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36 ABSTRACT 

37 Purpose 

38 Chronic neck pain (CNP) is prevalent and challenging to treat. Despite evidence of massage’s 
39 effectiveness for CNP, multiple accessibility barriers exist.  The Trial Outcomes for Massage: Care Ally-
40 Assisted vs. Therapist Treated (TOMCATT) study examined a care ally-assisted massage (CA-M) 
41 approach compared to a waitlist control prior to a study design modification (WL-C0). 

42 Methods 

43 CA-M consisted of in-person training for veteran/care-ally dyads to learn a standardized 30-minue 
44 massage routine, instructional DVD, and printed treatment manual. Participants were to complete three 
45 care ally-assisted massage sessions weekly for 12-weeks. Outcomes collected at baseline, 1-, 3-, and 6-
46 months included validated measures of neck pain severity and associated disability. Linear mixed-model 
47 approaches were used for analysis. 

48 Results

49 Participants (N=203) were 56.7±14 years old, 75% White, 15% female, and 75% married/partnered. 
50 Among 102 CA-M participants, 45% did not attend the in-person training and subsequently withdrew 
51 from the study and were more likely to be younger (p=0.016) and employed (p=0.004). Compared to WL-
52 C0, CA-M participants had statistically significant reductions in pain-related disability at 3-months (-3.4, 
53 95%CI=[-5.8, -1.0]; p=0.006) and 6-months (-4.6, 95%CI=[-7.0, -2.1]; p<0.001) and pain severity at 3-
54 months (-1.3, 95%CI=[-1.9, -0.8]; p<0.001) and 6-months (-1.0, 95%CI=[-1.6, -0.4]; p=0.007), 
55 respectively.

56 Conclusion

57 In this analysis, CA-M led to greater reductions in CNP with disability and pain severity compared to 
58 WL-C0, despite treatment engagement and retention challenges.  Future work is needed to determine how 
59 to better engage Veterans and their care-allies to attend CA-M training. 

60
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81 Abbreviations

82 BPI – Brief Pain Index

83 CA-M: care ally–assisted massage 

84 CNP: chronic neck pain
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86 TOMCATT: Trial Outcomes for Massage: Care Ally–Assisted Versus Therapist-Treated

87 VA: Veterans Affairs

88 WL-C: wait-list control 
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89 1. Introduction 

90 Neck pain is prevalent, burdensome, and a leading cause of productivity loss and disability worldwide [1, 

91 2]. Of notable concern with neck pain is the potential for an acute episode to develop into a reoccurring or 

92 chronic condition. Chronic neck pain (CNP) is particularly prevalent and challenging to treat due in part 

93 to its potential to have moderate or greater severity and be combined with comorbidities [3, 4]. Neck pain 

94 diagnoses have been reported in up to 67% of Veterans [5] with prevalence dramatically increasing to 

95 96% when diagnoses of stenosis or disk herniation are present [6].

96 Massage therapy (MT) has demonstrated meaningful impact on musculoskeletal pain generally [7] and 

97 specifically for back [8, 9] and neck pain [10, 11].Sherman and colleagues [12, 13] have conducted 

98 multiple methodologically rigorous MT trials for CNP. In one trial, patients (N = 64) randomized to 10 

99 weeks of massage were much more likely to meet clinically meaningful improvements for neck pain and 

100 disability compared to patients randomized to a pain self-care book [12]. In a larger trial (N = 228), 

101 patients who received 60-minute massage sessions, 2 and 3 times a week were more likely to reach 

102 clinically meaningful improvements on neck pain disability and pain intensity compared to patients in the 

103 control arm [13]. 

104 Pain is the primary reason complementary and integrative treatments are used by individuals [14] and 

105 neck pain is second to back pain as the most common pain condition for complementary health use [15]. 

106 Of the complementary and integrative approaches commonly used for neck pain, massage is one of the 

107 most utilized approaches, second after chiropractic [16], and is the most preferred by Veterans [17]. 

108 Complementary health approaches are especially popular and in high demand by Veterans with 82% 

109 reporting use of at least one complementary therapy and nearly all (99%) willing to try such approaches 

110 for pain [17]. 

111 Despite the desirability, preference for, and demonstrated effectiveness of massage therapy for various 

112 conditions, accessibility barriers such as out-of-pocket costs, treatment availability, or logistical 
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113 challenges exist for MT [8, 18, 19].  To circumnavigate MT related accessibility barriers, massage self-

114 care or efforts to train informal caregivers/allies to deliver massage interventions have been developed 

115 and researched with promising success, including with Veterans. Self-massage has been examined in 

116 many studies for various conditions [20] including for knee pain [21] and fibromyalgia [22], and has 

117 demonstrated feasibility and positive impact for CNP [23]. Teaching informal caregivers/allies to provide 

118 massage (partner-delivered massage) has often been applied in situations involving people experiencing 

119 cancer or other critical illnesses [24], but has also been applied and tested in pediatric [25], obstetrical 

120 [26], and relationship support settings [27, 28]. Prior research of caregiver-provided massage for Veterans 

121 with cancer showed significant decreases in pain, stress/anxiety, and fatigue [29] as well as depression 

122 and cancer-related symptoms [30]. The care ally assisted or self-care massage approach for CNP has not 

123 been examined in the U.S. Veterans and is a significant gap in the literature. 

