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BMJ Open publishes all reviews undertaken for accepted manuscripts. Reviewers are asked to 

complete a checklist review form (http://bmjopen.bmj.com/site/about/resources/checklist.pdf) and 

are provided with free text boxes to elaborate on their assessment. These free text comments are 
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VERSION 1 - REVIEW 

REVIEWER Laura Frey Law 
Associate Professor,  
Carver College of Medicine  
The University of Iowa  
USA 

REVIEW RETURNED 25-Feb-2015 

 

GENERAL COMMENTS Overall, this is a well-designed study aimed to evaluate the 
association between enhanced pain sensitivity and physiotherapy 
outcomes. However I have several comments/questions for the 
authors to consider:  
1. The authors combine peripheral and central sensitization in their 
initial definition of pain sensitivity (introduction) then go on to state 
that these changes in "central pain processing..." ignoring the fact 
that they also included peripheral sensitization. Nociceptive neurons 
in the periphery can also be sensitized. This may be misleading to 
readers not more familiar with the IASP taxonomy and the confusion 
that often surrounds peripheral vs central sensitization. I would 
suggest the authors more clearly indicate that pain sensitization 
likely involves both peripheral and central sensitization.  
2. The authors do not provide an a priori definition of what is 
"elevated" or "abnormal" sensitization despite the normalization with 
z-scores. Given that they are normalizing, there is no need to wait to 
determine these cut-offs. Will they consider 1, 1.5, or 2 SD 
"enhanced" or "abnormal"? Note that 2 SD is the "normal" range in 
healthy controls by definition (95% CI), thus you can operationally 
determine what is to be considered abnormal before collecting data. 
Also note, that TS and low CPM is not "abnormal" in healthy 
populations. Numerous studies have demonstrated ~50% of 
individuals exhibit TS and 10 - 20% do not show CPM. Thus, the 
authors ( and the pain research community) need to be more careful 
in calling these responses abnormal in general.  
3. While there is precedent for combining constructs into a single 
sensitization score - you may want to re-think this approach or at 
least consider alternatives. What happens if you have some 
individuals with scores far outside of the normal range in 1 or 2 of 
the 3 main assessments (PPTs, TS, CPM) but not all? Or someone 
with just one outlier, but 2 normal range? It is also not clear between 
the abstract/introduction and the methods whether all of the QST will 
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be combined equally weighted (including vibration, brush, etc) or 
whether the TS and CPM will be more heavily weighted. It is highly 
likely that the vibration, brush and other cutaneous QST 
assessments may not be terribly "abnormal" thus bringing the mean 
score closer tot he mean, but possibly they will? Further, the degree 
to which these QSTs are peripheral vs central vary, thus mixing the 
primary outcome measure - which is not in line with your primary aim 
of assessing central sensitization (unless I am misunderstanding 
your primary aim).  
4. The primary aims do not appear to match the primary 
outcomes/analyses? The primary outcome is responder status, but 
that is not in the aims? I would review these more closely and 
attempt to make them match a bit more closely. (e.g. Primary aims 
are stated as: 1. comprehensive description of QST in people with 
knee OA and 2. if pain sensitization at baseline is associated with 
poorer response to treatment) Thus your primary outcomes should 
match aims 1 (descriptive QST summary) and 2 (regression or 
correlation between response to treatment and pain sensitization). A 
logistic regression is slightly different than determining an 
association. It provides an odds ratio or likelihood of pain 
sensitization predicting responder status.  
5. You may want to consider whether a secondary analysis 
considering whether each QST assessment is associated 
(correlation or regression) or predicts likelihood of responder status 
(logistic regression), to help determine if all are equally relevant and 
predictive or not. I assume your sample size may be under powered 
to do this fully - but that would certainly be helpful to clinicians if they 
could determine that a subset of assessments were better than the 
full battery.  
6. You may want to consider the potential that CPM may appear to 
be impaired, but in actuality is simply that it is already being fully 
activated and thus the CPT may not induce any additional inhibition. 
This has been raised in prior studies, in particular in patients with 
fibromyalgia, etc, and further supported by data indicating CPM is 
not enhanced by two conditioning painful stimuli. Thus, individuals 
may not have "abnormal" CPM, but simply no additional 
endogenous inhibition to activate.  
7. Be careful assuming lower PPTs at sites outside the knee are 
truly centrally driven, as individuals may have low pressure pain 
thresholds (individual differences) that is not truly "sensitization" 
and/or may have pain in regions outside the knee. Note the "normal" 
range of PPT is quite wide in healthy individuals, thus "normal" may 
be low for any one individual and not necessarily indicate a 
sensitized state. However, this is still very interesting to examine, as 
it may in stead indicate a "vulnerability" or elevated risk for pain 
sensitization (could still be peripherally driven based on their 
nociceptor baseline sensitivity though).  
Overall, this is a valuable study to perform and I commend the 
authors in undertaking such a needed investigation! I would simply 
caution them in over-concluding what these indirect somatosensory 
assessments may be indicating (peripheral vs central for example).  

