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4 Multivariate Response Models 

In the previous chapter, increasingly complex time series models have been set up 

in order to model gingival thickness, its width, the position of the mucogingival 

border relative to the cemento-enamel junction, and gingival recession after 

surgical implantation of a bio-resorbable membrane for guided tissue regeneration 

for the treatment of gingival recession. While some of these variables, such as 

thickness and width of gingiva might be positively related, others are not, for 

example gingival thickness and recession. Mucosal thickness had been measured at 

three locations: at the gingival margin, as well as at and below the mucogingival 

border (Müller et al. 2000d). In order to create general predictions of alterations of 

gingival dimensions after surgery, one single model would be preferred which 

might include mucosal thickness as measured at different locations as three 

different responses. 

Multivariate response data are most conveniently incorporated into a multilevel 

model by creating a lower level below the original level 1 units. This will define 

the multivariate structure. Here we want to set up a 4-level model with multivariate 

responses (level 1) measured at different occasions (level 2) nested in higher-level 

units, i.e. teeth (level 3) and patients (level 4).  
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Measurements or assessments of a couple of primary variables (see below) have 

been done five times during 12 months: before surgery and every three months 

after surgery.   

Variable Description 

ID Subject’s identifier (1-14) 

TOOTH FDI notation of teeth (11-48)  

GI Gingival index (0-3)  

PLI Plaque index (0-3)  

RD  Recession depth (mm) 

RW Recession width (mm) 

GW Gingival width (mm) 

MILLER  Miller’s classification  of recession (1-4) 

GTH1 Gingival thickness (mm) at the gingival margin 

GTH2 Gingival thickness (mm) at the mucogingival border 

GTH3 Thickness of the lining mucosa (mm) 

PD Probing depth (mm) 

DEHIS Bony dehiscence (mm) from the cement-enamel junction 

as measured intrasurgically 

 

Secondary variables were composed of primary variables and the reader is referred 

to Chapter 3 for further information. 

All data are stored in dimension_04.wsz. Note that the data structure has already 

been set up for repeated measures, i.e. a tooth’s data record has been transformed 

into separate records (or rows) for each occasion.  
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We want to model m=3 responses (GTH1, GTH2 and GTH3) simultaneously in a 

multivariate model. Each level 1 measurement “record” has a response which is 

either gingival thickness at the gingival margin (GTH1) or at the mucogingival 

border (GTH2), or thickness of the lining mucosa below the mucogingival border 

(GTH3). Hence, the basic explanatory variables are a set of two dummy variables 

zmjkl that indicate which response variable is present. Repeated measures are treated 

as level 2 units, surgically treated teeth as level 3 and patients as level 4 units. 

The multivariate, three level (occasion, tooth, subject), time series random 

intercept model including a squared and cubic term for time (t) in months may be 

written as (4.1) 
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There are several interesting features of this model. First, there is no level 1 

variation specified because level 1 solely defines the multivariate structure. The 

higher level variances and covariances are the residual between-occasion, between-

teeth and between-subject variances, respectively. The formulation of this 3-level 

model allows for the efficient estimation of a covariance matrix with missing 

responses as long as “missing” responses are considered as random. In the case 
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where measurements have a multivariate Normal distribution, IGLS/RGLS 

provides maximum likelihood estimates. Thus, studies can be designed where not 

every individual has every measurement, with measurements randomly allocated to 

individuals. Such “rotation” or “matrix” designs are common in many areas and 

may be modeled in this way.  

 

4.1 Setting up a Basic Multivariate Model 

When clicking on Equation in the Model menu, the random intercept time series 

model of GTH1 from the previous Chapter 3 appears. Before setting up the model 

described in formula 4.1 in MLwiN, we start with a variance components (or null) 

model without covariates. We therefore click on Clear at the bottom of the 

Equation window. 

After clicking on Responses we select GTH1, GTH2 and GTH3. We Add Term 

CONS from the drop down menu and click on add Separate coefficients.  (Note 

that uncentred is the default.) In order to set up the multilevel structure we click 

on resp1 and select for N-levels 4-ijkl. We select ID2 for level 4(l), TOOTH2 for 

level 3(k), and OCC for level 2(j) and click on done. We then click on the beta 

coefficients and check the boxes for l(ID2_long), k(TOOTH2_long) and 

j(OCC_long), respectively. We click on done and then twice on Estimates at the 
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bottom of the equation window. We run the model by clicking on the Start button. 

The model converges instantly.   

 

 



 
74 

4.2 A Multivariate Time Series Model 

We now want to add successively TIME, TIMESQ and TIMECB (see Formula 

4.1). We click on Add Term and select the respective variable (one after the 

other) from the drop-down list and click on add separate coefficients. After 

having clicked on More the model converges without problems. 