124 2. Methods

125 2.1. Study Design 

126 The Trial Outcomes for Massage: Care Ally-Assisted vs. Therapist Treated (TOMCATT) study began as 

127 a 3-arm, randomized controlled trial of two massage delivery approaches for Veterans with CNP. Neck 

128 pain was targeted due to associated condition burden in Veterans and the relative ease to access the neck 

129 area by lay-massage people without specific equipment (i.e., a massage table) to deliver massage. Despite 

130 robust study recruitment and enrollment efforts, TOMCATT was modified to a 2-arm trial of therapist-

131 delivered massage (TT-M) and waitlist control (WL-C) arms after the study’s first 2 years due to 

132 challenges with intervention initiation, engagement, and retention in the care ally-assisted massage (CA-

133 M) study arm. This report compares primary and secondary TOMCATT outcomes between CA-M and 

134 WL-C arms due to modification.

135 TOMCATT’s methodology has been reported previously, including rationale for removing the study’s 

136 CA-M arm prior to COVID-19 related disruptions [31]. All participants provided informed consent and 
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137 were randomized. This paper focuses on those randomized into the CA-M or WL-C arm prior to the study 

138 modification. Participants are indicated as WL-C0 (the 0 indicating this subgroup of the total TOMCATT 

139 WL-C participants). TOMCATT was reviewed and approved by the Indiana University Institutional 

140 Review Board and VA Research Review Committee and is registered with ClinicalTrials.gov 

141 (NCT03100539).

142 2.2. Eligibility 

143 Veterans could particulate if they were 18 or older, had neck pain for 6 or more months with disability as 

144 indicated by a Neck Disability Index score of 10 or higher, did not have massage contraindications, and 

145 had a care-ally (spouse, partner, family member, or friend) willing to learn and provide an assisted 

146 massage routine during the study period. Care-allies also enrolled in the study and provided informed 

147 consent. Care-allies were eligible if their “partnered” veteran was randomized to the care-ally arm, they 

148 attended the CA-M training workshop with their veteran partner, and they did not have medical concerns 

149 that might interfere with giving a massage. 

150 2.3. Recruitment 

151 Primary care providers within the Roudebush VA Medical Center (Indianapolis, Indiana) and surrounding 

152 community-based outpatient clinics provided approval to contact their eligible patients for possible study 

153 participation. Potential Veteran participants were identified by an electronic medical record query for 

154 specific ICD9 codes for neck pain (721.0-723.9; 2) and a primary care clinic visit in past year.  

155 Recruitment letters sent to potentially eligible participants contained an initial screening for neck pain-

156 related disability that were returned by Veterans who wanted to be contacted to assess eligibility and 

157 possible participation. Veterans also directly indicated participation interested after learning of 

158 TOMCATT through study pamphlets and marketing, acquaintances, and word-of-mouth.

159 2.4. Randomization 
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160 Enrolled Veterans were randomly assigned to one of the three study arms (TT-M, CA-M, WL-C) using 

161 stratified block randomization (3 and 6 block sizes). Randomization was stratified by sex (male/female) 

162 and occurred after consent, enrollment, and baseline data collection interviews to minimize ascertainment 

163 bias.

164 2.5. Measures

165 Validated and reliable primary and secondary measures were collected at baseline, 1-month, 3-months, 

166 and 6-months for the TOMCATT study. The primary study outcome was neck pain disability and neck 

167 pain severity as measured with the Neck Disability Index(NDI) [32, 33] and Brief Pain Inventory (BPI) 

168 [34, 35], respectively. Additional secondary outcomes were collected including interference, quality of 

169 life, emotional wellbeing, and pain cognitions. 

170 2.5.1. Primary Outcomes

171 The NDI assesses pain and functioning domains (e.g., sitting, standing, traveling), with each item framed 

172 as a “problem right now.” The 10 items are scored on a 6-point numeric rating scores of 0 to 5, with 5 

173 being “worst.” The total score ranges from 0 to 50, with higher scores representing greater disability from 

174 chronic neck pain. The NDI has strong internal consistency (Cronbach’s alpha = 0.80) and construct 

175 validity [32]. Scoring of the NDI involves summing the score for each item (raw score) with specific 

176 scoring intervals to aid interpretation: 0 – 4 = no disability; 5 – 14 = mild; 15 – 24 = moderate; 25 – 34 = 

177 severe; and > 34 = complete disability. At least a 5-point change is defined as “clinically meaningful” [13, 

178 32, 36]. 

179 The BPI is a validated, condition-adaptable 11-item numeric scales (0-10) assessment with subscales for 

180 severity (4-items) and interference (7-items) [34, 35]. The  BPI  has reliability in patients with arthritis as 

181 well as other pain conditions and rates the severity of pain as well as its interference with mood, physical 

182 activity, work, social activity, relations with others, sleep, and enjoyment of life [37]. Clinically 

183 meaningful change in BPI scores and subscales have been reported as ≥ 30% change [38]. The pain 
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184 severity subscale was the second primary study outcome while the BPI interference subscale was a 

185 secondary outcome. 

186 2.5.2. Secondary Outcomes

187 Secondary outcomes included the BPI interference subscale. Of the  secondary outcomes, only health 

188 related quality of life was collected at all the study intervals: baseline, 1-, 3-, and 6-months, as was 

189 collected using the Medical Outcomes Study-Veteran version (SF-36) tool [39] which is reliable and valid  

190 and is available in the public domain [40]. The SF-36 measure provides two health composite scores for 

191 mental (MCS) and physical (PCS) health and role limitations. Higher scores in the MCS and PCS indicate 

192 more positive outcomes. 