 

REVIEWER Jingbo Niu 
Boston University, USA 

REVIEW RETURNED 25-Feb-2015 

 

GENERAL COMMENTS The manuscript “Pain sensitization and the risk of poor outcome 
following physiotherapy for knee osteoarthritis: protocol for a 
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prospective cohort study” gave detailed description of the protocol of 
a prospective cohort study. I have several small comments.  
 
(1) The sample size was calculated based on the rule of thumb 
which requests 15 participants for each explanatory variable to be 
included in the logistic regression model. In this rule of thumb, the 
number of participants per explanatory variable is the number of 
participants with the outcome, i.e, treatment responsers in this study. 
Without considering the risk of the outcome in the sample, the 
sample size might be underestimated.  
(2) Since the aim of the study is to develop a prediction model for 
treatment response, would the author consider validation of the 
model in the analysis plan?  
(3) Severity of knee osteoarthritis may affect the response to 
treatment and have different distribution among subjects with 
different pain sensitization at baseline. Would the author consider 
measuring the severity of knee osteoarthritis at baseline and 
controlling it as a confounder in analysis? 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1  

 

1. The authors combine peripheral and central sensitization in their initial definition of pain sensitivity 

(introduction) then go on to state that these changes in "central pain processing..." ignoring the fact 

that they also included peripheral sensitization. Nociceptive neurons in the periphery can also be 

sensitized. This may be misleading to readers not more familiar with the IASP taxonomy and the 

confusion that often surrounds peripheral vs central sensitization. I would suggest the authors more 

clearly indicate that pain sensitization likely involves both peripheral and central sensitization.  

 

Action- The definitions of peripheral and central sensitisation have been clarified in the Introduction 

and as suggested by the reviewer we have indicated that both are likely involved in pain sensitization. 

The manuscript has been revised to ensure the consistent use of terminology in relation to 

sensitization.  

 

2. The authors do not provide an a priori definition of what is "elevated" or "abnormal" sensitization 

despite the normalisation with z-scores. Given that they are normalising, there is no need to wait to 

determine these cut-offs. Will they consider 1, 1.5, or 2 SD "enhanced" or "abnormal"? Note that 2 SD 

is the "normal" range in healthy controls by definition (95% CI), thus you can operationally determine 

what is to be considered abnormal before collecting data. Also note, that TS and low CPM is not 

"abnormal" in healthy populations. Numerous studies have demonstrated ~50% of individuals exhibit 

TS and 10 - 20% do not show CPM. Thus, the authors ( and the pain research community) need to be 

more careful in calling these responses abnormal in general.  

 

• We are in agreement with the reviewer that there is no reason for not pre-defining cut-off points for a 

z-score that will be considered abnormal or sensitized. For the purposes of this study values outside 

the 10 and 90 percentiles (that is 1.28 standard deviations of the mean) will be considered ‘abnormal’ 

when calculating standardized scores. This particular cut-off point or smaller standard deviations have 

been used in other papers studying sensitization and musculoskeletal pain where a composite score 

of sensitization has been computed (O’Neill et al, 2014; Coronado et al, 2014). We acknowledge that 

this cut-off is more liberal than what is usually defined as the “normal” range in healthy controls ie. 2 

standard deviations (Rolke et al, 2006). Consequently it may result in some healthy participants falling 

into the ‘abnormal’ range, detecting an effect that is not present or giving a false positive. However 

given the substantial variability within normal participants and the fact that no individual QST will not 
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be used as a stand-alone measure we believe this is acceptable.  

 

Action- Define cut-off point for abnormal as z-scores above or below 1.28 Standard deviations of the 

mean. In the protocol this will be described in the Defining Pain Sensitization section  

 

• The reviewer makes the valid point that enhanced temporal summation (TS) and facilitatory 

conditioned pain modulation (CPM) can be normal. According to Anderson et al (2013), using a 

formula that calculated absolute difference, 62% of healthy people exhibited TS to a heat stimulus, 

but the mean absolute change was 0.7 (on VAS 0 to 10). In our study an absolute change of > 1 is 

needed to be classified as abnormal TS, therefore this gives scope for slightly enhanced TS without 

classifying a response as abnormal. Rolke et al (2006) also found a large reference range for this 

parameter however they concluded that the absence of wind-up is normal.  

With regard to testing CPM, where the conditioning stimulus produces either an inhibitory effect or 

non-response this will be classified as normal. A facilitatory response where the subsequent test 

stimulus is more painful will be classified as an ‘abnormal’ response. This conservative approach will 

account to some extent for the fact that a proportion of healthy individuals will not have a CPM 

response.  

 

Action- It will be noted in the Discussion section (pg 18) that enhanced TS and lack of CPM response 

can occur in healthy populations and due to the natural variability in responses there is a likelihood of 

capturing false positives.  

