
 PSYCHOLOGICAL SIGNIFICANCE OF CEREBRAL BIRTH LESIONS

 By EDGAR A. DOLL, The Training School at Vineland

 Human birth is attended by many dangers, one of which is the possi-
 bility that serious damage may be done to the intracranial portion of the
 central nervous system. This damage may be produced during the period
 of labor or it may be the result of abnormalities occurring during the later

 stages of pregnancy. Since the effects of very early postnatal cerebral pathol-

 ogy are much the same as those incurred prenatally or during labor, it
 is customary to consider intracranial birth lesions as including all those
 which develop within approximately one or two months before or after
 birth, as well as those occurring during delivery.

 It is impracticable to discuss here the pathology or the etiology of cere-
 bral birth lesions. In this paper we are more immediately concerned with
 the significance of such lesions in relation to mental development.' It is
 impracticable even to discuss the details of these effects, except to note
 that birth lesions may produce (1) motor impairment, (2) retardation of in-
 telligence, (3) disturbance of personality and conduct, with (4) consequent
 handicaps in learning. These various aspects of behavior may be involved
 singly or in combination, and the effects may be mild or severe. Impair-
 ment in central sensory mechanisms is a presumptive further consequence,
 but it has received comparatively less attention.

 The motor difficulties which follow from cerebral birth lesions consti-

 tute the most conspicuous feature of the condition. These signs also pro-
 vide the principal basis for clinical diagnosis. Among these, spasticity and
 athetosis are the most important.

 For practical purposes, spasticity is defined as essentially simultaneous
 contraction of reciprocal muscle groups, with hypertonicity. Athetosis may
 be described as successive involuntary movements superimposed upon fairly

 good voluntary co6rdination. These two types of motor difficulty are seldom
 seen alone, and are often combined with overflow (synkinesia), ataxia
 (incoi-rdination), or tremors.2 The motor difficulties may be due to dis-

 * Accepted for publication March 20, 1933. From the Research Department of
 the Training School at Vineland, New Jersey. The author wishes to acknowledge
 his indebtedness to Dr. Winthrop M. Phelps, of Yale University, for medical collabo-
 ration in the case-studies on which this report is based, and for both general and
 specific suggestions in the interpretation of the data.

 1 For discussions of pathology and etiology see E. A. Doll, W. M. Phelps, and
 R. T. Melcher, Mental Deficiency Due to Birth Injuries, 1932; and H. Ehrenfest,
 Birth Injuries of the Child, 2nd ed., 1931.

 ' W. M. Phelps, Cerebral birth injuries, their orthopedic classification and subse-
 quent treatment, J. Bone & Joint Surg., 14, 1932, 773-782.
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 turbances in tone, timing, reciprocation, power, or steadiness, and the in-
 volvement may affect the trunk or extremities separately or in combination.3

 Speech may or may not be involved.
 These motor disturbances have important bearing on the neuromuscular

 background of behavioral development. Both maturation and learning are
 involved, because the lesion presumably interferes with the growth of
 neurological elements and with the development of expressive behavior. It
 is evident that the motor handicaps tend to lessen with age. This suggests
 delayed growth, repair, or substitution of central neural elements. Improve-
 ment takes place also under physical therapy, and the mechanism of such
 improvement is an important problem of learning.

 It is evident that the site of the lesion or its extent may have an im-
 portant bearing on the temporal and directional phases of neuromuscular
 development. In our subjects the characteristic developmental motor se-
 quences of normal infancy and childhood are followed as an average
 tendency, although these developments are grossly delayed.

 The development of speech in these subjects is of special importance,
 not only with reference to cerebral localization but also with respect to the

 motor basis of ideational development. Neuromuscular defects of speech
 are present in practically all of our mentally subnormal subjects, but among
 the mentally normal birth-injured, speech defects are apparently less fre-
 quent. However, serious impairment of speech, as such, seems to have
 relatively little influence, among the birth-injured, on the development of

 intelligence as expressed in comprehension and ideational response. Our
 subjects as a group show no significant correlation between speech-impair-
 ment and intellectual impairment.

 The question arises whether retardation in motor development has a per-
 manent effect upon the degree or rate of such development when it does
 take place. Whether there are critical genetic periods for the expressive
 development of particular motor or intellectual functions is of some in-
 terest here. If so, does the inhibition of such expression at the normal
 period of maturation interfere with the rate or degree of subsequent acqui-
 sition of such functions? From our results, we cannot offer a definite an-

 swer, but apparently the ultimate level of behavioral development cannot
 safely be predicted from a given point of temporal retardation.