193 Psychological symptoms were assessed due to related and evidenced massage impact [41-44]. Depression 

194 was assessed with the PHQ-9 which has been validated as a diagnostic measure with excellent 

195 psychometric properties (Cronbach's alpha > 0.80) in several studies [45, 46]. Anxiety was measured with 

196 the GAD-7 which has demonstrated reliability (alpha = 0.89) and validity (criterion, construct, factorial) 

197 as a measure of anxiety in the general population and primary care [47].  Finally, the Pain Catastrophizing 

198 Scale, a validated 13-item scale to assess catastrophizing, a pain belief found to be a strong predictor of 

199 poor treatment response [48].

200 2.6. Participant Incentives 

201 Veteran participants were reimbursed $25 per completed outcome assessment at baseline, 1, 3, and 6 

202 months. Care allies received a $50 gift card at the completion of the intervention training session and a 

203 complementary massage session at study completion.  

204 2.7. Intervention - Care ally-assisted massage (CA-M)

205 The CA-M intervention consisted of an in-person training workshop, instructional DVD, and treatment 

206 manual. Participants were asked to engage in 3, 30-minute CA-M sessions per week for 3-months. The 
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207 CA-M routine’s content and general structure was taught during a 3.5-hour training workshop. The 

208 instructional DVD included a real-time routine demonstration for participants to access as desired. Study 

209 logs were provided for participants to document their weekly massage study. Detailed specifics of the 

210 CA-M training and intervention have been described elsewhere [31].

211 2.7.1. CA-M routine training workshop and materials

212 Training workshops were comprised of general instruction via lecture, demonstration and supervised 

213 massage and self-treatment practice, and a 30-minute supervised practice session of the routine. Training 

214 workshop attendees were informed about intervention support materials; specifically, how to use the 

215 study DVD and workbook. 

216 2.7.2. CA-M routine

217 Thirteen progressive components made up the CA-M routine and reflected a logical seated massage 

218 treatment progression. CA-M components were 1 to 4 minutes long each with approximately 10 minutes 

219 dedicated to self-applied techniques. 

220 2.7.3. CA-M: adherence

221 Efforts to support adherence and post-training engagement included study personnel contacting Veterans 

222 and care allies at 2-weeks, 2-months, and 4-months to inquire about any barriers to home massage (e.g., 

223 care ally fatigue or burden, challenges with learning massage techniques and routine, difficulty adhering 

224 to 30-minute sessions). Participants were also asked to track their DVD use and record time spent in 

225 massage on a log form. 

226 2.8. Waitlist control care group (WL-C) 

227 Participants randomized to WL-C had check-in calls at 2- and 4-months from study personnel staff and 

228 completed outcome assessments at baseline, 1-, 3-, and 6-months. Participants continued medical care as 

229 normal and were instructed to not begin massage treatment during the 6-month study participation. 
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230 2.9. Statistical considerations

231 Based on the 102 participants in the CA-M arm and the high expected attrition (63%), we expected at 

232 least n=37 and n=79, to complete the 3-month time point in CA-M and WL-C0, respectively. Based on 

233 this assumption, there would be 80% power to detect a 0.56 SD difference in mean change in NDI at 3 

234 months between CA-M and WL-C0 and 97% power to detect a large effect size (ES = 0.8) as defined by 

235 Cohen [49] based on a two-sided two-sample t-test with Type I error set at 0.05.  

236 All baseline demographic characteristics were compared between treatment groups (CA-M and WL-C0) 

237 using appropriate tests to verify that randomization achieved balanced groups. All analyses were 

238 conducted under the intention-to-treat principle.  

239 All continuous outcomes were analyzed with a constrained longitudinal data analysis (cLDA) [50, 51] 

240 model to compare the intervention effects between CA-M and WL-C0 on change in outcome at the 

241 primary 3 month endpoint after adjusting for the stratification variable of gender. The mean change 

242 difference from baseline to all timepoints (1, 3, and 6 months) are reported for outcomes along with the 

243 associated 95% confidence intervals and p-values. To control the familywise type I error for the number 

244 of continuous secondary outcomes, a Šidák adjustment was used to account for the multiple comparisons 

245 at a given time point.  The mean within-group changes in continuous secondary outcomes are reported 

246 similarly with a Šidák adjustment.

247 For the dichotomous outcomes of clinically meaningful response to NDI (> 5 point decrease) and BPI 

248 severity (>30% decrease), logistic regression was used with Generalized Estimating Equation 

249 methodology [52] to account for the repeated measures. Odds ratios and associated 95% confidence 

250 intervals for clinically meaningful response of CA-M arm relative to WL-C0 arm are reported at each time 

251 point and overall.  

252 Since a large proportion of CA-M participants withdrew prior to receiving the initial intervention training, 

253 two sensitivity analyses were conducted to examine robustness of model results. The first was a modified 
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254 intention-to-treat (mITT) analysis, by re-running the model for the NDI and BPI for all WL-C0 

255 participants, but only CA-M participants that received training. The second sensitivity analysis used 

256 Multiple Imputation to examine the robustness of model results under the assumption that CA-M 

257 participants lost to follow-up were more similar to WL-C0 in their outcomes trajectory after study drop-

258 out. The reported mixed model is appropriate under the assumption that data are missing-at-random. 

259 However, it is plausible those that dropped from the CA-M arm (especially those that did not complete 

260 training) would have outcome trajectories like the WL-C0 participants that received no intervention. All 

261 analyses were conducted in SAS V9.4 (SAS Institute, Cary, NC).

262

263 3. Results

264 A total of 203 participants were recruited prior to the TOMCATT study modification.  Recruitment and 

265 randomization efforts resulted in balanced numbers of participants assigned to each study arm but high 

266 attrition in the CA-M arm resulted in uneven data collection at 1-, 3-, and 6-month data collection points 

267 (Figure 1). 

