-max]
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Figure 2:  Heat detection threshold for IPG, PoNPG and PrNPG at medial (HDTM, Fig-2a & 2b), lateral 
(HDTL, Fig-2c & 2d) and popliteal fossa sites (HDTPF, Fig-2e & 2f) of the index and non-index knees as 
well as at the forearm (HDT ECRB, Fig-2g). 

 

 

 

Fig-2a Fig-2b

Fig-2c Fig-2d

Fig-2e Fig-2f

Fig-2g

p = 0.995 p = 0.678

p = 0.968p = 0.439

p = 0.164 p = 0.480

p = 0.006
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6.4.5. Cold detection threshold (CDT) 

Cold detection threshold (CDT) was compared between the three OA groups (IPG, PoNPG, 

PrNPG).  ANOVA showed no significant difference in CDT at the medial, lateral and posterior 

aspects of the index and non-index knees as well as at the forearm (Table 5, Figure 3, a-f). 

 

Table 5: Cold detection threshold for the IPG, PoNPG and PrNPG at the medial (CDTM), lateral (CDTL) 
and popliteal fossa sites (CDTPF) of the index and non-index knees as well as at the forearm (CDT 
ECRB). p - ANOVA within three OA (IPG, PoNPG and PrNPG) groups. 

 

IPG PoNPG PrNPG

CDTM index knee 29.5 (1.0) [26.1-30.7] 29.3 (0.7) [27.3-30.4] 29.3 (1.1) [26.6-31.1] 0.877

CDTL index knee 29.1 (1.0) [26.7-30.7] 29.1 (0.9) [26.5-30.2] 29.2 (1.1) [26.6-30.4] 0.935

CDTPF index knee 29.2 (1.0) [26.5-30.9] 28.9 (0.8) [26.9-30.4] 28.7 (1.3) [24.7-30.7] 0.080

CDTM non-index knee 29.4 (1.0) [26.6-31.2] 29.4 (0.9) [26.8-30.8] 29.4 (0.8) [27.9-30.9] 0.950

CDTL non-index knee 29.1 (1.2) [24.2-30.9] 29.0 (0.9) [27.2-30.8] 28.8 (1.0) [26.7-30.4] 0.413

CDTPF non-index knee 29.3 (1.2) [24.5-31.4] 28.9 (1.0) [26.5-30.6] 28.9 (1.6) [23.2-30.9] 0.321

CDT ECRB 29.5 (1.4) [23.4-31.3] 29.5 (1.0) [26.9-30.5] 29.3 (0.9) [27.6-31.1] 0.820

p-value
Mean (SD) [min-max]
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Figure 3:  Comparison of cold detection threshold between the IPG, PoNPG and PrNPG at the medial 
(CDTM, Fig-3a & 3b), lateral (CDTL, Fig-3c & 3d) and popliteal fossa sites (CDTPF, Fig-3e & 3f) of the 
index and non-index knees as well as at the forearm (CDT ECRB, Fig-3g). 

 

 

Fig-3a Fig-3b

Fig-3c Fig-3d

Fig-3e Fig-3f

Fig-3g

p = 0.877 p = 0.950

p = 0.935 p = 0.413

p = 0.321p = 0.080

p = 0.820
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6.4.6. Vibration threshold (VT) 

A comparison of vibration threshold (VT) indicated there was no statistically significant 

difference in VT between the three OA groups (IPG, PoNPG and PrNPG) at the non-index knee 

(p = 0.078, 0.138, 0.185), however, at the index knee there was a statistically significant 

difference (p = 0.027, 0.040, 0.014).  ANOVA of VT results between the three OA groups at 

the forearm site was also significantly different (p = 0.005). VT was highest in the PoNPG 

(Table 6, Figure 4).  

 

Table 6: Vibration threshold for IPG, PoNPG and PrNPG at medial (VTM), lateral (VTL) and popliteal 
fossa (VTPF) of index and non-index knee as well as at forearm (VT ECRB). p - ANOVA within three OA 
(IPG, PoNPG and PrNPG) groups. 

 

 

IPG PoNPG PrNPG

VTM index knee 13.5 (8.8-19.0) [2.0-39.6] 18.2 (13.7-26.2) [4.7-38.3] 11.2 (7.9-19.9) [4.2-36.1] 0.027

VTL index knee 14.9 (8.3-19.8) [1.3-37.4] 18.3 (12.8-28.8) [7.1-37.2] 15.4 (9.9-18.7) [4.1-35.9] 0.040

VTPF index knee 9.7 (5.9-15.1) [1.4-37.5] 17.4 (10.2-24.3) [5.5-42.9] 13.3 (8.1-20.2) [3.8-34.1] 0.014

VTM non-index knee 12.4 (7.4-19.5) [1.9-39.7] 17.7 (12.5-25.1) [5.8-36.2] 12.9 (7.8-23.0) [3.8-33.1] 0.078

VTL non-index knee 13.7 (7.1-18.5) [1.7-38.2] 16.4 (12.2-25.7) [3.3-33.9] 13.5 (7.8-20.3) [4.3-32.1] 0.138

VTPF non-index knee 10.2 (7.2-15.6) [1.1-37.0] 13.5 (8.7-20.5) [5.0-35.3] 9.9 (6.8-16.9) [4.1-34.8] 0.185

VT ECRB 6.6 (4.4-9.6) [1.9-27.9] 11.1 (7.0-14.2) [4.2-17.5] 6.8 (5.7-11.3) [4.4-21.7] 0.005

Median (IQR) [min-max]
p-value
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Figure 4:  Comparison of vibration detection threshold between the IPG, PoNPG and PrNPG at the 
medial (VTM, Fig-4a & 4b), lateral (VTL, Fig-4c & 4d) and popliteal fossa sites (VTPF, Fig-4e & 4f) of the 
index and non-index knees as well as at the forearm (VT ECRB, Fig-4g). 

   

 

 

Fig-4a Fig-4b

Fig-4c Fig-4d

Fig-4e Fig-4f

Fig-4g

p = 0.027 p = 0.078

p = 0.040 p = 0.138

p = 0.014 p = 0.185

p = 0.005
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6.4.7. Tactile threshold (TT) 

Light touch or tactile threshold (TT) was compared between the OA groups (IPG, PoNPG, 

PrNPG) and with the exception of the medial side of the non-index knee (p = 0.024), no 

statistically significant difference was found. TT was the higher in the PoNPG (Table 7, Figure 

5).  

 

Table 7: Tactile threshold for the IPG, PoNPG and PrNPG at the medial (TM), lateral (TL) and popliteal 
fossa sites (TPF) of the index and non-index knees as well as at the forearm (TP ECRB). p - ANOVA 
within three OA (IPG, PoNPG and PrNPG) groups. 

 

 

IPG PoNPG PrNPG

TM index knee 0.4 (0.2-0.7) [0.1-13.7] 0.4 (0.4-1.2) [0.1-19.6] 0.4 (0.2-0.7) [0.1-3.9] 0.303

TL index knee 0.7 (0.3-1.6) [0.1-13.7] 0.7 (0.4-1.6) [0.2-39.2] 0.7 (0.4-1.2) [0.2-9.8] 0.932

TPF index knee 0.4 (0.2-0.7) [0.1-13.7] 0.4 (0.2-0.7) [0.2-9.8] 0.4 (0.2-0.7) [0.1-3.9] 0.271

TM non-index knee 0.4 (0.2-0.7) [0.1-13.7] 0.4 (0.4-1.6) [0.2-19.6] 0.4 (0.2-0.4) [0.1-1.6] 0.024

TL non-index knee 0.4 (0.2-0.7) [0.2-9.8] 0.7 (0.4-0.8) [0.1-19.6] 0.4 (0.3-0.7) [0.2-19.6] 0.633

TPF non-index knee 0.2 (0.2-0.7) [0.1-13.7] 0.4 (0.2-0.7) [0.2-19.6] 0.4 (0.2-0.7) [0.1-3.9] 0.288

T ECRB 0.2 (0.1-0.2) [0.0-3.9] 0.2 (0.1-0.4) [0.0-3.9] 0.2 (0.1-0.3) [0.1-1.6] 0.591

p-value
Median (IQR) [min-max]
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Figure 5: Comparison of tactile threshold between the IPG, PoNPG and PrNPG at the medial (TM, Fig-
5a & 5b), lateral (TL, Fig-5c & 5d) and popliteal fossa sites (TPF, Fig-5e & 5f) of the index and non-index 
knees as well as at the forearm (T ECRB, Fig-5g). 

   

  

Fig-5a Fig-5b

Fig-5c Fig-5d

Fig-5e Fig-5f

Fig-5g

p = 0.303 p = 0.024

p = 0.932 p = 0.635

p = 0.271 p = 0.288

p = 0.591
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6.4.8. Heat pain threshold (HPT) 

There was no statistically significant difference in HPT between OA groups at all knee 

locations for both index and non-index knees (Table 8, Figure 6). 

 

Table 8: Heat pain threshold for the IPG, PoNPG and PrNPG at the medial (HPTM), lateral (HPTL) and 
popliteal fossa sites (HPTPF) of the index and non-index knees as well as at the forearm (HPT ECRB). p 
- ANOVA within three OA (IPG, PoNPG and PrNPG) groups. 

 

IPG PoNPG PrNPG

HPTM index knee 44.5 (42.7-46.6) [37.1-49.5] 43.5 (42.0-45.4) [39.1-49.1] 44.7 (42.3-46.9) [38.8-49.0] 0.606

HPTL index knee 46.5 (44.7-47.7) [39.0-49.8] 45.4 (42.8-47.1) [30.2-48.8] 46.3 (45.5-47.6) [40.6-48.8] 0.070

HPTPF index knee 45.4 (43.4-46.8) [37.7-49.3] 44.1 (41.6-45.4) [28.7-49.6] 44.8 (42.4-46.0) [39.3-49.1] 0.106

HPTM non-index knee 44.1 (41.7-46.8) [35.7-49.0] 43.4 (42.2-45.7) [38.0-48.0] 44.1 (42.6-46.0) [39.9-49.4] 0.773

HPTL non-index knee 46.7 (44.6-47.8) [37.3-50.0] 45.0 (43.7-46.7) [37.8-48.9] 46.0 (42.9-48.0) [29.7-50.0] 0.356

HPTPF non-index knee 45.3 (43.0-46.5) [37.6-48.7] 44.4 (42.3-46.7) [40.3-48.6] 45.3 (43.3-46.6) [40.1-48.8] 0.920

HPT ECRB 45.9 (43.4-48.0) [39.1-50.0] 44.1 (42.7-45.6) [29.7-48.8] 45.0 (43.9-47.3) [27.8-49.6] 0.054

Median (IQR) [min-max]
p-value
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Figure 6:  Comparison of heat pain threshold between the IPG, PoNPG and PrNPG at the medial (HPTM, 
Fig-6a & 6b), lateral (HPTL, Fig-6c & 6d) and popliteal fossa sites (HPTPF, Fig-6e & 6f) of the index and 
non-index knee as well as at the forearm (HPT ECRB, Fig-6g). 

    

Fig-6a Fig-6b

Fig-6c Fig-6d

Fig-6e Fig-6f

Fig-6g

p = 0.606

p = 0.356

p = 0.773

p = 0.070

p = 0.106 p = 0.920

p = 0.054
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6.4.9. Cold pain threshold (CPT) 

Comparison of cold pain threshold (CPT) between the OA groups (IPG, PoNPG, PrNPG) 

showed no statistical difference at the medial of index knee (p = 0.068), there was significant 

difference of CPT at the medial of non - index knee (p = 0.001). ANOVA results for CPT showed 

significant difference between OA groups at the lateral and popliteal sites for the index (p = 

0.012, 0.007) and for the non-index knees (p = 0.001, 0.042, 0.021) as well as at the forearm 

(p = 0.010). No statistically significant difference was found when CPT was compared 

between the IPG and PoNPG (p = 0.107) and PoNPG and PrNPG (p = 0.671). CPT was greater 

in the PrNPG compared to IPG (p = 0.055). Table 9, Figure 7. 