 

 

3. While there is precedent for combining constructs into a single sensitization score - you may want 

to re-think this approach or at least consider alternatives. What happens if you have some individuals 

with scores far outside of the normal range in 1 or 2 of the 3 main assessments (PPTs, TS, CPM) but 

not all? Or someone with just one outlier, but 2 normal range?  

It is also not clear between the abstract/introduction and the methods whether all of the QST will be 

combined equally weighted (including vibration, brush, etc) or whether the TS and CPM will be more 

heavily weighted. It is highly likely that the vibration, brush and other cutaneous QST assessments 

may not be terribly "abnormal" thus bringing the mean score closer tot he mean, but possibly they 

will? Further, the degree to which these QSTs are peripheral vs central vary, thus mixing the primary 

outcome measure - which is not in line with your primary aim of assessing central sensitization 

(unless I am misunderstanding your primary aim).  

 

• With regard to combining constructs we are in agreement with the reviewer that it is probable that 

some knee OA participants will be positive or abnormal in some but not all three measures and will 

present with different combinations of abnormalites. However we think this supports combining the 

various constructs into a single sensitization score. The sensitization score will be a continous 

variable and it is expected participants will lie along this pain sensitizarion ‘spectrum’. The literature 

supports the use of multi-modal stimuli as there is not a strong correlation between individual 

modalities and therefore it may be inadvisable to rely on a single test in order to determine the 

presence of pain sensitization. (Neziri et al, 2011; Nielsen et al, 2009)  

 

• Regarding the components of the score there is a precedence for combining peripheral and central 

measures to produce a single measure of pain sensitization (Arendt-Nielsen et al, 2014; Coronado et 

al, 2014; O’Neill et al, 2014).  

 

• Whilst QST procedures such as TS and CPM likely assess changes in more central pain 

mechanisms (Arendt-Nielsen et al., 2010). However we are reluctant to rely exclusively on measures 

outside the knee because as pointed out by the reviewer we cannot be sure that measures such as 

remote PPTs are purely centrally driven. Hence the decision to encompass both local and remote 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-007430 on 9 June 2015. D

ow
nloaded from

 

http://bmjopen.bmj.com/


measures and describe ‘pain sensitization’ rather than ‘central sensitization’. We also wanted the pain 

sensitization score to encompass both static and dynamic, measures that were useful in the clinical 

setting. All measures used in the pain sensitization will be weighted equally.  

 

• The collection of other somatosensory information such as vibration, brush stroke allodynia or 

mechanical detection thresholds, thermal hyperalgesia relates primarily to Aim 1 of the study and will 

provide a comprehensive somatosensory profile of knee OA participants. (see also Point 5 below). A 

secondary analysis will also explore QST measures to investigate if an alternative combination or 

individual measures have better prognostic value.  

 

Action- The protocol is amended to state clearly in the Quantifying Pain Sensitization section that TS, 

CPM and PPTs will be combined to form the pain sensitization score (pg 15). In the Data Analysis 

section we have clarified that the collection of other QST data (vibration, allodynia etc) is primarily for 

the first study aim, to provide a comprehensive somatosensory description of knee OA patients.  

 

 

4. The primary aims do not appear to match the primary outcomes/analyses? The primary outcome is 

responder status, but that is not in the aims? I would review these more closely and attempt to make 

them match a bit more closely. (e.g. Primary aims are stated as: 1. comprehensive description of QST 

in people with knee OA and 2. if pain sensitization at baseline is associated with poorer response to 

treatment) Thus your primary outcomes should match aims 1 (descriptive QST summary) and 2 

(regression or correlation between response to treatment and pain sensitization). A logistic regression 

is slightly different than determining an association. It provides an odds ratio or likelihood of pain 

sensitization predicting responder status.  

 

• We thank the reviewer for making this very valid point.  

 

Action- The second Study Aim is restated in order to align with data analysis. It is now stated in the 

Study Aims section of the protocol that the main aim is to predict non-response to physiotherapy 

treatment (pg 6). The primary outcome is response/non-response to treatment as defined by the 

OARSI responder criteria.  

 

 

5. You may want to consider whether a secondary analysis considering whether each QST 

assessment is associated (correlation or regression) or predicts likelihood of responder status (logistic 

regression), to help determine if all are equally relevant and predictive or not. I assume your sample 

size may be under powered to do this fully - but that would certainly be helpful to clinicians if they 

could determine that a subset of assessments were better than the full battery.  

 

• On further consideration and based on these reviewer’s comments we think it is worthwhile carrying 

out a separate secondary analysis. This would look specifically at the predictive value of individual 

QST measures by including each individual measure separately into a predictive log regression model 

to examine if a single measure or alternative combination best identifies non-response to treatment. 

There is some evidence in the study of chronic pain that utilising the continuous spectrum of some 

QST responses like for example CPM, has better predictive value and is recommended in statistical 

tests (Matre, 2013). Meanwhile other studies have found individual QST measures have limited utility 

in predicting outcome (LeResche et al, 2013). Nonetheless it is considered worthwhile exploring the 

predictive value of individual and different combinations of QST as a secondary analysis.  

