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Diagnosis of Thalidomide Embryopathy- Search for a Gold Standard 
 

Three Papers studied and translated. 
 

Lenz W. & Knapp, K. Deutsche Med.Wochenschr. June 15  1962            

Nowack, E.                   Humangenetik  1,  516-536                1965 

Kreipe, Ursula Arch Kinderheilk. 176 33-60                          1967 

 

A number of issues arose on studying the three papers by Lenz and Knapp, Nowack and Kreipe. (Translations – Professional: Lenz & Knapp and Ursula Kreipe- and by myself, Nowack-)                                                        
 

LISTS 
 

The lists in the three papers overlap, but comprise individuals each with a case number resembling a date. between 1959 and 1962.When calculating the totals, where there are two separate entries with the same number 

between the three papers, I eliminated one  as a duplicate if the clinical descriptions were closely similar, but both were retained where there appeared to be substantial differences. Some case records may therefore 

have been rejected unnecessarily. 

Especially in the earlier paper (Lenz and Knapp) and in some information sent by letter, a few children had only very sketchy clinical details (e.g. ‘Severe malformations of arms and legs’).  There were 3 unduplicated 

entries in Lenz & Knapp and two in Nowack where there were difficulties in establishing the upper limb damage pattern, ( as well as two where there were leg defects and no mention of the  arms- were they quite 

normal ? ) and where consequently no further analysis was possible. Not including these left a ‘gold standard’ collection of 186 children between the three papers. 

 

Abandoned terms such as ‘Atypical phocomelia’ ‘Meromelia’ and ‘Micromelia’ as used by Lenz & Knapp, and the difficulty of establishing where ‘phocomelia’ ends and a severe ray defect  including reduction of 

the humerus begins causes difficulties in classifying and in comparing children regarding possible duplication of listing. 

 

Ray defects, are described in detail in the text (Nowack, p527, ‘7.Strahldefekte der Arme’) and were all preaxial where sufficient detail was recorded. ‘Club hands’ were considered to indicate a preaxial defect, e.g. 

radial a/hypoplasia. 

 

Lower limb anatomy was described on the basis of external appearances.  This prevents distinction between tibial and fibular deficiency in some cases. When the number and position of toes is recorded, the 

information can be regarded as indicative - i.e. a duplication of the Great Toe indicates a tibial defect; absence of a fifth toe and narrowing of the foot indicates fibular deficiency. 

 

Descriptions of eye defects omit abnormalities of eye movement and of tear formation, probably because of the difficulty of identification at a young age. 

 
 

SAMPLING 
 

Sampling appears to have been selective for known types of limb deficiency in Lenz and Knapp Group I, but non-selective in Group II, i.e. children collected on the basis of their mothers having taken thalidomide, 

irrespective of birth defect present. 

In Nowack, sampling was on the basis of validated and timed thalidomide prescription. Those children already recorded by Lenz and Knapp were identified and both counted as one, retaining the more detailed 

description.  

In Kreipe, case selection was based on records held by the Institute of Human Genetics, University of Hamburg, with the recorded information including at least the beginning or ending of thalidomide administration, 

together with the date of the last menstrual period. Any case overlap was adjusted. 
 

 

Overall Results 
 

I believe that the detailed information in these three papers offers the opportunity to study what actually happened in approx. 186 children whose mothers were prescribed thalidomide at different times in 

their gestation during the sensitive period of pregnancy. It is the availability of individual written proof of prescription that makes these papers different from many others in the medical literature. 
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The Sensitive Period in Thalidomide Embryopathy

By Edelgard Nowack,    Humangenetik 1, 516 – 536 (1965)
                                                                                   (German)

(Translation into English by Claus Newman)

Summary in English (q v)

I.  Introduction

The period during embryogenesis when external agents can cause developmental

injury to the foetus is understood as the ‘sensitive period’.  GREGG (1941) was the

first to show the connection between German Measles (Rubella) virus infections in

early pregnancy and certain congenital malformations. Gregg and subsequent authors

published cases with details of the pregnancies, enabling a linkage between the date of

infection and a sensitive period during which particular organs suffered damage.

