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Objectives: Work-related musculoskeletal disorder (WMSD) of the neck is a frequent health problem in
dental hygienists. This study was conducted to assess the risk factors of neck musculoskeletal disorder
(neck MSD) using video recording.

Methods: The subjects were 50 currently working dental hygienists who agreed to participate in this
study. A standardized questionnaire about WMSD (NIOSH/KOSHA) was distributed and video recording
for neck posture and motion was performed between August and October 2012, The video recording
was performed for 5 minutes using the reflective marker attachment on the 7th cervical vertebra, Major
observation points included neck flexion angle, number of flexions, and length of static work when per-
forming scaling and prosthetic procedures, Data were analyzed using MedCalc (ver 12 3.0, Mariakerke,
Belgium), and the risk factors for neck MSD were assessed using simple and multiple variate analysis.
Results: The mean age and work experience of the subjects were 27,9 years and 5 years respectively .
The prevalence of neck MSD symptoms that met NIOSH/KOSHA'’s criteria was 48%. The mean angle
of neck flexion was 54 6°, mean maximum angle of flexion was 64.8°, and the mean time of static pos-
ture was 4 8 minutes during the 5 minutes recording interval, In the multiple logistic regression analysis
adjusted by career, daily work time, and posture, the prevalence of neck MSD symptoms increased by
1.47 times (95% Cl=0.24-9 48) with flexion >45° and by 4,90 times (95% CI=0.91-26 4) when a static
posture was preserved for >4 8 minutes

Conclusions: The measured angle of flexion and time of preserved static posture identified further seri-
ous than expected. Therefore, to reduce the risk of neck MSD, reasonable and practically applicable
guidelines to correct neck bending and tilting, especially to relax the long static posture associated with
flexion, should be prepared.
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Fig. 1. Measurement of flexion angle of neck.
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Fig. 2. Measurement of flexion angle according to the measurement time.

Table 1. Characteristics of the study subjects

Variables Category Total (n=50) Scaling (n=25) Prosthetic (n=25) P
Work type Dental clinic 31(62.0) 16 (64.0) 15 (60.0) 1.000
Dental hospital 19 (38.0) 9(36.0) 10 (40.0)
Age (years) 20-29 34 (68.0) 16 (64.0) 18(72.0) 0.294
30-39 12.(24.0) 8(32.0) 4(16.0)
>40 4(8.0) 1(4.0) 3(12.0)
Mean£S$.D. (min-max)  28.6+6.4 (22-48) 27.8+5.0 (22-41) 29.3+7.5(23-48) 0.430
Work career (years) <1 10 (20.0) 7(28.0) 3(12.0) 0.108
1-3 11(22.0) 7(28.0) 4(16.0)
3-6 10(20.0) 2(@8.0) 8(32.0)
>6 19(38.0) 9(36.0) 10 (40.0)
Mean+S.D. (min-max)  5.6+5.8(0.4-26.5) 4.8+4.9(0.4-19.0) 0.4£6.5(0.6-26.5) 0.324
Work hours (per day) <8 25(50.0) 13(52.0) 12 (48.0) 1.000
>8 25(50.0) 12 (48.0) 13(52.0)
Mean+S.D. (min-max) 8.8+1.0(7-11) 88+1.1(7-11) 8.9+0.9(8-10) 0.780
Work days (per one week) 5 days 20 (40.0) 10 (40.0) 10 (40.0) 0.773
6 days 30 (60.0) 15 (60.0) 15 (60.0)

S.D.: standard deviation, min: minimum, max.: maximum.
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Table 2. Neck flexion angle, number of flexion, and length of static work when scaling and prosthetic procedure (for 5 minutes)

Variables Total (n=50)

54.6+9.4 (30-85)
04.8+10.9 (46-85)
11.8+3.6 (5-21)
4.80+0.06 (4.65-4.92)

Average flexion angle (degree)
Maximum flexion angle (degree)
Number of flexion (times)
Length of static work (minutes)

Scaling (n=25) Prosthetic (n=25) P
54.1+8.0 (30-85) 55.0£10.7 (35-84) 0.723
62.949.1 (49-85) 66.6+12.4 (46-85) 0.238
12.24£2.79-18) 114443 (5-2D 0.413
4.7940.05 (4.65-4.85) 4.80+0.07 (4.65-4.92) 0.454

Mean £S.D. (min-max).
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Fig. 3. ROC curve of average neck flexion angle whether neck muscu-

loskeletal disorder symptom. Area under curve(AUC)=0.530, Associated
criterion<53.4.
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Table 3. ROC analysis results of the average neck flexion angle