 

Action- This secondary analysis is clarified in the planned secondary analysis in Data Analysis Plan 

(pg 17).  
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6. You may want to consider the potential that CPM may appear to be impaired, but in actuality is 

simply that it is already being fully activated and thus the CPT may not induce any additional 

inhibition. This has been raised in prior studies, in particular in patients with fibromyalgia, etc, and 

further supported by data indicating CPM is not enhanced by two conditioning painful stimuli. Thus, 

individuals may not have "abnormal" CPM, but simply no additional endogenous inhibition to activate.  

 

• We accept the reviewer’s point about conditioned pain modulation (CPM). In chronic pain 

populations CPM may be dysfunctional but the chronology is unclear (Lewis et al, 2012). 

Dysfunctional CPM, if it develops first, could make an individual more vulnerable to subsequent pain 

conditions. Alternatively as the reviewer points out, on-going pain may saturate descending inhibitory 

pathways, making them unresponsive to additional stimuli. In both scenarios the net effect is 

dysfunctional CPM, and in the case of a chronically painful condition such as osteoarthritis an inability 

to modulate on-going nociceptive input to the dorsal horn is relevant to the continuing pain.  

 

• As stated above in Point 2 our study intentionally takes a conservative approach to the CPM 

response. For the response to be deemed dysfunctional a pain facilitation rather than inhibitory 

response must be demonstrated on application of the second test stimulus.  

Also by testing a group of healthy controls this allows us to account for the natural variability within 

normal people while still detecting a significant difference between the OA group and healthy controls.  

 

Action- A clearer definition is now given of what constitutes impaired CPM in the section on 

Secondary Outcome variables and Defining Pain Sensitization (pg 14 &16).  

 

 

7. Be careful assuming lower PPTs at sites outside the knee are truly centrally driven, as individuals 

may have low pressure pain thresholds (individual differences) that is not truly "sensitization" and/or 

may have pain in regions outside the knee. Note the "normal" range of PPT is quite wide in healthy 

individuals, thus "normal" may be low for any one individual and not necessarily indicate a sensitized 

state. However, this is still very interesting to examine, as it may instead indicate a "vulnerability" or 

elevated risk for pain sensitization (could still be peripherally driven based on their nociceptor baseline 

sensitivity though).  

 

• The reviewer makes a valid point that caution needs to be exhibited when attributing lower PPT 

outside the knee to central changes. This is partly the reason for combining constructs into a single 

sensitization score and not relying primarily on PPTs as a reflection of secondary hyperalgesia and 

alterations in central pain processing . An individual who does not have pain sensitization may have 

lower PPTs outside the knee but if there are no changes in central pain processing they are unlikely 

to also demonstrate enhanced TS and dysfunctional CPM thus placing them at the lower end of the 

sensitization spectrum.  

 

• It is known that knee osteoarthritis does not usually occur in isolation and patients with more severe 

symptoms are more likely to have multiple pain sites (King et al, 2013), and therefore more likely to 

have lower PPTs outside the knee. To exclude everyone with multiple pain sites and isolate an 

sample with exclusively knee pain would limit the generalizability of the study and not reflect the 

typical knee OA patient. In an effort to minimise other potential causes we are excluding patients with 

any pain radiating to their upper limb pain, or if knee pain is not presently their primary pain.  

 

• It is acknowledged that a wide range of “normal” PPT exists. Calculating z-scores takes the range or 

variance of normal healthy controls into account and facilitates the comparison of the pain sensitivity 

of a single patient with a group of healthy control. Suokas et al (2012), in their systematic review of 

QST in painful osteoarthritis found that testing a group of 40 controls should be sufficient to detect a 

significant PPT difference, where it exists, between a healthy group and OA group. In our study it is 
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planned to test a group of 40 gender and age matched controls. This will provide an indication of the 

wide range of PPTs variation that exists in normal individuals and allow calculation of standardized 

scores.  

 

Action- In the Methodology the section on Quantatitive Sensory Testing (pg ) that suggests pain 

sensitization can be inferred directly from abnormal QST results outside the knee will be amended.  

 

Reviewer 2  

 

(1) The sample size was calculated based on the rule of thumb which requests 15 participants for 

each explanatory variable to be included in the logistic regression model. In this rule of thumb, the 

number of participants per explanatory variable is the number of participants with the outcome, i.e, 

treatment responders in this study. Without considering the risk of the outcome in the sample, the 

sample size might be underestimated.  

 

• The reviewer raises a reasonable query about the sample size calculation and we acknowledge that 

it should consider the risk of the outcome in the sample. Based on previous literature using the same 

OARSI responder criteria we think it is likely that 60% of the sample will be physiotherapy non-

responders (Hay et al, 2006). According to the rule of thumb we will ensure that there are sufficient 

non-responders recruited to satisfy the 1:10 per explanatory variable.  

