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ABSTRACT

Information on the course of neck pain and low-back pain (LBP) typically relied on data 
collected at few time intervals during a period of up to one year. In this prospective, 
multi-center practice-based cohort study, 448 patients (153 neck pain, 295 LBP) con-
sulting a chiropractor responded weekly over the course of a year to text messages on 
their cell phones. Pain intensity and functional outcome were used as outcome meas-
ures and were assessed using four different questions, including pain intensity, number 
of days with pain in the previous week and the influence of pain on functional status. 
Distinct patterns of pain were analyzed with quadratic latent class growth analysis. 
Using a stepwise procedure, the final model was based on a combination of two statis-
tical fit parameters and clinical relevance. The two most common classes “recovering 
from mild baseline pain” and “recovering from high baseline pain” were consistent for 
both neck pain and LBP and accounted for 90% of the patients. The other two classes 
were less frequent and differed between neck pain and LBP patients. The four different 
classes showed distinct baseline patient characteristics and outcome in pain and func-
tional status at 6 and 12 months.
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Spine problems receive a lot of attention from researchers, clinicians, patients and 
other stake holders like insurance companies. In order to establish optimal treatment 
strategies and to control expenses, it is important to understand the course of spinal pain. 
Evidence is mounting that back pain episodes can no longer be seen as entirely unrelated 
events but that they should be viewed in the context of a lifelong pain experience1.

Studies in the past on the course of spinal pain have almost exclusively focused on 
the course of low-back pain (LBP). Only one small study in a physical therapy setting 
reported on the course of neck pain; a total of 50 consecutive patients provided data on 5 
repeated measures over 4 weeks2. Until Leboeuf-Yde and colleagues’ finding that “LBP 
and neck pain are more or less the same condition”3 is confirmed by more research, it 
remains important to study neck pain and its course separately.

In the past, in order to chart the course of spinal pain, researchers relied primarily 
on data collected on a small number of time points during the follow-up period of 3 
months to one year. Only two studies relied on more frequent data collection to chart 
the course of LBP: Dunn and colleagues’ study in 2006 used monthly questionnaires 
by mail over a period of 6 months4, Tamcan and colleagues in 2010 used frequent data 
collection (weekly, during 1 year) by means of a one-page diary via email or postal ser-
vice5. Both studies – one in primary care4 and one in a general population with people 
who had reported LBP in two previous surveys (2 years apart)5 – yielded four clusters 
representing different pathways of back pain. Dunn and colleagues repeated their 
study 7 years later with 255 patients from the original cohort: these additional data 
collected over a 6-month follow-up period were used to describe long term trajectories 
of back pain6. They demonstrated that most people with back pain (89%) appeared to 
follow a particular pain trajectory over long time periods, and did not have frequently 
recurring or widely fluctuating patterns6.

In the last couple of years, the availability of novel techniques such as data collection 
through frequent text messaging (SMS), has profoundly changed the methods of data 
collection in spine research and allows for better charting of the course of spinal pain7-10.

We studied the course of both neck pain and LBP in patients presenting to chiro-
practors in Belgium and the Netherlands. There were three main objectives: 1) to estab-
lish, using latent class growth analysis (LCGA), whether there were distinct groups of 
patients with different pathways of neck pain or LBP in the 6 months following the 
first consultation with the chiropractor for their problem 2) to determine whether 
membership in the groups was associated with distinct characteristics at baseline and 
at follow-up 3) to determine whether neck pain and LBP had the same clusters.
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METHODS

Study design and population
A prospective, multi-center practice-based cohort study was conducted for patients with 
neck pain and/or low back pain. Participants were recruited by 97 chiropractors in 
their clinics in Belgium and The Netherlands11. All patients received standard chiro-
practic care, and treatment was left to the discretion of the chiropractor. The study was 
approved by the medical ethics committees of the University Ghent, Belgium under 
registration number B67020095664 and VU University Medical Center, Amsterdam, 
the Netherlands with reference number 08/232. 