 

Table 9: Cold pain threshold for the IPG, PoNPG and PrNPG at the medial (CPTM), lateral (CPTL) and 
popliteal fossa sites (CPTPF) of the index and non-index knees as well as at the forearm (CPT ECRB). p 
- ANOVA within three OA (IPG, PoNPG and PrNPG) groups. 

 

 

 

IPG PoNPG PrNPG

CPTM index knee 20.7 (16.4-23.5) [0.0-27.1] 22.9 (19.0-24.7) [0.1-26.0] 23.3 (20.0-24.9) [7.8-25.9] 0.068

CPTL index knee 20.4 (16.2-23.4) [0.0-26.6] 23.0 (21.0-24.4) [4.8-25.8] 23.3 (20.0-25.0) [1.3-27.6] 0.012

CPTPF index knee 20.0 (14.2-22.4) [0.0-26.3] 22.2 (20.3-24.0) [1.6-26.0] 21.6 (19.8-23.6) [5.8-27.4] 0.007

CPTM_non_indexknee 20.5 (10.9-23.2) [0.0-27.0] 22.3 (19.8-23.6) [0.8-26.6] 24.0 (21.9-24.9) [19.2-26.6] 0.001

CPTL non-index knee 20.7 (11.3-23.5) [0.0-27.3] 22.8 (19.1-23.9) [1.0-26.6] 22.0 (20.2-24.3) [0.4-25.4] 0.042

CPTPF non-index knee 20.0 (11.6-23.2) [0.0-25.8] 22.7 (20.2-24.5) [1.5-26.0] 21.6 (19.7-24.2) [12.5-26.9] 0.021

CPT ECRB 18.8 (11.1-23.3) [0.0-27.3] 20.7 (19.0-23.7) [1.6-26.3] 21.5 (18.0-23.5) [16.1-27.0] 0.010

Median (IQR) [min-max]
p-value
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Figure 7: Comparison of cold pain threshold between the IPG, PoNPG and PrNPG at the medial (CPTM, 
Fig-7a & 7b), lateral (CPTL, Fig-7c & 7d) and popliteal fossa sites (CPTPF, Fig-7e & 7f) of the index and 
non-index knees as well as at the forearm (CPT ECRB, Fig-7g). 

   

Fig-7a Fig-7b

Fig-7c Fig-7d
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6.4.10. Pressure pain threshold (PPT) 

Although there was no statistically significant difference when the three OA groups were 

compared (p > 0.05), PPT values showed a decreasing trend from IPG to PrNPG. Table 10, 

Figure 8. 

 

Table 10: Pressure pain threshold for the IPG, PoNPG and PrNPG at the medial (PPTM), lateral (PPTL) 
and popliteal fossa sites (PPTPF) of the index and non-index knees as well as at the forearm (PPT ECRB). 
p - ANOVA within three OA (IPG, PoNPG and PrNPG) groups. 

 

 

IPG PoNPG PrNPG

PPTM index knee 389 (227-511) [127-1,419] 325 (234-402) [79-844] 254 (219-411) [137-535] 0.101

PPTL index knee 387 (228-577) [103-1,389] 341 (271-442) [172-741] 324 (213-500) [127-647] 0.547

PPTPF index knee 428 (277-562) [72-1,371] 324 (249-436) [93-1,087] 388 (245-465) [145-676] 0.145

PPTM non-index knee 381 (260-463) [80-1,267] 366 (236-407) [151-904] 257 (216-369) [117-517] 0.068

PPTL non-index knee 418 (238-565) [82-1,472] 350 (251-468) [145-879] 345 (237-452) [122-700] 0.346

PPTPF non-index knee 430 (301-578) [89-1,386] 382 (279-480) [115-1,070] 349 (255-438) [131-678] 0.171

PPT ECRB 332 (262-436) [159-905] 307 (245-407) [166-742] 310 (240-423) [182-495] 0.490

Median (IQR) [min-max]
p-value
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Figure 8: Comparison of pressure pain threshold between the IPG, PoNPG and PrNPG at the medial 
(PPTM, Fig-8a & 8b), lateral (PPTL, Fig-8c & 8d) and popliteal fossa sites (PPTPF, Fig-8e & 8f) of the 
index and non-index knees as well as at the forearm (PPT ECRB, Fig-8g). 

    

Fig-8a Fig-8b

Fig-8c Fig-8d

Fig-8e Fig-8f

Fig-8g

p = 0.101 p = 0.068

p = 0.547 p = 0.346

p = 0.145 p = 0.171

p = 0.490



Chapter 6:  Somatosensory assessment of participants with knee osteoarthritis 

 

128 
 

6.4.11. Logistic regression 

Univariate regression model 

As most of the variables studied showed no significant difference between PoNPG and 

PrNPG, univariate logistic regression analysis was carried out between the IPG and the 

combined PoNPG and PrNPG (designated as the neuropathic pain group, NPG) to determine 

which variables predict inclusion in the NPG and IPG groups. 

Table 11 shows the significance levels and odds ratios for the respective sensory measures.  

The most sensitive sensory measures were PPTM, CPTM, CPTL, and VTPF of the index knee, 

and CPTM, CPTL, CPTPF of the non-index knee.  

 

Table 11: Univariate logistic regression models of sensory and pain measures. 

 

 

 

 

Variables OR 95%CI OR p-value

PPTM index knee 1.00 0.99-1.00 0.02

CPTM index knee 1.07 1.01-1.14 0.02

CPTL index knee 1.12 1.03-1.20 0.02

CPTM non-index knee 1.13 1.05-1.22 0.02

CPTL non-index knee 1.08 1.02-1.15 0.02

CPTPF non-index knee 1.07 1.02-1.13 0.02

JRE35 index knee 0.67 0.52-0.86 0.02

VTPF index knee 1.06 1.01-1.11 0.02

CDTPF index knee 0.80 0.56-1.13 0.20

CDTPF non-index knee 0.89 0.70-1.14 0.35
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Multivariate regression model 

Variables, PPTM, VTPF, CPTM and CPTL of the index knee, and CPTM, CPTL, CPTPF of the non-

index knee were entered into a multivariable logistic regression model. The variables PPTM, 

VTPF of index knee were significant with OR of 1.00 and 1.08, Table 12. 

 

Table 12: Multivariable logistic regression models of sensory and pain measures. 

 

  

Variables OR 95%CI OR p-value

PPTM index knee 1.00 0.99-1.00 0.017

CPTM index knee 0.94 0.81-1.09 0.423

CPTL index knee 1.12 0.97-1.28 0.122

CPTM non-index knee 1.11 0.98-1.27 0.111

CPTL non-index knee 0.96 0.84-1.09 0.533

VTPF index knee 1.08 1.01-1.14 0.018
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6.5. Discussion 

Results of this study demonstrated that proprioceptive deficits are higher in the inner knee 

flexion range (15-20o). JRE was not different between the index and non-index knees for both 

ranges of knee flexion, 15-20o or 35-40o, suggesting a fairly generalized change.  

JRE was measured to assess if it helps to differentiate pain phenotypes among OA patients. 

This is the first study to assess proprioceptive function in different pain phenotype groups in 

people with OA. There was no difference of JRE between the IPG, PoNPG and PrNPG at 15-

20o flexion (p = 0.840 at index knee and p = 0.874 at non-index knee). IPG participants had 

higher JRE and greater variability compared to the PoNPG and PrNPG at 35-40o knee flexion 

at the index knee (p = 0.002). This difference was opposite to what was hypothesized, higher 

JRE for PoNPG and PrNPG.  Hence, this hypothesis was not supported by the results of this 

study. 

These results indicate that the presence of NP may not be linked to a higher JRE or 

proprioceptive impairment.  Previous research has suggested that after pain treatment and 

knee replacement, proprioceptive function improves in people with knee OA (Barrett et al., 

1991; Shakoor et al., 2012). This highlights the importance of treating OA pain promptly as if 

left untreated proprioceptive impairment may make the person more susceptible to further 

degenerative changes. 

Index and non-index knees were evaluated separately for JRE as well as QST.  Results of all 

measures were very similar in the index and non-index knee as well as at the forearm. These 

results indicate that altered sensory and pain thresholds are generalized phenomena.  

The hypotheses of this study that participants in the PrNPG will exhibit greater levels of 

hypoesthesia and hyperalgesia (based on QST measures) compared to the participants in the 

IPG and PoNPG were only supported for some of the sensory and pain measures. 

QST is considered a sophisticated method to assess somatosensory function (Arendt-Nielsen 

et al., 2015).When compared between the OA groups (IPG, PrNPG, PoNPG), sensory 

thresholds for heat, cold and tactile measures were not significantly different between the 

OA groups. The vibration threshold at the index knee and forearm showed significant 

differences. The PoNPG had higher vibration thresholds compared to the PrNPG and the IPG.  

Diminished vibration detection threshold associated with knee OA may be indicative of 

compromised sensory function, secondary to presynaptic inhibition (Geber et al., 2008). 
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Altered sensory detection threshold at the painful knee has been reported previously as 

hypoesthesia among OA participants (Hochman et al., 2013; Wright et al., 2015). The Z-score 

scores for this study’s participants showed a large number of people with sensory deficit 

(section 3.3.7). Participants in the IPG also showed sensory deficits, suggesting neurological 

damage starts early in the disease process and is a very widespread phenomenon amongst 

OA sufferers.  

QST has been widely used to assess somatosensory function in OA patients (Hochman et al., 

2013; Moss et al., 2016; Wright et al., 2017). This study used QST measures to differentiate 

pain phenotypes in the OA population. In general, there is a worsening trend from the IPG to 

the PrNPG for pain thresholds (heat, cold and pressure pain thresholds). 

Although ANOVA for PPT did not show a significant difference between OA groups (p > 0.05), 

there was a trend of higher PPT in the IPG relative to the PoNPG and PrNPG. PPT values were 

similar in the PoNPG and PrNPG. The CPT values were variable and had a broader range at all 

sites. CPT in the PoNPG and PrNPG were similar and no difference was found in CPT between 

the PoNPG and PrNPG (p > 0.05). In the light of these results multiple logistic regression 

models were developed between the IPG and an overall NPG (PoNPG and PrNPG combined).      

Previous studies either compared pain and sensory measures to control participants or 

between OA participants who were divided based on self-report PainDETECT questionnaire 

scores. This study took into account participants’ sensory deficit and report of NP symptoms 

as well as PainDETECT scores to assign them to the different pain phenotype groups. As such, 

this is a first account of a more comprehensive neurological assessment of knee OA 

participants.   

Conclusions 

Although sensory, pain measures and proprioceptive functions were significantly 

compromised in OA participants when compared pain free participants (Chapter 3).  Sensory 

deficit was evident for vibration and tactile sensation in almost 50% of OA participants 

(Chapter 3). Most of these measures when compared between OA groups showed no 

significant difference. Pressure pain threshold on medial, cold pain threshold on medial and 

lateral, cold detection on medial and vibration threshold on the popliteal fossa of the index 

knee, cold pain threshold on medial and lateral and popliteal fossa of the non-index knee, all 

showed significant differences. A step wise multivariate logistic regression model provided 

support for the inclusion of vibration threshold on the popliteal fossa and pressure algometry 
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on the medial side of the index knee to differentiate pain phenotypes. However further 

investigation is required to establish cut-offs for these measures to confirm inclusion into 

NPG or IPG.  
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7. MRI features to identify pain phenotypes in 
knee osteoarthritis 

 

7.1. Introduction  

Osteoarthritis (OA) is the most common joint disease worldwide (Bijlsma et al., 2011). Loss 

of cartilage was considered to be the hallmark of OA but studies have also shown the 

combined role of bone and synovial tissue (Sellam & Berenbaum, 2010) in the 

pathophysiology of OA. Pathological changes, bone oedema, bone cysts and osteophytes are 

features of the OA joint that are known to be potential sources of pain (Felson et al., 2001). 