 

• Given the primary end-point will be a postal questionnaire immediately post physiotherapy 

treatment. We are confident that it is reasonable to allow for a 15% attrition rate.  

 

• Our calculation will allow for 7 explanatory variables to potentially be entered in to the regression 

model, however if any of these are not significantly associated with the outcome (p< 0.05) they will be 

removed from the analysis. Therefore although 10 cases per variable is at the lower end of the rule of 

thumb ratio, this will be the maximum number of variables included in the model and potentially there 

will be less therefore increasing the ratio  

 

• It has been decided not to include ‘the presence of widespread pain’ in the analysis as a potential 

confounder. The reason for this is it may represent secondary hyperalgesia and be a proxy measure 

for pain sensitization and therefore potentially a mediator in the relationship between pain 

sensitization and QST results.  

 

Action- Sample size is calculated at 140 and justification for sample size is amended in the protocol.  

 

(2) Since the aim of the study is to develop a prediction model for treatment response, would the 

author consider validation of the model in the analysis plan?  

 

• The reviewer makes a very worthwhile suggestion regarding validation of the model. Examination of 

model performance would be the logical next step, should this study find pain sensitization as a 

variable contributing to treatment response in the prediction model. Ideally this would be performed on 

a different data set. However we will apply tests of model validation on the data, using either split 

sample cross validation or bootstrap methods (Steyerberg et al, 2001)  

 

• Further research could seek to test the external validity and accuracy of pain sensitisation as a 

predictor of non-response (if that is indeed what emerges) in a new sample of patients with knee OA.  

 

Action- A plan to carry-out internal cross-validation of the predictive model is included in the Data 

Analysis Plan (pg 17).  
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(3) Severity of knee osteoarthritis may affect the response to treatment and have different distribution 

among subjects with different pain sensitization at baseline. Would the author consider measuring the 

severity of knee osteoarthritis at baseline and controlling it as a confounder in analysis?  

 

• This study includes patients with moderate to severe knee OA based on severity of reported 

symptoms with all participants having their clinical diagnosis confirmed radiographically. We are not 

however including radiographic-based ratings of OA severity in the analysis. The principal reason for 

this is because knee OA is a clinical syndrome characterised by pain, stiffness and disability (Kittleson 

et al, 2014) and knee x-ray results have a poor correlation with the primary knee OA symptom of pain 

(Neogi et al, 2009). Only about 50% of people with radiographically diagnosed knee OA report pain 

(Bedson et al, 2008).  

 

• Neogi et al (2013) demonstrated features of pain sensitization (PPTs and temporal summation) 

significantly associated with self-reported pain but not with radiographic findings. Finan et al (2012) 

reported a discordant relationship between the severity of knee OA on x-ray and evidence of pain 

sensitivity.  

 

• Given that other studies have already found the extent of radiographic changes is not an important 

factor in pain sensitization and knee OA, our study could not justify the extra resources needed to 

radiographically grade knee x-rays (Kellgren-Lawrence) in order to include them in the analysis.  

 

Action- In the protocol it is specified that all patients have their diagnose of knee OA radiographically 

confirmed. In the section on Confounding Variables we have included a justification for not including 

grading of x-rays in the analysis.  
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VERSION 2 – REVIEW 

REVIEWER Laura Frey Law 
The University of Iowa  
Iowa City, IA  
USA 

REVIEW RETURNED 05-May-2015 

 