In order to predict responses before and after surgical root coverage in different 

jaws (mandible or maxilla) and taking into account the different situations of 

baseline gingival width, we want to add further variables. In Data Manipulation, 

we click on recode and select By range. We select TOOTH2 in Input columns 

and c141 in Output columns. Values in range of 11 to 28 get the new value of 0. 

We click on Add to action list where the Recode Specification appears on the 

right side. Values in range of 31 to 48 get the new value of 1.  We click on 

Execute and change the name of c141 to JAW (the reference will be teeth in the 

maxilla).  

Baseline GW has to be repeated, or carried (see Chapter 3). We click on Data 

Manipulation and select Split records. We select in Repeat (carried) Data at the 

bottom the Input column GW0 (i.e. baseline gingival width) and c142 as Output 

column. (Note that, in order to execute the command, one has to Stack repeated 

data of a variable again, for instance GIM0 …GIM12, into the variable GIM. So, 
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we enter 5 in Number of occasions and then GIM0 …GIM12 into Occasion 

1…5.) We can then click on Split and on No in the appearing window when asked 

whether we want to save the worksheet now. We rename c142 to GWBASE. 

Now we enter JAW and GWBASE into the model together with respective 

interactions with TIME, TIMESQ and TIMECB. For the latter, after having 

clicked on Add Term at the bottom of the equation window we enter 1 next to 

order and, for instance JAW and TIME as variables. The interaction term will 

appear in the equation when having clicked on add Separate coefficients. We may 

click on Zoom at the bottom of the equation window and enter, for instance, 70 to 

reduce the font size. For Estimation control, we choose RIGLS (restricted 

iterative generalized least squares) which leads to unbiased estimates of random 

parameters. We check the box suppress numeric warnings, click on done and run 

the model by clicking on More. After a few iterations, the model had converged, 

see below.  
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We want to save worksheet and model as dimension_05.wsz. 

Table 4.1a lists fixed effects of the above multivariate, 3-level (occasion, tooth, 

subject), time series, random intercept model of mucosal thickness at the gingival 

margin (GHT1), at the mucogingival border (GTH2), and of the alveolar lining 

mucosa (GHT3).  

To calculate 95% confidence intervals we may click on Model in the main menu 

and Intervals and tests. We enter 1 in respective cells, click Calc at the bottom 

and get the respective 95% confidence intervals. Considerable linear increase in 

mucosal thickness with time of between 0.757 (0.573; 0.941) mm and 1.092 

(0.846; 1.338) mm after implantation of a bio-absorbable membrane was 

accompanied by highly significant deceleration (between -0.143 and -0.202 mm x 

month squared), while the cubic term was highly significant as well. 
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Table 4.1a Fixed effects estimates (SE) of multivariate, three-level (occasion, 

tooth, subject) time series, random intercept  model of mucosal thickness at the 

gingival margin (GTH1), at the mucogingival border (GTH2), and of the alveolar 

lining mucosa (GTH3) 

 

 Estimate (SE) 

 GTH1 GTH2 GTH3 

Intercept mijk 0.556 (0.160 0.583 (0.203) 0.675 (0.217) 

t
a
 (months) 0.757 (0.094) 1.092 (0.126) 0.965 (0.161) 

t
2
 -0.143 (0.020) -0.202 (0.026) -0.169 (0.033) 

t
3
 0.007 (0.001) 0.010 (0.001) 0.008 (0.002) 

JAW
b
 0.215 (0.160) 0.142 (0.200) 0.086 (0.220) 

t x JAW -0.457 (0.099) -0.431 (0.128) -0.139 (0.163) 

t
2
 x JAW 0.087 (0.021) 0.082 (0.027) -0.028 (0.034) 

t
3
 x JAW -0.004 (0.001) -0.004 (0.001) 0.001 (0.002) 

GW
c
 0.114 (0.056) 0.063 (0.069) 0.025 (0.075) 

t x GW -0.117 (0.034) -0.154 (0.044) -0.142 (0.056) 

t
2
 x GW 0.023 (0.007) 0.032 (0.009) 0.026 (0.012) 

t
3
 x GW -0.001 (0.000) -0.002 (0.000) -0.001 (0.001) 

a
 Time (months) 

b
Mandible = 1; maxilla = 0 

c
 Baseline gingival width (mm) 

While mucosal thickness was not significantly greater at mandibular teeth in 

general, the interaction with time was negative and highly significant for gingival 

thickness at the gingival margin and at the mucogingival border (-0.457 and -

0.431, respectively) with significant quadratic and cubic terms. Baseline gingival 

width was significantly associated with gingival thickness as measured at the 

gingival margin (0.114 mm). This influence decreased drastically with time after 

surgery (-0.117 mm), with quadratic and cubic terms being also significant. 