Structural changes involve the whole joint and cause pain and functional disability (Roubille 

et al., 2014). 

It has been reported that a number of people with knee OA experience persistent pain even 

after surgery (Wright et al., 2015). This persistent pain was associated with widespread 

pressure hyperalgesia, cold hyperalgesia, and greater neuropathic-type pain (Wright et al., 

2015). The true source of OA pain is not clear.  Pain in OA has been conventionally attributed 

to joint structural damage. However, radiological features do not always match with the 

severity of symptoms such as pain and physical disability in OA patients (Mease et al., 2011; 

Roubille et al., 2014). This suggests that factors other than the joint pathology itself may also 

contribute to the pain. Pharmacological management is primarily aimed at treating the pain, 

but it is not effective for everyone (Wang et al., 2020). The heterogeneous nature of pain 

phenotypes among knee OA patients has been emphasised (Knoop et al., 2011). OA patients 

may experience both nociceptive and neuropathic pain (NP) to varying degrees (Schaible, 

2012). Studies over the last decade have reported that a percentage of people with OA may 

experience neuropathic symptoms (Hochman et al., 2011; Ohtori et al., 2012). However, 

there are no specific tools available to confirm a NP diagnosis. There is therefore a need to 

explore which measures are associated with NP so a proper diagnostic process can be made 

available to clinicians to diagnose and treat patients with NP accordingly. 

MRI is the best non-invasive method of making a comprehensive assessment of joint 

morphology. The knee joint of OA patients has been assessed using MRI for several OA 

features (Eckstein et al., 2006; Felson et al., 2001; Garnero et al., 2005; Roubille et al., 2014). 

These features include thinning of cartilage, bone marrow oedema, osteophytes, bone 
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attrition and synovitis in several studies. Bone marrow lesions (BMLs) in young adults are 

associated with knee symptoms and knee structural lesions (Antony et al., 2016). The 

presence of bone marrow lesions on MRI was associated with presence of pain (Felson et al., 

2001). Meniscal lesions were also suggested to progress OA and a recent study found lateral 

meniscal lesions were associated with NP (Englund et al., 2012; Roubille et al., 2014). 

The focus of this study was to investigate whether any of these OA pathological features 

relate to NP and can help in making a diagnosis of NP. 

Hypothesis 

Structural changes found on knee MRI in people with OA, including osteophytes, bone 

oedema, bone cysts, bone attrition areas and synovitis will be more marked in participants 

in the PrNPG (probable neuropathic pain group) compared to the PoNPG (possible 

neuropathic pain group) and the IPG (inflamatory pain group).  

Aims 

• To determine whether pathological features present on MRI demonstrate differences 

based on pain phenotype categories. 

• To develop regression models to determine which measures are most clearly 

associated with membership of the neuropathic pain group (NPG).  

 

7.2. Methods 

OA participants completed a series of self-report questionnaire related to neuropathic pain, 

pain quality, physical function, psycho-social assessment, sleep quality and comorbidity. They 

were also tested for a range of sensory and pain related measures using quantitative sensory 

testing (QST) and assessment of proprioceptive function (detailed methodology described in 

Chapter 2). All OA participants attended three appointments; the first for clinical assessment, 

the second for QST and the third for proprioceptive testing. At the end of the first session 

participants were given a referral for knee MRI. 

Knee MRIs were performed using a 1.5T whole body MR unit (GE Healthcare, 

Buckinghamshire, UK) using a dedicated 8-channel knee coil. All MRIs were taken at SKG 

Radiology. MRIs were programmed to proton density-weighted T2 fat saturation, 3D fast spin 
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echo sequence in the axial, sagittal and coronal planes, fat sat images. Coronal Images were 

sliced to 2.5 mm, Sagittal 2.3 mm and axial images 4 mm.  

SKG’s InteleViewer software Version 4-6-1-P171 Mac OS X (Intelerad Inc., Montreal, Canada) 

was used for semi-quantitative analysis of the following features (Felson, 2005; Kornaat, 

Watt, et al., 2005; Peterfy et al., 2006). 

i. Cartilage morphology 

ii. Bone marrow lesions (oedema) 

iii. Bone cysts 

iv. Subarticular bone attrition 

v. Osteophytes 

vi. Medial and lateral meniscal integrity 

vii. Effusion 

To score the above lesions the knee joint was divided in the following compartments (Figure 

1). 

- Medial and lateral femoral 

- Medial, central, and lateral tibial 

- Medial and lateral patella 

 

 

Figure 1: Knee joint compartments for scoring; (a) coronal, (b) sagittal, (c) axial images adopted from 
MRI feature analysis described by Felson et al, Konaat et al and Peterfy et al (Felson et al., 2001; 
Kornaat, Ceulemans, et al., 2005; Peterfy et al., 2006). 

 

   (a) (b) (c)
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7.2.1. Cartilage morphology 

To assess cartilage defects a semi quantitative method was adopted from the Knee 

Osteoarthritis Scoring System (KOSS) (Kornaat, Ceulemans, et al., 2005) (Figure 2). Cartilage 

defects were scored on T2 Fat Saturated Coronal, axial & sagittal images.  

Coronal and sagittal images were used to assess tibio-femoral and axial images for patello-

femoral cartilage. Cartilage defects were scored in relation to the height/depth of adjacent 

cartilage whether focal or diffuse and graded as (Kornaat, Ceulemans, et al., 2005), 

0 Normal thickness and signal. 

1 Normal thickness but increased signal on T2-weighted images. 

2 Partial or full-thickness focal defect < 1 cm in greatest width. 

3 Multiple areas of partial-thickness (Grade 2) defects intermixed with areas of normal 

thickness, or a Grade 2 defect wider than 1 cm but < 75% of the region. 

4 Diffuse (≥ 75% of the region) partial-thickness loss. 

5 Multiple areas of full-thickness loss (Grade 2) or a Grade 2 lesion wider than 1 cm but 

< 75% of the region. 

6 Diffuse (≥ 75% of the region) full-thickness loss.  

 

 

 

 

 

 

 

 

Figure 2: Grade 6 cartilage loss on lateral and Grade 5 cartilage loss on the medial side of joint, MRI 

image of a study participant. Scoring protocol adopted from (Kornaat, Ceulemans, et al., 2005). 

 

Grade 6 cartilage 
loss on lateral side 
of the joint. 

Grade 5 cartilage loss 
on medial side of the 
joint.  
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7.2.2. Bone oedema 

Bone marrow lesions (BML) were defined as areas of increased signal intensity adjacent to 

subchondral bone in either the distal femur or the proximal tibia (Felson, 2005). The presence 

of BML was defined as any increase in intensity of signal from baseline. The presence and 

extent of BMLs was classified based on the following grades adopted from Felson  et al and 

Wang et al (Felson, 2005; Wang et al., 2015) , 

0 Absent. 

1 A lesion was identified as being definitely present if it appeared on 2 or more adjacent 

slices. The lesion was classified as Grade 1 if it covered less than one-fourth of the 

width of any compartment of femur, tibia or patella (small lesions). 

2 A bone marrow lesion, the same size as Grade 1 but present in three adjacent slices 

was scored Grade 2. 

3 When a bone marrow lesion covered at least one-fourth of the width of the medial or 

lateral compartment and appeared on 3 or more slices it was classified as Grade 3 

(Felson, 2005; Wang et al., 2015) (Figure 3). 

 

 

 

 

 

 

 

 

Figure 3: Grade 3 bone oedema in the lateral femur and tibia on coronal image (MRI image of a study 
participant). 

 

The scoring system was adopted from a previously described methodology that exhibited 

good inter and intra reader reliability, (k = 0.88, P < 0.001) (Wang et al., 2015). 

Grade 3 tibial 

Grade 3 femoral 
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7.2.3. Bone cysts 

Bone cysts are visualised on MRI as distinctly increased signal in the subarticular bone. Cysts 

are defined as increased signal with sharp, round margins and no evidence of internal 

marrow tissue or trabecular bone. Cysts were defined (scored) using T2 weighted fat sat 

images (Figure 4). Subchondral cysts were defined as well-defined foci of high signal intensity 

on T2-weighted images, in the cancellous bone underlying the joint cartilage.  

Bone cysts were scored by measuring the largest dimension. Cysts were graded as follows as 

described by Peterfy et al (Peterfy et al., 2006), 

0 absent 

1 < 3 mm (small) 

2 3-5 mm (medium) 

3 5 mm (large) 

 

 

Figure 4:  Subchondral medium cyst in the central tibia on T2 weighted coronal image (MRI image of a 

study participant). 

. 

 

 

 

 

Bone cyst 
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7.2.4. Subarticular bone attrition 

Bone attrition is described as remodelling of the bone. Bone attrition results in flattening or 

depression of the articular surfaces and is a common feature of OA. Bone attrition was 

graded 0 to 3 based on deviation from normal bone contour,  

0 normal 

1 mild 

2 moderate 

3 severe  

Relative flattening of the medial and lateral articular surfaces of the femur, tibia and patella 

was used for grading (Peterfy et al., 2004) (Figure 5). Coronal T2 weighted images were used 

to grade bone attrition. 

 

Figure 5:  Grade 2 medial femoral and Grade 3 central tibial attrition visualised on coronal image (MRI 

image of a study participant). 

7.2.5. Osteophytes 

Osteophytes are fibro-cartilaginous bony outgrowths formed as a result of new bone 

formation in joints with OA. The  following grading system was used for osteophyte scoring 

(Peterfy et al., 2006). 

0 no osteophyte detected 

1 small osteophyte 

Grade 2 medial femoral bone attrition

Grade 3 central tibial bone attrition
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2 medium osteophyte 

3 large osteophyte.  

T1 weighted images were used to grade osteophytes at the margins of the medial and lateral 

aspects of the femur, tibia, and patella on coronal and axial images and anterior and posterior 

on sagittal images (Figure 6). 

 

 

Figure 6:  Coronal T1 weighted MRI image showing lateral and central osteophytes (MRI image of a 

study participant). 

 

7.2.6. Medial and lateral meniscal integrity 

The anterior horn, body segment and posterior horn of the medial and lateral menisci were 

graded separately from 0 to 4 based on both the sagittal and coronal images (Peterfy et al., 

2004) (Figure 7), 

0 Intact 

1 minor radial tear or fan shaped tear 

2 non-displaced tear or prior surgical repair 

3 displaced tear or partial resection 

4 complete maceration or complete resection  

Lateral femoral and 

central tibial osteophyte



Chapter 7:  MRI features to identify pain phenotypes in knee osteoarthritis 

 

143 
 

 

 

 

 

 

 

 

 

Figure 7:  Grade 4 lateral meniscal lesion and Grade 2 medial meniscal lesion on coronal (MRI image 

of a study participant). 

. 

7.2.7. Effusion 

Effusion was given a grade based on T2 Fat Saturated axial and sagittal images (Figure 8). 