GENERAL COMMENTS This manuscript describes a protocol to be used in a prospective 
study investigating pain sensitivity in a knee OA patient population 
and relating these findings to rehabilitation outcomes. Overall this is 
a needed study with several strengths. To provide feedback to best 
prepare the authors for potential problems with their study, my 
questions and concerns are as follows:  
1. Introduction, line 20: while general pain hypersensitivity is one of 
many ways in which central sensitization can manifest clinically, it is 
by no means the only way and may be misleading to readers. For 
example, referred pain is considered a form of central sensitization 
(see Woolf, 2011) that typically occurs in well-defined regional 
patterns. Thus, both regional and widespread effects are notable 
from central sensitization.  
2. I would caution you on the use of a single composite score as 
inhibition (CPM) and facilitation (TS) are not necessarily related. 
Thus, you could find individuals with altered facilitation but not 
inhibition or vice versa. This potentially distinct information would be 
lost with a single composite score. Although there is precedent for 
using a single score, I fear that the limitations it poses may outweigh 
the benefits of having a single variable to deal with.  
3. Why are you limiting the pain severity to 5/10? Under what 
conditions are you assessing that pain (at rest, worst pain in last 
week, last 24 hours, with weight bearing or full ROM?) These factors 
can significantly alter knee pain ratings, as has been shown in the 
TANK study on knee OA. Also, some individuals titrate their activity 
levels based on knee pain ratings (do more when it hurts less and 
vice versa), thereby impacting their function albeit they may have 
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lower pain ratings. Furthermore individuals use different schema 
when rating pain (see Frey Law et al, J Pain Research, 2013), thus 
what constitutes a "5" to some individuals is moderate pain, but to 
others, severe. Lastly, most other prospective studies I am aware of 
use a lower cut-off if they have one, such as a 3 or a 4/10. I am 
concerned that this study will be biased to only patients with severe 
knee OA that have not recede prior PT, and thus be less 
generalizable to the wider knee OA population.  
4. Should also confirm that all participants are refraining from any 
opioid medication in case they are using those types of pain 
medications.  
5. QST methods: In the table, you should indicate both the 
conditioning and test stimuli (Cold pressor + PPT). CPM is described 
as only considering post/pre PPT < 1, but what about values close to 
1? This is not inhibition, nor facilitation? Are you only looking for a 
net facilitation effect? Further, Gracely points out in a paper on this 
measure that the appearance of impaired inhibition may only be that 
it is already activated. Note that Woolf (2011) summarizes prior 
research which as found that two conditioning stimuli do not further 
activate the endogenous inhibitory system, thus if the severe knee 
pain has already activated this pathway, you should not expect to 
see any further inhibition. Thus the conclusion it is impaired may be 
correct, or it may be faulty. It is impossible to discern in a patient 
population that is experiencing severe pain.  
6. Since you are using z-scores based on your healthy controls, how 
large of a sample of healthy controls are you recruiting? This 
number needs to be sufficient to ensure a valid estimate of means 
and SD for each variable. It is a valuable detail that you will be age- 
and sex-matching your healthy controls. However, you indicate that 
you will recruit from "students" as well which is not likely to result in 
many individuals that meet the "age-match" requirement.  
7. You are testing at the tibia for "spreading sensitization" but do not 
appear to be using this assessment in your composite sensitization 
variable? Why is that?  
8. The punctate/mechanical temporal summation may or may not be 
sufficient to induce temporal summation based on results from the 
MOST study (large multi center knee OA study). It is a fairly small 
change in pain that I expect you will see with 10 stimuli, and taking 
the average will further diminish this possible effect (versus taking 
the maximum). Thus you may not find you have an adequate 
assessment of facilitation?  
 
Overall, this is a well designed study. The standardized measures 
are a strength, the use of somewhat standardized PT, but with 
individualization to address unique patient concerns, is a positive, 
and the multi-dimensional assessment of pain is important for this 
population.  

 

VERSION 2 – AUTHOR RESPONSE 

Point 1  

Introduction, line 20: while general pain hypersensitivity is one of many ways in which central 

sensitization can manifest clinically, it is by no means the only way and may be misleading to readers.  

 

Response  

We accept this point.  

 

Action  
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The lines in the Introduction about central sensitization are amended with reference to Woolf 2011.  

 

Point 2  

I would caution you on the use of a single composite score as inhibition (CPM) and facilitation (TS) 

are not necessarily related. Thus, you could find individuals with altered facilitation but not inhibition or 

vice versa. This potentially distinct information would be lost with a single composite score. Although 

there is precedent for using a single score, I fear that the limitations it poses may outweigh the 

benefits of having a single variable to deal with.  

 

Response to Point 2  

The reviewers concerns that the limitations of a single composite score may out weigh the benefits 

are taken on board. We have sought further statistical advice to find an different solution to reducing 

the data set for predictive modelling.  

 

Action  

As an alternative to a pre-defined single composite score it is proposed to conduct an exploratory 

factor analysis (principal component analysis model). This principal component analysis would 

explore whether QST components would reduce to a core sub-set and a composite measure would 

be based on these. This analysis will be used to identify clinically meaningful components and cut-off 

points rather than using pre-determined points. Where variables are combined into a principal 

component standardised z scores will be calculated using normative data and score components 

would be multiplied by the factor weightings. The results of the principal component analysis would be 

used in the logistic regression model. This is described in the Data Analysis section of the protocol.  

 

Point 3  

Why are you limiting the pain severity to 5/10? Under what conditions are you assessing that pain (at 

rest, worst pain in last week, last 24 hours, with weight bearing or full ROM?) These factors can 

significantly alter knee pain ratings, as has been shown in the TANK study on knee OA. Also, some 

individuals titrate their activity levels based on knee pain ratings (do more when it hurts less and vice 

versa), thereby impacting their function albeit they may have lower pain ratings. Furthermore 

individuals use different schema when rating pain (see Frey Law et al, J Pain Research, 2013), thus 

what constitutes a "5" to some individuals is moderate pain, but to others, severe. Lastly, most other 

prospective studies I am aware of use a lower cut-off if they have one, such as a 3 or a 4/10. I am 

concerned that this study will be biased to only patients with severe knee OA that have not recede 

prior PT, and thus be less generalizable to the wider knee OA population.  