BOURQUIN was able to establish a resulting congenital malformation timetable.

A new malformation pattern was recognised in 1959, with thalidomide as its cause

(McBRIDE,LENZ )  The following malformations were described as part of TE

(Thalidomide Embryopathy) 

1) External malformations

Amelia and Dysmelia of arms and legs, Aplasia and deformity of the external ears, facial nerve paralysis, facial 

haemangioma, eye malformations, 6th cranial nerve paresis     
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    2)   Internal malformations

a) Alimentary tract: Oesophageal atresia, Duodenal atresia & stenosis,        

                Absence of Appendix, Common origin mesentery, Anal stenosis, atresia, 

                Absence of gall bladder 

b) Respiratory tract: choanal atresia, abnormal lung lobulation

                 

c) Urogenital systems: Kidney aplasia and heterotopia, cystic kidneys,   malformations of female genital tract, undescended 

testes 

d) Other: Congenital heart defects, abnormal liver lobulation,

If the date of thalidomide administration is available it is possible to construct a sensitive period timetable for the several 

congenital abnormalities of TE. This paper presents an analysis the sensitive periods for the external malformations.

II       Provenance and type of Case studied.
945 case records and questionnaires  regarding infants born with congenital malformations and whose mothers claimed to have 

taken thalidomide during their pregnancies were available  For the present investigation we chose children whose mothers’ case 

records showed thalidomide ingestion in early pregnancy, supported by prescriptions, medical records and statements with a 

precise account of time of ingestion. We analysed only those cases where the

details were sufficiently complete. 82 cases satisfied these criteria. 35 of these came from Hamburg, 47 were reported by post 

with the majority from West Germany, but a few from abroad.  We compared our findings with 30 from the literature where 

there is a timed note of thalidomide intake.

I sorted our cases by the times of first thalidomide intake, and displayed the major symptoms and times (Table 1).  In Figures 1 

- 11 intake is presented graphically (cases from Table 1), and the cases are subdivided into 11 groups.    The grouped 

malformations are summarised in each figure.

In the figures there is an indication of the number of days after the last period (LMP)  when any medication containing 

thalidomide was taken. In the case of tablets, the lines in the figures are notched at the beginning and end of intake. Proven 

intake (based on hospital records) during early pregnancy is indicated by heavy type in the figures (Translator’s note- difficult 

to make out in my copy of the paper).

Where there are several malformations, an individual may appear in several figures. When a defect is more severe on one side, 

the individual appears in the figure for the more severe malformation.

For every type of malformation it is possible to identify a day before which thalidomide was being taken in every case-, as well 

as a day following which thalidomide was never commenced. I called the interval between these two days the  'sensitive 

period'.

Table 1
Translator’s Abbreviations-
- RL = present on Right and Left side

  Ph = Phocomelia

  ,f, F = finger or toe

  Malf = Malformed

  1 = Thumb, 2 = Index finger,  Hal = Big Toe

  D or d = day. LMP = Last menstrual period,

  dp = days after ( Latin:dies post- )

  Audit. = Auditary

  Con =  Contergan,  Syr = Syrup  Tsp = teaspoonful

  H & Rad = Humerus & Radius . U = Ulna
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(Total=82 cases listed above)

III   RESULTS

A   Own cases

1. ANOTIA Absence of external ear or just a remnant; 14 cases are summarised in Fig 1   The figure 

shows that Thalidomide was taken on at least one day within the period of 34 – 38 dpLMP in 13 instances.

Intake was outside this period in the 14th case (610922 AM ) The child was born in Germany to a Japanese 

father and German mother, who had taken a thalidomide containing medication only between days 45 – 48 

after LMP. One further Japanese case with thalidomide ear damage and exposure after the 38th dpLMP is 

reported below.