Recruitment of patients
Recruitment took place between August 26th and December 30th 2010. Patients were 
recruited from a pool of patients participating in a large cohort study in a chiropractic 
setting. Interested patients were contacted by one and the same research assistant who 
explained the study protocol. They were asked whether they wanted to participate in a 
separate study, examining the course of neck pain or LBP over the period of 1 year by 
means of text messages sent to their mobile phones on a weekly basis over a period of 
1 year. After consenting over the telephone, patients were included for this part of the 
study as well.

INCLUSION/EXCLUSION CRITERIA

Patients between 18 and 65 years old, with neck and/or LBP with or without radiation 
to an extremity as their chief complaint were eligible. Patients had to have a basic un-
derstanding of the Dutch language, both in reading and writing. Subjects were excluded 
if they had a “red flag” (such as a suspected tumor, fracture or infection) or any condition 
considered to be a contraindication for spinal manipulative therapy such as severe 
osteoporosis, acute rheumatic episode or extremely high blood pressure values.

Data collection
Participating patients completed a web-based or a paper version of the baseline ques-
tionnaire prior to the first consultation with the chiropractor. This questionnaire col-
lected information on sociodemographic and biomedical items such as 1) participant 
characteristics: age and gender, level of education, employment status and compensa-
tion benefits as result of the complaint 2) biomedical items with regards to the duration 
and type of complaint, history pertaining to the complaint (including whether or not: 
treated by a chiropractor before, first episode, previous imaging for the complaint, 
previous pain in a different spinal region, previous surgery in the affected area), baseline 
pain and 3) psychological and social factors: distress, depression, anxiety and somati-
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zation (via the 4 scales of the Four Dimensional Symptom Questionnaire), the patient’s 
beliefs with regard to the effect of physical activity and work on their spinal complaint 
(via the Fear Avoidance Beliefs Questionnaire, social support (by using the Feij Social 
Support scale)26, patient expectations with regards to treatment efficacy and fear/ap-
prehension towards the therapist or treatment

PROCEDURE

Over a period of 1 year, four consecutive text messages (SMS) were sent on a weekly 
basis to participating patients’ mobile phones, starting on the first Friday after inclu-
sion and thereafter repeated every Friday at 2.00 p.m. for 52 weeks.

One SMS was sent for each of the four questions, and replies were given by answer-
ing each SMS. Patients could answer at their discretion, but the following question 
was not sent out before the answer to the preceding question was received. The text 
message information sent back by the study participants was automatically incorpo-
rated into a data file hosted on a server at the provider of the SMS-track system’s office 
in Denmark12.

SMS questions
Every week, the following questions were asked: 
1. On a scale from 0 to 10 (with 0 = no pain and 10 = worst pain imaginable), how 

would you rate your neck pain/low-back pain today? 
2. On a scale from 0 to 10 (with 0 = not limited in activities of daily living (ADL) at all 

and 10 = extremely limited in ADL), how much are you limited in your ADL today? 
3. On a scale from 0 to 7, how many days did you experience neck pain/low-back pain 

in the past week? 
4. On a scale from 0 to 7, how many days were you limited in your ADL in the past week? 

Outcome measure
The outcome measure for this study was “pain intensity” and was measured by the 
question “On a scale from 0 to 10 (with 0 = no pain and 10 = worst pain imaginable), 
how would you rate your pain today?”. 

In order to describe and interpret the course of the different trajectories Ostelo and 
colleagues’ definition of minimal important change was used. A 30% change from base-
line was proposed as a clinically meaningful improvement when comparing before 
and after measures for individual patients13. We used the cut-off points for musculo-
skeletal pain proposed by Boonstra and colleagues14 and combined that with the cut-
off score for high pain proposed by Von Korff and colleagues15 to make a distinction 
between mild, moderate and high levels of pain, and how the different patterns related 
to that. 
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Functional status was measured at baseline, after 6 months and after 12 months by 
the Neck Disability Index (NDI) and Oswestry Disability Index (ODI) to allow for better 
description of the different classes.

Statistical analysis
Data were transmitted from a spread sheet to SPSS 20.0. When answers other than a 
number were given, data were manually given a number when possible (e.g. “I have 
no pain” was recorded as 0). Answers that could not be recoded were coded as missing 
values.