 

Response to Point 3  

We agree that including only people with pain ≥ 5/10 could bias the study towards only including 

people with severe pain. As the reviewer and the literature points out there can be a mismatch 

between numerical intensity and the categorical rating of pain (mild/moderate/severe). It is better to 

include both numerical intensity and categorical severity  

when asking each individual is evaluating their  

pain experience, as recommended by Frey-Law et al (2013). The principal investigator will consider 

both of these in the baseline assessment but when screening patients over the telephone will base 

decision primarily on a categorical rating. During telephone screening for inclusion/exclusion criteria 

patients will be asked by the principal investigator to choose a categorical pain descriptor for their 

average symptoms over the past week (mild/moderate/severe). Patients who rate their symptoms as 

mild will be excluded. It is therefore decided to steer clear of imposing a strict cut-off point based on 

verbal rating scale due to the wide range of VAS responses for each categorical score, with overlaps 

between categories seen by studies (Averbuch and Katzper, 2004 ).  

 

Under what conditions are we assessing pain?  
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Telephone screening for inclusion will be based on how patients rate their average knee pain in the 

past week. Pain at the baseline assessment is assessed under a variety of conditions. Pain Numerical 

Rating Scale will be used to measure average pain intensity over the past week and pain on the day 

of assessment. Patients will be asked about resting pain, night pain, pain on stairs, pain walking in the 

subjective exam. Knee ROM is assessed and pain experienced is recorded in the objective exam. 

Additionally pain questionnaires (PainDETECT, ICOAP, WOMAC) capture information on the worst 

pain in the past week, intermittent and constant pain, pain during weight bearing, in bed, sitting and 

lying down.  

 

What about patients who report low pain but also low function?  

The reviewer’s point about some individuals having lower pain rating because they are functioning at 

a lower level is a valid one. Using both the WOMAC pain and disability subscales as part of the 

primary outcome measure should help detect people who report less pain but also have very low 

function.  

 

Are the results generalizable to the general population?  

The reviewer is correct in stating that this study is not generalizable to the general population and we 

acknowledge this in the Discussion section. We are specially interested in people attending 

secondary care services as these people are generally accessing more invasive treatments and we 

need to adopt the optimal management approach for these patients. To make it clear that the results 

are not generalizable and to avoid confusion the title is amended to “Pain sensitization and the risk of 

poor outcome following physiotherapy for patients with moderate to severe knee osteoarthritis: 

protocol for a prospective cohort study”  

 

Action  

Amend title  

Include patients with moderate and severe pain using categorical rating not VAS.  

 

Point 4  

Should also confirm that all participants are refraining from any opioid medication in case they are 

using those types of pain medications.  

 

Response  

We can confirm patients are also refraining from opioid medications or patients using strong opioids 

are not included in the study.  

Patients will be asked to refrain from using pain medications combining paracetemol and NSAIDs with 

an opioid or from weak opioid medication eg. tramadol (< 300mg). In Ireland for moderate OA pain a 

weak opioid is frequently prescribed in combination with paracetemol (co-codamol eg. Kapake, 

Solpadol, Tylex ) or codeine with an NSAID (Nurofen Plus).  

For patients who require stronger opioids ethical approval will not be granted asking patients to refrain 

from these. However it is unusual in Ireland for patients with knee OA to be prescribed stronger 

opioids, this is line with the OARSI guidelines (Zhang, 2008) which only recommend opioid use in 

exceptional cases. An Irish community pharmacist confirmed that prescription patterns in Ireland for 

OA pain typically follow the WHO analgesic ladder and the prescription of stronger opioids (eg. 

oxycotin) are avoided. Moreover these patients at the more severe end of the pain spectrum are 

probably more likely to be found on a waiting list for surgery and less unlikely to be referred to 

physiotherapy. Nonetheless patients on strong opioids will be excluded from the study.  

 

Action  

Amend inclusion/exclusion criteria  

 

Point 5  
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QST methods: In the table, you should indicate both the conditioning and test stimuli (Cold pressor + 

PPT). CPM is described as only considering post/pre PPT < 1, but what about values close to 1? This 

is not inhibition, nor facilitation? Are you only looking for a net facilitation effect?  

Further, Gracely points out in a paper on this measure that the appearance of impaired inhibition may 

only be that it is already activated. Note that Woolf (2011) summarises prior research which as found 

that two conditioning stimuli do not further activate the endogenous inhibitory system, thus if the 

severe knee pain has already activated this pathway, you should not expect to see any further 

inhibition. Thus the conclusion it is impaired may be correct, or it may be faulty. It is impossible to 

discern in a patient population that is experiencing severe pain.  

 

Response to Point 5  

Where a CPM effect is not seen the reviewer cautions about drawing any firm conclusions because 

as Gracely et al (2003) points out the endogenous inhibitory system could already be activated and 

fully engaged in some patients. Although the meaning/interpretation of this test is not straightforward 

we think it will be interesting to see how CPM results relate to other variables in the data analysis. The 

relationship between “CPM efficiency” and response to treatment has yielding interesting results in 

pharmacological studies (Yarnitsky et al, 2012).  

 

Values closer to 1 are they inhibition or facilitation?  