Grades for both the popliteal and suprapatellar regions were given. The grading system was 

adopted from the knee osteoarthritis scoring system (Kornaat, Ceulemans, et al., 2005). The 

grading system was as follows, 

0 no effusion evident 

1 mild effusion present 

2 moderate effusion present 

3 severe effusion present 

 

Grade 4 
Grade 2 
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Figure 8: Sagittal T2 weighted MRI of a study participant showing moderate joint effusion (MRI image 

of a study participant). 

.  

7.3. Data Analysis 

IBM® SPSS version 26 was used for statistical analyses. 

Mean and standard deviation (SD) of sensory measures; heat, cold, tactile and vibration 

perception thresholds were used to calculate Z-scores. OA participants with a PainDETECT 

score ≤ 12 were included in the inflammatory pain group (IPG), participants with PainDETECT 

scores of ≥ 13 and reporting superficial pain or cutaneous sensitivity were classified in the 

possible neuropathic pain group (PoNPG). Participants in the PoNPG were further classified 

based on findings from the QST sensory testing. If their measures for any of the sensory tests 

were outside ± 1.96 Z-score from the mean of the pain free control group, they were 

classified as having a sensory deficit. OA participants in the PoNPG with a sensory deficit and 

related neuropathic symptoms in the same region, were classified as probable neuropathic 

pain (PrNPG).  

MRI features were assessed by the researcher, blinded to questionnaire scores and sensory 

and pain measures. All MRI pathological measures were analysed for frequency distribution 

in each grade in the whole OA cohort as well as the separate incidence of these features in 

the IPG, PoNPG and PrNPG. Cross tabulation was performed to find differences in OA groups.  

Moderate popliteal 
joint effusion.  
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The cohort was also divided based on the IPG and the NPG, where data from PoNPG and 

PrNPG was combined.   

Logistic regression analysis was carried out to predict association of MRI variables with 

membership of the NPG group. 

 

7.4. Results 

7.4.1. Demographics 

A total of Ninety (90) OA participants attended radiology for MRI scans. 9 participants could 

not attend radiology due to personal reasons. 

Amongst the 90 OA participants, 41 were in the inflammatory pain group (IPG), 28 in the 

possible neuropathic pain group (PoNPG) and 21 in the probable neuropathic pain group 

(PrNPG). Demographic variables for each group are presented in Table 1. 

 

Table 1: Demographic distribution of participants. 

 

 

The age range was similar in the three (IPG, PoNPG and PrNPG) groups and there was no 

significant difference in BMI between the respective groups. Male to female ratio did vary 

slightly between groups with a slight preponderance of males in the PrNPG. 

Participants Age BMI Gender

IPG 65 ±8 28 ±5 17 M, 24 F

PoNPG 65 ±7 30 ±5 13 M, 15 F

PrNPG 62 ±7 30 ±7 12 M, 9 F
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7.4.2. MRI features 

MRIs were analysed for cartilage morphology, bone oedema, bone cysts, bone attrition, 

osteophytes, meniscal lesions, and joint effusion. Incidence of these pathologies are 

presented as a percentage in Table 2.    
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Table 2: Frequency (%) distribution of pathological features of MRI in various grades.  

  

0 1 2 3 4 5 6

Tibio-femoral joint

Cartilage defects

Anterior 1.2 2.3 4.7 29.1 45.3 17.4

Posterior 3.5 4.7 18.6 51.2 22.1

Femur Medial 4.5 5.7 14.8 38.6 36.4

Lateral 1.1 6.8 13.6 37.5 31.8 9.1

Tibia Medial 1.1 1.1 9.1 15.9 43.2 29.5

Lateral 1.1 4.5 12.5 33.0 42.0 6.8

Bone oedema

Femur Anterior 31.4 26.7 20.9 20.9

Posterior 18.6 26.7 27.9 26.7

Medial 14.0 34.9 20.9 30.2

Lateral 29.1 39.5 25.6 5.8

Tibia Anterior 15.1 30.2 29.1 25.6

Posterior 23.3 33.7 22.1 20.9

Medial 23.3 24.4 18.6 33.7

Central 22.1 27.9 36.0 14.0

Lateral 34.1 37.6 18.8 9.4

Bone cysts

Femur Medial 61.9 14.3 9.5 14.3

Lateral 70.2 8.3 13.1 8.3

Tibia Medial 79.0 6.2 4.9 9.9

Central 59.0 1.2 22.9 16.9

Lateral 63.4 8.5 15.9 11.0

Bone attrition

Femur Medial 19.5 43.7 25.3 11.5

Lateral 48.3 41.4 9.2 1.1

Tibia Medial 2.3 35.6 40.2 21.8

Central 2.3 27.6 62.1 8.0

Lateral 16.3 53.5 26.7 3.5

Osteophytes

Medial 5.7 31.8 62.5

Lateral 5.7 36.4 58.0

Posterior 1.1 9.2 31.0 58.6

Anterior 4.6 48.3 47.1

Meniscus 

Medial 16.5 11.8 36.5 35.3

Lateral 1.2 38.1 32.1 16.7 11.9

Effusion

1.3 61.3 36.3 1.3

Patello-femoral joint

Cartilage Medial 1.1 3.4 9.1 10.2 61.4 14.8

Lateral 3.4 13.6 26.1 43.2 13.6

Cyst 69.8 26.7 2.3 1.2

BE 13.6 22.7 42.0 21.6

Effusion 2.3 67.0 28.4 2.3

Grades
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7.4.3. Cartilage Morphology 

Cartilage morphology was assessed by grading cartilage defects from 0 to 6 (mild to severe). 

The frequency distribution is shown in Table 2. Anterior and posterior cartilage defects were 

graded using sagittal images which did not yield significant results (p < 0.05) for either IPG, 

PoNPG and PrNPG or IPG compared to NPG. Femoral and tibial cartilage were assessed 

separately on the medial and lateral side of the joint using coronal MRI images. There was no 

significant difference in the cartilage defects (p < 0.05) either between IPG, PoNPG and PrNPG 

or IPG compared to NPG cohorts except for the medial femoral cartilage, p = 0.042 (IPG, 

PoNPG and PrNPG) and p = 0.006 (IPG vs NPG). Medial femoral cartilage defects were higher 

in the neuropathic pain groups compared to the IPG. There was also a trend that a higher % 

of grades 5 and 6 cartilage defects were present in the PoNPG and the PrNPG (Figure 9, Table 

3). 
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Figure 9: Cartilage defects compared between the IPG and the NPG; (a) anterior, (b) posterior cartilage 
on sagittal MRI images, (c) medial, (d) lateral femoral cartilage on coronal images, (e) medial, (f) lateral 
tibial cartilage on coronal MRI images.  
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Table 3: Frequency (%) distribution of cartilage defects as grades 0 to 6 in the IPG, PoNPG PrNPG and 
NPG at anterior and posterior aspects of the joint on sagittal images and femoral and tibial cartilage 
on coronal images; p* = comparison of IPG, PoNPG and PrNPG and p** = IPG compared to NPG. 

 

 

  

0 1 2 3 4 5 6 * **
Cartilage

Anterior IPG 2.5 2.5 5.0 40.0 37.5 12.5

NPG 2.2 4.3 19.6 52.2 21.7

PoNPG 7.7 15.4 53.8 23.1

PrNPG 5.0 25.0 50.0 20.0

Poterior IPG 5.0 5.0 27.5 47.5 15.0

PoNPG 7.7 7.7 53.8 30.8

PrNPG 5.0 15.0 55.0 25.0

NPG 2.2 4.3 10.9 54.3 28.3

Femur Medial IPG 0.0 7.3 26.8 41.5 24.4

PoNPG 7.4 7.4 3.7 33.3 48.1

PrNPG 10.0 5.0 40.0 45.0

NPG 8.5 4.3 4.3 36.2 46.8

Lateral IPG 2.4 4.9 19.5 41.5 24.4 7.3

PoNPG 7.4 7.4 29.6 40.7 14.8

PrNPG 10.0 10.0 40.0 35.0 5.0

Tibia NPG 8.5 8.5 34.0 38.3 10.6

Medial IPG 0.0 12.2 22.0 41.5 24.4

PoNPG 3.7 3.7 7.4 11.1 40.7 33.3

PrNPG 5.0 10.0 50.0 35.0

NPG 2.1 2.1 6.4 10.6 44.7 34.0

Lateral IPG 2.4 7.3 14.6 41.5 29.3 4.9

PoNPG 7.4 22.2 59.3 11.1

PrNPG 5.0 15.0 30.0 45.0 5.0

NPG 2.1 10.6 25.5 53.2 8.5

0.613 0.408

0.408 0.167

0.492 0.277

0.401 0.232

0.042 0.006

0.700 0.365

p-value Grades
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7.4.4. Bone oedema 

Bone oedema (BE) was assessed by grading 0 to 3 (mild to severe) and the frequency 

distribution is shown in Table 4 and Figure 10. Anterior and posterior bone oedema was 

graded using sagittal images with no significant differences (p < 0.05) either between the IPG, 

PoNPG and PrNPG or the IPG compared to the NPG. Femoral and tibial bone oedema was 

assessed separately on the medial and lateral sides of the joint using coronal MRI images. 

There was no significant difference in the bone oedema (p < 0.05) either between the IPG, 

PoNPG and PrNPG or the IPG compared to the NPG cohorts except on the lateral aspect of 

the tibia. Lateral tibial bone oedema was worse in the neuropathic pain groups compared to 

the IPG, p = 0.020 (IPG, PoNPG and PrNPG) and p = 0.006 (IPG vs NPG).   
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Figure 10: Bone oedema compared between the IPG and NPG; (a) anterior femur, (b) posterior femur, 
(c) medial femur, (d) lateral femur, (e) anterior tibia, (f) central tibia, (g) posterior tibia (h) medial tibia, 
(i) lateral tibia. 
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Table 4: Bone oedema frequency (%) distribution of grades 0 to 3 in the IPG, PoNPG PrNPG and NPG 
at the anterior and posterior aspects of the joint on sagittal images and femoral and tibial BE, scored 
on coronal images; p* = comparison of IPG, PoNPG and PrNPG and p** = IPG compared to NPG. 

 

 

0 1 2 3 * **
Bone Oedema

Anterior IPG 35.0 25.0 25.0 15.0

PoNPG 26.9 34.6 15.4 23.1

PrNPG 30.0 20.0 20.0 30.0

NPG 28.3 28.3 17.4 26.1

Posterior IPG 17.5 22.5 30.0 30.0

PoNPG 23.1 26.9 26.9 23.1

PrNPG 15.0 35.0 25.0 25.0

NPG 19.6 30.4 26.1 23.9

Femur
Medial IPG 12.5 35.0 22.5 30.0

PoNPG 11.5 42.3 30.8 15.4

PrNPG 20.0 25.0 5.0 50.0

NPG 15.2 34.8 19.6 30.4

Lateral IPG 37.5 35.0 22.5 5.0

PoNPG 19.2 38.5 34.6 7.7

PrNPG 25.0 50.0 20.0 5.0

NPG 21.7 43.5 28.3 6.5

Anterior IPG 17.5 32.5 32.5 17.5

PoNPG 15.4 34.6 34.6 15.4

PrNPG 10.0 20.0 15.0 55.0

NPG 13.0 28.3 26.1 32.6

Central IPG 27.5 27.5 37.5 7.5

PoNPG 11.5 34.6 26.9 26.9

PrNPG 25.0 20.0 45.0 10.0

NPG 17.4 28.3 34.8 19.6

Posterior IPG 27.5 25.0 27.5 20.0

PoNPG 19.2 26.9 23.1 30.8

PrNPG 20.0 60.0 10.0 10.0

NPG 19.6 41.3 17.4 21.7

Tibia
Medial IPG 30.0 20.0 20.0 30.0

PoNPG 15.4 38.5 23.1 23.1

PrNPG 20.0 15.0 10.0 55.0

NPG 17.4 28.3 17.4 37.0

Lateral IPG 48.7 30.8 20.5 0.0

PoNPG 19.2 38.5 19.2 23.1

PrNPG 25.0 50.0 15.0 10.0

NPG 21.7 43.5 17.4 17.4

0.210

0.145 0.485

0.809

Grades p-value

0.352

0.0060.020

0.737 0.524

0.947

0.132 0.977

0.060 0.454

0.118 0.350

0.653 0.461
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7.4.5. Bone cysts 

Bone cysts were not common compared to other pathological features among the OA groups. 