Figure 1:  Anotia. Thalidomide intake Day 31 – 34 (Subsequent information from father) Memory error 

regarding LMP previously.

Figure 2: Thumb aplasia
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2. APLASIA OF THUMB. There were 5 cases of thumb aplasia and one of severe hypoplasia of both 

thumbs(601004 UD ) together with persistence of the radius. Figure 2 illustrates the sensitive period 

for this combination of defects as between day 35 – 40 post LMP

3. AMELIA OF ARMS. Figure 3 illustrates 8 instances of absence of upper limbs, and 2 further 

children with arms replaced by small soft tissue appendages. Thalidomide was taken between day 

38-43 in all 10 children

4. HIP JOINT DYSPLASIA. There were 11 children with hip dysplasia associated with typical 

thalidomide-type upper limb defects. The sensitive period for thalidomide induced hip dysplasia lies 

between the 38th – 48th day pLMP

    Figure 3: Upper limb Amelia

    Figure 4: Hip joint dysplasia

5. ARM PHOCOMELIA.  I defined all instances of aplasia or severe hypoplasia of proximal as well 

as of distal limb bones as ‘Atypical Phocomelia’.  By contrast, there are two groups with ray-defects 

of the limbs with the proximal elements (humerus amd femur) remaining undamaged.

In 37 instances of ‘Atypical Phocomelia’ exact dates of the last period and of thalidomide intake are 

known.  Figure 5 illustrates the sensitive period for ‘atypical phocomelia’ as the time between day 38 

– 49 after the last period.

The date of conception is known in the last three cases, on Day 15 (600412 OW), Day 17 (620422 

SK) and Day19 (620408 SG) after the last period. Taking Day 14 as an average date of conception for 

all cases, these three individuals had a longer interval by 1, 3 and 5 days   In these three cases, if 

conception had occurred on Day 14, this would have corresponded to first thalidomide exposure on 

days 47, 46 and 44 after LMP.  Allowing for discrepant times of conception, all mothers of children 

with congenital ‘atypical phocomelia’ took thalidomide on at least one day between Day38 and 47 

after the last period, thus shortening the uncorrected sensitive period by two days.
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Figure 5: Upper limb Phocomelia

Figure 6:  Ear deformity

Figure 7:  Ray defect of upper limbs

6.  EAR DEFORMITY. This includes Microtia, preauricular appendages and external ears appearing 

to be incompletely developed. The ear canal is unaffected.  3 of 7 have associated VII nerve paresis 
and a facial haemangioma. The relevant sensitive period lies between 39 and 43 days post LMP. This 

conclusion is less soundly based compared to other conditions, since no case has the support of an 

entry in the medical documents.

7.  RAY DEFECTS OF THE ARMS. The 1st Ray (Radius and thumb) is always affected in children 

in this group as regards the forearm and hand. The other finger rays and the ulna can also be 

damaged. In individual cases there may be radial aplasia or hypoplasia always resulting in a club 

hand. There may be radio-ulnar synostosis, and ulnar bowing. The thumbs are missing, hypoplastic or 

triphalangic. The other finger rays may show aplasia, syndactyly and polydactyly.

 Fig.7 (page 527) summarises the findings in 16 cases. The mother took thalidomide between 39 and 

45 days post LMP in 14 instances.
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With child number 610319 CJ   there was delayed conception (23 days post LMP) The foetus had 

developed for 40 days by the time of the first medication with thalidomide, so allowing this case also to 

fit within the observed sensitive period  However, Child number 620115MB was damaged by Contergan 

on Day 54 post LMP, outside the sensitive period. According to the parents there was a possibility of a 

later than calculated date of conception on the 25th day post LMP, which would be a possible explanation 

of the delayed causation of the limb damage.  Alternatively, there could have been an anomalously early 

date of conception.