 Impairment of intelligence is one of the important consequences of cere-
 bral birth lesion.4 This is not, however, a necessary consequence, since many
 subjects show no impairment of intelligence except indirectly in the ex-

 SIdem., Dyskinesia, Yale J. Biol. & Med., 3, 1930, 39-48.
 4Doll, Phelps, and Melcher, op. cit.
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 pressive handicaps of speech and movement. The level of intelligence
 ranges all the way from absolute idiocy to superior adult levels.

 From 6 to 10% of all of our mentally deficient subjects at Vineland
 have motor handicaps due to cerebral birth lesions. The percentage of per-
 sons with birth lesions in the mentally normal population is not known, but

 is probably not more than /1%0%o.5 Assuming that as many as 210%7 of the
 general population are birth-injured (which is probably a high figure),
 and assuming that only 6% of the feeble-minded are birth-injured (which
 is probably a low figure), then birth injury would be 30 times as fre-
 quent among the feeble-minded, in general, as among the non-feeble-
 minded, in general.

 It is generally assumed that about 2(% of all children of school age are
 mentally deficient. Apparently at least 40% of all birth-injured children
 of school age are mentally deficient.6 From which it would seem that mental

 subnormality is perhaps 20 times as frequent among birth-injured children
 as among physically normal children.

 As noted above, intelligence among the birth-injured ranges from com-
 plete idiocy to superior adult levels. What is not so clear is the relation of
 the site and extent of cerebral lesions to intellectual development. This
 problem is complicated by the relation of speech to intelligence and the
 uncertainties of cerebral localization with respect to speech, and it is fur-
 ther complicated by the relation of handedness to speech and to intelli-
 gence, in terms of cerebral localization. One can only surmise to what ex-
 tent a cortical hemorrhage might spread along the brain surface or within
 its depths and across its lobes. The final answer to these questions will
 probably be learned from post-mortem examinations.

 In the meantime, it is apparent that there is no significant correlation
 between the level of intelligence and the severity of the motor impairment.
 Preliminary results suggest, however, that our spastic subjects show some-
 what more mental impairment than do our athetoid subjects, and this result
 may possibly be related to the cortical damage among spastics as contrasted
 with the presumptive damage in the basal nuclei among athetoids.

 The problem of intelligence in these cases is further complicated by the
 difficulty of measuring intelligence in the presence of expressive handicaps
 of speech and movement. Skill, patience, tact and experience are necessary

 ' This estimate is based on general reports that seven children per thousand are
 cripples, supplemented by the fact that at the Spalding School (Chicago) one cripple
 in seven is a congenital paralytic. The estimate is only a tentative working figure.

 6 One-third of the congenital paralytics at the Spalding School are reported men-
 tally subnormal. G. B. Smith reports three-fourths of infantile cerebral accidents
 mentally subnormal.
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 if one is to avoid underestimating or overestimating the intellectual level
 among subjects with motor handicaps. Where the motor impairment does
 not involve speech, or is confined to movements which do not involve
 manipulative performance, there is, of course, no serious difficulty of mental
 measurement. In many cases one is immediately impressed with the ob-
 vious normality of intelligence in subjects where speech and movement
 are almost totally absent, although this impression cannot easily be sus-
 tained by current methods of objective examination.

 The relation of handedness to intelligence becomes, under these cir-
 cumstances, a matter of special importance, but one of more difficulty than
 at first appears. For example, in hemiplegia it sometimes appears that the
 affected side is, nevertheless, the preferred side in manipulative perform-
 ance. But if the opposite side is preferred, one cannot be sure whether this

 is a native preference, possibly inherited, or one acquired through neces-
 sity.

 Left-handedness seems to be somewhat more common among the feeble-
 minded than among the mentally normal, but this is not obvious from
 casual observation. At any rate, the number is certainly not so great as to
 favor the thesis, advanced by some brain surgeons, that the neurological
 seat of the intelligence is in the left frontal lobe, or even in the left hemi-

 sphere. On the other hand, it seems quite apparent that left-handedness is
 very much more common among our birth-injured mentally deficient sub-

 jects than among our feeble-minded group in general, but this fact has
 not yet been correlated with the localization of the motor damage. It is
 clear that further study of these subjects should shed important light on
 the thesis of unilateral localization of intelligence. This information can
 then be correlated with that gained from cerebral hemisection and other
 surgical procedures in cases of brain pathology.

 The development of speech in these cases is another field of special in-
 terest because of the relation of language to thought and the impairment in
 language development in subjects with grave motor handicaps of speech.
 We have seen obviously normal intelligence in young children with almost
 total speech handicap, and obviously superior intelligence in adults who
 have never developed intelligible speech.

