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A step-by-step guide to Generalized Estimating Equations
using SPSS in dental research
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The Generalized Estimating Equations (GEE) approach is a widely used statistical method for analyzing longitudinal data and
clustered data in clinical studies. In dentistry, due to multiple outcomes obtained from one patient, the outcomes produced from an
individual patient are correlated with one another. This study focused on the basic ideas of GEE and introduced the types of
covariance matrix and working correlation matrix. The quasi-likelihood information criterion (QIC) and quasi-likelihood
information criterion approximation (QIC,) were used to select the best working correlation matrix and the best fitting model for
the correlated outcomes. The purpose of this study is to show a detailed process for the GEE analysis using SPSS software along
with an orthodontic miniscrew example, and to help understand how to use GEE analysis in dental research.
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Table 1. Types of working correlation matrix
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Figure 1. Univariable analysis of Generalized Estimating Equations
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Figure 1. (continued) Univariable analysis of Generalized Estimating Equations
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(1) SPSS outcome
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Figure 2. SPSS outcome after univariable analysis for each reference category using unstructured working correlation matrix
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Figure 3. 2x2 contingency tables by various reference categories

(1) SPSS outcome with miniscrew LOOSENING = 0 as reference category

D5 THB
Exp(B)0Hl CHEF 95% Wald
95% Wald &1 272t p-EE: SF T2
Wald
SN B pr b Bt A S EREE] HRE | FAHS | ExpB) Bt A3
(=m) -.655 3321 -1.306 -.004 3.804 1 048 519 271 996
,
[AREA1=1.00] -.822 .3800 -1.567 -077 4678 1 031 440 .209 926
[AREA1=.00] 0? . . . - . : 1
(BHE) 1
ZE£ P LOOSENING
D (ZWM), AREAT
a. S58 Q4022022 &FELIL.

(2) SPSS outcome with miniscrew LOOSENING = 1 as reference category

O FH3
Exp(B)Oll CHEt 95% Wald
95% Wald &1 2 P2 e REEE]
Wald
[=FS B BEE27 BHEt At 2HOI Al HEE | 5aUssE | ExpB) ohEt A
(Bm) 655 .3321 .004 1.306 3.894 1 .048 1.926 1.004 3.693
[AREA1=1.00] 822 .3800 077 1.567 4678 1 031 2275 1.080 4791
[AREA1=.00] 0? . . . . . . 1
(BHE) 1
Z =M= LOOSENING
D (HWM), AREA1
a. 858 Q40/B2 022 &FELIG

Figure 4. SPSS outcome after univariable analysis for each reference category using independent working correlation matrix
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Figure 5. Multivariable analysis of Generalized Estimating Equations
D 3B
Exp(B)0il CH =t 95% Wald
95% Wald &1 2|72 ot &2 Tt
Wald
D B HEZ2T} EEs et JHOI A= TRE FUHS Exp(B) ot &t
(B2H) -.077 .3330 -.730 575 .054 1 816 826 482 1.778
[AGE1=1.00] -.544 .2880 -1.110 .023 3541 1 .060 580 328 1.023
[AGE1=.00] o* . . . . 1 . .
[AREA1=1.00] -.848 3148 -1.465 =23 7.261 1 .0o7 428 23 794
[AREA1=.00] o0? . . . . 1 . .
[NINSERT1=1.00] -.734 3167 -1.354 -113 5.363 1 021 480 .258 .8a3
[NINSERT1=.00] o* 1
(BHE) 1
E=H = LOOSENING
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a.S5&E 201B2 022 dFELICH

Figure 6. SPSS outcome after multivariable analysis of Generalized Estimating Equations using unstructured working correlation matrix
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2 7} B0 A Bt 7o) THEke walet EﬁﬂEE‘r
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STEP4: Y] 7}2] Z#eke 3
FHES ELEeh= Oj

)

Z3ohs 2, E}*i 7
a9 6779 3
:Tgé;i‘s— BRolA Zzte] 7Pt e g QIC

FefEch I A3 Al el 3HF AREAL

_L

E

B HTE e QIC 3 7ML NINSERT1, AGE1E 7H B oA 71 w2 QIC
STEP3: Al 7] Fweke s3lels maola] zkzt #4(=315.080)= 7HA H|F+24 7 dEo| 7H
o] 7H didof| tigt QIC FhS FHallct Al 7 Aot Ao &2 A=t
Table 4. QICu for model selection under Binomial distribution and logit link
Correlation Variable p* QIict (o] (oM
Independent AREAT, NINSERT1, AGE1 4 316.912 314.466
Exchangeable AREAT, NINSERT1, AGE1 4 316.651 314.499
M-dependent (M=2) AREAT, NINSERT1, AGE1 4 315.659 314.587
Unstructured AREAT, NINSERT1, AGE1 4 315,080 315.004
Unstructured AGE1 2 321.757 326.870
Unstructured GENDER 2 327.071 327.022
Unstructured AREAT 2 323.410 323.109
Unstructured LENGTHI1 2 328.520 328.281
Unstructured DIAMETER 2 329.290 328.954
Unstructured NINSERT1 2 324.595 324.644
Unstructured AREA1, LENGTHI 3 324.959 324.984
Unstructured AREAT, DIAMETER 3 320.545 320.029
Unstructured AREAT, NINSERTI 3 318.344 318.215
Unstructured AREA1, NINSERTI, AGET 4 315.080 315.004
Unstructured AREAT, NINSERT1, GENDER 4 317.469 317.742
Unstructured AREAT, NINSERT1, LENGTH!1 4 319.658 320.018
Unstructured AREAT, NINSERT1, DIAMETER 4 317.933 317.899
Unstructured AREAT, NINSERT1, AGE1, GENDER 5 315.315 315.568
Unstructured AREAT, NINSERTI1, AGE1, DIAMETER 5 315.253 315.430

Note. Numbers in boldface indicate smallest QIC. value

*o, Number of parameters; tQIC, Quasi-likelihood under the independence model criterion;

specified.

$QIC.=QIC when the GEE model is correctly
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for the stability through Generalized Estimating Equations

AREA1, NINSERT1, AGE1S 7} 2&ojA 713
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Table bellA] chalds B4 A2 Awl7) 93 =
45 ORGEE AwRA} 20418 ZTpsHs BAEL
204 ol5te] Sl vls) A1 A] 0,580 & A
AT, $of3t Aol UiehbA] gkt AeRe shet
of ¥J3h 0,435 £-oJ5HA & Als, 208] 3t 4
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Table 5. The crude odds ratio, adjusted odds ratio, and their 95 percent confidence intervals (Cls) for the contributing factors

Univariable Multivariable
Variables
cOR (95% Cl) aOR (95% Cl)

Gender

Female 1.00

Male 1.50 (0.86, 2.63)
Age(years)

<20 1.00 1.00

>20 0.68 (0.38, 1.21) 0.58 (0.33, 1.02)
Jaw

Mandible 1.00 1.00

Maxilla 0.54 (0.30, 1.00)* 0.43 (0.23, 0.79)"
Diameter of miniscrews(mm)

1.6 1.00

1.8 1.93 (0.53, 7.10)
Length of miniscrews(mm)

<8 1.00

>8 0.78 (0.42, 1.44)
Number of insertions

<20 1.00 1.00

>20 0.50 (0.28, 0.91)* '0.48 (0.26, 0.89)*

cOR: crude odds ratio, aOR: adjusted odds ratio,
'aOR=0.48: Age and jaw were adjusted using GEE for loosening variable.
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