There were no significant differences in bone cysts presence (p < 0.05) either between the 

IPG, PoNPG and PrNPG or the IPG compared to the NPG cohorts (Table 5, Figure 11). Grade 

3 cysts were more commonly present on the medial side of the femur and at the centre of 

the tibia, 12 and 14% respectively.  

 

 

 

Figure 11: Comparison of bone cysts between the IPG and NPG; (a) medial femur (b) lateral, (c) medial 
tibia, (d) central tibia, (e) lateral tibia. 
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Table 5: Frequency (%) of bone cyst grades among the IPG, PoNPG, PrNPG and NPG; p* = comparison 
of IPG, PoNPG and PrNPG and p** = IPG compared to NPG. 

 

 

   

0 1 2 3 4 5 * **
Bone cysts
Femur Medial IPG 64.1 15.4 10.3 10.3

PoNPG 56.0 16.0 8.0 20.0

PrNPG 65.0 10.0 10.0 15.0

NPG 60.0 13.3 8.9 17.8

Lateral IPG 74.4 7.7 7.7 10.3

PoNPG 68.0 12.0 12.0 8.0

PrNPG 65.0 5.0 25.0 5.0

NPG 66.7 8.9 17.8 6.7

Tibia Medial IPG 86.8 2.6 10.5

PoNPG 75.0 16.7 4.2 4.2

PrNPG 68.4 5.3 10.5 15.8

NPG 72.1 11.6 7.0 9.3

Central IPG 61.5 0.0 20.5 17.9

PoNPG 60.0 0.0 20.0 20.0

PrNPG 52.6 5.3 31.6 10.5

NPG 56.8 2.3 25.0 15.9

Lateral IPG 76.9 5.1 10.3 7.7

PoNPG 50.0 12.5 20.8 12.5 4.2

PrNPG 52.6 10.5 21.1 15.8

NPG 51.2 11.6 20.9 14.0 2.3

Grades p-value

0.546 0.754

0.440 0.181

0.949 0.804

0.625 0.540

0.109 0.123
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7.4.6. Bone attrition 

Bone attrition was graded 0 to 3. There were no significant differences in bone attrition (p < 

0.05) either between the IPG, PoNPG and PrNPG or the IPG compared to the NPG cohorts 

except at the medial femur. Grade 3 bone attrition was most prevalent in the PrNPG on the 

medial side of the femur and tibia, 40 and 50% respectively, whereas Grade 2 attrition was 

commonly present at the central tibia, 75% in the PrNPG (Table 6, Figure 12). 

 

 

 

Figure 12: Comparison of bone attrition among the IPG and NPG; (a) medial femur, (b) lateral femur, 
(c) medial tibia, (d) central tibia, (e) lateral tibia. 
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Table 6: Frequency (%) of bone attrition grades among the IPG, PoNPG, PrNPG and NPG; p* = 
comparison of IPG, PoNPG, PrNPG and p** = IPG compared to NPG. 

  

 

  

0 1 2 3 * **
Bone attrition
Femur Medial IPG 22.5 47.5 25.0 5.0

PoNPG 22.2 55.6 14.8 7.4

PrNPG 10.0 20.0 40.0 30.0

NPG 17.0 40.4 25.5 17.0

Lateral IPG 55.0 32.5 10.0 2.5

PoNPG 37.0 59.3 3.7 0.0

PrNPG 50.0 35.0 15.0 0.0

NPG 42.6 48.9 8.5 0.0

Tibia Medial IPG 5.0 45.0 35.0 15.0

PoNPG 0.0 40.7 40.7 18.5

PrNPG 0.0 10.0 50.0 40.0

NPG 0.0 27.7 44.7 27.7

Central IPG 2.5 37.5 50.0 10.0

PoNPG 0.0 25.9 70.4 3.7

PrNPG 5.0 10.0 75.0 10.0

NPG 2.1 19.1 72.3 6.4

Lateral IPG 12.5 65.0 20.0 2.5

PoNPG 18.5 48.1 29.6 3.7

PrNPG 21.1 36.8 36.8 5.3

NPG 19.6 43.5 32.6 4.3

Grades p-value

0.017 0.348

0.325 0.343

0.062 0.100

0.265 0.192

0.597 0.263
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7.4.7. Osteophytes 

Osteophytes (OP) were scored from grade 0 to Grade 3. Frequencies of the presence of OP 

are shown in Figure 13, Table 7. A higher % of Grade 2 and 3 osteophytes were present in the 

PoNPG and PrNPG compared to the IPG on the medial, lateral, anterior and posterior aspects 

of the knee. A statistically significant difference was found on the medial side between the 

IPG and the NPG (p = 0.048) and on the lateral side between the IPG, PoNPG and PrNPG (p = 

0.021) and between the IPG and the NPG (p = 0.003).   

 

 

Figure 13: Comparison of osteophytes between the IPG and NPG; (a) anterior, (b) posterior, (c) medial, 
(d) lateral. 
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Table 7: Frequency (%) of osteophytes among the IPG, PoNPG, PrNPG and NPG participants; p* = 
comparison of IPG, PoNPG and PrNPG and p** = IPG compared to NPG. 

 

 

 

 

 

 

 

 

 

 

 

0 1 2 3 * **
Osteophytes

Anterior IPG 5.0 57.5 37.5

PoNPG 7.4 40.7 51.9

PrNPG 40.0 60.0

NPG 4.3 40.4 55.3

Poterior IPG 15.0 32.5 52.5

PoNPG 3.7 7.4 25.9 63.0

PrNPG 35.0 65.0

NPG 2.1 4.3 29.8 63.8

Medial IPG 12.2 29.3 58.5

PoNPG 40.7 59.3

PrNPG 25.0 75.0

NPG 34.0 66.0

Lateral IPG 12.2 46.3 41.5

PoNPG 29.6 70.4

PrNPG 25.0 75.0

NPG 27.7 72.3

0.354 0.248

0.021 0.003

0.115 0.048

0.374 0.252

Grades p-value
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7.4.8. Meniscal lesions 

Meniscal lesions were graded from 0 to 4 as described in the methods section on coronal 

images. A higher frequency (%) of Grade 3 and 4 lesions was observed in the PoNPG and 

PrNPG compared to the IPG. A statistically significant difference was shown only for the 

lateral meniscus between the IPG and NPG (p = 0.024), Figure 14, Table 8. 

 

 

Figure 14: Comparison of meniscal lesions among the IPG and NPG; (a) medial, (b) lateral. 

 

Table 8: Frequency (%) of meniscal lesions in the IPG, PoNPG, PrNPG and NPG cohorts; p* = 
comparison of IPG, PoNPG, PrNPG and p** = IPG compared to NPG. 
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0 1 2 3 4 * **
Meniscus

Medial IPG 12.8 17.9 41.0 28.2

PoNPG 26.9 7.7 34.6 30.8

PrNPG 10.0 5.0 30.0 55.0

NPG 19.6 6.5 32.6 41.3

Lateral IPG 2.6 55.3 18.4 13.2 10.5

PoNPG 26.9 42.3 19.2 11.5

PrNPG 20.0 45.0 20.0 15.0

NPG 23.9 43.5 19.6 13.0

p-valueGrades

0.214 0.225

0.172 0.024
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7.4.9. Effusion 

Mild to moderate effusion was present in both the IPG and NPG groups. No difference was 

found between the two groups. Severe effusion was only reported in the IPG group and the 

incidence was 3%, Figure 15.   

 

 

Figure 15: Comparison of presence of effusion among IPG and NPG. 
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7.4.10. Logistic regression 

Univariate logistic regression analyses (IPG: NPG) were performed on the variables shown to 

be significant on cross tabulation (Table 9). 

 

Table 9: Univariate logistic regression analysis 

 

 

Lateral tibial oedema, lateral meniscal lesions and lateral and medial osteophytes were 

initially entered into the univariate models (Table 9). Femoral medial cartilage defects, 

medial and lateral osteophytes, lateral tibial bone oedema and lateral meniscal lesions 

(significant at p < 0.1) were entered into multivariable models. P-values < 0.05 were 

considered statistically significant (Table 10). Lateral osteophytes and lateral meniscus 

lesions were identified as pathological changes significantly associated with membership of 

the NPG. 

 

Table 10: Multivariable logistic regression model of structural changes on MRI. 

 
  

OR 95%CI OR p-value

Femoral medial cartilage 0.09 0.01-0.70 0.022

Lateral osteophytes 3.67 1.46-9.24 0.006

Medial osteophytes 1.32 0.56-3.12 0.531

Lateral tibial BE 2.92 1.04-8.24 0.042

Lateral meniscus 5.71 1.86-17.59 0.002

OR 95% CI OR p value

Lateral osteophytes 5.47 1.53 - 19.52 0.009

Lateral meniscus lesions 6.4 1.56 - 26.73 0.010
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7.5. Discussion 

The MRIs of OA patients were explored to assess the relationship between structural changes 

and the presence of NP. 

Overall MRI assessment revealed that joint structural damage was moderate to severe in the 

PrNPG group. However, statistically significant differences were not present for most of the 

features. The logistic regression model indicated that the presence of osteophytes, tibial 

bone oedema and meniscal lesions on the lateral side were most strongly associated with 

membership of the NPG.  Similar structural changes were also present on the medial side but 

the presence of these structural changes on the lateral side was most strongly associated 

with NP. Results also showed Grade 3 osteophytes (OP) were associated with the presence 

of NP. Previous research has indicated that OP on MRI were commonly detected in older 

adults and were likely to progress over time (Zhu et al., 2018) and the presence of large OPs 

was associated with more pain and lower physical activity (Hakky et al., 2015; Sowers et al., 

2003). A higher number of OPs have been related to having three times greater risk of 

progressing to joint arthroplasty (Liu et al., 2017). Results of this study that osteophytes were 

related to severe pain and functional disability and that osteophytes were more prevalent in 

the NPG as shown in Table 7, were supported by the findings from previous research (Hakky 

et al., 2015; Sowers et al., 2003).  

A longitudinal study previously found that the majority of cysts developed from pre-existing 

bone oedema (Carrino et al., 2006). Bone cysts were less common in this OA cohort 

compared to other structural pathologies. Small to medium cysts were present in higher 

numbers in the NPG but this difference was not significant. 

No significant difference of cartilage loss was found between OA participants in the IPG, 

PoNPG and PrNPG except for the medial femoral cartilage (p = 0.006) but in that region 

moderate to severe cartilage loss (Grade 4 to 6) was more prominent in the PrNPG. Cartilage 

morphology of OA participants has been previously studied to investigate any association 

between NP and cartilage loss by dividing on the basis of PainDETECT scores, however, no 

link was found between NP and cartilage loss (Roubille et al., 2014).  