 Mental growth is of particular interest in these subjects, because of its
 unusual character, being seriously delayed or irregular in many cases,
 but apparently unimpaired in others. A study of our group as a whole shows
 a decided tendency for the intelligence to improve with age, not only ab-
 solutely, but also relatively. Increasing development in the later years and
 continuing beyond the usual age-limits is particularly noteworthy.
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 Thus all but one of twelve cases studied for fairly long periods of time
 showed unusual mental growth not characteristic of the ordinary feeble-
 minded.' Individual cases are especially impressive. Thus, one child with a
 Binet mental age of 4 at life-age 8 (I.Q. 50), gained four years in mental
 age during the next four years, a rate of growth which was twice the I.Q.
 prediction. Another child, with a Binet mental age of 6 at life-age 12
 (I.Q. 50), made four years' mental growth in the next four years. A third
 case, with I.Q. 100 at life-age 5, made no appreciable mental development
 during the next three years, but during the following five years increased
 five years in mental age.

 These particular growth records are independent of the difficulties of
 mental examination and there is no evidence that anything unusual oc-
 curred in the treatment or training. Instances of remarkable functional
 improvement late in life apparently capitalizing a continuing maturation
 of intelligence not previously expressed in behavior are not unusual. The
 remarkable extent to which intelligence, if present, can surmount the motor

 handicaps of speech and movement is another of the notable features in
 these subjects.

 As previously noted, disturbances of personality and disorders of con-
 duct are among the consequences of birth lesions.8 It is not clear whether
 these disturbances are the direct consequences of structural or physiological
 involvements, or whether they are the indirect result of the frustration in

 behavior imposed by the motor handicaps. It appears, however, that per-
 sonality or disposition may be affected independently of intelligence and
 movement.

 In view of the uncertainties of the constitutional bases of conduct and

 personality, this problem is even more difficult of interpretation than that
 of intelligence. Some authorities suggest cortical localization of personality
 and this suggestion may ultimately receive some support from the study of
 the birth-injured.9

 In our subjects, it appears that the sympathetic nervous system is often
 involved, with consequent visceral disturbances which could produce grave
 disturbances of mood or behavior. According to present evidence, it seems
 unlikely that the glands of internal secretion are disturbed by cerebral birth

 lesions, although this is a problem which merits further attention. It has

 'Doll, Phelps, and Melcher, op. cit.
 P8 . L. Schroeder, Behavior difficulties in children associated with the results of

 birth trauma, J. Amer. Med. Assn., 92, 1929, 100-104.
 ' R. J. A. Berry, Cerebral cortical structure and its relation to mental disease,

 Brit. Med. J., 1, 1931, 837-839.
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 been known for some time that viszeral disturbances can produce focal in-
 fections which affect cerebral function.

 Our own observations in the direction of personality and conduct are
 too limited to warrant much emphasis. At the present time, these obser-
 vations are clinical rather than statistical. They support the general as-
 sumption of dispositional involvement. These involvements are readily ob-
 served in the mentally low-grade patients, where excitability, irritability,
 distractibility, hyperactivity, apprehensiveness, and the like, are common
 traits. In our mentally high-grade cases we are more impressed with the
 peculiarities of attitude as reflected in poor insight, poor social judgment,
 obtrusiveness, and egocentricity. Favorable involvement of personality is
 reflected in a conspicuous persistence and concentration of effort present
 in some cases, even in the face of distractibility and irritation provoked by

 continuous frustration of voluntary effort.

 SUMMARY OF DATA

 Thirty-nine cases of mental deficiency, about 9% in an institutional population
 of 440, have been classified as associated with birth lesions. Ten of these are without

 gross motor signs; the remainder show various types and degrees of paralysis. They
 have been grouped as definite (12), probable (15), and possible cases (12). This
 classification is based on the relative importance of various aspects of the natal
 and developmental histories.' There is a strong presumption that in both the motor
 and non-motor groups the birth lesion is a probable cause of the mental deficiency
 as well as of the motor handicaps.

 Motor group. In the group with motor signs, 83% are found to have positive
 birth histories, 65% have positive neonatal histories, 83% have positive genetic
 motor developmental histories, 83% have negative other pathology, 90% have
 negative heredity (for both motor and mental status), and 100% have positive symp-
 toms for present status.

 As to the type of involvement in the motor group, 14 subjects are classed as
 spastic, 9 as athetoid, 1 as mixed, 2 as intention-tremor, and 3 as undifferentiated.
 Of the spastics, 4 are paraplegias, 6 are quadriplegias, 1 is a right hemiplegia,
 2 are left hemiplegias, and 1 is a triplegia.