We encountered a large number of missing values due to technical problems with 
the SMS tracking system. There was a nine week period wherein which no text messages 
were sent. Therefore almost all patients had some missing data during the 12 month 
data collection period. These data were considered to be ‘missing completely at ran-
dom’24. We used multiple imputation by predictive mean matching with 15 imputed 
datasets to impute missing values for patients who had at least SMS data for one week 
within the relevant month. Available SMS data for that patient, age, gender and the 
data provided in the questionnaires were used as additional predictors in the imputa-
tion model. Pooled results are presented15. 

Distinct patterns of pain were analyzed with quadratic latent class growth analysis 
(LCGA) in Mplus. LCGA-models are contemporary regression-based models used to 
unravel heterogeneity in pain development. This is done by identifying k number of 
distinct populations or classes on the basis of developmental pain patterns. 

The final model was chosen based on a stepwise procedure16. This procedure starts 
with a one-class solution, then adding one class at the time. To determine the final 
model, we used several statistical fit indices. First, we used the Bayesian Information 
Criterion (BIC)17,18. The BIC considers both the likelihood of the model as well as the 
number of parameters in the model. A lower BIC indicates a better fitting model. Addi-
tionally we took the posterior probabilities into account16. For each patient, these 
probabilities are calculated and provide information of the likelihood of that patient 
to belong to each of the obtained classes. The probability of the class to which a certain 
patient is ultimately assigned to should be considerably higher than the probability of 
belonging to another group and should be at least 0.819. In this way, the classes are 
clearly distinguishable from each other. Finally, we checked whether all identified 
classes were clinically relevant, even though they were mathematically appropriate.
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RESULTS

In total, of the 917 patients from the original cohort study, 495 patients (169 neck pain, 
326 LBP) agreed to participate in this aspect of the study. This data set contained only 
those patients who had returned at least one set of answers between the 1st and the 26th 
week (which is a common inclusion criterion within LCGA): 153 patients with neck 
pain (90.5%) and 295 patients with LBP (90.5%) fulfilled this criterion.

We established distinct groups of patients with different patterns of neck pain or 
LBP in the 6 months following the first consultation with the chiropractor for their 
problem. Based on the model indices described previously, the final model was a 4-class 
model for both the neck- and LBP patients. Table 1 shows the different class solutions. 
Although the BIC for the 4-class solutions was lower in both the 5-class solutions, pos-
terior probabilities fell below the cut-off point of 0.8. Low posterior probabilities indicate 
cloudy, or less distinctive classes. Thus, we decided on the 4-class model in both groups. 
The pain patterns or trajectories of neck pain and LBP are presented in Figure 1 and 2 
respectively. The “recovering from mild baseline pain” and the “recovering from high 
baseline pain” classes represent the large majority of patients with neck pain and LBP, 
and follow similar trajectories when considered over a period of 6 months. 

Within the neck pain population the “recovering from mild baseline pain” class was 
the most prevalent (73.9%), representing those patients who start with mild levels of 
pain (3.3/10), demonstrate a 30% reduction in pain within 3 weeks and subsequently 