Bone marrow lesions were also assessed in OA participants and comparison was made 

between the IPG, PoNPG and PrNPG. Results of this study indicated that there was no 

statistical difference in the presence of BMLs between the IPG and NPGs except for the 
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presence of BMLs on the lateral side of the tibia. Overall, the number of bone marrow lesions 

was greater in the NPG. These results were in line with previous reports in which bone 

marrow lesions were shown to be correlated to the severity of pain. Significant correlation 

was shown with intensity of pain and size of BMLs (Sansone et al., 2019). In the present study 

univariate regression showed strong association of lateral tibial bone marrow lesions with 

membership of the NPG and similar findings have been reported previously (Roubille et al., 

2014). Therefore, presence of lateral bone marrow oedema may be considered as indicator 

of neuropathic pain. 

Severe meniscal lesions were associated with NP and were more prevalent in the NPG (Figure 

14 and Table 8). This finding has also been reported previously by (Roubille et al., 2014). 

However, Roubille et al. used only PainDETECT score to assign participants to their NP group. 

The present study used a more structured process to identify pain phenotypes. Nevertheless, 

a similar association with severe meniscal lesions in the lateral compartment was identified. 

The results of this study partly support the hypothesis that the presence of osteophytes and 

lateral meniscal lesions are associated with the presence of NP. 

Conclusions 

The results of this study suggest that the presence of osteophytes and lateral meniscal lesions 

are associated with the presence of NP. The presence of these lesions should be considered 

when examining patients who present with features of NP. 
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8. Biomarkers and pain phenotype in knee osteoarthritis  

 

8.1 Introduction 

Osteoarthritis is a degenerative disease, characterized by deterioration of the main joint 

structures; cartilage, bone, and synovium (Berenbaum, 2013). Changes in the joint structure may 

lead to the development of chronic inflammation and potentially damage to neural tissue (Baron 

et al., 2017; Sandell & Aigner, 2001). Cartilage degradation is facilitated largely by pro-

inflammatory cytokines, most notably interleukin 1 (IL-1) and tumour necrosis factor alpha 

(TNFα) (Fernandes et al., 2002). These cytokines contribute to tissue destruction by disrupting 

the balance of the catabolic and anabolic activities of chondrocytes. Cytokines such as IL-1 and 

tumour necrosis factor alpha (TNF-α) produced by activated synoviocytes, mononuclear cells or 

by articular cartilage, significantly up-regulate metalloproteinase (MMP) gene expression which 

results in the degradation of the extracellular matrix (Fernandes et al., 2002; He et al., 

2002). Increased innervation of synovium was found in symptomatic hip OA participants and it 

was the likely source of expression of sensory nerve related proteins and TNF-α (Takeshita et al., 

2012). Both increased innervation and cytokines may be a source of pain in OA. Increased 

expression of TNF-α in synovial fluid of knee OA patients was associated with increased pain and 

physical disability based on WOMAC scores and numerical pain rating scores (Leung et al., 2017; 

Liles & Van Voorhis, 1995).  

IL-1 is a cytokine which plays a role in the regulation of inflammation. In the immune system IL-

1 is produced in response to inflammation but its effect is not limited to inflammation and it also 

has a role in bone formation and remodelling of bone (Kusano et al., 1998). TNF-α and IL-1 are 

also released by macrophages in neural tissues after nerve injury (Carman-Krzan et al., 1991). 

Cytokines such as IL-1, interleukin-6 (IL-6), and TNF-α, under various disease conditions and 

following injury to neural tissue, induce pain hypersensitivity (Kawasaki et al., 2008). Synovitis is 

a significant confounding variable in relation to biomarkers and neuropathic features in OA 

patients (Radojčić et al., 2017). 

Local inflammation is thought to be one of the causes of pain due to the OA joint and can be 

detected systemically (Filková et al., 2009; Toncheva et al., 2009). C-reactive protein (CRP) has 

been found to be modestly higher in OA patients compared to controls and CRP levels were 
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associated with pain and decreased physical function (Jin et al., 2015). Nerve injury also leads to 

the release of inflammatory cytokines, including TNFα which causes nociceptor sensitisation, 

similar to inflammatory response. 

Nerve growth factor (NGF) is a neurotropic factor. It is causes pain and hypersensitivity 

(Sørensen et al., 2019). The administration of a NGF antagonist has been suggested as an 

effective therapeutic approach in many pain states (Mantyh et al., 2011).  Treatment with a NGF 

inhibitor was viewed as an acceptable alternative to NSAIDs or opioids (Turk et al., 2020). The 

heterogeneous nature of OA pain requires differentiation of pain types and it is likely that 

different pathophysiological processes may be contributing to pain perception in different 

patients. 

There are a number of biomarkers that are commonly evaluated as indicators of inflammation 

and nerve damage in research and clinical practice. Established measures of inflammation 

include the erythrocyte sedimentation rate (ESR), white blood cell (WBC) count and C-reactive 

protein levels. ESR and WBC have low sensitivity and specificity as diagnostic markers of joint 

pain. It is therefore important to evaluate a range of markers to understand which might be 

most closely related to the presence of inflammatory or neuropathic pain. 

Hypothesis 

Biomarker levels, including CRP, IL-1, IL-6, TNFα and NGF will help to differentiate between pain 

phenotype groups in people with knee osteoarthritis. 

Aims 

The aim of this study was to measure serum biomarkers of CRP, IL-1, IL-6, TNF-α and NGF in OA 

participants to determine if any of these serum biomarkers can help predict inclusion into a 

neuropathic or inflammatory pain category. 

 

8.2 Methods 

A total of 99 OA participants were recruited for this study. 96 participants’ blood samples were 

available for analysis (details section 2.3). 
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Participants were comprehensively assessed for sensory and proprioceptive function (Chapters 

4 to 8).  

Blood samples were obtained from the participants using standard phlebotomy technique. 

Samples were collected in a gold or serum separator vacutainer which contained polymer gel.  

Each sample was dated and labelled with each participant’s code number. Samples were 

centrifuged and the serum was collected with a pipette. This serum sample was then stored at -

20 oC in a freezer at the School of Pharmacy and Biomedical Sciences. When all samples had 

been collected at the end of recruitment of all OA participants, they were analysed for CRP, IL-

1, IL-6, NGF and TNF-α. 

Analyses for IL-1, IL-6, NGF and TNf-α were carried out in the School of Pharmacy and Biomedical 

Sciences using standard enzyme-linked immunosorbent assays (ELISA) (R&DSYSTEMS, a 

biotechne brand). ELISA is a commonly used analytical biochemistry assay, developed in the 

1970s (Lequin, 2005). The assay uses a solid-phase enzyme immunoassay (EIA) to detect the 

presence of a specific protein in a liquid sample using antibodies directed against the protein to 

be measured. Each ELISA kit comes with its testing protocol (Appendix 3), which was followed 

for the serum detection of IL-1, IL-6, NGF and TNF-α. 

CRP analysis was carried out at the R3Gen lab as per the Royal College of Pathology Australia 

(RCPA) requirements using an immunoassay (immune-turbidimetric analysis method), which is 

the main technique for performing routine protein tests. The turbidimetric immunoassay system 

operates in the antibody excess zone. It keeps the concentration of antibody constant and the 

amount of antigen–antibody complex formed depends directly on the concentration of antigen 

in the mixture. The analytical method used provided a full range of CRP readings covering a 

measuring range of 0.263 - 184 mg/L and was calibrated using a 6 point calibration method to 

ensure accuracy of tests, and a precision in tests to ensure instrument stability.  

 

8.3 Data analysis 

OA participants were divided in to three groups on the basis of PainDETECT questionnaire 

scores, neuropathic symptoms reported on pain mapping and sensory deficit (based on Z-score 

deviation) (details in Chapter 2 sections 2.8.3 and 2.8.4).   

IBM® SPSS version 26 was used for analyses with alpha set at 0.05. 
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The Shapiro-Wilk test as well as graphical assessment was performed to check for the normality 

of the test data. IL-1, IL-6 and CRP, TNF-α and NGF data were not normally distributed therefore 

nonparametric tests were used to compare these variables between IPG, PoNPG, PrNPG. Data 

were expressed as medians, interquartile range (IQR, 3rd – 1st quartiles) and range (min-max). 

Significance (p-value) level of ≤ 0.05 was used in the comparisons. 

 

8.4 Results 

Blood samples of 95 OA participants, 45 males, 50 females with an average age of 64.5 ±8 years 

and an average BMI of 28.9 ±6 were tested and analysed.  

Data obtained for TNF-α and NGF showed that only 5% of the participants exhibited a 

measurable level of TNF-α and only 8% of participants exhibited a measurable level of NGF. It 

was therefore decided not to undertake any further statistical analysis of these measures. 

Comparisons between the IPG, PoNPG and PrNPG results of CRP, IL-1 and IL-6 are presented in 

Table 1 and Figure 1,Figure 2 and Figure 3. 

There was no significant difference (p = 0.109) when CRP was compared between IPG, PoNPG 

and PrNPG (Table 1, Figure 1). The serum level of IL-1 was the highest in the IPG and lowest in 

the PrNPG (Table 1, Figure 2) with significant difference (p = 0.001) between IPG, PoNPG and 

PrNPG. There was no difference (p = 0.383) in the serum IL-6 levels between the IPG, PoNPG and 

PrNPG (Table 1, Figure 3). 

 

Table 1: Comparison of CRP, IL-1 and IL-6 (median (IQR) [min-max]) between IPG, PoNPG and PrNPG. 

 

 

IPG PoNPG PrNPG p-value

CRP 1.2 (0.6-3.4) [0.3-7.0] 2.4 (1.0-5.8) [0.4-12.2] 2.6 (1.1-3.8) [0.5-7.0] 0.109

IL 1 181.1 (149.4-269.4) [26.1-665.6] 113.0 (41.6-161.6) [15.1-489.3] 65.7 (41.4-114.7) [18.6-431.5] 0.001

IL 6 15.7 (10.8-18.7) [9.6-69.6] 14.5 (10.3-18.2) [8.2-23.7] 15.5 (12.7-19.5) [9.1-77.3] 0.383

Median (IQR) [min-max]
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Figure 1: Comparison of CRP between the IPG, PoNPG and PrNPG. 

 

 

Figure 2: Comparison of IL-1 between the IPG, PoNPG and PrNPG. 
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Figure 3: Comparison of IL-6 between the IPG, PoNPG and PrNPG. 

 

Logistic regression was carried out to establish any association between biomarker measures 

and membership of the IPG or NPG (PoNPG and PrNPG groups combined).  

 

Table 2: Logistic regression.  

RF OR 95% CI OR p 

IL-1 0.989 o.97 - 0.99 0.03 

 

Logistic regression results showed an odds ratio (OR) of 0.99 with p = 0.036. Although the model 

is significant, an OR of nearly 1 suggests IL-1 was not a clear differentiating variable between the 

two pain groups. It is noted that observations of IL-1 in the IPG are widely scattered compared 

to those in the PoNPG and PrNPG, which could be a possible reason for IL-1 being not a clear 

differentiating variable. 
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8.5 Discussion  

Results indicated that there was an increasing trend for serum CRP levels from IPG to PoNPG to 

PrNPG, though no statistically significant difference was found in the levels between the OA 

groups (p = 0.109). The results of this study are in line with the findings of a previous study where 

no association was found between ESR and CRP values and PainDETECT scores (Roubille et al., 

2014). Royal College of Pathology Australia recommends values of < 1 mg/l as normal, 1-3 mg/l 

as low grade risk and > 5 mg/l as high risk (referenced in lab test reports). The serum CRP level 

of OA participants of this study ranged from 0.3 to 12.2 mg/l, which is similar to the previously 

reported figures by Roubille et al. (Roubille et al., 2014). Within this range, 25% of the OA 

participants had CRP level > 3 and 22% had values > 5. 22% of the OA participants were in the 

high risk group. Higher CRP reflects the presence of inflammation in the body.  

