




In Table 4.4 an analysis of the impact of strength testing is presented for the total sample.

Strength testing had an impact on both the incidence of injury (F=3.03, P <.08) and the

days lost due to injury, (F=7.2, P <.01). When analyzed by part of body injured, strength

testing was shown to significantly reduce the incidence and severity of non-back injuries

(when grouped together) especially ankle injuries; and to significantly reduce the severity

of back injuries.

In Table 4.5 the impact of strength testing is documented by occupation. It should

be noted that only the flight attendant group has an adequate sample size. Strength testing

was shown to significantly reduce the incidence of injuries for flight attendants by 50%

and days lost by 75%. Strength testing was also shown to be equally effective in reducing

injury and days lost for male and female flight attendants. The reader will also notice

encouraging trends, though not statistically significant, for ramp service. The results for

passenger service, food service and maintenance lack adequate sample size at this time.
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Conclusion

Occupational strain/sprain injuries result in approximately 8,250 lost man days

each year at a cost of $1.25 million a year at United Airlines. The majority of these injuries

are back injuries (63%).

The use of static strength testing in preemployment selection will significantly

reduce the incidence and severity (days lost) of injury as well as the cost of injury for at

least the first four years of an employee's career in physically demanding occupations as
-

demonstrated over the period of this study.

It is estimated that strength testing will reduce the incidence of injury in

physically demanding occupations 20% (up to 50% among flight attendants) and days lost

by 50% (up to 75% for flight attendants). Considering the fact that non-strength tested

subjects were composed of individuals who would have passed and those who would have

failed strength testing, then we can conclude that these estimates of the impact of strength

testing on injury are conservative. If United were to institute strength testing as a condi-

tion of employment in physically demanding occupations then the estimated savings in

terms of medical and salary costs (in 1980 dollars) would be well in excess of one half

million dollars per year.

--

95



REFERENCES

Asmussen, E. and Heeboll-Nielsen, K. "Isometric Muscle Strength of Adult Men and
Women." Communications from Testin and Observation Institute of the Danish
National AssocIation or In an tile Paralysis. 11:1-44, 1961.

Backlund, L. and Nordgren, L. "A New Method for Testing Isometric Muscle Strength
under Standardized Conditions." Scand. J. Clin. Lab. Invest. 21:33-41, 1968.

Badger, D. W.; Francis, N. and Chaffin, D. B. "Prevention of Low Back Injury in the
Industrial Work Force," A Report on a NIOSH-Sponsored Symposium, Nov. 1972.

Becker, W. F. "Prevention of Low ,Back Disability." J. Occup. Med. 3:329-335, 1961.

Brown, J. R. "Lifting as an Industrial Hazard." Am. Ind. Hyg. Assoc. J. 34:292-297, 1973.

Caldwell, L.S.; Chaffin, D. B.; Dukes-Dobos, F. N.; Kroemer, K. H. E.; Laubach, L. L.;
Snook, S. H. and Wasserman, D. E. "S Proposed Standard Procedure for Static Muscle
Strength Testing." Am. Ind. Hyg. Assoc. J. 35:201-205, 1974.

Chaffin, D. B. "A computerized Biomechanical Model: Development of and Use in
Studying Gross Body Actions." J. Biomech. 2:429-441, 1969.

Chaffin, D. B. "Human Strength Capability and Low Back Pain." J. Occup. Med. 16:248-
254, 1974. . '

Chaffin, D. B. "Manual Materials Handling and Low Back Pain." In: Occupational
Medicine, Principles and Practical Applications. C. Zenz, Ed. Year Book Medical
Publishers, Inc. Chicago, 1975. Chapt, 19.

Chaffin, D. B. "Ergonomics Guide for the Assessment of Human Static Strength." Am.
Ind. Hyg. Assoc. J. 36:505-510, 1975.

Chaffin, D. B•.and Baker, W. H. "A Biomechanical Model for Analysis of Symmetric
Sagittal Plane Lifting." AIlE Transactions. ll(1), 1970.

Chaffin, D. B.; Herrin, G. D.; Keyserling, W. M. and Foulke, J. A. Pre-employment
Strength Testing, NIOSH Technical Report, DHEW (NIOSH) Publication No. 77-163,
1977.

Chaffin, D. B.; Herrin, G. D.; Keyserling, W. M. and Garg, A. "A Method for Evaluating
the Biomechanical Stresses Resulting from Manual Materials Handling Jobs." Am.
Ind. Hyg. Assoc. J. 38:662-675, 1977. --

Chaffin, D. B. and Park, K. S. "A Longitudinal Study of Low Back Pain as Associated with
Occupational Lifting Factors." Am. Ind. Hyg. Assoc. J. 34:513-525, 1973.

Dillane, J. B.; Fry, J. and Kalton, G. "Acute Back Syndrome." Brit. Med. J. 2:82-84,
1966.

96



Frievalds, A. "The Development and Use of Biomechanical Strength Models." in
Anthropometric and Biomechanics: Theory and Application. Plenum Press, 1982.

Garg, A. The Develo ment and Validation of a Three-Dimensional Hand Force Ca abilit
Model. P .E. Thesis, Industrial and Operations Engineering, The University 0 Michigan,
Ann Arbor, Michigan, 1973.