268 [Insert Figure 1 about here]

269 3.1. Sample Characteristics and Baseline Results

270 The TOMCATT pre-modification cohort consisted of mostly males (85%) of average age 56.7 (SD = 

271 14.0), with approximately 75% White and 21% Black. Participants were mostly employed (44%) or 

272 retired (35%) (Table 1). Demographic characteristics did not differ significantly by treatment group. 

273 When comparing those with baseline data only vs. those with any follow-up (data not shown), there were 

274 no differences in demographic characteristics for those in the WL-C0 arm; however, for the CA-M arm, 

275 those with baseline only were younger (53.8±14.8 vs. 60.6±13.2.; p=.016) and more likely to be 

276 employed (61.2% vs. 28.0%; p=.004).  
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277 [Insert Table 1]

278 3.2. Neck Pain with Disability – Primary Outcome Results

279 For the primary outcome (Table 2, Supplemental Figure 1), participants in the CA-M arm had a 

280 significant decrease in NDI at 3 months (mean change (95% CI): -3.3 (-5.3, -1.3); p=.002) and 6 months 

281 (mean change (95% CI): -3.5 (-5.5, -1.6); p<.001), whereas, the mean NDI increased for participants in 

282 the WL-C0 arm at both 3 and 6 months, although not significantly. Accordingly, CA-M participants had a 

283 significant reduction in NDI compared to the WL-C0 arm at 3-months (mean change (95% CI): -3.4 (-5.8, 

284 -1.0); p=.006) and 6 months (mean change (95% CI): -4.6 (-7.0, -2.1); p<.001).  

285 [Table 2]

286 3.3. Brief Pain Inventory (BPI) and Other Secondary Outcomes

287 A significant decrease was seen in BPI severity within the CA-M arm at 1 month (mean change (95% CI): 

288 -0.8 (-1.2, -0.3); p=.007), 3 months (mean change (95% CI): -1.6 (-2.1, -1.1); p<.001) and 6 months 

289 (mean change (95% CI): -1.5 (-2.0, -1.0); p<.001), but no significant within-group changes were present 

290 in the WL-C0 arm. Even after adjustment, the CA-M arm demonstrated significant improvement over 

291 WL-C0 in BPI severity at 3 months (mean change (95% CI): -1.3 (-1.9, -0.8); p<.001) and 6 months 

292 (mean change (95% CI): -1.0 (-1.6, -0.4); p=.007). Significant improvements were also demonstrated for 

293 BPI interference within the CA-M arm at all time points but changes in BPI interference did not 

294 significantly differ between treatment arms at any time point. There were no statistically significant 

295 within-group or between group mean changes for other secondary outcomes of depression, anxiety, SF-36 

296 mental component score, SF-36 physical component score, or pain catastrophizing (Table 3).

297 [Table 3]

298 3.4. Responder Analysis for NDI and BPI
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299 At 3 months, the odds ratio for being a responder based on NDI (> 5-point decrease) for CA-M relative to 

300 WL-C0 did not quite meet the threshold for statistical significance, OR (95% CI) = 2.5 (1.0, 6.5); p=.056 

301 (Supplemental Table S1, Figure 2).  However, the repeated measures analysis indicated an overall 

302 significant association for NDI response (OR (95% CI), CA-M vs. WL-C0: 2.0 (1.0, 4.0); p=.046). For 

303 BPI severity (>30% decrease) (Supplemental Table S1, Figure 2),  the CA-M arm was more likely to 

304 demonstrate a clinically meaningful response compared to the  WL-C0 arm at 3 months (OR (95% CI): 

305 3.9 (1.6, 9.4); p=.003), 6 months (OR (95% CI): 3.1 (1.3, 7.9); p=.014), and overall (OR (95% CI): 2.7 

306 (1.5, 5.0); p=.001).

307 [Figure 2]

308 3.5. Sensitivity Analysis

309 Results from the mITT analysis, which includes the subset of CA-M participants that received 

310 intervention training and all WL-C0, participants are reported in Supplemental Table S2. The between-

311 group mean change in NDI at follow-up time points were nearly identical to original model results. The 

312 95% confidence intervals were slightly wider with the reduced sample size but showed statistical 

313 significance with p- values similar to reported results.

314 Figure 3 presents the results of the second sensitivity analysis using multiple imputation.  The estimated 

315 mean change in NDI and associated 95% CI at follow-up time points by treatment group are similar 

316 between the reported model and the model using multiple imputation. From the model estimates obtained 

317 by combining estimates over imputations (Supplementary Table S3), the results indicate that even under 

318 this worst-case scenario, the CA-M arm demonstrated improvement over WL-C0 in NDI at both 3 months 

319 (mean change (95% CI): -1.6 (-3.8, 0.8); p=.167) and 6 months (mean change (95% CI): -2.1 (-4.2, -0.1); 

320 p=.043), although significance was only maintained at the 6 month time point.

321 [Figure 3]

322
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323 4. Discussion

324 The TOMCATT study is the first randomized controlled trial in Veterans to examine massage therapy’s 

325 impact on CNP. A novel feature of TOMCATT was the original plan to examine the effectiveness of two 

326 massage treatment delivery approaches, therapist applied, and care-ally assisted, against a waitlist control. 

327 A high attrition rate in the CA-M arm led to the design modification decision to remove the CA-M study 

328 arm.  This analysis demonstrates that CA-M provided a reduction in neck pain with disability and pain 

329 severity compared to WL-C0, even if data from non-engaged participants washed away some of the effect. 

330 Given the high attrition in the CA-M arm, developing delivery strategies to target those more likely to 

331 engage will be key to incorporate partnered massage as an evidence-based approach to CNP management.  