Fig.8: Lower limb Amelia

Fig.9: Lower limb Phocomelia

8. AMELIA OF LEGS. Among children damaged by Thalidomide, absence of lower limbs is less 

common than absence of upper limbs .I have only been able to find 3 instances with known dates. All 

three mothers took the hypnotic on days 43, 44 and 45 days after LMP respectively, i.e. on at least one 

day between days 41 and 45

9. PHOCOMELIA OF LEGS.  Deformed feet  in abnormal postures are suspended  by soft tissue 

‘bridges’ of variable length in the presence of aplasia or hypoplasia of the long bones of the thigh and 

lower leg. , A pre-axial polydactyly of the toes is more frequent than a ray reduction, by contrast with 

hand malformations.

Thalidomide was taken between day 40 and day 47 after LMP in 17 of 18 cases. Correcting for an 

aberrant time of conception  in the last case (620422SK) , thalidomide administration and action on the 

foetus fell within this sensitive period.  This concerns a previously described child who had’ atypical’ 

phocomelic upper and lower limbs (see Phocomelia of the Arms). The date of commencement of the 

sensitive period is a little uncertain. Regarding Case 600404 JS, the mother was able to give an exact 

report of  having taken the medication on days 38 – 40 after LMP but probably also later, so that day 42 

could be the start of the sensitive period.

10. RAY DEFECTS OF THE LEGS. Lower leg and foot malformations are considered, in this group by 

analogy with upper limb ray defects. There were 8 cases of tibial dysplasia, in one together with fibular 

aplasia; club foot in all children, and one instance of great toe duplication.
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Fig .10 shows that the damage could have arisen between days 45 and 47 after LMP

Figure 10: Lower limb Ray Defects                                                                                

Figure 11: Triphalangic thumb

There was no instance of thalidomide being taken only before or after this period.   This sensitive period 

is also valid for 620408 SG with a definite date of conception delayed until Day 19 after LMP (See also 

Arm Phocomelia )

11. THUMB TRIPHALANGY. The development of the thumb with three segments (Triphalangy) is 

associated with radius aplasia, but may also occur alone.  In two of three children with known dates 

(610215BW and 610723 RT) thumb triphalangy is the only consequence of thalidomide foetal damage 

during early pregnancy.  In the third child there are additional minor changes affecting the ears and the 

lower limbs.

Judging from these three cases, this type of damage follows exposure between days 46 and 50 post LMP

B  Highest Incidence of Times of Intake of Thalidomide 

The ‘Sensitive periods’ show a considerable scatter.  This may be partly due to unusually early or delayed 

conceptions, or on mistaken information in individual cases. Table 2 aims to eliminate outlying and 

extreme values of the sensitive periods. It records 9 types of damage,and how often thalidomide was taken 

on individual days after the last period.

This allows a listing of the days on which the majority of mothers took thalidomide in each sensitive 

period. These ‘Highest Incidence’ values are shown in heavy type.

For Anotia, the Highest Incidence (HI) is at 35 dpLMP; for Thumb aplasia at Day 37; for Arm amelia at 

38 – 40; for Hip dysplasia day 41 – 43; for Arm phocomelia Day 44 and 45; for Ear deformity Day 43 – 

45; for Ray defects of the arms Day 43 – 45; for Leg Phocomelia Day 44 – 47 and for Leg Ray defects 

Days 44 and 45.

These HI Day- values probably give an appropriate indication of the sensitive period, since the outlying 

individual cases have been excluded.

However, the ‘sensitive periods’ as defined above rather than those derived from the HI values should be 

regarded as definitive and used for further discussion
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Table 2 (9 Different conditions across the top- see 1 – 11 above-

Vertical axis: days post LMP.  Table shows days (post LMP) of incidence of each condition.