Random effects of the model are listed in Table 4.1b.  
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Table 4.1b Random effects estimates (SE) of multivariate, three-level (occasion, 

tooth, subject), time series, random intercept model of mucosal thickness at three 

locations 

 

  Estimate (SE) 

 Parameter GTH1 GTH2 GTH3 

Subject       
  0.024 (0.020) 0.026 (0.023)  

           0.026 (0.020)   

Tooth       
  0.055 (0.022) 0.083 (0.033) 0.064 (0.029) 

            0.067 (0.020) 0.066 (0.025  

            0.048 (0.020)   

Occasion        
  0.089 (0.011) 0.139 (0.018) 0.223 (0.029) 

             0.039 (0.011) 0.041 (0.017)  

             0.022 (0.013)   

 

Variances and covariances at the subject level were not significant. At the tooth 

level, the significant covariances for thickness at different locations, say m and n, 

yielded very high correlation coefficients as calculated by           

 √  
    

  . MLwiN allows us to instantly check correlations from the covariance 

matrix. For that purpose we open Estimate tables in the Model menu in order to 

get estimates. We select Level 3: TOOTH2_long and check box C (for 

correlation).  



 
79 

 

As can be seen in the window, correlations vary between 0.983 for GTH1 and 

GTH2, and 0.806 for correlations between GTH1 and GTH3. Thus, even thickness 

of lining mucosa was highly correlated with gingival thickness at both 

measurement locations. At the occasion level, correlations were essentially weaker, 

see below. 

Before calculating predictions, we want to check whether estimated residuals 

follow a Normal distribution at each level.  We want to have a look at the Normal 

probability plots, in which the ranked residuals are plotted against corresponding 

points on a Normal distribution curve. The points on a Normal plot should lie 

approximately on a straight line if the Normality assumption is valid. In the two 

plots below occasion level and tooth level estimates of residuals lie more or less on 

straight lines, not invalidating the Normality assumption.  
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4.3 Predictions 

Predictions of mucosal thickness can easily be derived from the model. We open 

Intervals and tests from the Model menu, check fixed at the bottom and enter, 

say 3 in # of functions. We are interested in gingival thickness at the gingival 
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margin of maxillary teeth at baseline and how it relates to gingival width in 1-mm 

steps. So, we enter 1 for CONS.GTH1 and 1, 2, or 3 for GWBASE.GTH1, 

respectively. 

 

When we click on Calc we get the following results. 
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So, for maxillary teeth, gingival thickness at the gingival margin was estimated as 

0.670 (95% confidence interval 0.431; 0.909) mm in case of 1-mm-wide gingiva, 

0.784 (0.587; 0.981) mm at 2-mm wide gingiva, and 0.898 (0.687; 1.109) mm at 3-

mm-wide gingiva. Consider mucosal thickness of lining mucosa 3 months after 

surgery at mandibular teeth where baseline gingival width was 1 mm.  
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If one enters the product of the respective conditions into function #4, one gets an 

estimate (prediction) of 2.343 (2.067; 2.616).  Ninety-five per cent confidence 

intervals were in general low, 0.2-0.3 mm at maxillary teeth and 0.4-0.5 mm at 

teeth in the mandible.  In the maxilla mucosal thickness at all measurement 

locations peaked 3 months after surgery with negative correlations with baseline 

gingival width. Thereafter, thickness gradually decreased but remained higher 

(about 0.3-0.5 mm) than before surgery, while positive correlations with baseline 
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gingival width were re-established. At mandibular teeth, gingival thickness did not 

change so dramatically, while thickness of lining mucosa underwent similar 

changes as at maxillary teeth.  

Fig. 4.1 displays mucosal thickness at three different locations (at the gingival 

margin (GTH1), at the mucogingival border (GTH2), and of the lining mucosa 

(GTH3) before and 3, 6, 9, and 12 months after surgical root coverage in relation 

to baseline gingival width (GW) and jaw. It has been created in PowerPoint after 

all predictions had been calculated.  

 

Fig. 4.1 Modeling longitudinal gingival/mucosal thickness in relation to preoperative 

gingival width (GW) at three locations (GTH1-3) after implantation of a bio-resorbable 

membrane for surgical root coverage (Müller 2008). 
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One may intuitively compare the multilevel model with a microscope here since 

raw data or presentation of means and standard deviations would hardly give a 

similarly elegant impression of what is actually going on after implantation of a 

bio-resorbable membrane for surgical root coverage employing guided tissue 

regeneration. 

 

 

 

 

 