332 Partnered massage uptake from other studies in Veterans demonstrated similar challenges as seen in 

333 TOMCATT. For example, in Kozak’s study only 11 of the 27 dyads (59% attrition) completed the 8-

334 week intervention [29]. In contrast, attrition was much less in a trial of non-Veterans (4% in intervention 

335 are; 2% total) [30]. Relative to the Kozak study [29], TOMCATT had less attrition  in its CA-M arm yet 

336 the decision was made to modify the design and discontinue that  study arm. However, the Kozak study’s 

337 quasi-experimental design, feasibility goal, short recruitment period (6-months), and succinct intervention 

338 training (self-directed DVD and printed materials) likely provided less resource burden to the research 

339 team. 

340 Other dyad-based massage approaches have had more successful uptake when the intervention was 

341 reciprocal or when strong partner “buy-in” was present. The Mission Reconnect pilot study examined a 

342 self-directed program of integrative therapies, which included massage therapy, to promote post-

343 deployment reintegration. Thirty-eight (88%) and 32 (74%) of the pilot study’s 43 consented dyads began 

344 the intervention and completed the final data collection point, respectively. The partner delivered massage 

345 in Mission Reconnect was reciprocal with data collection and intervention engagement focused equally 

346 on the Veteran and non-Veteran dyad partner [53]. When examined in a larger, post-9/11 Veteran cohort, 

347 160 dyads randomized to a Mission Reconnect affiliated study arm (2 of 4 possible study arms) had only 

This preprint research paper has not been peer reviewed. Electronic copy available at: https://ssrn.com/abstract=4666195

Pr
ep

rin
t n

ot
 p

ee
r r

ev
ie

wed



15

348 2% attrition during the 16-week study [54]. A potential explanation of the study’s excellent retention is 

349 that all participants received at least 90-minutes of quality human contact with the intervention (or data 

350 collection for those in the waitlist control) launch. While the CA-M intervention was carefully planned 

351 and developed, the 3-4.5 hour in-person intervention training may have seemed less appealing for 

352 participants; particularly given care-allies for the TOMCATT study were secondary participants. Mission 

353 Reconnect was designed and had recruitment incentives specifically for partners as well as Veterans 

354 within the dyad. Another Mission Reconnect study is examining the mobile and web-based program for 

355 dyads with Veterans experiencing chronic pain and posttraumatic stress disorder and their partners [55]. 

356 Of the 364 dyads consented in this multi-site study, 267 dyads activated the protocol which accounts for a 

357 27% attrition [56]. Several reasons were reported for drop-outs including loss of partner “buy-in” (8%), 

358 unrelated health challenges (24%), and difficulties with remote study procedures (34%) [56]. 

359 In the CA-M vs. WL-C0 TOMCATT sub-analysis, younger Veterans and those who were employed were 

360 significantly less likely to initiate the intervention through CA-M training attendance. This lack of 

361 intervention uptake may suggest time involved and schedule conflicts were significant barriers. Such 

362 barriers may not be limited to dyad-based massage approaches as similar findings have been found in 

363 therapist-applied massage interventions for chronic musculoskeletal pain. Elder eta al examined massage 

364 therapy treatment in a chronic back pain population with methodology intended to decrease access 

365 barriers such as treatment location and out-of-pocket expense [8]. Interventions were delivered at no cost 

366 to study participants by community-based massage therapists in their clinics near where participants lived 

367 or worked. Participants were able to schedule up to 10, 1-hour massage sessions within a 12-week 

368 timeframe per their schedule convenience and individualized treatment plan. Younger age predicted non-

369 compliance or withdrawal from the study suggesting those with early adulthood lives and related demands 

370 (e.g., early career, hourly work, school, or family care needs) may find making time for massage therapy 

371 interventions challenging [8]. This analysis of TOMCATT data reinforces the potential for life-demands 

372 faced by younger adults to interfere with participation in partnered massage interventions.
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373 Challenges to CA-M participant retention and the need to remove the CA-M study arm likely reflects 

374 engagement issues rather than intervention effectiveness. Consideration is needed as to how best to target 

375 and deliver this relatively low-cost potentially high yield intervention approach. This analysis 

376 incorporated a rigorous sub-study analysis to complement the original, intention to treat approach as 

377 initially designed. A conservative sensitivity analysis was conducted due to the disproportionate number 

378 of participants in the treatment arm that did not initiate the intervention and therefore only contributed 

379 baseline data in the model. In addition, a robust responder analysis examined clinically meaningful 

380 outcomes and differences. Analysis demonstrated significant improvement in neck pain with disability, 

381 pain severity, and pain interference at 3- and 6-months for Veterans with CNP in the CA-M arm 

382 compared to WL-C0 and these findings were reinforced with sensitivity analysis. While more research is 

383 needed to identify and target those most likely to engage in CA-M training and treatment, prior dyad 

384 research in Veterans point to the potential importance of reciprocated interventions as well as partner 

385 focused appeal and recruitment/engagement efforts [30, 54]. 

386 Massage accessibility challenges was a strong motivator to examine care ally-assisted massage for CNP 

387 in Veterans; the rationale being that while effective, massage therapy is largely inaccessible due to high 

388 out-of-pocket costs. Care ally-assisted approaches have been effective in Veteran [29, 54] and civilian 

389 [23, 26, 57, 58] populations and was expected also demonstrate effective for managing CNP. The care 

390 ally-assisted massage protocol and training seminar was specifically designed to be easy to apply and 

391 bridge a cost-inhibitive accessibility gap for Veterans to massage. Since the launch of TOMCATT, 

392 policies such as Directive 1137 within the Veteran’s Administration have changed such that therapist-

393 provided massage therapy is now included in the health benefits package for Veterans improving access 

394 to massage therapy [59]. The extent to which Veterans will access and utilized massage therapy for 

395 musculoskeletal pain through the Directive 1137 initiative is unclear and CA-M could still address 

396 accessibility challenges for Veterans in rural or less massage therapist available environments.