IL-1 and IL-6 are pro-inflammatory cytokines and have been found in the synovial fluid of OA 

participants and related to the pathophysiology of OA. Serum levels of IL-1 in the participants in 

the IPG were significantly higher compared to the PoNPG and PrNPG. The lowest serum IL-1 was 

detected in the participants of the PrNPG (Table 1). No previous data is available for serum IL-1 

in people with knee OA, although low grade synovial inflammation and IL-1 and NGF were found 

in synovial membrane samples (Smith et al., 1997; Towle et al., 1997).                          

No difference was found in serum levels of IL-6 between the IPG, PoNPG and PrNPG (Table 1). 

Serum levels of IL-6 are markedly raised in inflammatory conditions like rheumatoid arthritis 

(Boyapati et al., 2020). Osteoarthritis disease is initiated by joint cartilage erosion and structural 

changes in the joint, which leads to inflammation. Until recently, osteoarthritis was considered 

as a degenerative disease due to aging (Hadler, 1992; Sokolove & Lepus, 2013). However the 

heterogeneous nature of OA pain has now been clearly demonstrated. OA pain may be 

inflammatory (Jin et al., 2015) but it may include a neuropathic pain component in some OA 

participants (Hochman et al., 2013; Ohtori et al., 2012). So far, only mild systemic inflammation 

has been reported in OA participants through CRP results (Jin et al., 2015).  Studies on CRP levels 

are not conclusive to diagnose inflammatory pain. Similarly, results of this study were not 

conclusive. Results of serum biomarker levels, including CRP, IL-1, IL-6, TNFα and NGF, does not 

support the hypothesis that these biomarkers will help differentiate between pain phenotype 

groups in people with knee osteoarthritis. 
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Conclusions 

Results indicate serum biomarkers IL-1, IL-6 and CRP results were not able to differentiate pain 

phenotype. NGF was detected only in 5% and TNF-α detected in only 8% of OA participants. It is 

suggested that further research should be carried out to develop a better understanding of the 

serum biomarker levels in relation to pain phenotypes.  
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9. Predictive indicators of neuropathic pain in                   
patients with knee osteoarthritis 

 

9.1  Introduction 

Osteoarthritis (OA) pain is traditionally considered to be caused by local nociceptive afferent 

stimulation caused by structural changes in the joint (Schaible, 2012). OA pain is of 

heterogeneous origin.  It has been reported that OA pain is both nociceptive and neuropathic 

in origin (Hochman et al., 2011; Mease et al., 2011; Ohtori et al., 2012). Neuropathic pain 

(NP) is a result of a lesion or dysfunction of the nervous system and a direct consequence of 

a disease or injury affecting the somatosensory system (Treede et al., 2008). It is important 

to be able to clinically distinguish the type of pain a person is experiencing in order to provide 

appropriate management. Currently there are no diagnostic tools available to make a definite 

diagnosis of NP in osteoarthritis. Treede along with other prominent researchers and 

practitioners in neurology and pain science, developed a grading system of definite, possible 

and probable NP (Treede et al., 2008). The probable and definite pain-grades require 

confirmatory evidence from a neurologic examination. The site of neuropathic pain should 

conform to the innervation regions of peripheral nerves, branches of the brachial or lumbar 

plexus, or spinal segments. The distribution of pain or hyperalgesia should be in a distribution 

that is typical for the underlying somatosensory disorder (Treede et al., 2008). 

 This research project had two main objectives; firstly, to determine whether two distinct 

pain phenotypes, neuropathic and inflammatory pain can be demonstrated among patients 

with knee OA and secondly, to find a well-defined set of measures which can help clinicians 

to diagnose NP. 

Hypothesis 

Questionnaire based measures (which may include anxiety, depression, sleep 

quality, and pain related measures), NP symptoms, quantitative sensory and pain 

measures and structural changes on MRI, which were significant on univariate 

analysis, are predictive of inclusion in the neuropathic pain group (NPG). 
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Aims 

• To develop a logistic regression model to determine which measures most clearly 

differentiate between each of the pain categories and determine a well-defined set 

of measures that can be used to classify a patient with knee osteoarthritis into a 

neuropathic or inflammatory pain category. 

• To determine cut-off values for the measures found significant on logistic regression 

and to determine the sensitivity and specificity of these measures to discriminate 

between the two groups. 

 

9.2  Methods 

Participants were comprehensively assessed for sensory and proprioceptive function. OA 

participants completed self-report measures explained previously related to pain quality, 

severity, psychosocial state, sleep quality and comorbidities (Chapters 4 to 7).  

 

9.3  Data analysis 

Univariate logistic regression analyses were performed to evaluate the association between 

each test variable, which included self-report questionnaire scores, symptom reports on pain 

mapping, quantitative sensory and pain measures and MRI structural abnormalities 

associated with NP (Chapters 4 to 7). Groups of measures that were significant in the 

regression models previously described for diagnostic test predictors were entered into an 

overall multivariable, logistic regression model to find the model that provided the optimal 

diagnostic predictors for the presence of NP.  A manual forward and backward selection 

strategy of variables with p < 0.10 was adopted to select predictors for the final model.  

Predictors were deleted step by step from the model based on the highest p-value. Selected 

predictors were used to evaluate the discriminative power of the model, expressed by the 

area under the receiver operating characteristics curve (ROC).  Results are summarised in 

Table 1 as odds ratio (OR) and respective statistical significance. 
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9.4  Results 

Results from self-report measures and sensory assessment were used to divide study 

participants in three groups, the inflammatory pain group (IPG) and possible and probable 

neuropathic pain groups (PoNPG and PrNPG), details in Chapters 2 and 6. Comparison of IPG, 

PoNPG and PrNPG results showed significantly lower or higher thresholds for some 

quantitative sensory measures in the IPG compared to the PoNPG and PrNPG (Chapters 4 to 

7). There were limited differences between the PoNPG and the PrNPG for a number of 

measures and so logistic regression was performed between the IPG and the NPG (a 

combined PoNPG and PrNPG). 

It was noted that S-LANSS, PQAS-P, vibration threshold at the popliteal fossa (PFVT) of the 

index knee, cold pain threshold (CPT) on the lateral aspect of the index knee, lateral 

osteophytes, lateral meniscus lesions and lateral hypersensitivity were significant at the p < 

0.05 level (Table 1).  These variables have higher than 1 odds ratio (OR) which suggests their 

significant role in discriminating NPG.  The OR of burning sensation on the lateral aspect of 

the knee was also quite high (12.88), therefore, although the significance level was slightly 

low (p = 0.06) this measure was retained in the model. 

 

Table 1:  Multivariate logistic regression model NPG. 

RF OR 95%CI OR p-value 

S-LANSS 1.11 1.03-1.20 0.006 

PQAS-P 1.17 1.06-1.29 0.002 

PFVT index knee 1.32 1.12-1.56 0.001 

Lateral CPT index knee 1.15 1.06-1.25 0.001 

Lateral osteophytes 6.36 1.29-31.53 0.026 

Lateral meniscus 17.08 2.52-115.32 0.004 

Lateral Burning index knee 12.88 0.88-188.67 0.062 

Lateral Hypersensitivity index knee 21.21 1.58-285.36 0.021 
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ROC curve 

PainDETECT on the ROC curve showed excellent discrimination power with an area under the 

curve (AUC) of 0.92 with 90% sensitivity and 71% specificity (Figure 1).  

 

 

 

 

 

 

 

 

 

Figure 1: Receiver Operating Characteristic (ROC) curve for PainDETECT. 

 

The area under the ROC curves for S-LANSS and PQAS-P questionnaires, vibration threshold 

at popliteal fossa (PFVT, sensory variable), cold pain threshold on the lateral aspect of the 

index knee (CPT, pain measure), lateral osteophytes and the presence of lateral meniscal 

lesions on MRI and pain mapping of burning sensation and hypersensitivity on the lateral side 

are shown in Figure 2, Table 1. 
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Figure 2:  ROC curve from all variables in multiple logistic regression model. 

 

Table 2:  Diagnostic performance of variables. 

 

 

 

Variables AUC Cut-off Sensitivity Specificity

S-LANSS 0.79 9 87% 57%

PQAS-P 0.80 11 79% 65%

PFVT index knee 0.67 12 67% 62%

Lateral CPT index knee 0.67 21 67% 58%

Lateral osteophytes 0.63 2.5 74% 53%

Lateral meniscus 0.63 1.5 76% 53%

Lateral Hypersenstivity index knee 0.61

Lateral Burning index knee 0.70
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9.5  Discussion  

The PainDETECT questionnaire was used for initial grouping of OA participants. Several 

previous studies have used PainDETECT scores to identify NP among OA participants 

(Hochman et al., 2011; Roubille et al., 2014; Wright et al., 2017). In this study a more 

comprehensive approach was adopted to identify NP. In addition to PainDETECT other 

neuropathic questionnaires, S-LANSS and PQAS were also used to confirm NP. Participants 

also reported the location of neuropathic pain symptom on pain maps and quantitative 

sensory testing was carried out to confirm coresponding sensory deficits.  

Results of this study support the hypothesis that NP questionnaires (PainDETECT, S-LANSS 

and PQAS-P) are adequate tools to identify people with knee OA who present with NP. 

PainDETECT emerged as the strongest indicator of NP. However, this needs to be considered 

in the context that PainDETECT was used as part of the initial categorisation process of OA 

participants. This may bias the discriminative power shown in these results.Two other NP 

questionnaire, S-LANSS and PQAS-P showed acceptably high discrimination power with 87% 

and 79% sensitivity and 57% and 65% specificity, respectively. This suggested that these 

questionnaires can be conveniently used in clinical settings as a first line process in the 

assessment of people with OA pain to determine whether they might be presenting with 

features of neuropathic pain. Higher scores on these questionnaires were associated with 

greater odds of having NP. The cut-off score for the S-LANSS was 9, which is comparable to 

the previously reported cut-off score of 10 for this questionnaire (Bennett et al., 2005). The 

cut-off score for PQAS-P was 11. These results support the results of previous studies 

(Hochman et al., 2013; Roubille et al., 2014).  

Reporting of NP symptoms on pain mapping can be useful to guide further examination and 

diagnosis. The presence of burning sensation or hypersensitivity over the lateral aspect of 

the index knee were identified as features of pain mapping that were associated with the 

presence of neuropathic pain.  

The study identified vibration threshold at the popliteal fossa as a key sensory measure and 

cold pain threshold over the lateral aspect of the knee as a key indicator of hyperalgesia. The 

cut-off values for these measures were 12µ and 21°C respectively.   

The presence of MRI features of severe meniscal lesions and osteophytes on the lateral side 

of the knee joint were also relatively discriminative measures for identifying people with 
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features of NP.  These observations are suggestive of NP being associated with lateral 

meniscal extrusion as previously reported (Roubille et al., 2014). This is the first report to 

indicate that the presence of grade 3 (larger and more prominent) osteophytes may also be 

related to the development of NP.  

This study has identified a number of measures which can helpful in the diagnosis of NP. This 

supports the hypothesis that a number of measures based on questionnaires, sensory, pain 

measures and MRI findings will help to determine inclusion of OA participants in the NPG. 