Where possible CPM will be handled as a continuous variable. Utilising the continuous spectrum of 

CPM responses has better predictive value and is recommended in statistical tests (Matre, 2013). 

Imposing a cut-off point may not be that meaningful especially if values cluster around 1 (when 

calculating % change).  

However for analyses when describing the responder and non-responder groups a cut-off point will be 

useful, to comparing group numbers with CPM effect/no CPM effect etc. When calculating percentage 

change the cut-off will be at 1, where any value ≤1 represents no CPM effect. For example a 

participant with mean pre PPT (test stimulus) of 500 kPa and post PPT of 495 kPa, CPM will be 495 ÷ 

500 = 0.99, this value represents no CPM effect. For values = 1 (where for example PPT are 500 kPa 

before the conditioning stimulus and remain at 500 kPa) will also be termed ‘no CPM effect’. Any 

value greater than 1 (eg. 1.01) will be categorised as a CPM effect.  

 

According to Yarnitsky et al (2014) both absolute change and percentage change of the test stimulus 

can be reported. In the case of absolute change (the post PPT- pre PPT) a negative value represents 

pain inhibition. In our study the main presentation of results will be as percentage change.  

 

Action  

1. Change Table 2 to indicate that PPT are the test stimulus.  

2. Rather than stating that CPM is impaired or dysfunctional, the term ‘no CPM effect observed’ will 

be used  

3. Where possible in data analysis CPM will be handled as a continuous variable.  

 

Point 6  

Since you are using z-scores based on your healthy controls, how large of a sample of healthy 

controls are you recruiting? This number needs to be sufficient to ensure a valid estimate of means 

and SD for each variable. It is a valuable detail that you will be age- and sex-matching your healthy 

controls. However, you indicate that you will recruit from "students" as well which is not likely to result 

in many individuals that meet the "age-match" requirement.  

 

Response to Point 6  

How large of a sample of healthy controls will be recruited?  

As mentioned in the Participant section of the Methodology forty healthy controls will be recruited. 

This is the minimum sample size needed to detect differences between a healthy group and a OA 
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group based on PPTs at the affected joint. In a meta-analysis the minimum standardised mean 

difference (SMD) was used by Sukos et al (2013) to estimate the minimum sample size required. 

Control group size could only be calculated based on PPTs due to an inadequate amount of case-

control studies for other QST measures.  

 

Meeting the age-match requirement?  

To meet the age-match requirements controls will be aged 50 to 80+ years. Students over 50 years 

will be eligible to help fill the quota of controls should they respond to advertisements placed in the 

Health Sciences Centre (for example some aged 50+ students take part-time MSc programmes). In 

order to recruit controls aged 65 to 80+ it is likely these will need to be purposively recruited outside of 

the university to fill this age quota, aiming to have the two groups proportionally comparable in terms 

of age and gender.  

 

Action  

The protocol will be amended to state that some controls will also be recruited from the general 

population.  

 

Point 7  

You are testing at the tibia for "spreading sensitization" but do not appear to be using this assessment 

in your composite sensitization variable? Why is that?  

 

Response to Point 7 and Action  

PPTs at the tibia will now be included in the principal component analysis as described in the 

amended Data Analysis section.  

 

Point 8  

The punctate/mechanical temporal summation may or may not be sufficient to induce temporal 

summation based on results from the MOST study (large multi center knee OA study). It is a fairly 

small change in pain that I expect you will see with 10 stimuli, and taking the average will further 

diminish this possible effect (versus taking the maximum). Thus you may not find you have an 

adequate assessment of facilitation?  

 

Response to Point 8  

Thank you for raising this point, we think the procedure should be sufficient stimulus to induce TS for 

the reasons outlined below.  

Firstly the participants in our study will have moderate/severe knee pain and secondly we are using a 

weighted pinprick therefore we think this likely to induce TS. Magerl et al (1998) compared punctate 

stimuli and found that TS was best induced with a clearly noxious stimulus ie. weighted pinprick. 

Some other studies measuring mechanical temporal summation use von Frey filaments and include 

participants with mild pain (Neogi et al, 2013; Finan et al, 2013 ).  

Also when piloting the TS testing procedure for this protocol we found some people with knee OA 

would not tolerate 3 sets of 10 repetitive pinprick stimuli at the symptomatic knee. Therefore it was 

decided to amend the protocol to administer 2 series of 10 pinpricks and this should induce a TS 

effect.  

 

Taking the average versus the maximum?  

During the test procedure patients are asked to rate the overall intensity of a series of 10 pinpricks as 

a whole. This represents neither an average or a maximum rating but an overall summary score for 

each series of 10 pinpricks. This attempts to align the protocol with the German Research Network on 

Neuropathic Pain (DFNS) standardised QST protocol which describes “ an estimated mean over the 

whole series of 10 stimuli” (Rolke et al, 2006). The mean value for the two series of 10 pinprick stimuli 

will be used for the TS calculation.  
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Action  

The wording in the Methodology has been revised to make the test procedure as clear as possible. 
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