397
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398 Conclusion

399 Care-ally assisted massage demonstrated greater reductions in CNP-related disability and pain severity 

400 compared to waitlist control, despite treatment engagement and retention challenges. Given the various 

401 access barriers to effective chronic pain management faced by Veterans, novel application approaches 

402 with demonstrated benefit should be incorporated into recommended options, especially for those more 

403 likely to engage in social and pro-active self-care approaches. Future work is needed to determine how to 

404 effectively design and deliver dyad-focused massage interventions, engage Veterans and their care-allies 

405 to attend training, and incorporate self-care strategies into chronic pain management.
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545  Figure 1. TOMCATT Flow-Diagram 

546
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547 Figure 2. Clinically meaningful change in Neck Disability Index (NDI) and Brief Pain Inventory (BPI) Severity scores across time. 
548

549
550 Note: Group populations proportion meeting criterial for responder with standard error bars.
551
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552 Figure 3. Sensitivity analysis for clinically meaningful change in Neck Disability Index (NDI) scores 
553 across time.

554

555
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556 Table 1. Baseline characteristics for overall sample and by study arm 
Overall (n=203) WL-C0 (n=101) CA-M (n=102) p-value

Age, Mean (SD) 56.7 (14.0) 56.1 (13.6) 57.2 (14.3) .550
Education, n (%)
   ≤HS
   Tech/Business/Associates
   ≥Bachelors

44 (22.1)
90 (45.2)
65 (32.7)

22 (22.0)
45 (45.0)
33 (33.0)

22 (22.2)
45 (45.5)
32 (32.3)

.995

Race,¥ n (%)
   White
   Black
   Other

150 (75.0)
41 (20.5)
9 (4.5)

73 (72.3)
22 (21.8)
6 (5.9)

77 (77.8)
19 (19.2)
3 (3.0)

.513

Hispanic¥ n (%) 5 (2.7) 4 (4.3) 1 (1.1) .368
Female, n (%) 29 (14.7) 14 (14.0) 15 (15.3) .795
Marital Status n (%)
   Married/partnered
   Non-partnered 

150 (75.4)
49 (24.6)

73 (73.7)
26 (26.3)

77 (77.0)
23 (23.0)

.593

Employment, n (%)
   Employed
   Retired
   Unable
   Other

88 (44.2)
70 (35.2)
22 (11.1)
19 (9.6)

44 (44.0)
32 (32.0)
14 (14.0)
10 (10.0)

44 (44.4)
38 (38.4)
8 (8.1)
9 (9.1)

.532

Income,¥ n (%)
   Comfortable
   Just enough
   Not enough
   Don’t Know/refused

101 (50.5)
77 (38.5)
14 (7.0)
8 (4.0)

44 (43.6)
43 (42.6)
9 (8.9)
5 (5.0)

57 (57.6)
34 (34.3)
5 (5.1)
3 (3.0)

.233

557 Notes: Values are means (standard deviations) for continuous variables and frequencies (percentages) for categorical 
558 variables. P-values are from Student’s t-tests, Wilcoxon rank-sum tests, and Chi-Square (using Fisher’s 
559 when expected cell counts are small, marked with a ¥) tests, respectively.  Frequencies may not add to 
560 column totals due to missing data.

561
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562

563 Table 2. Neck Disability Index (NDI) mean scores at each timepoint and within treatment group and between group differences from baseline .  
NDI

CA-M WL-C0 Change in CA-M 
(from baseline)

Change in WL-C0 
(from baseline)

Change in CA-M vs. 
Change in WL-C0

N Mean 
(Std)

N Mean (Std) Mean (95% CI) p-value Mean 
(95% CI)

p-value Mean 
(95% CI)

p-value

Baseline 102 18.3 (7.9) 101 20.6 (8.2)
1 month 43 18.1 (8.5) 82 20.8 (9.1) -1.2 (-3.0, 0.7) p=.204 0.1 (-1.3, 1.4) p=.933 -1.3 (-3.5, 1.0) p=.270
3 months 34 15.1 (8.7) 77 20.7 (8.6) -3.3 (-5.3, -1.3) p=.002 0.1 (-1.3, 1.5) p=.916 -3.4 (-5.8, -1.0) p=.006
6 months 39 14.9 (8.3) 60 21.5 (10.0) -3.5 (-5.5, -1.6) p<.001 1.0 (-0.5, 2.6) p=.181 -4.6 (-7.0, -2.1) p<.001

564 Notes: Values are raw means (standard deviations) for non-change at each time point, with sample sizes for non-missing scores.  Change values are adjusted 
565 means (95% confidence intervals) from cLDA models, adjusted for gender.   

566
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567 Table 3. BPI and other secondary outcome mean scores at each timepoint and within treatment group and between group differences from 
568 baseline.  