 Broadly speaking, the spasticity is of cortical pyramidal origin, while the athetosis
 is of basal ganglion origin.

 Of the subjects with motor signs, 83% are males. The median life age is 16
 years, the median mental age 6.8 years, and the median I.Q. 55. These distributions
 correspond very closely to the institutional group as a whole.

 Of the subjects with motor signs, 66% are first-born, 24% are premature births,
 and 41% are left-handed. In the total institutional group, 22% are first-born, no
 instances of prematurity are found in a control sample, and 12% of a control sample
 are left-handed.

 10 E. A. Doll, Birth lesion as a category of mental deficiency, Amer. J. Ortho-
 psychiat., 3, 1933, 1-13.
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 STATISTICAL DATA ON BIRTH-INJURED, MENTALLY DEFICIENT SUBJECTS

 No. Med. Med. Med. (%) (%) (%) (%)
 cases % L.A. M.A. I.Q. Male First- Prema- Left-

 born ture handed

 Spastics 14 36 19 7.0 51 93 72 21 36
 Athetoids 9 23 15 6.7 61 56 44 33 44
 Other motor 6 i5 15 6.5 60 1oo 83 17 ?o

 Total motor 29 74 16 6.8 55 83 66 24 41
 Non-motor 10 26 16 4.0 29 90o 8o 30 Io

 All B-I cases 39 9 16 6.7 51 85 69 26 33
 Institution 440 - 18 6.9 54 62 22* o* 12*

 * Sampling

 Positive Positive Positive Positive Negative
 No. Clinical Birth Neonatal Motor Other Neg.
 cases Status History Condition History Pathology Heredity

 (Percentages)
 Motor cases

 Definite 12 100 92 83 92 1oo 91
 Probable 13 100oo 77 54 77 77 85
 Possible 4 Ioo 75 50 75 50 100

 Total motor 29 100 83 65 83 83 90
 Non-motor io ioo 90 90 90 80 Ioo

 All B-I cases 39 Ioo 85 72 85 82 92

 Correlations

 R r P.E.r
 Mental age-life age .34 . I1 .09
 Mental age-motor facility - . 05 - .07 . 3
 (same, corrected for life age) . o6 .13

 Mental age-speech facility - . o - .o01 13
 (same, corrected for life age) .10 .12

 Mental age-genetic score .53 .74 .o6
 (same, corrected for life age) .67 .07

 Life age-motor facility - . 16 - . 25 . 12
 (same, corrected for mental age) - 24 . 12

 Life age-speech facility - 11 - . 17 . 12
 (same, corrected for mental age) - . 20 . 12

 Life age-genetic score .32 .48 . 10
 (same, corrected for mental age) . 17 . 12

 Motor facility-speech facility .20 .31 . I
 (same, corrected for M.A. and L.A.) . 27 . 12

 Motor facility-genetic score .07 . 1 .12
 (same, corrected for M.A. and L.A.) .29 . 12

 Locomotion-manipulation .38 . 56 .09
 (same, less 4 paraplegias) .86 .98 .01

 Non-motor group. Ten subjects have been classified in the birth-lesion group with-
 out gross motor signs. Nine of these have positive birth histories, positive neonatal
 histories, and positive genetic motor retardation. Eight have negative other pathol-
 ogy. All have negative heredity. Two are classed as probable, and 8 as pos-
 sible birth lesions. One is female and 9 are males. The median I.Q. is 29, (life
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 age 16, mental age 4.0). Eight are first-born; 3 are premature; and 1 is left-
 handed.

 Spasticity vs. Athetosis. Nine athetoids in the group of 29 cases with motor
 signs have a median I.Q. of 61 (life age 15, mental age 6.7). Fourteen spastics in
 this group have a median I.Q. of 51 (life age 19, mental age 7.0), a fact which
 may bear some relation to the presumptive cortical basis of spasticity as contrasted
 with the basal-ganglion defect in athetosis. Of the athetoids, 44% are left-handed,
 and of the spastics, 36%. Since athetosis represents principally an involvement of
 the basal ganglia, this fact suggests that handedness may be related to subcortical
 as well as to cortical localization.

 Three of the 14 spastics (20%) are hemiplegias. Two of these are left hemi-
 plegias, and 1 is right. (Sachs and Peterson, in a group of 156 hemiplegias, found
 52% right-sided, and 48% left-sided.)" The I.Q. of the right-sided hemiplegia
 is 49, the average I.Q. of the two left-sided hemiplegias is 62. Among 6 spastic
 quadriplegias, 3 are left-handed, 2 are right-handed, and 1 is ambidextrous.