TABLE 1.  FIT INDICES FOR 153 PATIENTS WITH NECK PAIN AND 295PATIENTS WITH LBP

NECK BIC POSTERIOR PROBABILITIES N

1 9280.172 1.00 153

2 9200.160 0.950/0.850 129/24

3 9165.789 0.827/0.942/0.873 24/118/11

4 9160.137 0.958/0.923/0.857/0.821 4/113/11/25

5 9151.968 0.892/0.797/0.936/0.760/0.876 103/10/4/25/11

LBP BIC POSTERIOR PROBABILITIES N

1 17583.511 1.00 295

2 17402.378 0.853/0.872 177/118

3 17318.744 0.822/0.850/0.829 25/158/112

4 17243.652 0.864/0.868/0.888/0.838 16/172/19/88

5 17204.055 0.787/0.887/0.778/0.854/0.829 36/16/17/133/93

Abbreviations: BIC = Bayesian Information Criterion
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FIGURE 1.  FOUR TRAJECTORIES OF NECK PAIN OVER 26 WEEKS. DATA CAME FROM 153 PATIENTS 
WITH NECK PAIN PRESENTING TO CHIROPRACTORS IN BELGIUM AND THE NETHERLANDS, 
IN 2010-2011
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FIGURE 2.  FOUR TRAJECTORIES OF LBP OVER 26 WEEKS. DATA CAME FROM 295 PATIENTS WITH 
LBP PRESENTING TO CHIROPRACTORS IN BELGIUM AND THE NETHERLANDS, 
IN 2010-2011
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TABLE 2.  BASELINE CHARACTERISTICS OF 153 PATIENTS WITH NECK PAIN IN THE 4 DIFFERENT CLASSES 
PRESENTING TO CHIROPRACTORS IN BELGIUM AND THE NETHERLANDS, 2010-2011

NECK PAIN
VARIABLES

CLASS 1 
(N=113 / 73.9%)

% OR MEAN [SD]

CLASS 2 
(N=25 / 16.3%)

% OR MEAN [SD]

CLASS 3 
(N=11 / 7.2%)

% OR MEAN [SD]

CLASS 4 
(N=4 / 2.6%)

% OR MEAN [SD]

Gender M/F 34.7%/63.3% 33.3%/66.6% 11.1%/88.9% 0%/100%

Age 40.50 [11.06] 41.15 [12.43] 37.11 [8.91] 43.50 [9.43]

BMI 24.13 [3.66] 26.38 [4.49] 26.71 [6.01] 30.35 [7.22]

Education
Primary school
High school
College
University
Post-univ/PhD

7%
37%
42%
12%
2%

5%
20%
70%
0%
5%

0%
22.2%
66.7%
11.1%
0%

25%
25%
25%
25%
0%

Profession yes/no 94%/5% 90%/10% 77.8%/22.2% 50%/50%

Sick leave as result 
of neck pain yes/no

4.1% 10.5% 12.5% 0%

Duration  
of complaint

1 day – 6 weeks
6 wks – 3 mths
> 3 months

24.8%
16.8%
58.4%

10%
15%
75%

11.1%
0%

88.9%

25%
0%
75%

Treated by  
chiropractor  
before yes/no

27.7%/73.7% 30%/70% 66.7%/33.3% 0%/100%

Imaging before 
yes/no

32.7%/63.3% 45%/55% 44.4%/55.6% 50%/50%

First episode yes/no 16.8%/83.2% 20%/80% 0%/100% 25%/75%

LBP before yes/no 81%/19% 75%/25% 100%/0% 50%/50%

Previous neck  
surgery yes/no

0%/100% 0%/100% 0%/100% 0%/100%

Pain todaya 4.64 [2.00] 6.15 [1.73] 7.76 [1.66] 5.75 [2.50]

Limited todaya 2.69 [2.28] 4.30 [2.96] 6.22 [1.30] 4.75 [2.63]

Fear for therapya 1.40 [2.32] 1.95 [2.84] 1.67 [1.94] 2.75 [4.27]

Patient  
expectationsa 7.12 [1.70] 7.05 [1.47] 6.44 [1.33] 6.50 [1.91]

Distress 0/1/2 64.6%/20.2%/15.2% 60%/30%/10% 22.2%/44.4%/33.3% 25%/50%/25%

Depression 0/1/2 86%/11%/3% 100%/0%/0% 55.6%/33.3%/11.1% 75%/0%/25%

Fear 0/1/2 92.9%/5.1%/2% 100%/0%/0% 88.9%/11.1%/0% 50%/25%/25%

Somatisation 0/1/2 53%/43%/4% 35%/50%/15% 11.1%/44.4%/44.4% 25%/50%/25%

FABQb 27.13 [12.93] 35.65 [17.46] 43.67 [24.13] 36.33 [8.33]

NDIc 11.90 [5.65] 14.85 [5.36] 21.44 [5.79] 14.00 [8.29]