BPI Severity
CA-M WL-C0 Change in CA-M (from 

baseline)
Change in WL-C0 (from 

baseline)
Change in CA-M vs. Change in 

WL-C0
N Mean (Std) N Mean (Std) Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value

Baseline 102 6.0 (1.9) 101 6.2 (1.7)
1 month 42 5.5 (1.7) 82 6.0 (1.9) -0.8 (-1.2, -0.3) P=.007 -0.3 (-0.6, 0.1) p=.544 -0.5 (-1.1, 0.0) p=.322
3 months 34 4.6 (2.1) 78 5.9 (1.9) -1.6 (-2.1, -1.1) P<.001 -0.3 (-0.6, 0.1) p=.601 -1.3 (-1.9, -0.8) P<.001
6 months 37 4.5 (2.4) 60 5.7 (1.7) -1.5 (-2.0, -1.0) P<.001 -0.5 (-0.8, -0.1) p=.100 -1.0 (-1.6, -0.4) P=.007
BPI Interference
Baseline 102 4.3 (2.3) 101 4.6 (2.3)
1 month 43 3.4 (2.1) 82 4.2 (2.5) -1.1 (-1.7, -0.6) P<.001 -0.4 (-0.8, -0.0) p=.232 -0.7 (-1.4, -0.0) p=.226
3 months 34 3.1 (2.7) 78 4.1 (2.6) -1.2 (-1.8, -0.6) P<.001 -0.4 (-0.9, -0.0) p=.221 -0.7 (-1.4, -0.0) p=.291
6 months 38 3.0 (2.6) 60 4.2 (2.6) -1.2 (-1.8, -0.6) P<.001 -0.3 (-0.8, 0.1) p=.655 -0.9 (-1.6, -0.1) P=.132
PHQ-9
Baseline 101 7.0 (5.4) 101 7.6 (5.7)
3 months 34 6.1 (5.9) 76 7.8 (6.3) -0.3 (-1.8, 1.1) P=.999 0.6 (-0.4, 1.6) p=.897 -0.9 (-2.6, 0.8) p=.927
6 months 37 6.3 (5.6) 60 8.9 (6.6) -0.3 (-1.7, 1.2) P=.999 1.2 (0.1, 2.3) p=.209 -1.5 (-3.2, 0.3) P=.525
GAD-7
Baseline 101 5.3 (4.7) 101 5.5 (5.7)
3 months 34 5.4 (6.0) 77 6.0 (6.0) 0.5 (-0.6, 1.7) P=.953 0.9 (0.1, 1.6) p=.192 -0.3 (-1.7, 1.1) p=.999
6 months 37 5.0 (5.3) 60 6.7 (6.4) 0.3 (-0.9, 1.4) P=.999 1.0 (0.2, 1.9) p=.126 -0.8 (-2.2, 0.6) P=.903
SF-36 MCS
Baseline 95 47.0 (12.3) 98 47.2 (13.5)
1 month 42 47.7 (13.2) 77 48.2 (13.1) 2.4 (-0.7, 5.5) P=.632 1.0 (-1.3, 3.3) p=.976 1.4 (-2.3, 5.2) p=.986
3 months 34 51.3 (15.0) 74 46.9 (14.0) 4.6 (1.2, 8.0) P=.055 -0.7 (-3.0, 1.7) p=.997 5.3 (1.2, 9.3) p=.068
6 months 38 49.7 (11.8) 60 44.8 (15.3) 1.9 (-1.3, 5.2) P=.863 -1.8 (-4.3, 0.7) p=.712 3.7 (-0.3, 7.9) P=.394
SF-36 PCS
Baseline 95 35.6 (7.2) 98 35.6 (7.8)
1 month 42 34.9 (7.4) 77 34.9 (7.4) -0.4 (-2.3, 1.4) P=.999 -1.0 (-2.4, 0.3) p=.638 0.6 (-1.6, 2.8) p=.998
3 months 34 35.1 (7.3) 74 34.1 (6.8) -0.3 (-2.3, 1.8) P=.999 -1.1 (-2.5, 0.3) p=.547 0.9 (-1.5, 3.3) p=.987
6 months 38 35.7 (7.9) 60 35.4 (7.2) 0.6 (-1.4, 2.5) P=.997 -0.7 (-2.2, 0.8) p=.965 1.3 (-1.1, 3.7) P=.922
Pain Catastrophizing Scale
Baseline 100 13.4 (12.8) 101 13.5 (13.1)
3 months 33 11.3 (14.3) 76 13.9 (15.0) -2.2 (-5.6, 1.2) P=.788 0.5 (-1.7, 2.7) p=.999 -2.7 (-6.7, 1.3) p=.751

569 Notes: Values are raw means (standard deviations) for non-change at each time point, with sample sizes for non-missing scores.  Change values are adjusted 
570 means (95% confidence intervals) from cLDA models, adjusted for gender, with Sidak adjusted p-values.  
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571 Supplementary Figure 1. Changes in Neck Disability Index (NDI) scores compared to baseline across 
572 time.

573

574
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575 Supplemental Table 1. Neck Disability Index (>5-point decrease) and Brief Pain Inventory Severity 
576 Responder (>30% decrease) Analysis Results.  

Outcome: NDI Responder
CA-M WL-C0 CA-M vs. WL-C0

N Frequency (%) N Frequency (%) OR (95% CI) p-value
1 month 43 11 (25.6) 82 14 (17.1) 1.7 (0.7, 4.2) P=.248
3 months 34 11 (32.4) 77 13 (16.9) 2.5 (1.0, 6.5) P=.056
6 months 39 10 (25.6) 60 11 (18.3) 1.8 (0.7, 4.9) P=.239
Overall 2.0 (1.0, 4.0) P=.046

Outcome:  BPI Severity Responder
CA-M WL-C0 CA-M vs. WL-C0

N Frequency (%) N Frequency (%) OR (95% CI) p-value
1 month 43 15 (34.9) 82 18 (22.0) 1.7 (0.8, 4.0) P=.189
3 months 34 16 (47.1) 78 15 (19.2) 3.9 (1.6, 9.4) P=.003
6 months 38 18 (47.4) 60 12 (20.0) 3.1 (1.3, 7.9) P=.014
Overall 2.7 (1.5, 5.0) P=.001