 Handedness. Twelve of the 29 motor cases (41;%) are left-handed, 15 cases (50%)
 are right-handed, and the remainder ambidextrous. (This may be compared with
 the figures for hemiplegias of Sachs and Peterson-52% and 48%--suggesting
 that birth lesions are not unilaterally selective.) The median I.Q. of the left-handed
 group is 50 (life age 15, mental age 5.6), while for the right-handed group it is
 53 (life age 17, mental age 7.4). This slight difference is due to a slightly lower
 percentage of spastics in the left-handed group as compared with the right-handed
 group (42% and 53%), the athetoids being equal numerically in the two groups.

 In a control group of 33 subjects, alphabetically selected, 4 subjects (12%)
 were left-handed, 26 subjects (80%) right-handed, and the remainder ambidex-
 trous. The median I.Q. of the left-handed was 60, and of the right-handed 59.
 (Thus left-handedness is four times as frequent in the birth-lesion group as in the
 institutional group, and is about twice as great for the latter as compared with the
 general population.) In the non-motor group, one of the 10 cases is reported left-
 handed.

 Correlations. In order to obtain an idea of the trend of relationship of the motor
 handicaps of these subjects to age and mental age, the 29 subjects with motor signs
 were ranked according to facility in locomotion, manipulation and speech, and
 these were correlated with life age, mental age, and with each other. These ranks
 were based on the composite judgment of several observers. The correlations are not
 very dependable because of the subjective nature of the ranks and the small number
 of cases. The coefficients were obtained by the Pearson footrule formula R - 62g/n2,
 and these values were converted into the Pearson r. The latter coefficients were then

 corrected for related variables.

 The correlation between mental age and life age is r = 0.51, P.E. 0.09. The
 correlation between mental age and motor facility (locomotion and manipulation
 combined), corrected for life age, is r = 0.06, P.E. 0.13. Between mental age and
 speech facility, corrected for life age, the coefficient is r = 0.10, P.E. 0.12. The
 correlation between life age and motor facility, corrected for mental age, is r =
 -0.24, P.E. 0.12. Between life age and speech facility, corrected for mental age, the

 " B. Sachs and F. Peterson, A study of cerebral palsies of early life based upon an
 analysis of 140 cases, J. Neur. & Ment. Dis., 17, 1890, 295-332.
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 coefficient is r = -0.20, P.E. 0.12. The correlation between motor facility and
 speech facility, corrected for both mental age and life age, is r = 0.27, P.E. 0.12.
 The correlation between facility of locomotion and facility of manipulation is r -
 0.56; this coefficient is increased to r = 0.98 when four paraplegias without handi-
 cap of manipulation are eliminated.

 The correlation between facility in locomotion and manipulation is positive, high,
 and reliable, revealing a marked tendency toward generalized motor handicap except
 in the case of paraplegias. The coefficients of correlation between motor facility
 and speech facility and each of these with life age and mental age tend toward an
 absence of correlation. From clinical observation, one would expect motor handicap
 and speech handicap to be positively correlated with each other and negatively
 correlated with both age and mental age in a fairly marked degree.

 Genetic development. An attempt was made to study the genetic behavioral de-
 velopment of the 29 subjects with motor lesions in terms of general functional
 ability. The behavioral status of these 29 subjects, as obtained from a tentative scale
 of functional development, shows about a 4-year level of performance. This is about
 3 years below the median Binet mental age of the group. The correlation between
 this genetic score and Binet mental age, corrected for life age, is r = 0.67, P.E. 0.07.
 The correlation between life age and genetic score, corrected for mental age, is
 r = 0.17, P.E. 0.12. The correlation between genetic score and motor facility, cor-
 rected for both mental age and life age, is r - 0.29, P.E. 0.12. These coefficients show
 a definite tendency for the genetic score to be more dependent upon mental age
 than upon either life age or motor facility.

 The psychological study of children with birth lesions should be espe-
 cially important in relation to current theories of learning. The neuro-
 muscular handicaps in the motor cases, together with the involvement of
 intelligence and personality in other cases, afford an unusually fertile field
 for special study. The organization of behavior in these children, following
 as it does the general motor sequences of normal infancy, but at very much
 retarded periods or rates, is of value, not only for the slow-motion study
 of behavioral development, but also for its neurological relations. The
 neuromuscular theory of learning, the maturation of learning, the linguistic

 correlates of learning, the control of voluntary and involuntary movements

 through growth and muscle-training, are problems which are immediately
 brought into relief in the study of the birth-injured.
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