Abbreviations : FABQ = Fear Avoidance Beliefs Questionnaire, NDI = Neck Disability Index, N = number, Tx = treatment, 
Pt = patient 
a Scored on a numeric rating scale from 0 to 10 
b FABQ: 16 questions, each scoring 0-6; maximum score 96 
c NDI: 10 items, scores from 0-5; maximum score 50  
Scores O/1/2: normal score/slightly elevated score/strongly elevated score.
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TABLE 3.  BASELINE CHARACTERISTICS OF 295 PATIENTS WITH LBP IN THE 4 DIFFERENT CLASSES  
PRESENTING TO CHIROPRACTORS IN BELGIUM AND THE NETHERLANDS, 2010-2011

LBP
VARIABLES

CLASS 1 
(N=172 / 58.3%)

% OR MEAN [SD]

CLASS 2 
(N=88 / 29.8%)

% OR MEAN [SD]

CLASS 3 
(N=19 / 6.5%)

% OR MEAN [SD]

CLASS 4 
(N=16 / 5.4%)

% OR MEAN [SD]

Gender M/F 55.3%/44.7% 44%/56% 43.8%/56.2% 46.2%/53.8%

Age 41.16 [11.27] 43.10 [11.76] 38.67 [10.11] 38.38 [8.72]

BMI 25.20 [3.79] 25.42 [3.89] 24.79 [3.04] 25.15 [4.02]

Education
Primary school
High school
College
University
Post-univ/PhD

8.3%
20.4%
55.4%
11.5%
4.5%

2.7%
28.8%
56.2%
9.6%
2.7%

13.3%
33.3%
46.7%
6.7%
0%

23.1%
23.1%
46.2%
7.7%
0%

Profession yes/no 82.3%/13.9% 84.9%/11% 86.7%/13.3% 92.3%/7.7%

Sick leave as result 
of LBP yes/no

9.4% 9.7% 26.7% 7.7%

Duration  
of complaint

1 day – 6 weeks
6 weeks – 3 months
> 3 months

41.0%
19.9%

39.1%

39.7%
16.4%

43.8%

26.7%
0%

73.3%

50%
8.3%

41.7%

Treated by  
chiropractor  
before yes/no

27.4%/72.6% 30.1%/69.9% 33.3%/67.7% 23.1%/76.9%

Imaging before 
yes/no

33.5%/66.5% 41.7%/58.3% 46.7%/53.3% 33.3%/66.7%

First episode yes/no 14.5%/85.5% 14.3%/85.7% 0%/100% 0%/100%

Neck pain before 
yes/no

56.3%/43.7% 69.6%/30.4% 42.9%/57.1% 50%/50%

Previous LB  
surgery yes/no

2.6%/97.4% 1.4%/98.6% 7.1%/92.9% 10%/90%

Pain todaya 4.64 [2.00] 5.71 [1.85] 4.73 [2.31] 6.18 [1.47]

Limited todaya 2.69 [2.28] 4.36 [2.77] 3.07 [2.25] 5.50 [2.07]

Fear for therapya 1.40 [2.32] 1.26 [2.16] 1.93 [2.52] 3.67 [4.14]

Patient  
expectationsa 7.12 [1.70] 7.41 [1.65] 6.93 [1.94] 6.45 [2.95]

Distress 0/1/2 70.1%/22.9%/7.0% 74.6%/18.3%/7% 73.3%/20%/6.7% 38.5%/38.5%/23.1%

Depression 0/1/2 88.5%/7.0%/4.5% 91.7%/5.6%/2.8% 93.3%/6.7%/0% 53.8%/30.8%/15.4%

Fear 0/1/2 98.7%/0.6%/0.6% 98.6%/0%/1.4% 93.3%/6.7%/0% 83.3%/8.3%/8.3%

Somatisation 0/1/2 77.7%/19.7%/2.5% 79.2%/19.4%/1.4% 73.3%/26.7%/0% 41.7%/41.7%/16.7%

FABQb 35.72 [17.30] 35.65 [17.46] 34.29 [18.66] 39.67 [16.99]

ODIc 9.51 [6.51] 14.85 [5.36] 9.53 [6.56] 17.92 [5.85]