577 Notes: Values are raw frequencies (%) for being a responder at each time point, with sample sizes for non-missing 
578 scores. Odds ratios (95% confidence intervals) from Generalized Estimating Equation logistic regression 
579 models for each outcome, adjusted for gender.  
580
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581 Supplementary Table S2. Sensitivity Analysis 1: Neck Disability Index (NDI) and Brief Pain Inventory (BPI) modified Intent To Treat analysis 
582 results.  
583

NDI
CA-M WL-C0 Change in CA-M (from 

baseline)
Change in WL-C0 (from 

baseline)
Change in CA-M vs. Change in 

WL-C0
N Mean (Std) N Mean (Std) Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value

Baseline 57 18.4 (8.6) 101 20.6 (8.2)
1 month 43 18.1 (8.5) 82 20.8 (9.1) -1.3 (-3.1, 0.6) p=.185 -0.0 (-1.4, 1.3) p=.958 -1.2 (-3.5, 1.0) p=.286
3 months 34 15.1 (8.7) 77 20.7 (8.6) -3.3 (-5.4, -1.3) p=.002 -0.0 (-1.4, 1.4) p=.976 -3.3 (-5.7, -0.9) p=.007
6 months 39 14.9 (8.3) 60 21.5 (10.0) -3.6 (-5.5, -1.6) p<.001 1.0 (-0.6, 2.5) p=.230 -4.5 (-7.0, -2.1) p<.001
BPI Severity

CA-M WL-C0 Change in CA-M
(from baseline)

Change in WL-C0
(from baseline)

Change in CA-M vs.
Change in WL-C0

N Mean (Std) N Mean (Std) Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value
Baseline 57 6.1 (1.9) 101 6.2 (1.7)
1 month 42 5.5 (1.7) 82 6.0 (1.9) -0.8 (-1.3, -0.4) P=.007 -0.3 (-0.6, 0.0) p=.491 -0.5 (-1.1, 0.0) p=.337
3 months 34 4.6 (2.1) 78 5.9 (1.9) -1.6 (-2.1, -1.1) P<.001 -0.3 (-0.6, 0.1) p=.551 -1.3 (-1.9, -0.8) P<.001
6 months 37 4.5 (2.4) 60 5.7 (1.7) -1.5 (-2.0, -1.0) P<.001 -0.5 (-0.8, -0.1) p=.088 -1.0 (-1.6, -0.4) P=.007
BPI Interference

CA-M WL-C0 Change in CA-M
(from baseline)

Change in WL-C0
(from baseline)

Change in CA-M vs.
Change in WL-C0

Baseline 57 4.3 (2.4) 101 4.6 (2.3)
1 month 43 3.4 (2.1) 82 4.2 (2.5) -1.1 (-1.7, -0.6) P<.001 -0.4 (-0.8, -0.0) p=.254 -0.7 (-1.4, -0.0) p=.232
3 months 34 3.1 (2.7) 78 4.1 (2.6) -1.2 (-1.8, -0.6) P<.001 -0.4 (-0.9, -0.0) p=.243 -0.7 (-1.4, 0.0) p=.307
6 months 38 3.0 (2.6) 60 4.2 (2.6) -1.2 (-1.8, -0.6) P<.001 -0.3 (-0.8, 0.1) p=.679 -0.9 (-1.6, -0.1) P=.138

584 Notes: Values are raw means (standard deviations) for non-change at each time point, with sample sizes for non-missing scores. Change values are adjusted 
585 means (95% confidence intervals) from cLDA models, adjusted for gender.   

586
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587 Supplementary Table S3. Sensitivity Analysis 2†: NDI results with and without imputation .  
588  

ORIGINAL RESULTS
Change in CA-M 
(from baseline)

Change in WL-C0 
(from baseline)

Change in CA-M vs. 
Change in WL-C0

Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value
Baseline
1 month -1.2 (-3.0, 0.7) p=.204 0.1 (-1.3, 1.4) p=.933 -1.3 (-3.5, 1.0) p=.270
3 months -3.3 (-5.3, -1.3) p=.002 0.1 (-1.3, 1.5) p=.916 -3.4 (-5.8, -1.0) p=.006
6 months -3.5 (-5.5, -1.6) p<.001 1.0 (-0.5, 2.6) p=.181 -4.6 (-7.0, -2.1) p<.001

RESULTS UNDER MNAR USING MULTIPLE IMPUTATION†
Change in CA-M 
(from baseline)

Change in WL-C0 
(from baseline)

Change in CA-M vs. 
Change in WL-C0

Mean (95% CI) p-value Mean (95% CI) p-value Mean (95% CI) p-value
Baseline
1 month -0.7 (-2.3, 0.9) p=.397 0 (-1.3, 1.4) p=.946 -0.7 (-2.8, 1.3) p=.467
3 months -1.6 (-3.5, 0.4) p=.112 0 (-1.4, 1.4) p=.998 -1.6 (-3.8, 0.7) p=.167
6 months -1.1 (-3.0, 0.7) P=.234 1.0 (-0.5, 2.6) p=.182 -2.1 (-4.2, -0.1) P=.043

589 †Change values are adjusted means (95% confidence intervals) from cLDA models. Two-stage multiple imputation 
590 was used where intermittent missing was first imputed (M=25) to obtain monotone missing data pattern assuming 
591 data are missing-at-random and missing follow-up data was then imputed once for each dataset based on regression 
592 models using only the WL-C0 group. *MNAR=missing not at random.

593

594
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