C. Cases from the Literature.

Malformations following thalidomide intake during the Sensitive Period of pregnancy

I have found 30 cases with dates of thalidomide intake in early pregnancy in the medical literature. 10 

children are described in 9 separate reports.   I included only 4 dated reports from the 13 cases described by  

MIEHLKE&PARTSCH;  9 reports from KAJII, from Japan; and 7 from a paper by BEKKER & Van 

DUYNE from Holland, with 29 cases. However, I included only 7 of those cases with exact indications of 

the dates of commencing thalidomide ingestion.  The remaining 22 only show the week of pregnancy 

during which thalidomide was taken.  In 18 instances the drug was given during the 6th and 7th week (Day 

35 – 49 after last period) and the infants evidenced malformations typical for thalidomide. I discuss below 4 

cases where thalidomide was taken outside the sensitive period.

Table 3 shows the malformations in 30 infants with exact dates  .There was:-

Anotia in 4 children;  Arm Amelia in 5;  Hip joint dysplasia in 3 ;  arm phocomelia in 15 ;  ear deformity in 

3, to which should be added 2 with microtia and canal atresia; arm ray defects in 4 ;  leg phocomelia in 6 ;   

leg amelia in 2; and leg ray defects in 3 children.  There was no report of isolated thumb agenesis or 

triphalangy.

One of the 4 instances of anotia requires further discussion (Personal communication by MIYAKE, from 

Japan.)  In this case, there was thalidomide intake between Day 42 and 51 after the last period.  Damage 

occurred after Day 38, i.e. outside the usual sensitive period for anotia (= 34 – 38 dpLMP.), just as in the 

child of a Japanese/German marriage (reported above).

KAJII (Code 30) describes a second Japanese child with thalidomide damage sustained outside the 

sensitive period.  There was arm phocomelia, hip joint dysplasia, and a lower leg ray defect with 6 toes (L) 

The mother had first taken medication containing thalidomide on Day 49. The damage was caused 1 day 

(hip) and 2 days (arm and L foot) following the respective sensitive periods.

The child reported by Ling, Dolman & Boyd also requires special mention. The mother had only taken 

Bonamin at first, and thalidomide only from Day52, i.e. outside the sensitive period..  Both humeri were 

absent, but both radius and ulna and all 5 fingers remained (RL). This pattern falls outside thalidomide 

embryopathy as we have observed it. In our cases, every instance of humerus aplasia was associated with a 

reduction defect of the digit rays.

 In the remaining 27 cases thalidomide intake was within the sensitive periods of the different 

malformations.
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D.  Cases from Literature with Malformations following Thalidomide intake outside the sensitive period

Thalidomide administered during a relatively well defined period in pregnancy can cause malformations 

of the ears, and of the upper and lower limbs in the unborn child. This period lies between the 34th and the 

50th day following the last period.  However, 5 children are reported born with malformations whose 

mothers allegedly took thalidomide at a later time during their pregnancies.

Case 1: a report from Japan by letter. Child born with typical thalidomide damage of arms (thumb and 

radius deficiency, club hands bilaterally and facial haemangioma). Mother had taken ‘Isomin’ on Day 61 

pLMP (outside the sensitive period)  However, the menstrual cycle was irregular and a possible delayed 

conception could have corresponded to a later commencement of foetal development with consistently 

timed damage.

The other 4 cases are reported by Bekker and Van Duyne. In 3 of these, with thalidomide exposure 

outside the sensitive period, the authors emphasise that the birth abnormality was not thalidomide 

embryopathy but a case of spina bifida, one of Downs Syndrome and another of malformation of the left 

hand without further details.  Thalidomide was given only between Day 115 – 119 in the fourth case.”The 

pattern of malformation fits thalidomide “but there is no further description.  An earlier unremembered 

intake by the mother is possible, or the malformation resembled thalidomide embryopathy but had a 

different cause. I have not found a single instance of such late intake in all my 945 cases examined here.

Discussion

An attempt was made to establish the Sensitive Periods for several of the malformation patterns 

comprising Thalidomide Embryopathy. There was good agreement with cases from the medical literature.