Abbreviations : FABQ = Fear Avoidance Beliefs Questionnaire, ODI = Oswestry Disability Index, Tx = treatment, Pt = patient 
a Scored on a numeric rating scale from 0 to 10 
b FABQ: 16 questions, each scoring 0-6; maximum score 96 
c ODI: 10 items, scores from 0-5; maximum score 50  
Scores O/1/2: normal score/slightly elevated score/strongly elevated score.
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remain at very low levels of pain throughout the follow-up period of 26 weeks. The 
“recovering from high baseline pain” class was the second most prevalent with 16.3%, 
representing those patients who begin with severe pain (6.6/10), experience a 30% 
reduction of pain within 6 weeks and subsequently remain at very low levels of pain. 
The “severe-chronic” class is less common with 7.2%, representing those patients who 
had permanently high levels of pain. The smallest class with 2.6% is the “recovering 
from mild baseline pain with a flare-up” class. Their pattern more or less followed the 
pattern of class 1, showed a flare-up around week 11 lasting for 6 weeks, before evolving 
to very low levels of pain.

Within the LBP population the “recovering from mild baseline pain” class was also 
the most prevalent (58.3%), representing those patients who start with mild levels of 

TABLE 4.  SCORES FOR FUNCTIONAL STATUS AND PAIN AT 6 AND 12 MONTHS IN 153 PATIENTS WITH 
NECK PAIN PRESENTING TO CHIROPRACTORS IN BELGIUM AND THE NETHERLANDS, 2010-2011

NECK PAIN
VARIABLES

CLASS 1 (N=113)
MEAN [SD]

CLASS 2 (N=25)
MEAN [SD]

CLASS 3 (N=11)
MEAN [SD]

CLASS 4 (N=4)  
MEAN [SD]

NDI at baselinea 11.90 [5.65] 14.85 [5.36] 21.44 [5.79] 14.00 [8.29]

NDI score 6 m 5.54 [5.63] 6.40 [4.73] 14.20 [9.04] 7.67 [1.53]

NDI score 12 m 6.09 [5.83] 8.13 [5.41] 17.00 [8.94] 1.67 [2.08]

Pain at baselineb 4.64 [2.00] 6.15 [1.73] 7.76 [1.66] 5.75 [2.50]

Pain score 6 m 1.55 [1.83] 1.81 [1.17] 5.50 [2.08] 2.33 [1.16]

Pain score 12 m 1.64 [2.08] 2.56 [2.13] 4.75 [3.59] 0.67 [0.58]

Abbreviations: SD, Standard deviation. NDI, Neck Disability Index 
aNDI scores 0-50 / bPain scores 0-10 measured on 11-point numeric rating scale 0-10.

TABLE 5.  SCORES FOR FUNCTIONAL STATUS AND PAIN AT 6 AND 12 MONTHS IN 295 PATIENTS WITH 
LBP PRESENTING TO CHIROPRACTORS IN BELGIUM AND THE NETHERLANDS, 2010-2011

LOW-BACK PAIN
VARIABLES

CLASS 1 (N=172)
MEAN [SD]

CLASS 2 (N=88)
MEAN [SD]

CLASS 3 (N=19)
MEAN [SD]

CLASS 4 (N=16) 
MEAN [SD]

ODI at baselinea 9.51 [6.51] 14.85 [5.36] 9.53 [6.56] 17.92 [5.85]

ODI score 6 m 3.52 [4.26] 4.02 [5.48] 8.13 [5.41] 11.13 [9.14]

ODI score 12 m 3.23 [4.93] 3.84 [4.74] 8.75 [6.85] 12.00 [8.00]

Pain at baselineb 4.64 [2.00] 5.71 [1.85] 4.73 [2.31] 6.18 [1.47]

Pain score 6 m 1.49 [1.56] 1.78 [1.78] 3.86 [2.07] 2.13 [0.99]

Pain score 12 m 1.51 [1.57] 1.72 [1.99] 3.17 [1.48] 3.00 [1.94]

Abbreviations: SD, Standard deviation. NDI, Neck Disability Index 
aODI scores 0-50 / bPain scores 0-10 measured on 11-point numeric rating scale 0-10.
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pain (3.1/10), demonstrate a 30% reduction in pain within 3 weeks and subsequently 
remain at very low levels of pain throughout the follow-up period of 26 weeks. The 
“recovering from high baseline pain” class was the second most prevalent with 29.8%, 
representing those patients who begin with moderate pain (5.4/10), experience a 30% 
reduction of pain within 4 weeks and subsequently remain at very low levels of pain. 
The “moderate-chronic” class is less common with 6.5%, representing those patients 
with moderate to high levels of pain. The smallest class with 5.4% is the “slowly recove-
ring from high baseline pain” class, representing those patients who have severe levels 
of pain (7.6/10) at baseline and experience a 30% reduction of pain within 12 weeks.