Criterion ~ Sensitivity = Specificity ~ +LR -IR +PV  —PV

<41.8 0.00 100.00 1.00 52.0
<418 8.33 100.00 092 1000 542
<422 8.33 88.46 072 1.04 400 511
<44 1250 88.46 Lo 099 500 523
<44.6 12.50 84.62 081 1.03 429 512
<474 29.17 84.02 190 084 636 564
<484 29.17 73.08 1.08 097 500 528
<488 37.50 73.08 139 086 562 559
<49 41.67 09.23 135 084 556 562
<49.4 41.67 61.54 1.08 09 500 533
<49.6 45.83 61.54 .19 088 524 552
<49.8 50.00 57.69 118 087 522 556
<51.2 02.50 57.69 148 065 577 625
<522 02.50 53.85 135 070 556 609
<534 66.67 53.85 144 062 571 636
<60.6 06.67 23.08 087 144 444 429
<61 70.83 23.08 092 126 459 462
<61.2 70.83 19.23 088 152 447 417
<62.6 75.00 19.23 093 130 462 455
<64.8 75.00 11.54 085 217 439 333
<66 83.33 11.54 094 144 465 429
<674 83.33 3.85 087 433 444 200
<75.2 100.00 3.85 1.04 000 490 100.0
<754 100.00 0.00 1.00 48.0

+LR: positive likelihood ratio, —LR: negative likelihood ratio, +PV: posi-
tive predictive value, —PV: negative predictive value.
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Fig. 4. ROC curve of maximum neck flexion angle whether neck
musculoskeletal disorder symptom. Area under curve(AUC)=0.530,
Associated criterion<59.

Table 4. ROC analysis results of the maximum neck flexion angle

Criterion ~ Sensitivity =~ Specificity +IR ~ —IR  +PV  —PV

<46 0.00 100.00 1.00 52.0
<47 0.00 92.31 0.00  1.08 00 500
<49 4.17 84.02 027 113 200 489
<54 16.67 84.02 1.08 098  50.0 524
<55 29.17 76.92 126 092 538 54.1
<59 41.67 76.92 181 076 625 58.8
<60 41.67 69.23 135 084 556 562
<61 45.83 61.54 .19 088 524 55.2
<62 50.00 53.85 1.08 093 500 53.8
<63 54.17 53.85 117 085 520 560
<64 58.33 46.15 1.08 090 500 545
<65 62.50 4231 1.08 089 500 55.0
<66 06.67 4231 116 079 516 57.9
<67 70.83 38.46 115 076 515 58.8
<70 75.00 34.62 115 072 514 600
<73 75.00 19.23 093 130 462 455
<77 79.17 19.23 098  1.08 475 50.0
<78 83.33 11.54 094 144 465 429
<79 87.50 11.54 099 108 477 500

<82 87.50 7.69 095 162 467 400
<83 95.83 7.69 1.04 054 489 067
<84 100.00 3.85 1.04 000 49.0 100.0
<85 100.00 0.00 1.00 48.0

+LR: positive likelihood ratio, —LR: negative likelihood ratio, +PV: posi-
tive predictive value, —PV: negative predictive value.
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Fig. 5. ROC curve of length of static work for 5 minutes whether neck
musculoskeletal disorder symptom. Area under curve(AUC)=0.540,
Associated criterion<4.8.

Table 5. ROC analysis results of length of static work for 5 minutes
(minutes)

Criterion ~ Sensitivity Specificity +LR  —LR  +PV =PV
>4.65 100.00 0.00 1.00 48.0

>4.65 95.83 3.85 1.00 108 479 500
>4.7 91.67 7.69 099 108 478 500
>4.7167 83.33 11.54 094 144 465 429
>4.7333 79.17 19.23 098 1.08 475 500
>4.75 75.00 23.08 098 1.08 474 500
>4.7667 06.67 38.46 1.08 087 500 556
>4.7833 62.50 46.15 .16 081 517 571
>4.8 54.17 53.85 117 085 520 560
>4.8167 41.67 69.23 135 084 556 56.2
>4.8333 20.83 80.77 1.08 098  50.0 525
>4.85 16.67 88.46 144 094 571 535
>4.8667 12.50 92.31 1.63 095 600 533
>4.8833 8.33 96.15 217 095 667 532
>4.9 8.33 100.00 092 1000 54.2
>4.9167 0.00 100.00 1.00 52.0

+LR: positive likelihood ratio, —LR: negative likelihood ratio, +PV: posi-
tive predictive value, —PV: negative predictive value.
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Table 6. Adjusted OR and 95% Cl of the major risk factors relating
neck musculoskeletal disorder symptom (multiple logistic regression
analysis)

Characteristic ~ Category /N (%) OR (95% CI) P
Average flexion ~ <45° 3/7(42.9) 1.00 0.909
angle >45°  21/43(488)  1.47(0.21-10.35)
Length of static ~ <4.8 11/25 (44.0) 1.00 0.777
work >4.8 13/25(52.0)  4.90 (0.91-26.40)

*Adjusted with careers, daily working hours, posture.
OR: odds ratio, CI: confidence interval, P: p of OR.
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