The results from analysis show a serial pattern of damage affecting the different organs. Thalidomide 

causes foetal ear malformation between Day 34 and 43 after the last menstrual period. 
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With regard to all upper limb malformations, thalidomide intake occurred between Days 37 and 50.      

Legs were damaged with thalidomide intake between Day 38 and 49 when including hip dysplasia, 

otherwise not before Day 40. Arm and leg amelia did not occur with intake after Day 45, phocomelia not 

after day 50. This also held for congenital heart defects, malformations of the kidneys and atresias.

We may conclude from the observation of sensitive periods that organogenesis proceeds step by step with 

intervals of some days between the development of different organs.  Thalidomide interferes with tissue 

metabolism of different organs serially and not simultaneously. PFUHL did research on organogenesis in 

8-week embryos (50 – 56 days post LMP). Arm length measured 0.7 cms. The leg anlage had not yet 

appeared. It was not until the 10th week (post LMP) that the arms and legs reached an average length of 

1.6 cms. The sensitive period of thalidomide damage anticipates by some days the visible appearance of 

the developing and affected organs.  One may infer from this that thalidomide acts on the growth and 

differentiation of the blastema and organ anlagen.(See PLIESS  page 1570).

The metabolic processes disturbed by thalidomide are unclear. So far, only the timing of the potential 

damage is known. Study of the sensitive periods shows that damage is more severe the earlier it occurs. 

Agenesis of ears, arms and legs only occurs after much earlier interference, with less severe damage 

following later. However, and exceptionally, isolated thumb aplasia is caused earlier than arm amelia. 

This can only be explained on the basis of the thumb precursor tissue being laid down before any other 

part of the limb.

The overall sensitive period for any external thalidomide damage is between 34- 50 days following the 

last menstrual period. Two previous papers (LENZ & KNAPP) calculated the sensitive period first as 37 
– 50th day, then as 38 – 60. This work was largely based on the same cases as those analysed here, with 

some additions. In some instances of date discrepancies the parents were interviewed again, and 

sometimes corrections were necessary. Where there were discrepancies, the choice of the ‘correct’ dates 

was accomplished by a careful consideration of the facts as presented and never on the basis of time data 

from other cases. Data that could not be relied on were excluded. It is impossible to guarantee complete 

reliability of the facts stated   Careful choice of the children studied could not eliminate errors resulting 

from mistaken memory or otherwise as regards the date of the last period or of thalidomide intake data 

(unless the mother was in hospital) Even an entry in the hospital medical record is not totally reliable 

evidence of intake.
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We do not know that the mother actually took the tablets, nor is it certain that every tablet issued was 

entered in the hospital record. I quote 610808 WL (Arm phocomelia) in this connection .The mother was 

under hospital care Day 40 – 49. The medical record showed an entry of one tablet only on day 45 and 47, 

but the mother reported that she received the same sleeping tablet every night with one exception, and that 

she was unable to sleep on that day.

Further, the first day of the last period is of doubtful biological value for establishing the sensitive period. 

Days following conception would be a better measure. LENZ&KNAPP calculated the sensitive period on 

that basis in some cases where the date of conception was known. The sensitive period had a duration of 

only seven days, contrasting with the otherwise 14 days when calculating from the last period.  The 

difference may well be due to the smaller numbers concerned. KNAUS showed how to calculate the date 

of conception retrospectively.  In the majority, the ovarian follicle ruptures 15 days before the next period, 

and after a variable interval after the last period depending on the individual menstrual cycle. The optimal 

time for conception is 3 days before, on the day of and one day after ovulation. Conception may follow 

within 5 days, but also with some variation. This opinion is shared by many gynaecologists, and it is 

considered that conception can occur on any day during the cycle. Such events are rare. I have therefore 

abstained from any calculation unable to produce exact results.

From the practical point of view, the date of the last period following which the foetus is in greatest 

danger is of greater interest, since most women remember the last period, and but rarely know the time of 

conception.

REFERENCES  (As in the original papers)
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