Table 2 represents the baseline characteristics of the patients with neck pain in the 
different classes and Table 3 represents the baseline characteristics of the patients with 
LBP in the different classes.

For neck pain, membership in the “recovering from mild baseline pain” and the 
“severe-chronic” classes was associated with distinctly different patient characteristics 
at baseline. Patients belonging to class 2 and 4 had similar baseline characteristics. 
The largest group of neck pain patients (recovering from mild baseline pain class) is 
characterized by the lowest pain at baseline, had the lowest percentage of chronic neck 
pain patients, the least previous imaging, the lowest subjective functional limitations 
(NDI score), the lowest score on fear for treatment, the highest patient expectations, 
the lowest score on the 4 categories of the 4 Dimensional Symptoms Questionnaire 
(4DSQ – i.e. distress, depression, fear/anxiety and somatization), and the lowest score 
on the Fear Avoidance Beliefs Questionnaire (FABQ). The class on the other end of the 
spectrum, the “severe chronic” class had completely opposite baseline characteristics.

For LBP patients, the distinction between the baseline patient characteristics for 
the four different groups was less pronounced than for neck pain patients. For patients 
with LBP, patients belonging to the “slowly recovering from high baseline pain” class had 
baseline characteristics that were clearly different from those in the other 3 classes, 
which had very similar baseline characteristics. The “slowly recovering from high 
baseline pain” class, representing the smallest group of LBP patients, was the class 
characterized by the highest pain at baseline, had the highest subjective functional 
limitations (ODI score), the highest score on fear for treatment, the lowest patient ex-
pectations, the highest score on the 4 categories of the 4 DSQ, and the highest score on 
the FABQ.

Membership in different classes and its association with subsequent outcome for 
functional status and pain at 6 and 12 months is presented in Table 4 for patients with 
neck pain and in Table 5 for those with LBP. There was very little to no difference in 
pain or functional status for patients with LBP at 6 and at 12 months. For patients with 
neck pain, classes 1, 2 and 3 display worse scores on functional status and classes 1 and 
2 have higher pain scores at 12 months.
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DISCUSSION

We classified neck pain and LBP patients into distinct groups by using LCGA of detailed 
longitudinal data on the course of their pain over time. Both neck pain patients and 
patients presenting with LBP each demonstrated 4 distinct groups with different trajec-
tories of pain in the six months following the first consultation with the chiropractor. 

To our knowledge, it is the first time that the course of neck pain has been depicted 
and described based on frequent and detailed longitudinal data over a period of 26 weeks. 
The neck pain trajectories we found can therefore not be compared with other models.

The trajectories that we found for LBP however, differed greatly from the models 
proposed by Dunn and colleagues and Tamcan and colleagues4,5. Also the episodic 
trajectory, where patients have episodes of LBP and pain free periods of at least one month 
in between as found by Leboeuf-Yde and colleagues in a population of 261 49/50 year 
olds, could not be reproduced by our data7. Only the “recovering from mild baseline 
pain” trajectory, albeit the largest group, is similar to the “recovering” trajectory from 
Dunn4 and the “fluctuating” trajectory from Tamcan5. This discrepancy can possibly be 
explained by the differences in patient population. The study by Dunn et al comprised 
of 342 primary care low back pain consulters4, and the study by Tancan et al used data 
from 305 individuals who were taking part in a population-based cross-sectional study 
of musculoskeletal health5. Our study included 448 patients who were treated by a 
chiropractor. It is tempting to assume that the therapeutic chiropractic intervention 
was responsible for the more favorable trajectories in our study. However, high quality 
evidence suggests that there is no clinically relevant difference between spinal manipu-
lative therapy and other interventions (including usual care) for reducing pain and 
improving function in patients with acute and chronic low-back pain20,21.