Importantly, these measures cover a number of different domains including symptom report, 

sensory deficits, augmented sensations and pathological features, which relate to each of the 

key domains identified by Treede and colleagues as being important for the diagnosis of NP 

(Treede et al., 2008).  It therefore appears that it should be possible to use a number of these 

measures to arrive at a definitive diagnosis of NP in at least some people who present with 

painful knee OA. 
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10. Summary and conclusions 

 

The main objective of this study was to develop a set of diagnostic criteria to identify patients 

with osteoarthritis (OA) who may be experiencing neuropathic pain. In clinical settings this 

may help in distinguishing patients with neuropathic pain so they can receive more targeted 

treatment and pain can be managed efficiently. To achieve this objective, the aims were to 

determine whether two distinct pain phenotypes, inflammatory and neuropathic, can be 

demonstrated among participants with knee OA and to find the relative incidence of 

participants with possible (PoNP) and probable (PrNP) neuropathic pain within the overall 

neuropathic pain group (NPG). 

To achieve these aims, this study was designed to comprehensively assess sensory and 

proprioceptive functions in participants with knee OA and to compare these functions with 

age matched participants without joint pain. OA participants were evaluated using various 

questionnaires, sensory and pain thresholds, MRI and blood tests for biomarkers related to 

nerve injury and inflammation. Results of the study demonstrated that some sensory 

functions which include proprioception, vibration, cold and tactile threshold were 

compromised in the OA group compared to the control group (p < 0.001). These results are 

in agreement with the previous literature which indicated that people with OA had 

significant proprioceptive deficits, other sensory deficits and increased pain sensitivity 

(hyperalgesia) compared to pain free control participants (Garsden & Bullock-Saxton, 1999; 

Hochman et al., 2013; Wright et al., 2017). 

Following strict criterion, as explained in Chapter 2 (Methods), OA participants were divided 

into an inflammatory pain group (IPG), a possible neuropathic pain group (PoNPG) and a 

probable neuropathic pain group (PrNPG). The criteria developed were based on an expert 

consensus statement developed by Treede et al (Treede et al., 2008). In the whole OA cohort, 

the incidence of IPG, PoNPG and PrNPG was 49%, 29% and 21%, respectively. More than half 

of the OA participants had a neuropathic pain component (PoNPG and PrNPG combined). 

This was a larger percentage than originally anticipated, although it must be acknowledged 

that the PoNPG (29%) did not fulfil the criteria to have sensory deficit and reports of NP 

symptoms in the same area. Nevertheless, a large number of PoNPG participants showed 

sensory deficits when they were compared to the control participants. A number of 
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participants in PoNPG also scored high on PainDETECT and S-LANSS and reported severe 

pain, stiffness and functional disability. Some of the sensory measures such as vibration 

threshold and proprioception functions were more compromised in the PoNPG compared to 

the PrNPG, however, most of the sensory and pain thresholds were not different between 

these two groups. Results of this study also demonstrated that participants in the PoNPG and 

PrNPG experienced greater pain, hyperalgesia, and sleep disruption than the participants 

with predominantly nociceptive (non-neuropathic) pain. 

Proprioceptive function was not found to be different between the three OA groups. In fact, 

participants in the inflammatory pain group (IPG) showed greater joint reposition error (JRE) 

compared to the PrNPG. These results may support the concept that nervous system 

impairment may be an important factor in the aetiology of OA. It has been previously 

suggested that proprioceptive impairment can be an important factor in initiating or 

advancing degeneration of the knee in elderly individuals with osteoarthritis (Barrett et al., 

1991). Our data suggest that neurological impairment, particularly in terms of impaired 

proprioceptive function, is an extremely common feature in people with knee osteoarthritis. 

PrNPG participants scored high on self-report NP questionnaires (S-LANSS and PQAS-P). This 

group also reported the greatest number of neuropathic symptoms on pain mapping. They 

also reported severe pain, physical disability, compromised sleep quality and increased 

psychosocial distress when assessed using a range of measures. Participants in the PoNPG 

also reported NP symptoms and had sensory deficits but did not qualify to be included in 

PrNPG according to the strict criteria, as described in Chapter 2.  

Structural changes on MRI demonstrated that the presence of osteophytes and lateral 

meniscal lesions, bone oedema and medial femoral cartilage defects were significantly 

higher in the NPG compared to the IPG. These findings are of interest because when they are 

considered together, they suggest that neuropathic pain may emerge as the pathology of OA 

worsens and particularly if it spreads to encompass the lateral compartment of the knee. 

Inflammatory marker serum CRP has been found to be higher in OA patients compared to 

controls and elevated CRP levels suggest that mild systemic inflammation may play a role in 

symptom presentation. High CRP were associated with pain and decreased physical function 

(Jin et al., 2015).  Serum biomarkers of CRP, IL-1, IL-6, TNF-α and NGF were measured in OA 

participants, in this study to determine if any of these serum biomarkers can help predict 

inclusion into a neuropathic or inflammatory pain category. Results of this study have shown 
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no difference in these biomarkers between neuropathic pain phenotype groups. Further 

research is warranted in a larger cohort especially for CRP. 

Univariate logistic regression models indicated neuropathic pain descriptors on S-LANSS, 

pain severity, stiffness and functional disability, psychosocial characteristics, sleep 

disruption, digital mapping of burning, electric shock, and hypersensitivity, pressure pain 

threshold on the medial side of the index knee, cold pain threshold, vibration and cold 

detection threshold over the popliteal fossa, cartilage defects on the medial side, 

osteophytes on both the medial and lateral side, lateral tibial bone oedema, lateral meniscal 

lesions (pathological features on MRI) were all strongly associated with membership of the 

NPG.  

The strongest variables related to NP were vibration threshold at the popliteal fossa of the 

index knee, cold pain threshold on the lateral aspect of the index knee, the presence of 

lateral osteophytes, lateral meniscus lesions and lateral burning and hypersensitivity 

sensations.  

Identification of these variables provides considerable promise that it might be possible to 

develop a limited set of variables that could be assessed in the clinical setting in order to be 

able to diagnose the presence of neuropathic pain with good sensitivity and specificity. 

Strengths 

Strengths of this study included a non-biased community-based sample selection of 

participants. Participants in the control and OA cohorts were age matched with an even 

gender distribution. The BMI of the OA participants was higher which is reflective of the 

average BMI in the Australian population and similar to what is reported in the literature for 

OA patients. There was no difference in BMI between the three OA groups. Until the current 

study, OA participants had not been extensively assessed for sensory and pain measures 

along with MRI and biomarkers in the same cohort. This study demonstrated that it is 

possible to undertake detailed assessment of sensory function in regions that align with the 

anatomical innervation of the knee. 

Limitations 

One of the limitations was the relatively small sample size. We were unable to recruit 

sufficient participants to meet our original projected sample size, although the sample size 
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achieved was large enough to perform most of the statistical analyses we aimed to carry out. 

It is also the case that the proportion of participants with features of neuropathic pain was 

larger than we originally anticipated. However, the sample size of the inflammatory pain 

group and the probable neuropathic pain group, did not allow use to perform logistic 

regression using those groups alone. It is therefore possible that some important 

relationships may have been missed.   

Although sensory deficit was reported, OA participants with ≥ 1.96 Z-score (95%) deviation 

from the control group mean were identified as having deficit for that measure. Direct 

evidence of nerve lesions could be confirmed by performing nerve conduction (NC) studies 

of lower limb. Confirmation of nerve lesion using conduction studies and then relating the 

results to PainDETECT and SLANSS scores would be an appropriate area for further research. 

Clinical and research implications 

Osteoarthritis (OA) is the most common joint cause of pain in older people (Hunter et al., 

2014). This is especially important as there is an increased aging population in western 

society. OA management requires costly pharmacological and surgical interventions which 

poses a huge economic burden on health services.  Current OA management is symptom 

oriented and surgery is required in severe cases. There is still no effective, disease modifying, 

medical treatment available for this complex and heterogeneous disease. Effective 

management of pain is therefore a key element of current treatment. 

Our results strongly support previous research that PainDETECT is an excellent tool to 

identify patients with knee OA who may be experiencing neuropathic pain. It can be 

conveniently used in clinical settings. Previous work from our research group has 

demonstrated that a sub group of OA patients who score high on PainDETECT exhibit 

significant cold and pressure pain hyperalgesia (Moss et al., 2016; Wright et al., 2015). Similar 

results demonstrated by Hochman et al (Hochman et al., 2011). The value of the PainDETECT 

questionnaire is further supported by the finding that persistent pain after total knee 

arthroplasty was associated with widespread pressure and cold hyperalgesia, and greater 

neuropathic-pain symptoms as measured by PainDETECT. High preoperative PainDETECT 

scores (patients with knee OA NP symptoms) independently predict postoperative pain 

(Wright et al., 2015). 
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PainDETECT scores in conjunction with reporting of NP symptoms on digital pain mapping 

could be used as a first line of evaluation in general practice and rheumatology clinics. This 

can then further guide management of knee osteoarthritis pain. If these measures are 

indicative of neuropathic pain then it should be further investigated by evaluating vibration 

thresholds and cold pain thresholds and MRI findings of lateral osteophytes and lateral 

meniscal lesions. Vibration threshold assessment and cold pain threshold assessment are not 

commonly carried out in Rheumatology clinics but with further development of diagnostic 

criteria this could become feasible. By assessing symptom distribution using pain mapping, 

key sensory deficits and the presence of key pathological features on MRI it appears to be 

possible to follow the key criteria that Treede and colleagues have identified as being 

necessary to make a definitive diagnosis of neuropathic pain in this group of patients.   

Early detection and diagnosis of OA patients who experience neuropathic pain will allow not 

only less time of suffering with pain for OA patients but also it would also reduce the burden 

on the health system.  Satisfactory treatment of neuropathic pain might help to reduce the 

number of surgeries being carried our for OA pain. Past research has demonstrated that OA 

pain persists even after total knee replacement and this cohort had features of neuropathic 

pain (Valdes et al., 2014; Wright et al., 2015). As the aging population is growing, such studies 

are of clinical importance cosidering OA is associated with substantial morbidity.  

Another strong point of this study is that identification of neuropathic pain (NP) was 

supported by three NP questionnaires, PainDETECT, S-LANSS and PQAS-P, which provides 

practical tools to be used in clinics or posted to patients before consultation. These 

questionnaires should also be useful for future research studies.  

Future directions 

Future research can now focus on a more limited set of measures to confirm the findings of 

this research.  There would be considerable value in undertaking a prospective study using 

pain mapping, vibration testing and MRI findings and to evaluate how successfully people 

could be assigned to neuropathic and inflammatory pain groups, with blinded data from 

neuropathic pain questionnaires to provide confirmation. It would also be useful to use these 

criteria to evaluate people prospectively and to then evaluate drug management based on 

pain phenotype to see of mechanism based treatment can result in more effective pain 

management than is the case for current practice.   
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Results of this study indicated that neuropathic pain is associated with severe disease, but 

it’s not known whether disease progresses, in some people, faster than the others. 

Longitudinal studies may provide a better understanding of the cause of the pain and 

progression of the disease. This sort of study would be very useful in order to evaluate 

whether neuropathic pain emerges at a particular stage in the pathological process. 

Conclusions 

Self-reporting tools PainDETECT, SLANSS and PQAS and digital mapping of neuropathic pain 

sensations, burning and electric shock are strongly associated with neuropathic pain. These 

measures are recommended for use in clinics and in research investigating pain phenotypes 

in OA patients. QST measures, including elevated vibration threshold at the back of the 

painful knee and elevated cold pain threshold on the lateral aspect of the index knee, 

associated with lateral burning sensation and hypersensitivity can help to provide clinical 

confirmation of neuropathic pain. The presence of MRI features of lateral osteophytes and 

lateral meniscus lesions also provide important pathological indicators of the likely presence 

of neuropathic pain. There is considerably more research required but it does appear to be 

possible to develop diagnostic criteria that might be successfully used to diagnose the 

presence of neuropathic pain in people suffering from knee OA. 
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