Garg, A. and Chaffin, D. B. "A Biomechanical Computerized Simulation of Human
Strength." AIlE Transactions. 7:1-15, 1975.

Hult, L. "Cervical, Dorsal and Lumbar Spinal Syndromes." Acta Orthop. Scand. Suppl.
17,1954.

International Labour Organization. "Manual Lifting and Carrying." Int. Occup. Safety
Health Infor. Sheet #3, Geneva, 1962.

Kamon, E. and Goldfuss, A. J. "In-Plant Evaluation of the Muscle Strength of Workers. TI
Am. Ind. Hyg. Assoc. J. 39:801-807, 1978.

Keyserling, W. M., Isometric Strength Testing in Selecting Workers for Streneous Jobs.
Ph.D. Dissertation, Industrial and Operations Engineering, The University of Michigan,
Ann Arbor, Michigan, 1979.

Konz, S.; Dey, S. and Bennett. C. "Forces and Torques in Lifting." Human Factors.
15:237-245, 1973.

Kroemer, K. H. E. "Push Forces Exerted in 65 Common Working Positions." Aerospace
Med. Res. Lab. Tech. Report, AMRL-TR-68-143, Wright Patterson Air Force Base,
Ohio, 1969.

Kroemer, K. H. E. and Howard, J. M. "Towards Standardization of Muscle Strength
Testing," Med. Sci. Sports. 2:224, 1970.

Laubaek, L. L. "Comparative Muscular Strength of Men and Women: A Review of the
Literature." Aviat. Space Environ. Med. 47:534-542, 1976.

Lauback, L. L. and McConville, J. T. "The Relationship of Strength to Body Size and
Typology." Med. Sci. Sports. 1:189-194, 1969.

Little, A. D. Inc. The Present Status and Requirements for Occupational Safety
Research. Final Report for the National Institute for Occupational Safety and Health,
Contract #HSM 099-71-30, 1972.

Magnuson, P. B. and Coulter, J. S. "Workmen's Backache." Int. Clin. 31:214-253, 1921.

Magora, A. and Taustein, I. "An Investigation of the Problem of Sick Leave in the Patient
Suffering from Low Back Pain," Ind. Med. Surge 38(11):398-408, 1969.

Magora, A. "Investigation of the Relation between Low Back Pain and Occupation. Part
I.TI Ind. Med. Surge 39:21-37, Nov. 1970.

97



~ McGill, C. M. "Industrial Back Problems - A Control Program." J. Occ. Med., 10(4):174-
178, 1968.

Miner, M. G. and Miner, J. B. Employee Selection within the Law. Bureau of National
Affairs, Inc., Washington, D.C. 1978.

Montgomery, C. H. "Pre-employment Back X-Rays." J. Occup. Med. 18:495-498, 1976.

Moreton, R. D.; Winston, J. R. and Bibby, D. E. "Value of Preplacement Examination of
the Lumbar Spine." Radiology. 70:661-665, 1958.

Nachemson, A. "Low Back Pain, Its Etiology and Treatment," Clin. Med, 78:18-24, 1971.

National Safety Council. Accident Facts. Chicago, illinois, 1977.

Nordgren, B. "Athropornetrtc Measures and Muscle Strength in Young Women." Scand. J.
Rehab. Med. 4:165-169, 1972.

Roebuck, J. A.; Kroemer, K. H. E. and Thompson, W. G. Engineering Anthropometry
Methods. John Wiley and Sons, Inc., New York, 1975.

Rowe, M. L. "Low Back Pain in Industry: A Position Paper." J. Occup. Med. 11:161-169,
1969.

Rowe, M. L. "Low Back Pain: Updated Position." J. Occup. Med. 13:476-478, 1971.

Schanne, F. J., Jr. A Three-Dimensional Hand Force Capability Model for a Seated
Person. Ph.D. Thesis, The University of Michigan, Ann Arbor, 1972.

Snook, S. H. "The Design of Manual Handling Tasks." Ergonomics. 21:963-985, 1978.

Snook, S. H. and Ciriello, V. M. "Maximum Weights and Work Loads Acceptable to Female
Workers." J. Occup. Med. 16:527-534, 1974.

Snook, S. H. and Irvine, C. H. "Maximum Acceptable Weight of Lift." Am. Ind. Hyg.
Assoc. J. 28:322-329, 1967.

Snook, S. He; Irvine, C. H. and Bass, S. F. "Maximum Weights and Workloads Acceptable
to Male Industrial Workers." Am. Ind. Hyg. Assoc. J. 31:579-586, 1970.

Troup, J. D. G. and Chapman, A. E. "The Static Strength of the Lumbar Erectores
Spinae." J. Anat. 105:186, 1968.

Troup, J. D. G. and Chapman, A. E. "The Strength of the Flexor and Extensor Muscles of
the Trunk," J. Biorneeh, 2:49-62, 1969.

98



.=d Wickstrom, G.; Nanninen, K.; Lahtinen, M. and Riihimaki, H. "Previous Back Syndromes
and Present Back Symptoms in Concrete Reinforcement Workers." Scand. J. Work
Environ. Health. 4, Supple 1:20-28, 1978.

Work Practices Guide for Manual Lifting. National Institute of Occupational Safety and
Health, DHHS (NIOSH) No. 81-122, 1981.

\.

99