Neck pain and LBP have similar but not the same pain trajectories over a period of 
26 weeks. Two trajectories, the “recovering from mild baseline pain” and the “recove-
ring from high baseline pain” are nearly identical. These 2 trajectories are also the 
most common. The other 2 trajectories show a specific course for neck pain and LBP. 
However, both for neck pain (severe chronic, 11 patients/7.2% and recovering from 
mild baseline pain with a flare-up, 4 patients/2.6%) and for LBP (moderate chronic, 
19 patients/6.4% and slowly recovering from high baseline pain,16 patients/5.4%) 
these trajectories result from smaller number of patients. As a result of drop outs, or 
missing data over a period of time, especially in those classes with a smaller number 
of patients (class 3 and 4), the course could be estimated less reliable and therefore 
the trajectory might have a different pattern than depicted in the figures at the end of 
the 26 weeks. It was the intention of the research team to chart both neck pain and 
LBP over a period of one year, but large drop-out rates up to 80% in the later stages of 
the study made LCGA impossible.
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Strengths and weaknesses 
A major strength of this study was the large number of patients with neck pain and LBP 
that participated in this study. This allowed for analyses with great precision. Moreover, 
it provided the opportunity to examine the consistency of the results by presenting the 
comparisons for patients with neck pain and low back pain separately. Although some 
classes were very small (2.6% for class 4 in neck pain patients), in LCGA separate classes 
are statistically correct from 1% and the posterior probabilities’ value of class 4 is close 
to 1 (0.958) and thus very good. In addition, class 4 describes a pattern where patients 
with neck pain experience a flare-up; this is also observed in clinical practice.

The use of text messages via mobile phones to collect frequent data has the advan-
tage of being cheap and user-friendly; most people nowadays carry their phone with 
them at all times and thus can respond at any time. Further, it has been shown to be 
capable of yielding valid data22,23. However, the questions asked are restricted by the 
size of the text message (maximum 140 characters). Our study showed that researchers 
should strictly follow-up on the weekly answers by all the participants: about 20% of 
those people agreeing to participate in the weekly follow-up by SMS failed to reply to 
the first set of 4 questions and never entered the study. Also, technical problems from the 
provider or the participant can occur, leading to missing data. In our study, due to tech-
nical problems the sending of text messages was interrupted for a period of 6 to 9 weeks. 
This was not immediately detected by the research group. As this was an incident, it is 
plausible that these missing responses were missing completely at random. LCGA uses 
multiple imputation to handle these missing data. To maximize the effectivity of collect-
ing data via SMS, it appears that the system might need a research assistant to closely 
monitor the entire process, thereby compromising or even undoing the monetary advan-
tages of the follow-up via text messaging. Macedo and colleagues found that SMS sup-
plemented by phone interviews for those not responding, increased the response rate 
from 60% to 95%10.

Our data show that the majority of patients treated by chiropractors for non-specific 
neck pain or LBP do get better, regardless of their pain at baseline. Patients not respond-
ing within 6 weeks of treatment do not seem to benefit from chiropractic care, and thus 
treatment should not be continued beyond this point. Our data can help primary care 
physicians and other health care clinicians including chiropractors to inform patients 
on the course of neck pain or LBP when treated by chiropractic.

Future research efforts to chart musculoskeletal pain in similar and other disciplines 
working with neck pain and LBP patients should exert special attention to closely 
monitoring the SMS-data collection, as large data sets with very few missing data 
could provide invaluable information and might challenge or confirm the four-cluster 
model proposed in this paper. 
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CONCLUSION

The two most common classes “recovering from mild baseline pain” and “recovering 
from high baseline pain” were consistent for both neck pain and LBP and accounted 
for 90% of the patients. The other two classes were less frequent and differed between 
neck pain and LBP patients. The four different classes showed distinct baseline patient 
characteristics and outcome in pain and functional status at 6 and 12 months.
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